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Chapter 1. Document Overview

1.1 Specification Objective

The airrent document provides all aspects of the specification that impact hardware design.

1.2 Terms and Acronyms

The following is a list of terms and acronythat are critical for broader understanding of the key aspects of the
overall specification. The terms that are used within the context of the detailed specification of a chapter are not
listed here and insteadre listed within the chapter where they are used.

1 Port¢Port is associated with physical pins and has twolaybrs a) CCIRlayer Port, referred to as CCIX
Port and b) Transport layer Porgferred to as Transport Port.

a. CCIX Porg CCIX Port actss an ingress and egress of the G&b{ocol Layemessages from a given
CCIX Devic&ach CCIX Port must have an associated Transporastoet|.

b. Transport Port, A Transport Port is the Controller that acts as the gateway for ingress and egress of
transport layer packets. Transpdtortin this version of CCIX specification is baseBGhExpress®
(PCle. Transport Port is ferred to as PCle Port for P@lased CCIX transport.

2 CCIX Ling CCIX Link is a logical connection between a pair of @@8Xpach CCIX Link manages credits
used for CCIX message communication

a. For each CCIX Link there may be onmore CCIX layer Credit Clask@sCCIX layer message
communication.

3 PCle Link PCle Link is a physical connection between the PCle Ports. PCle Link conforms to the Link
definition in the PCle specification.

4 Transport Link; Transport Link is a generic term to refer to a physical link in the Transport Layer
specification used towerlaythe CCIX Protocol Layer

5 CCIX ComponentsCCIX Components are architected building blocks required to déegn@CIX coherency
protocol. TheCCIX protocol defines the interaction between thbeséding blockgo achieve data sharing
while confornming to memory consistency requirements.

6 Acceleration Functiorg Acceleration Function is an implementation specific source of a memory access
request for coherency protocol that are represented by a CCIX Request Agent for caatioarndy CCIX
coherency lger.

7 CCIX Device A CCIX Device is a physical entity consisfimge or more CCIX Components that conform to
the CCIX protocol. A CCIX Device must have at least one Port.
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8 CCIX Agent Any CCIX protocol Component that can be a source or a targdtarisaction is referred to as
a CClegent A CCIX Agent can be further classified as one of the following agent types:

a. Request Agent A Request Agent (RA) is dXBgent that is the source mdad and write transactions.
Each of the CCIX RAs may hawve ar more internal initiators, Acagrlation Functions (AFS).

b. Home Agent; A Home Agent (HA) is a CCIX Agent that manages coherency and access to memory for a
given address range. An HA manages coherency by sending snoop transactions to the Repguest
Agents when a cache state change is required for a cache line. Each CCIX Home g@aeatRoint of
Coherency (Po@nd Point of Serialization (Pd8) a given address.

c. Slave Agent CCIX enables expanding system memory to include memonhataoan external CCIX
Device When the Home Agent resides on one chip and some or all of the physical memory associated
with the Home Agent resides on a separate chip, the resulting new architectural component (the
expansion memory) is referred to as\&adgent (SA). A Slave Agent is never accessed directly by a
Request Agent. A Request Agent always accesses a Home Agent, which in tuestdoe&ave Agent

d. Error Agentc An Error Agent (EA) receives and processes protocol error messages. The gnotrcol
messages are sent from CCIX components.

9 CCIX Functional BlogkCCIX Functional Blocks are building blocks that are needed to define functionality of
CCIX Components.g, System Address Map (SAM).

10 CCIX switcly CCIX switch is a CCIX Device cangisf two or more CCIX Porapable ofCCIX Port to Port
forwarding. A CCIX switch may be embedded in a CCIX Device with Agents, or it may be a CCIX Device which
has no CCIX Agents.

11 Packetq Packet is the unit of transfer that is routed independently
12 SAM ¢ System Address Map

13 G-SAMCc¢ Global System Address Mafhis is the global view tiie System Address Map of memory
accessed by all Home and Slave Agents.

14 G-RSAM Global Request Agent System Address Map. This is the global view of the System Addiafss Map
memory accessed tall Request Agents.

15 GHSAMC¢ Global Home Agent System Address MHfis is the global view of the System Address bfap
memory accessed gl Home Agents.

16 RSAMcwSljdzSad ! 3SyidiQa @GASg 2F {!a F2NI I 3IABSYy //L- 5
17 HSAM¢I 2YS 1 3Sy i Qa @GASs 2F {!'a F2NJ I+ 3IAGSYy /[//L- 5S@A

18 PSAM¢ SAM associated with a Port for outbound requests to allow mapping aefidress range to a carrier
CCIX Link for this request.

19 PHY¢ Physical Layer of the interface

20 EDR; Extended Data Rat&he data rates for the PHY that are in addition to the standard PHY speeds
defined bythe PCI Express Base Specificati@eReference Documenys
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ESMc¢ Extended Speed ModeESM is a mechanism to all®Cle Link speddansitions betweenthe
standardPCe speeds and EDR smis
DW ¢ Double Word; CCIX defines Double Word a4Baaligned4Bdata element.

DWord ¢ DWord is another representation of DW with identical meaning.

Snoop Hazard A ondition when a 8oop Request and aopybackrequest traveling in opposite directisn
are to the same cache line and have the same Target Agent and Source Agent respectively.

Switchesg CCIX topology supports multiple versionssfvitch, these being:

a. Transport Switclg PCle switch, where messages are sativeen endpoints using the REcompatible
packet format.

b. Protocol Aware Switcfor CCIX Switclg)A switch that can use the optimized CCIX packet format and is
aware of the routing of agents; capable of merging of snoop responses for snoop broadcast messages;
detectingShoop Hazardsand managing the coherence conflict.

Message Type CCIX uses six Message Types, these being Memory Request, Snoop Request, Misc
(credited), Memory response, Snpoesponse, Misc (Uncredited).

a. Memory Request, Snoop Request, and Misc (creditedCagdited message types.

b. Memory Response, Snoop Response, and Misc (uncredited) message types require NO credits to be
sent.

CCIX Consortium Identifier (CCI{yhe 16bit common identifier in CCIX DVSEC structures and CCIX PCle
Compatible Header Protochlessages.

CCIX Consortium Unique Value (CCQVhe hardware default 26it value in CCIX DVSEC structures and
CCIX PCle Compatible Header Protocol Messages. CCUV is also the CCID if the CCID has not been re
programmed with a new 16it value. CCUV is obiteed from the CCIX Consortium.
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1.3 Reference Documents

PCI SIG documents, availabléntips://pcisig.com/specifications

o PCI Express Base Specification, Revisioivédrion 1.0

s PCI Express Card Electrarnanical Specification, Revision 4.0

e PCI Local Bus Specification, Revision 3.0

e PCiIX Addendum to the PCI Local Bus Specification, Revision 2.0
e PCI HoPlug Specification, Revision 1.1

e PCI Standard Hétlug Controller and Subsystem Specification, Revisibn 1
e PCito-PCI Bridge Architecture Specification, Revision 1.2

e PCI Bus Power Management Interface Specification, Revision 1.2
s« PCI Firmware Specification, Revision 3.0

e Address Translation Services, Revision 1.1

e PCIl Express Base Specification, RevisionA@&]G

OIF Common Electrical 1/0 (CEI) Electrical and Jitter Interoperability Agreement &T /2540, |IA # OIEH
03.1, February 18, 2014

Unified Extensible Firmware Interface (UEFI) Specification, Version 2.7

' All references to the PCI Express Base Specification in this document are to the PCI Express Base
Specification, Revision 4.0, Version 1.0, unless indicated otherwise.
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Chapter 2.  CCIX Overview

2.1 Introduction

The Cache Coherent Interconnect for Accelerators (@@hables a new model of data sharing between a
server host, accelerators amkternal interfaceattached memory. CCIX extends the existing data sharing
paradigm for processetio-processor and processto-memory interactionsto include data sharing betwen
processo#to-accelerator and acceleratorto-accelerator Additonally, data sharing between processors and
accelerators is expanded to include data in memory attached to PCI Express® (PCle)ltherxac€C1X enables
data to be shared freely betweengquess threadon Host processor cosand AccelerationFunctiors (AFS),
without software intervention (OS or driver) to manage the data movement between host and accelerators,
similar to how data is shared between process threads executing on processsr cor

In addition CCIX enables expansion of system memory to include peripheral attached memory. Memory
attached to different devices, besides the default of being managealdoiver, can be optionally seen as an OS
managed pool of memory with neaniform latencies, as is the case for existing Némform MemoryAccess
(NUMA)architectures

CCIX allows all data structures to be referenced by a common ¥étwél Addresses (VAgtween all

processing entities (hosts, accelerators and 10 deviaeseérators and 10 device are here on referred to as
accelerators). In order to achieve these capabilities, CCIX expands the Shared Virtual Memory (SVM) model to
includethe following key attributes:

1 Expanded System Memory:

CCIX allows expanding the System Menrdomain beyond host attached memory. The host memory
manager can optionally allocate and manage peripheral attached memory in the same manner that host
memory is allocated and managed, as part of system memory.

Thus with CCIX Memory Expansion, a host can expand its memory capacity and/or support new memaory
0§SOKy2f23ASa 0S@2yR GKIG FT@FAfLIofS gAGK GKS K2adQ
peripheral attached memory is consistent with the exigtview of memory in a muitiode host system, the
NonUniform MemoryAccesfNUMA) memory model.

2 {2FG6FNBE OGN yaLl NByd RIGE Y2@0SYSyid oFaSR 2y | LINE
CCIX enables hardware coherent cachexoelerators, and maintains a consistent view of shared data for

both processor and accelerator accesses withoutiephtervention from software

In a CCIX system, caching allows implicit movement of shared data for furthee & modification, bask
on the processor's or accelerator's access patterns, without the overhead of software migrating or
maintaining multiple or modified copies between them

There are use cases, for example the @Rked ceprocessing model for numerical analysis, where OS
(memory management) assisted implicit data movement is a suifadol@digm and solutionsdo exist for
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these usecasesDue to the software overhead involve@S assisted data movement is typicaltyy done

for bulk data at a coarsgrained levelHowever there are finegraired data sharing use casés example

the offloading of large graph transversal, thenefit from hardwarananaged cache coherency provided by
CCIXThus, CCIX has arherent ability to support both coarsgrained andine-grained data sharing use
cases

3 Applicationrmanaged movement of data from host to accelerator attached memory:

CChenables applications to orchestrate data movement from one memory node to another without
requiring any OS assistance, and while still preserViagstvM data sharing model. This allows a producer of
data to place that data next to the computational entity (processor or an Acceleration Function) that is the
consumer of the data. The optimal memory location for placement of the data can be deterfrimeCIX
provided proximity information of memory to the computational entity.

The combined capabilities form the basis of a new model of seamless data sharing and data movement between
host memory and processors, and peripheral attached memory andeaatels. Data either naturally migrates

G2 GKS 2LJWAYFHE f20FGA2Yy o6F&aSR 2y Fy LI AOFIGAZ2Y QA |
application itself can orchestrate data movement between accelerattached and hosattached memory, all

without requiring either OS or driver support.

2.2 Topologies

The CCIX standard enables multiple platform topologies for connecting hdés devices starting with

support for treetopologesthat are common to thé®CIExpres®(PCle)nterconnect CCIXlao supports mesh,
ring and other flexible topologies that are overlaid over the PCle transport tire iiuture, additional
transports.The figures illustrata few of the directattached topologies andlustratea few of the mesh
topologies that can be enabled by CCIX. For illustratioRgine 2-1 and Figure2-2 with a CClX¥inked host, the
host has a computational entity (Processor or an Acceleration Function) as well as host attached memory.

Direct Attached Direct Attached Direct Attached
Accelerator (1a) Accelerator With Memory (1c)
Memory (1b)

CCIX CCIX CCIX
CCIX CCIX CCIX
CCIX
Expansion
Memory

Figue 2-1: Example CCIX Diregtitached topologies
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cCIx - [ coix
8 8
8 = 8 =
= =
CCIX >< CCIX
CCIX CClIXx
8 3
=] = = =<
= =<
CCIX - CCIXxX

Figure2-2: Example CCIRully Connectedopologies

CCIX Overview

s Figue 2-1 (1a} lllustratesa platform with a CCH¥nhked host direciattached to a peripheral with a CCIX
accelerator. This platform enables application acceleration détia sharing between the aclegator

and processors, with the data residing only in host attached memory

s Figue 2-1 (1b): lllustrates a platform with a CCliXked hostdirect-attached to a peripheral that has a
CCIX accelerator as well as peripheral memory on the same device that can{pesippstd as part of
system memory. This platform extends the application acceleration capabilities of platform 1a to enable
sharing letween the accelerator and processors such that the data can reside not only in host attached

memory but also reside in locally attached accelerator memory as part of expanded system memory

e Figue 2-1 (1c} lllustrates a platform with a CCliXked host direciattached to a peripheral that has
memory that can beénade part of thehostsystemmap. On this platform, the host has expanded

memory capabilies The expanded memory capability may ofé@her expansion ofmemory capacity

and/or allow integrationof new SY2 NE (G SOKy2f 238

0Se2yR

GKIF G

27

e Figure2-2: lllustrates a platform with the CGliiked host and CCIX accelerators, all nodes in a CCIX

mesh topology. With CCIX links between the accelerators as well as between the accelerators and the

host, finegrained data sharing can occur across multiple acatdes and processors. In addition,

system memory may be expanded to include accelerator attached memory when present, such that the
shareddata can reside in either hosittached memory or accelerat@ttached memory, for optimized

data movement.

2.3 CCIX Ar chitecture Model

CCIX specifies a cache coherent interconnect that is overlaid on a PCle transport. The overlay nature of the

coherency interconnect makes it possible for CCIX coherency interconnect traffic to be carried over transports
other than PClén the future. For the case of CCIX over a PCle transport, CCIX also enhances PCle to allow the
carrying of coherency traffic in a manner that minimizes the impact to latency due to the PCle transaction layer.

In order to achieve the lower latency for CE€bnmunication, CCIX creates a light weight transaction layer that

can independently cexist alongside the standard PCle transaction layer. Additionally, a CCIX link layer (that is

overlaid on a physical transport like PCle) ensures the availabilityfimiesot transaction channels necessary for

deadlock free communication of CCIX protocol messages.
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/ | L - QMaset Transport layer utilizes the common data link and Physical (PHY) layers to carry PCle and CCIX
transactions. For the PHY layer, the C@dXdsard supports all standard data ratesthe PCl Express Base
Specificationand additionally defines two new data transfer rat&0GT/sand 2537/s.

The CCIX model of overlaying the CCIX coherency interconnect over PCle transport, and the associated
enhancements to the PClleansport are shown ifrigure2-3.

CCIX
Protocol Layer PCle packets
CCIX Port with CCIX Port
CCIX Link Layer
CCIX messages
PCle
CCIX Transaction
Transaction Layer
Layer PCle Port

—

PCle Data Link Layer

CCIX/PCle Physical Layer

Figure2-3: CCIX and associated PGigers
Chapter 4provides the CCIX Transaction Layer specification.

The sections below define the key components and features of the CCIX architecture.

2.3.1 Components  of the CCIX Architecture

CCIX defines the memory access protocol in terms of G@iyonents Each CCIX device contains a selection of
CCIX Agents, and communication Ports and associated Links with associated ressuticessrated irFigure

2-4. AnAgent careither be a Request Agers,Home Agenta Slave Agenbr an Error Agent. An Agent is
identified within the protocol using an Agent ID value. A brief description of each agent type is given below:

e Reguest Agent A Request Agent (RA) performs read and write transactions to addresses within the
system. An RAan choose to cache the memory locations accessed. Each of the CCIX RAs may have one
or more internal initiators, referred to as Acceleration Functions (AFs).

e Home Agent A Home Agent (HA) is responsible for managing coherency and access to menaory for
pre-determined address range. It manages coherency by sending snoop transactions to the required
Request Agents when a cache state change is required for a cache line. Each CCIX Honots/Axgeat
Point of Coherency (Po@)d Point of Serialization (Byfor a given address.

e Slave Agent CCIX enables the expansion of system memory to include memory attached to peripheral
devices. This scenario occurs when the Home Agent resides on one chip and some or all of the physical
memory associated with the Hoe Agent resides on a separate chip. This architectural component (the
expansion memory) is referred to as Slave Agent (SA). A Slave Agent is never accessed directly by a
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Request Agent. A Request Agent always accesses a Home Agent, which in tuestoecdsve Agent.
Whenthe memory or memory interface for a Home Agent is located on the same chip asthe H
Agent, the slave that provides the memory is not exposed as a CCIX Slave Agent.

s« Error Agent; An Error Agent receives and processes protocol emessages. The protocol error
messages are sent from CCl¥mponents

Each Agent has an assigned AgentlD value. Request Agents, Home Agents, Slave Agents and Error Agents are
allowed to shardghe same AgentlD value if they are located on the same cHis ehsures that ID routable

CCIX protocol messagiand error reporting messages can be routed by ID alti®ut needing the Agent type
information.

The routing of messages between chips is done using Ports and Links as defined below.

s CCIX Pot A CCIRortacts as thengress and egregmort for CCIX messages from a given CCIX Device
EachCCIX Port must have associated Transport PoiA Transport Port is associated with a set of
physical pins that carry both inbound and outbound traffic. A singlX ©Grt can only receive one
packet at a time from the of€hip interface, and can onlyansmit one packet at a time to the ethip
interface viathe Transport Port.

e CCIX LinkA CCIX Link is defined as the connection between two CCIX Ports and hatededi
resources for communication. Credits are exchanged to indicate the level of resources that are available
at the Receiver to acceptessags.

Each CCIX Port is associated with a Transport Hwfransport Port is limited to a PCle PoA CCIRort is
responsible for creating a PCle compatible Vendor Defined Message (VDM) Transaction Layer Paaket (TLP)
CCIX Packet with optimized header, which is still compatiblethéRCle Data Linkayerand Physical Layer.
CCIX protocol messages arerigt in the payload of the PCle compliant or optimized TLPs.

Each CCIX Port can communicate with one or more other CCIX Ports. To communicate with more than one other
Port, the Port must contain multiple Links and an external Transport Switch. TheaxIeansport Switch is

required to select and route packets to the targeted CCIX Potheiassociated Transport Port. Thieansport
Switchhas no protocelevel awareness and its only function is to route paskmtween different CCIX Ports

The physial layer associated with a CCIX Port can either be a PCle Port with PCle PHY characteristics or a CCIX
PHY that extends the PCle PHY to higtaeisfer rates, while maintaining backward compatibility with the PCle
PHY characteristics and lower transferast
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CCIX protocol agents

Acceleration
Function 0

Acceleration
Function N

Acceleration
Function 0

Acceleration
Function M

Home
AgentO

Home
AgentN

o~/

Request
AgentO

On-chip
interconnect

=

Request
AgentN

CCIX Port

LinkO

Link1

Transport Port

Slave
AgentO

Slave
AgentN

Error
AgentO

Figure2-4: Components of the CCIX Architecture

2.3.2 Port Aggregation

CCIX can achieve higher bandwidth connectivity between two CCIX devices by optionally aggregating multiple
5 CCIX ports. The CCIX Architex defines a method to distribute memory access requests and snoops across
multiple CCIX ports, where each CCIX Port maps to a PCle controller when PCle is used as a transport, to

CCIX Overview

effectively achieve higher bandwidth between CCIX Ag&ud. Aggregatiotis typically used where the
throughput available from a single Port is not sufficient to meet the communicagealsbetween two chips.

CCIX with Port Aggregation

10 Figure2-5: Load distribution for address based requests across ripliét CCIX Post
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2.3.3 CCIX Extended Data Rate Physical Layer

The CCIX Transport is derived from the PCle standard. As such, it supports all the interface speeds supported by
PCle. CCIX additionally defir#®GT/sand B5GT/stransfer rates to allow higher bandwidth connectivity
between processors and accelerators.

Chapter 4defines the logicaPHYportion of the specitation. The specification provides details of
enhancements to the LSSTM state machine of lo§iebto support extended data rates.

Chapter Jdefines the electdal specification of the0GT/sand 25GT/sPhysical speeds.

2.4 CCIX Management Framework

CCIX Devices are discovered and managed as PCle Devices. Components and their capabilities are discovered
through a DesignatedendorSpecifiExtendedCapability (DVSEEection in the PCle configuration space. CCIX
DVSEC carriecammonCCIX Consortium ID (CCID) in the DVSEC Vendor tibtfieldPCle Configuration

Header TheCCIX DVSEC defimapabilities and also provides the fields for controls and status.

CClIXoherency interconnect is managed through a standard CCIX driver. Acceleration Functions are managed
as PCle functions through vendor provided drivers. CCIX allows accelerator attached memory to become part of
the overall system memory. It is then manadsdthe kernel memory manager aocablesystem memory.

Chapter gorovidesa detailed definition of theProtocol and Transport LayByVSEC.

2.5 RAS Architecture

CCIX defines a Servdass Reliability Availability and Serviceability (RAS) feattréncludng propogating and
reporting uncorrected data errors only on consumptifithe data

TheCCIX RAS architecture maintains reporting of PCle transport errors through the Advanced Error Reporting
(AER) mechanisndefinedin the PCI Express Base Specificatiemors relating to the CCIX coherency

interconnect are reported through a separate parallel mechanism to AER. The new mechanism for logging and
reporting protocol errors is referreth asthe Protocol Error Reportindk?ERmechanism. PER errors in thelXC
devices are logged in tHerotocolDVSEC and are reported to a targeted Error Agent via a PER message routed
to the AgentID associated withat Error Agent.

The detailedspecification of CCIX RAS features and mechanisms is defiGedpier 7

2.6 Address Translation Service

CCIX leverages the Shared Virtual Memory (SVM) niadéhta sharingwhere datastructures are shared

based on Virtual Addresses (VAsY. L - dziAft AT Sa t/LSQa ! RRNBaa ¢NIyatl i
Devicego map VAs to their associated Physical Addresses (PAs) as well as provide access controls, on a per page
basis

CChacceleratorensure that almemoryrequests from AFpass throughan Address Translation Cache (ATC)
component of the AT® map VAto-PA, and to enforcaccessights control.
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To achieve the full extent of the capabilities offered by CCIX, described eaxiéi ¥ Ahitecture Mode] and
thereby achieve fulllexibility in the datamovement architectureCCIX requires a richer setroémory
attributes than currently offered by thECle Gen 4 ATS sgigaition. As a resultCCIX definesxéensions to the
ATS specification to acquire additional memory attributes on a per request Rdwsipter rovides details of
additional memory attributes supported by CCIX request messages.

2.7 Signaling Hosts from Accelerators

/1 L- dzaSa G4KS t/ LS adl yRI NRQX) spedfidatidn @ Signél avanyslfrémh y 3 Ly
Accelerators ta host processn In Rev 1.0, there is no specific architected mechanism to signal the embedded
functions in the CCIX device from the host.

TheCCIX Software guide provides further details on the acceleration framewthri& presence of CCIX.

2.8 Establishing Trust with a CCIX Accelerator

CCIX utilizes the PCle ATS service to map request VA to corresponding PA and also to provide access control on :
per page basis. All CCIX devices pratiddollowing assurances:

1 Presence ofrusted infrastructure laye¢ CCIX devices ensure that all requests from AFs through an address
translation service to ensure that accesses rights control is applied for the accesses.

2 Device implements industry standard Secure boot mechagi€€IX device ensure that firmware on device
is trusted.

TheSoftwareGuideRevisionl.0 providesfurther details ornthe mechanism taestablishthat a CCIX device in use
is indeed a genuine CCIX device implementing the required assurances for systemesbust
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Chapter 3. Protocol Layer

3.1 Introduction

This chapter describes the Protocol Layer of the @§p&cification The key features of this protocol are:

It describes the memory read andite flows in terms of requestesponse behavior. Except for
Miscellaneous transactionall other transactions include either a request and a response message
request, responseand an acknowledgment message.

The different message types in theopocol are Memory requests, Memory responses, Snoop requests,
Snoop responses, Credited Miscellaneous, and Uncredited Miscellaneous messages.

The memory accesses can be either coherent orecamerent. For coherent accesses, the protocol also
specifies appopriate actions to maintain data coherency.

Protocol message flow control is using protocol level credits.

The rext sectionincludesa briefoverview of a CCIX system, including descriptions of various components;
discovery and enumeration of each comgo and their connectivity; support required foouting messages in
the system, which is followed by example supported topologies and message field descsifiietails of
protocol flows and message formats are given in subsequent sections.

3.1.1 CCIX Agents

A CCIX system consists of a number of chips, each of which contain a selection of agents. CCIX Agents can be a
Request Agent, Home Agent, Slave Agenan Error Agent. An Agent is identified within the protocol using an
Agent ID value. A brief descriptiof each agent type is given below:

Request Ageng A Request Agent performs read and write transactions to different addresses within
the system. A Request Agent can cache locations that it has accessed.

Home Agent; A Home Agent is responsible for mamagcoherency and access to memory for a-pre
determined address range. It manages coherency by sending snoop transactions to the required
Request Agents when a cache state change is required for a cache line.

Slave Agent A Slave Agent can provide addittdmemory. A Slave Agent is never accessed directly by
a Request Agent. A Request Agent always accesses a Home Agent, which in tues tec&égve
Agent.Whenthe memory or memory interface for a Home Agent is located on the same chip as the
Home Agentthe slave that provides the memory is not exposed as a CCIX Slave Agent.

Error Agent; An Error Agent receives and processes protocol error messages. The protocol error
messages are sent from CCIX components. Request Agents, Home Agents, Slave AgefentEs,
CCIX Ports and CCIX Links in the system are@@ignents.
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Each CCIX Agent has an assigned Agent ID value. It is required that Request Agents, Home Agents, Slave Agents
and Error Agents with the same Agent ID value are located on the sameTtis ensures that messages can be
routed by ID, without needing the Agent type information.

Each CCIX Port can communicate with one or more other CCIX Ports. To communicate with more than one other
external Port, the Port must contain multiple Links amdexternal Transport Switch. The external Transport

Switch is required to select and route packets to the targeted Port.Tfamesport Switclnas no protocol level
awareness and its only function is to route packets between different Ports. The TraSsptrh in the figure

can be replaced with a CCIX Switch. A CCIX Switch includes CCIX Ports and supports CCIX Links.

A CCIX Link is defined as the connection between two CCIX Ports and has dedicated resources for
communication. Credits are exchanged toigade the level of resources that are available at the Receiver to
accept packets.

Figure3-1lillustrates the relationship between the various CCIXndgeCCIX Ports and CCIX Links. The figure also
includes a four ported Transport Switch. Definitions of CCIX Port, CCIX Link, CCIX Agent and CCIX Switch and the
primary responsibilities are given $ection3.16.

Request Request Request Home Home
Agent0 Agent5 Agent 6 Agent5 Agent3
Local orchip routing
Error Slave
Agent0 Agent5

Shared
Port
Logic

Link resources within a chip:
- Buffer resources for Inbound
packets
- Credit counters for outb ound
packets

~_/

Shared Port Logic contains:

- Message combining into packet

- Detemining TransportID for outbound
packets.

- Broadcast snoop eordination

Figure3-1: lllustrating CCIX Components
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3.1.2 Discovery and Enumeration

A CCIX system uses a discovery and enuinarprocess before active operation can commence. The precise
mechanism to perform the discovery and enumeration process is not defined by the architecture.

The discovery process must complete the following activities:
e Discover each of the chips that sixin the system.

e Discover any transport switches that exist in the system, including protocol aware embedded and stand
alone switches.

e Discover the agents that reside on each chip in the system.
e For each Home Agent, discover the size of the address taagyé requires in the system address map.

e For each Slave Agent, discover the size of the address range that the Slave can provide to a Home Agent
on another chip.

The enumeration process mustroplete the following activities:
e Determine the topology athe system and an appropriate routing algorithm.
e Assign Slave Agents to Home Agents.

s« Determine the overall Global System Address Map for Home Agents and Slave Age8&NGNd G
HSAM).

e Determine the overall system Agent ID assignment. (Global ID Map)

The routing of messages is either Address based or ID based. Each message to be routed to the destination does
not need to include path information as the architecture uses a distributed routing mechanism. The next hop to
be taken in the path is determineat each individual hop.

The overall Global System Address Map (GSAM) is a conceptual structure; however, each chip is only required to
be programmed with a view of the GSAM that allows it to route packets either internally or to an appropriate
CCDPort/Link on the chip. It is not required that an individual chip has the knowledge of the full routing to the

chip where the Home for a given address resides.

Similarly, for ID based routing, each chip is only required to be programmed with a viewlDfringting that

allows it to route packets either internally or to an appropriate CCIX Port/Link on the chip. It is not required that
an individual chip has a knowledge of the full routing to the chip where tlemtAgith the given ID resides. See
Section3.13.1for details.

After the overall enumeration process is complete, each chip must be programmed with:
e« Agent ID values that are used by the chip.

e The chip level ID routing information, known as the ID Map table (| for each agent in the
system if it is on the same chip or on another chip. If the target is on another chip, then the entry has
the egress CCIX Port number and CCIX Link number.
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e The chip level address map for Request Agents, known as the Request Agent SAM (RSAM). This is
derived from the GRSAM, but only contains the information required by the chip to route an address
locally or to another chip. If the target is on another chifen the entry has the egress Port number. A
chip that does not include a Request Agent but is capable of forwarding Requests from an ingress Port to
an egress Port must include an RSAM.

s [f the chip contains Ports which have multiple Links, the Port $¥8AM) must be programmed. This is
derived from the GRSAM, but only contains information relevant to the Port. It maps a given address to
a CCIX Link.

« [f the chip contains Home Agents which access Slave Agents on the other chigaptbeSAM (HSAM)
must dso be programmed. HSAM lists which Port a Request to egress on for a given address. A chip that
does not include a Home Agent but forwards Requests from a remote Home from ingress Port to an
egress Port must include an HSAM.

s [f the chip permits forwardingf Broadcast and Broadcatsnoops, then Broadcast Forward Control
Vector BCastFwdCntlVgtmust be programmed. Sé&&ection3.13.2

3.1.3 Topologies

CCIX does not require any particular topology. This section describes some regular topologies that enumeration
software can be expected to route. However, there may be other functional topologies, which are beyond the
capability of the enumeration softwar® find a suitable routing algorithm.

3.1.3.1 Fully Connected

In a fully connected topology, every chip has a CCIX Link that is directly connected to every other chip. Routing in
this topology is trivial and it is simply a case of choosing the appropriate Liakdb the chip that contains the
destination.

There are no address map layout restrictions with this topology.

3.1.3.2 Tree

In a tree topology, each CCIX Link is the only possible path from the Agents that are located on one side of the
Link to the Agents that arlocated on the other side of the Link. If any Link in a tree topology is removed then
the system becomes two isolated islands.

Routing in a tree topology is relatively simple as there is only one possible route from one chip to another, even
though thismay involve multiple hops.

To ensure that the number of RSAM entries and PSAM entries is constrained, it must ensure that all address
ranges reached via a given CCIX Link are adjacent in the address map.

Note: This address map assignment is analogoubedCl Express®l¢bus number assignment, where it is
always possible to assign adjacent bus numbers on each branch of the tree. The need for two address ranges on
a single Link is analogous to the upstream routing in a PCle tree.
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3.1.3.3 Multi -Dimensional Ar  ray

In a multidimensional array, each chip can be given a coordinate within the array and must have a CCIX Link
that directly connects it to neighbors in each dimension.

For each dimension, the chip must be connected to the chips which have the coosdofai# andl in the

given dimension and the same coordinates in the other dimensions. At the edge of the array either thd +1 or
coordinate does not apply. For example, in an 8 by 8dmeensional array, the chip with coordinates (3,6)

must be connead to (2,6) (4,6) (3,5) and (3,7).

Routing in multidimensional array must be done by always routing in one dimension first, then in a second
dimension, and so on until all dimensions are done.

For example, in a twdimensional array, one scheme is to reuh the xdimension first then the ylimension.
While it is possible for packets that are travelling in thdimension to be blocked waiting for progress of
packets in the yimension, it can be ensured that all packets travelling in tdemension wilhave no
dependency on packets travelling in thelixection and hence deadlock can be avoided.

Two routing examples are given below:
1 To route from (3,4) to (5,7) the route is (3@{4,4)¢ (5,4)¢ (5,5)¢ (5,6)¢ (5,7)
2 Toroute from (6,2) to (3,4) theute is (6,2 (5,2)¢ (4,2)¢ (3,2)¢ (3,3)¢ (3,4)

Address Map assignment with a mudimensional array must be done taking in to consideration the routing
scheme. To ensure that each chip only requires one SAM entry per CCIX Port/Link it mustée thiasu
components with adjacent coordinates are adjacent in the address map and it must be ensured that all
components in the dimension that is routed last are adjacent in the address map.

Support for Multidimensional array topology is optional.
3.2 Messa ge Fields

Thissectiondescribes the fields in each message type. The description includes listing of width of each field,
their definitionsand legal values they can take.

3.2.1 Request Message

Table3-1 lists the fields in a Request message. The Comments column indicates any additional requirements for
a 128B cache line and if a field is part of an Extension.

The ottom rows of this tabldist additionalfields that are required in a Request message when it includes Data.
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Table3-1: Request message fields

Field Description Width Comments
(bits)

TgtiD Target Identifier 6
SrclD Source Identifier 6
MsgLen Message Length 5 6 bits for 128B cache line
MsgCredit |Message Credit sent 6
Ext Extension included 1
MsgType |Message Type 4
QoS QoSPriority Field 4
TxnID Transaction Identifier 12 11 bits for 128B cache line
ReqOp Request Opcode 8
Addr Addr[51:6] 46

Addr[63:52] 12 In Extension field; ExtType=0

Addr[5:0] 6 In Extension field; ExtType=1
NonSec Transaction to Non 1

secure region
ReqgAttr Size, Memory, Snoop 8

and Transaction Order

attributes
User User defined field 28 In Extension field; ExtType=2

Additional fields when data present in a Request message:
Data Data 64, 128, |Also0,1024 bits for 128B cache line
256, 512
BE Byte Enables Data
Width/8
Poison Poison 8 In Extension field; ExtType=6
16 bits for 128B cache
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3.2.2 Snoop Message

Table3-2 lists the fields in a Snoop message. The Comments column indicates any additional requirements for a
128B cache line ahif a field is part of an Extension.

Table3-2: Snoop message fields

Field Description Width  |Comments
(bits)
TgtiD Target Identifier 6
SrciD Source ldentifier 6
MsgLen Message Length 5 6 bits for 128R:ache line
MsgQedit |MessageCredit sent 6
Ext Extensiorincluded 1
MsgType |Message Type 4
TxnID Transaction Identifier 12 11 bits for 128Rache line

SnpCast  |Agents targeted by Snoo 2

DataRet |Data Return to Source 1
SnpOp Snoop Opcode 4
Addr Addr[51:6] 46
Addr[63:52] 12  |In Extension fieldExtType=0
NonSec Transaction to Nosecure 1
region
User User defined field 28 |In Etension field; ExtType=2
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3.2.3 Response Message

Table3-3 lists the fields in a Response message. The Comments column indicates any additional requirements
for a 128B cache line and if a field is part of an Extension.

Table3-3: Response Messad&elds

Field Description Width Comments
(bits)

TgtiD Target Identifier 6

SrclD Source Identifier 6

MsgLen Message Length 5 6 bits for 128B cache line
MsgCredit |Message Credit sent 6

Ext Extensiorincluded 1

MsgType Message Type 4

TXnID Transaction ldentifiel 12 11 bits for 128B cache line

RespOp Response Opcode 3

RespAttr Response Attribute 3

RespErr Response Error 2 In Extension field; ExtType=6
User User Defined Field 28 In Extension fieldExtType=2

Additional fields when data present in a Response message:
s Same as Request with Data.
s Data width is cache line size irrespectivavbiether Snoop response is full or partial cache line.
s Byte enable field is only required in partial cache linedprresponse.

s Byte enable field is not required and all byte enables are implicitly assumed to be asserted in full cache
line Snoop responses.

e Byte enable field is not required in Read data response. Valid data is determined from Request address
and RequesSize attribute.

3.2.4 Field Descriptions

s Ext: If set to 1, indicates inclusion of a 4B extension. When set in an Extension it indicates an additional
4B Extension.

« MsgCreditldentifies if message credits are passed to the sender side of the CCIX Linkekdlteif
number and type shown inFigure3-2.
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Shoop Data Req

Num Credits

Figure3-2: Bits inMsgCredit field
o Number of bits and encoding: 6 bits
o Encoding: 0, 1, 2, 3 credits per credit type.
s MsgType: Identifiethe message type in the payload, showrTable3-4:
0 Memoryrequest
0 Snoop request
0 Misc (Credited)
o Memoryresponse
0 Snoop response

0 Misc (Ureredited): include Credit exchange messages.

Table3-4: MsgType field encoding

MsgTypeB:0] |Message Type (Credit type used

0001 Memory request |Request onlpr Request & Datd

0010 Snooprequest  |Snoop
0011 Misc (Credited) Misc
1001 Memory responselUncredited

1010 Snoop esponse [Uncredited
1011 Misc(Uncredited) [Uncredited
Others Reserved

s MsgLen: Identifies the length of the Message in 4 Byte increments.

Table3-5: MsgLen field encoding

Bytes in the Message

(Cache line)
MsgLen[5:0]

(64B (1288

0x00 Reserved Reserved
0x01 4 4
0x02 8 8
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Bytes in the Message
(Cache line)
MsgLen[5:0]

(64B (1288
0x1D 116 116
Ox1E Reserved 120
Ox1F Reserved 124
0x20 NA 128

_— NA _—
Ox2F NA 188
0x300x3F NA Reserved

e SnpCast: Identifies the agents targeted by a single Snoop.

Table3-6: SnpCast field encoding

SnpCast[1:0] Target

00 Unicast

01 Broadcast
10 Broadcastl
11 Reserved

e DataRet: Dataeturn to Source. Indicates if data is to be returned to Home. Ss&tion3.3.4.1for
details.

e QoS: Quality of Service priority level.
0 Only Requests have QoS field.
o No setting of QoS should affect functional correctness.

o0 There is no required behavior for the QoS field. However, the expected default behavior is that
ascending values of QoS indicate higher priority levels.

o0 Primary usasfor Home and Memory Controller scheduling of transactions.
s TgtID: Target Identifier asciated with the message.
s SrcID Source ldentifier associated with the message.
e TxnID: Transaction Identifier associated with the message

s ReqOp, SnpOp, and RespOp: Specifies the operation to be carried out. The Opcode encodings are
specific to each measige type. See later section for Request, Snoop and Response opcodes.
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e Addr: Specifies the address associated with the message. The basic message supports an address width
of 52 bits, while Extensions expand this to 64 bits. The allowed address sizeésldsfithe AddrWidth

property.

o Coherent Request messages &@mbop messages support cache line addressability, minimum cache
line size of 64B.

o Non-coherent Request messages support sub cache line addressability.

e NonSec: Indicates access tblan-secureregion. The properties of Nesecure address space are:
0 Secure and Nosecure are different address spaces.
o Itis not permitted for a Nofsecuretransaction to access a Secure location.

0 Any device not implementing a difference between these must indiaktieansactions as Nen
secure.

e RegAttr: Request attribute field includes information regarding size of requested data, memory
attributes, snoop attributes and transaction ordering requirements associated with the transaSgen.
Table3-7 and Table3-8.

o0 Size of the data when applicable can be oh¢he following:
- 1B, 2B, 4B, 8B, 16B, 32B, 613B
- 128B data size is only permitted when cache line size is 128B.
o Memory Type can be Device, Noacheable or WriteBack cacheable. Seetion3.5.2for details.
Encoding of RegAttr field is as follaws
- RegAttr[2:0]¢ Memory type.
- RegAttr[3] ¢ Reserved.
- ReqAttr[6:4]¢ Size of data

RegAttr[7] ¢ Reserved

Table3-7: Memory type encoding in ReqAttr field

ReqgAttr[2:0] [Memory Type

000 DevicenRnE
001 DevicenRE
010 DeviceRE

011 Noncacheable
100 WBNA
101 WBA

110111 Reserved
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Table3-8: Data Size encoding in ReqgAttr field

RegAttr[6:4] [Size of Data

000 1B /8b

001 2B / 16b
010 4B / 32b
011 8B / 64b
100 16B / 128b
101 32B / 256b
110 64B/ 512b
111 128B/ 1024b

s RespAttr: Response Attribute
o In Comp response RespAittr field is applicable and must be set to zero.

o0 In CompData RespAttr value indicates the cache state the response receiver can cache the line in.
See later section for details.

0 In Snoop response RespAttr value indicates the coherent cache state the line is Iefidn at
Snoopee. See later section for details.

« BE Byte Enable. The BE field is defined for pactahe line Wite data and partiatache linenhoop
response data transfers. It consists of a bit for each data byte in the Data contained in the B&cket.
field is present in the following Request packets only:

o WriteNoSnpPtl

0 WriteUniquePtl

0 WriteBackPtl

0 SnpRespDataPtl
« Data: Writedataor Read response data.
s Poison Indicates that the correspondingl8/te chunk has an uncorrected error. S&ection3.9.1
s RespErrResponse Error. This field indicates the error status of the respons&egten3.9.1
e User: User defined field.
e Reserved: Field reserved for future use.

0 The sender of the message must set Reserved field bits to zero.

0 The receiver of the message must ignore the field.

o A Fowarder of the message must preserve the value of the field.
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A field encoding that is marked as Reserved must not be used by a sender. In the case when a sender
erroneously sends a packet with such reserved encoding the forwarder of the message mustepiteserv
and the receiver must treat the field value as undefined.

3.3 Coherence protocol

3.3.1 Cache States

Cache states and their properties are:
I Invalid:
The cache line is not present in the cache.
UC Unique Clean:
The cache line is present only in this cache.
The cache line has not been modified with respect to memory.
The cache line can be modified without notifying other caches.

The cache line is permitted, but not required, tode¢urned in response to a Snoop that requests data by
setting DataRet field to 1.

The cache linenust not return data in response to a Snoop that has DataRet field set to zero.
UCE Unique Clean Empty:

The cache line is present only in this cache.

The cache line is in a Unique state bone of the data bytes are valid.

The cache linean be modified without notifying other caches.

The cache line must not be returned in response to a Snoop that requests data.
UD Unique Dirty:

The cache line is present only in this cache.

The cache line has been modified with respect to memory.

The cachdine must be written back to next level cache or memory on eviction.

The cache line can be modified without notifying other caches.

The cache line must be returned in response to a Snoop that requests data.
UDP Unique Dirty Partial:

The cache line is prest only in this cache.

The cache line is unique. Only a part of the cache line is Valid and Dirty.
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The cache line has been modified with respect to memory.

When the cache line is evicted, it must be merged with data from next level cache or memory tivéorm
complete Valid cache line.

The cache line can be modified without notifying other caches.

The cache line must be returned in response to a Snoop that requests data.

This cache line state is supported only when the interface supports Partial Cache Stat
SC Shared Clean:

Other caches might have a shared copy of the cache line.

The cache line might have been modified with respect to memory.

It is not the responsibility of this cache to write the cache line back to memory on eviction.

The cache line caot be modified without invalidating any shared copies and obtaining unique ownership
of the cache line.

The cache line must not be returned in response to a Snoop that requests data
SD Shared Dirty:

Other caches might have a shared copy of the caclee lin

The cache line has been modified with respect to memory.

The cache line must be written back to next level cache or memory on eviction.

The cache line cannot be modified without invalidating any shared copies and obtamique ownership
of the cachdine.

The cache line must be returnéa response to a Snoop that requests data.

Note:A cache can implement a subset of these states.
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3.3.2 Request Types

Protocolrequestsare categorizedasfollows:

e Read requests
o AnData response is provided to the Requester.

e Datalesgequests
o NoData response is provided to the Requester.

e Write requests
0 Movedata from the Requester.

s Atomic requests
0 Movedata from the Requester.
o Can result in original data at the addressecdhation to be returned.
o Canresult in data operatiaio be performed at a remote agent.

Thefollowing subsectiongnumeratethe resultingtransactionsandtheir characteristics.

3.3.2.1 Read Transactions

ReadNoSnfRead request to a Nesnoopable address region
s Data is included with the completion response.

e Datasize is up to a cache line length, based on size attribute value in the Request, irrespective of
memory attributes.

e The received datwill not be cached in a coherent state at the Requester.
ReadOnceReadrequestto a Snoopable addregggionto obtainasnapshot othe coherentdata.

e Datasize is a cache line length.

e The received datwill not be cached in a coherent state at the Requester.
ReadOnceCleaninvali@ead request to a Snoopable address region to obtain a snapshot ofltbecoddata.

e Datasize is a cache line length.

e Itis recommended, but not required that a cached copy is invalidated.

e [fa Dirty copy is invalidated, it must be written back to memory.

s« The eceived data will not be cached in a coherent state at the Requester.
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ReadOnceMakelnvaliReadrequestto a Snoopable addresggionto obtaina snapshot othe coherentdata.
e Datasize is a cache line length.
e Itis recommended, but not required, that all cached copies are invalidated.
e |Ifa Dirty copy is invalidated, it does not need to be written back to memory.
e Thereceived data will not be cached in a coherent state at the Requester.

Note: The use of the ReadOnceMakelnvalid transaction can cause the loss of a Dirty cache lineidJse of th
transaction must be strictly limited to scenarios where it is known that the loss of a Dirty cache line is
permitted.

ReadUniqueRead request to a Snoopable address region to carry out a store to the cache line
s Datasize is a cache line length.
s Requeter will accept the data in any Unique state:
o UCor UD.
ReadClearReadrequestto a Snoopableaddresgegion.
e Datasize is a cache line length.
« Datamust be provided to the Requester in a Clean state only:
o UCorSC.
ReadNotSharedDirtyReadrequestto a Shoopableaddressegion
e Datasize is a cache line length.
e Data must be provided to the Requester in any cache state except SD:
o UC, UDor SC.
ReadShared: Read request to a Snoopable address region.
s Datasize is a cache line length.
o Requestemwill accept he data in any valid state:

o UC, UDSC, or SD.

3.3.2.2 Dataless Transactions

CleanUniqueRequest to a Snoopable address region to change the state to Unique to carry out a store to the
cacheline.

s Typical usage is when the Requester has a shared copy cathe line and wants to obtain permission
to store to the cache line

« Datais not included with the completion response.

Protocol Layer © 2016-2019 CCIX Consortium, Inc. ALL RIGHTS RESERVED. CONFIDERFMKU00
February 15, 2019



Hardware Specification Coherence protocol

e AnyDirty copy of the cache line at a snooped cache must be written back to the next level cache or
memory.

MakeUnigue Requesto Snogableaddressegionto obtain ownershipof the cacheline without a Data
response.

s Thisrequest is used only when the Requester guarantees that it will carry out a store to all bytes of the
cache line.

e Datais not included with the completion response.

e AnyDirty copy of the cache line at a snooped cache must be invalidated without writing back to next
level cache or memory.

Evict:Usedto indicatethat a Cleancacheline isno longercachedby a caching agent.
e Datais not sent for this transaction.
e The cache line must not remaimthe cache.
e Use of the Evict transaction is optional
e See later sectiorControlling theuse of Evict and WriteEviaiFtransactiondor further details.

A Cache Maintenance Operatig@MO)assistavith software cachemanagementTheprotocolincludesthe
following Datalessransactiongo supporta CMO.

CleanSharedrhe completion response to a CleanShared reqaastires that all cached copies are changed to a
Non-dirty state and any Dirty copy is written back to memory.

« Datais not included with the completion response.

CleanSharedPersisthe completion response to a CleanSharedPersist Request ensures thelhedl capies

are changed to a Nedirty state and any Dirty cached copy is written back to the Point of Persistence PR&P).
isthe point in a memory system where a write to memory is maintained when system power is removed and
reliably recovered when poev is restored

« Datais not included with the completion response.

CleaninvalidThe completion response to a Cleaninvalid ensures that all cached copies are invalidated and any
Dirty copy is written to memory.

s Datais not included with the completion respse.

Makelnvalid The completion response toMakelnvalidensures that all cached copies are invalidated and any
Dirty copymustbe discarded

s Datais not included with the completion response.

SnpMeVariants Each othe CleanSharedCleanSharedPersjstleaninvalichnd Makelnvalidiransactions has a
SnpMe variant, witla [SnpMe] suffix. SnpMe is an indication from a Requester to a Home that the Requester
has not checked its caches for presence of a copy of the line and the Requester instructs thi [Somap the
Requester if required.
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A Requester can use the SnpMe variant if it has the line in its cache.

In Dirty state forcCleanShared and CleanSharedPersist and does not want to or is not capable of writing
back the Dirty copy and make the line Clearnvalid before issuing the Request.

In any Norlnvalid states for Cleaninvalid and Makelnvalid and does not want to or is not capable of
changing the state to Invalid before issuing the Request.

The SnpMe variant has all the same properties as theesponding norSnpMe variant in addition to the
following:

For CleanSharedSnpMe and CleanSharedPersistSnpMe if Home determines the line to be present at the
Requester in Dirty state then the Home is required to snoop the Requester.

For CleaninvalidSnpMe aMbkelnvalidSnpMe, if Home determines the line to be present at the
Requester then the Home is required to snoop the Requester.

If Home determines the line to be not present at the Requester it is permitted but not required to snoop
the Requester.

If the Home cannot determine the absence of the linevbiether it ispresent in Clean statat the
Requester then it is required to snoop the Requester following above mentioned criteria.

A Reguester can use the SnpMe variant to Device andddoheable ddress location. The target, that
is the Home, must ignore the SnpMe directive and do not send any snoops.

3.3.2.3 Write Transactions

Write transactionamovedatafrom a Requesteto the nextlevelcache memory,or a peripheral. Thedatabeing
transferred,dependingon the transactiontype, canbe coherentor non-coherent.Eachpartial cache line Write
transactionmustassertappropriatebyte enableswith the data.

Anysubsequenteferenceto WriteNoSnpand WriteUniquewithout a [Full] or [Ptl] suffixisto be readas
applyingto both [Fullland[Ptl] versionsof the transaction.

WriteNoSnpPtIWrite to Nortsnoopableaddressegion.

Datasize is up to a cache line length.

Byteenables must be asserted for the appropriate byte lanes within the specified datarsd
deasserted in the rest of the data transfer

WriteNoSnpFullWrite a full cacheline of datato a Nonsnoopableaddressregion.

Data size ia cache line length.

Byte enables not present, implicitly assume all byte enables are asserted.

WriteUniqueRl: Write to a Snoopableaddressegion.Write up to a cacheline of datato the next-levelcacheor
memorywhenthe cachelineisinvalidat the Requester.

Data size isip to a cache line length.
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e Byte enables mudie asserted for the appropriate bytanes within the specified data size and
deasserted in the rest of the data transfer.

WriteUniqueFull Write to a Snoopableaddressegion.Write a full cacheline of datato the next-levelcacheor
memorywhenthe cacheline isinvalidat the Requester.

s Data size ia cache line length.
e Byte enables not present, implicitly assume all byte enadesasserted.

CopyBack TransactiarSopyBackransactionsare a subclas®f Write transactions CopyBackransactionsamove
coherentdatafrom a cacheto the next levelcacheor memory.CopyBackransactionsdo not requirethe
snoopingof other agentsin the system.

WriteBackPtIWrite-backup to a cacheline of Dirty datato the nextlevelcacheor memory.
e Data size ia cache line length.
e All appropriate byte enables, up all 64, must be asserted.
e The cache line must not remaimthe cache.
s This transaction is only supported when partial cache states are supported.
WriteBackFullWrite-back a full cache line of Dirty data to the nextdewache or memory
e Data size ia cache line length.
s Byte enables not present, implicitly assume all byte enables are asserted.
e The cache line must not remaimthe cache.
e There are twdlavors of WriteBackFull
0 WriteBackFullUD: The cache state wigriteBack was initiated was UD.
0 WriteBackFullSD: The cache state when WriteBack was initiated was SD

WriteCleanFullWrite-back a full cache line of Dirty data to the next level cache or memory and retain a Clean
copy in the cache

e Data size ia cache fie length.

s Byte enables not present, implicitly assume all byte enables are asserted.

s The cache line is expecténl be in Shared Clean state at completion of the transaction.
e Thereis only one flavor of WriteCleanFull

o WriteCleanFullSD: The cache lineuamnteed to be in Shared state (or I) after the transaction
completes.

WriteEvictFullWrite-backof Unique Cleanlatato the next-levelcache.

e Data size ia cache line length.
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e Byte enables not present, implicitly assume all byte enables are asserted.
e The cache line must not remaimthe cache.

s See later sectiorControlling theuse of Evict and WriteEviatftransactiondor further details.

3.3.2.4 Atom ic Transactions

An Atomictransactionpermitsa Requesteto sendto the interconnecta transactionwith amemoryaddress
andan operationto be performedon that memorylocation. Thistransactiontype movesthe operationcloserto
wherethe dataresidesandis usefulfor atomicallyexecutingan operationand updatingthe memorylocationin
a performanceefficientmanner.

In the case when data resides in the cache with the Requester, the Requester might prefer performing the
atomic operation within itselfln some implementations where additional logic required to perform the atomic
operations is not available at the cache, the Requester is forced to rely on atomic operation execution in the
interconnect even when it has a Unique copy of the data. In sasks the Requester must WriteBack the data
before sending the Atomic transaction or rely on the interconnect to send a snoop to the Requester. This
specification permits both by allowing the Requester to signal to the interconnect to snoop the Requester.

AtomicStore Sendsa singledatavaluewith an addressandthe atomic operationto be performed.
e Data is included in the Request.
e Outbound data size is 1, 2, 4, or 8 byte.

e Thetarget performs the required operation on the address location specified with the data supplied in
the Atomic transaction.

s« Numberof operations supported is 8.
e Thetarget returns a completion response without data.
AtomicLoad Sendsa singledatavaluewith anaddressandthe atomicoperationto be performed.
s Data is included in the request.
e Outbounddata size is 1, 2, 4, or 8 byte.

s Thetarget performs the required operation on the address location specified with the data value
supplied in the Atomic transaction.

e Thetarget returns the completion response with data. The data value is the original value at the
addressed location.

e The sizeof datain completion is the same as the size of data in the request.
« Numberof operations supported is 8.

AtomicSwapSendsa singledatavalue,the swapvalue,togetherwith the addressof the locationto be operated
on.

« Datais included in the request.
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Outbounddata size is 1, 2, 4, or 8 byte.
Thetarget swaps the value at the address location with the data value supplied in the transaction.

Thetarget returns the completion response with data. The data value is the original value at the
addressed locabn.

The size of data in completion the same as the size of data in the request.

Numberof operations supported is 1.

AtomicCompareSendgwo datavaluesthe comparevalueandthe swapvalue,with the addressof the location
to be operatedon.

SnpMeVariants Each of the above described Atomic transactions has a SnpMe variant, with [SnpMe] suffix.

Data isincluded in the request.

The size of data in the requeist2, 4, 8, 16, or 32 byte.

The Compare value must be placed at the addressed location within the data field.

The target compares the vala the addressed location with the compare value:

o Ifthe values match, the target writes the swap value to the addressed location.

o Ifthe values do not match, the target does not write the swap value to the addressed location.
The target returns the original vala the addressed location.

The size oflata in canpletion is half of the size of data in the request.

Number of operations supporteid 1.

A Requester can use the SnpMe variant if it has the liits Tache and is not capable or does not want
to perform the operation internally and is not able to write back the Dirty copy to home. The SnpMe
variant has all the same properties as the corresponding®opMe variant in addition to the following:

o If Hame determines the line to be present at the Requester thtdés required to snoop the
Requester.

o If Home determines the line to be not present at the Requester it is permitted but not required to

snoop the Requester.

o If the Home cannot determine thabsence of the line at the Requester then it is required to snoop

the Requester.

A Requester can use the SnpMe variant to Device andddoneable address location. The target, that
is the Home, must ignore the SnpMe directive and do not send any snoops.
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3.3.2.5 ReqOp Encoding

Table3-9, Table3-10, andTable3-11 showthe opcodes fodifferent Request types

Table3-9: ReqOp value for Requests

RequestType [ReqOp[7:0] Request type

Reads 0x00 ReadNoSnp

0x01 ReadOnce

0x02 ReadOnceCleaninvalid
0x03 ReadOnceMakelnvalid
0x04 ReadUnique

0x05 ReadClean

0x06 ReadMtSharedDirty
0x07 ReadShared

Dataless 0x10 CleanUnique
0x11 MakeUnique
0x13 Evict

0x14 CleanShared

0x15 CleanSharedPersist
0x16 Cleanlnvalid

0x17 Makelnvalid

0x94 CleanSharedSnpMe
0x95 CleanSharedPersistSnpN
0x96 CleaninvalidSnpMe
0x97 MakelnvalidSnpMe
Writes 0x20 WriteNoSnpPtl

0x21 WriteNoSnpFull
0x22 WriteUniquePtl
0x23 \WriteUniqueFull
0x24 \WriteBackPtl

0x25 \WriteBackFullUD
0x27 \WriteBackFullSD
0x2B \WriteCleanFullSD
0x2D \WriteEvictFull
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RequestType |[ReqOp[7:0] |Request type

Atomics 0x4X AtomicStore
0x5X AtomicLoad
0x60 AtomicSwap

0x61 AtomicCompare
OxCX  |AtomicStoreSnpMe
0xDX  |AtomicLoadSnpMe
OxEO AtomicSwapSnpMe

OxE1l AtomicCompareSnpMe

Chained 0xFO RegChain
Note: All undefined opcode values in the ReqOp are Reserved.

Table3-10: AtomicLoad and AtomicStor&ub-opcodes

ReqgOp[2:0] [Subop |Description
000 ADD |Add
001 CLR [Bitwise Clear
010 EOR [Bitwise Exclusive O
011 SET [Bitwise Set
100 SMAX [Signhed Max
101 SMIN |Signed Min
110 UMAX |Unsigned Max
111 UMIN [Unsigned Min

Table3-11: Endianess of Operations

ReqOp[3] [Endian

0 Little
1 Big
Endianness is only applicableA®DQ SMAXSMIN UMAX andUMINAtomicsub-operations; it can take any
value inCLREORandSETsub-operations.

3.3.3 Request Responses

A completionresponses requiredfor all transactionslt istypicallythe lastmessagesent toconcludea request
transaction.TheRequestemight; however,still needto senda CompAckesponseo concludethe transaction.

Acompletionguaranteedhat the requesthasreacheda PoS or a Po@jhereit will be orderedwith respectto
requeststo the sameaddressrom any Requestein the system.
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Request completiomesponsesanbe further categorizedas:
e Read Completion
0 Read Completion response includeBaa response.
0 Read Completion also includes a cache state indicating the state the line must be cached in.
0 Byte enables are not present in Readmpletions.
e Dataless Completion
o Dataless Completion response does not include data.

o Dataless Completion respse does not include a cache state. State of the line in the Requester
cache is determined by the Request.

e Write Completion:
o0 Write Completion response does not include data.

o Write Completion response does not include a cache state

3.3.3.1 ReqRespOp Encoding

Table3-12lists the Response Opcode encodings for Memequests.

Table3-12: RespOp and Resp field encodingdiaquest response

ReqRespO[E:0] [RespAtt[2:0] [Requestresponse [Comments

000 000 Comp Dataless and Write Request response

001 100 CompData_UC No other caches have a coherent copy

There might be one or moreaches with

1 11 D
00 0 CcompData_SC Coherent Shared copy

No other caches haveaherent copy

010 101 CompData_ UD_PD | | .
Dirty data is passed to the Requester

There mightbe one or more caches with
010 111 CompData_SD_PD |Coherent Shared copy
Dirty data is passed to the Requester

Note: All undefined ReqRespOp and RespAttr valueRaserved.

3.3.4 Snoop Requests

The Home generatesSnoop request to control the state of a cache line at a caching agent, also referred to as
the Snoopee. Typically, this will océnresponseo arequestfrom a Requesteor dueto aninternal cacheor
Snoofpfilter maintenanceoperation. The Snoop requests are:
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SnpToAny
e Used to obtain a copy of cache line without requiring a state change.
e Atthe Snoopee, no cache line state change is required.
SnpToC:
e Used to ensure that a cache line is not held in a Ritdye.
e This snoop is normally used to perform a cache clean operation.
e At the Snoopee:
0 The cache line must not remain in a Dirty state.
0 The cache line, if valid, is expected to change to a Giede, UC or SC.
o ltis permitted, but not required, for theache line to move to the Invalid state.
SnpToS:
e Used to ensure that a cache line is not held in a Unique state.

e This snoop is normally used when another agent is given a copy of the cache line. It ensures the line
cannot be updated at the Snoopee withdaforming other agents in the system.

s This snoop is normally used, instead of SnpToSC, when the Home allows a Dirty copy of the line to
remain at the Snoopee in the Shared Dirty state.

e At the Snoopee:
0 The cache line must not remain in a Unique state.
0 The @&ache line, if valid, is expected to change to a Shared state, SC or SD.
o Itis permitted, but not required, for the cache line to move to the Invalid state.
SnpToSC:
e Used to ensure that a cache line is not held in a Unique or Dirty state.

e This snoop is norally used when another agent is given a copy of the cache line. It ensures the line
cannot be updated at the Snoopee without informing other agents in the system.

s This Snoop is normally used, instead of SnpToS, when the Home does not permit a Dirtytivefinef
to remain at the Snoopee.

s« At the Snoopee:
0 The cache line must not remain in a Unique or Dirty state.
0 The cache ling, if valid, is expected to change to the Shared Clean state, SC.

o Itis permitted, but not required, for the cache line to move e tinvalid state.
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SnpTol:
e Used to move a cache line to the Invalid state.

s This snoop is normally used when another agent has requested to perform a store to the cache line, so
all copies must be invalidated.

e Atthe Snoopee, the line must move to the Indadtate.

SnpMakel:

e Used to move a cache line to the Invalid state, without any data return from the Snoopee, even if the
line is in a Dirty state.

s This snoop is normally used when another agent has requested to perform a store to the entire cache
line.

s Atthe Snoopee, the line must move to the Invalid state.

SnpChain:
e Used when the Snoop is chained to an earlier Snoop in the same packet.
s See later section, Snoop Chaining, for further details.

Table3-13 shows the Initial and Final states for each Snoop type. The Final states are shown as an expected Final
state as well as a list of the other permitted Final states.
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Table3-13: Snoop Type an®ermitted Snoopee Transitions

Final state
Snoop [Initial state _
Expected [Permitted
SnpToANy ubD ubD UC, SD, SC
ucC ucC SC, |
SD SD SC, |
SC SC I
| | -
UCE UCE |
UDP UDP |
SnpToC ub, uC ucC SC, |
SD, SC SC I
I, UDP | -
UCE UCE |
SnpToS UDb SD SD SC, |
UC, SC SC I
I, UCE, UDP | -
SnpToSC| UD, UC, SD, SC SC I
|, UCEUDP | -
SnpTol Ub, UC, SD, SC, I -
UCE, UDP
SnpMakel| UD, UC, SD, SC, I -
UCE, UDP

3.3.4.1 Snoop Data Return

The DataRet bit in the Snoop request provides an indication of whether data that is in Clean state should be
returned alongside the snoop response.

This use of the DataRet bit allows a Home to control when clean data is returned. Typically, this weédd be

by a Home to obtain a copy of a clean cache line from a Snoopee when the Home determines this would be the
most appropriate action. If the Home has an alternative approach to obtaining a copy of a clean line, such as a
speculative fetch from memoryhen it can deassert the DataRet bit to prevent the Snoopee returning the data
from Clean state.

The DataRet bit can be asserted orafserted for SnpToAny, SnpToC, SnpToS, SnpToSC, or SnpTol snoop types.
The DataRet bit must be eisserted for SnpMakehsops. For chained snoops, as indicated by the SnpChain
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opcode, the DataRet bit value is inapplicable and must be set to zero. Whether to return clean data for a
chained Snoop should be determined from the DataRet bit value in the first Snoop of the chain

When DataRet is dasserted, for all snoops except SnpMakel:
e ltisrequired that data is returned for a Dirty cache line.
s [tis recommended, but not required, that data is not returned for a Unique Clean cache line.
e ltis required that data is not retned for a Shared Clean cache line
When DataRet is asserted:
e ltisrequired that data is returned for a Dirty cache line.
e Itis recommended, but not required, that data is returned for a UniGlesan cache line.
e ltis required that data is not returned far Shared Clean cache line.

For SnpMakel Snoop, DataRet value must be ignored and data must not be returned.
3.3.4.2 SnpOp Encoding

Table3-14: SnpOp values for Snoops

SnpOp[3:0]|Snoop type

0000 SnpToAny
0001 SnproC
0010 SnplroS
0011 SnproSC
0100 Snprol
0101 SnpMakel
0110 Reserved
0111 SnpChain
Others  |Reserved

Table 3-15lists the expected and permitted Snoop requests for each Request. Applicable column identifies the

Requests that do not include a snoop by NA in the corresponding row.

s« E isthe expected Snpaequest.

e El is the expected Snoop request when the Snoopee is permitted to transition to SD state. When an
implementation uses the Snoop type entry marked with E1 for a Request then the Snoop option marked

with E2 for that Request is permitted.

o B2 is the expected Snoop request when the Snoopee is not permitted to transition to SD state. When an
implementation uses the Snoop type entry marked with E2 for a Request then the Snoop option marked

with E1 is not permitted.

e P isthe permitted Snoop request.
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Table 3-15: Request types and the corresponding Snoop requests

() > —
- c O )
|| < @) %) ) — X
S o o () o o
= = = = = = =
Q. Q. Q. Q. Q. Q. Q.
oL = = e e (= =
< n n n n n n
ReadNoSnp NA
Read ReadOnce E P P P =] -
ReadOnceCleanlinval P P P P E
ReadOnceMakelnvali P P P P E -
ReadUnique - - - - E -
ReadClean - - El E2 P -
ReadNotSharedDirty - - El E2 P -
ReadShared - - El E2 P -
CleanUnique - - - - E -
Dataless -
MakeUnique - - - - P E
Evict NA
CleanShared - E - P P R
CleanSharedPersist - E - P P -
Cleanlinvalid - - - - E -
Makelnvalid - - - - p E
Atomic |Any - - - - E -
. WriteNoSnp NA
Write \WriteUniqueFull - - - - =] E
\WriteUniquePtl - - - - E -
\WriteBack NA
\WriteClean NA
\WriteEvictFull NA

Note: The use of a SnpTol snoop transaction for ReadClean, ReadNotSharedDirty, or ReadShared requests will cause the
invalidation of shared copies of the cache liteen the original request did not requitee invalidation of shared copies. This
approach can cause issues for some protocol features, such as Exclusive Accesses, where it is required for multigé agents to
have access to a shared copy of the line.

3.3.5 Snoop Responses

A Snooprequesttransactionincludesa Snoopresponse A Snoopresponsecanbe with or without data. The
characteristics of these responses are:

e Snoop response with data can have full cache line or partial cache line response.
« Partial cache line Snoop responses are supported only WhaetialCacheStates property is True.
s In both cases the size of transfer is of cache line length.

» For full cache line size byte enables are not present.
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e For partial cache line size byte enables mhespresent to indicate the valid bytes in the Data response.

TheFinalcache state in the snoop response must be precise and accurate. The Snoopee is permitted to make
any legal silentache statdransition after giving a snoop response.

RespAttr includd in the Snoop response conveysficientinformationfor the Hometo determinethe
appropriateresponseo the initial Requesterandto determineif datamustbe written backto memory.lIt is
alsosufficientto supportsnoopfilter or directorymaintenancen the interconnect.

A Broadcast or BroadcastSnoop must have a single Snoop response. A Broadcast can be forwarded as multiple
Snoops. The point which breaks a Broadcast or Broadcaptinto multiple Snoops, must wait for and

consolidate 8 Snoop responses into a single Snoop responseS8et#on3.13.2.1 for Broadcast and

Broadcastl Snoop forwarding rules.

3.3.5.1 SnpRespOp encoding

Table3-16 shows SnRespOm@ndRespAttifield encodings for Snoop response messages.

Table3-16: RespOp andResp field encodings in Snodtesponse

SnpRespO:0] RespAttr[2:0] |Snoop Response [Comments

000 000 SnpRespData_| Data is provided but responsibility t
100 SnpRespData_UC [update memory is nopassed.
101 SnpRespData_UD
110 SnpRespData_SC
111 SnpRespData_SD
001 000 SnpRespData_|_PD Data is provided and memory upda
100 SnpRespData_UC_Aresponsibilityis passed.
110 SnpRespData_SC _H
010 101 SnpRespDataPtl_UDPartial data without passing memo
update responsibility
011 000 SnpRespDataPtl_|_HPartial data with passing memory
update responsibility
100 000 SnpResp_| Snoopchanged the line to Invalid
state,
001 SnpRespMiss The line waslready in Invalid state
100 SnpResp_UC Line is left in UC state (data is not
provided)
110 SnpResp_SC Line is left in SC state (data is not
provided)
110 000 CompAck IAcknowledgingeceiving of Comp
Others Reserved
Protocol Layer © 2016-2019 CCIX Consortium, Inc. ALL RIGHTS RESERVED. CONFIDEBI®AU00

February 15, 2019



Hardware Specification Coherence protocol
CompAck is a response which is similar to Snoop response and is sent from Request Agent to Home Agent after
receiving Comp or CompData.

The encoding dRespAttrfield uses the following scheme.
e RespAttr[O]c Dirty or Clean
e RespAttr[1]c Shared or Unique

e RespAttr[2]¢ Valid or Invalid

3.3.5.2 Snoop Response for Unique Clean and Unigue Dirty states

Some orchip protocolsdo not give an indication of whether a cache line retained by Snoopee is held in the
UniqueClean or the UniqueDirty state. The following mechanisms are provided to control the use of precise or
imprecise snoop response between Request Agents and HomesAgent

Each Request Agent has a capability bit, RAPreciseSnpRespCap, to determine the behavior with regard to the
snoop response. This capability bit is located within the DVSEC Request Agent Capabilities & Status Structure,
seeSection6.2.2.8.1

The RAPreciseSnpRespCap field indicates the Request Agent capability to communicate a precise UC or UD state
for SnpRespData type Snoop Response.

« 0= Request Agent snoopsponse can be imprecise when providing either a SnpRespData_UC or
SnpRespData_UD type response. It is permitted for a Snoopee to provide a SnpRespData_UC response when
the line is held in UniqueDirty state. It is permitted for a Snoopee to provide aeSppRta_UD response
when the lire is held in UniqueClean state.

s 1 = Request Agent snoop response is precise when providing either a SnpRespData_UC or SnpRespData_UD
type response.

Request Agent support of a precise response allows Home Agents to makegatefaor propagation and pre
fetch decisions based on the precise response.

Each Home Agent has a control bit, HAPreciseSnpRespCntl, to indicate if the Home Agent can use make use of a
precise SnpRespData_UC or SnpRespData_UD snoop response. Thibitistoalated within the DVSEC
Home Agent Control Structure, s€ection6.2.2.7.2

The HAPreciseSnpRespCntl field indicates whether the Home Agent is permitieusider the
SnpRespData_UC or SnpRespData_UD snoop response to be precise.

s 0 =Home Agent must consider snoop response to be imprecise when receiving either a SnpRespData_UC or
SnpRespData_UD type response.

e 1 =Home Agent can consider snoop respondaetprecise when receiving either a SnpRespData_UC or
SnpRespData_UD type response.

e Default value is 0.
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Note: When Imprecise snoop response is used and data provided in a snoop response indicates that it has come
from a cache line in UniqueClean state, tlieis possible that the line is actually in UniqueDirty state. Therefore
it is not permitted to discard such data and assume that a copy fetched from memory will not be stale.

All Home Agents must support the use of an imprecise response. Support fecisgpresponse can default to
the same behavior as implemented for an imprecise response.

It is expected that during the system enumeration and configuration process the software will inspect all
appropriate Request Agent capability bits and determinedppropriate setting for the Home Agent control
bits. The system must still function correctly if this process does not occur.

3.3.6 MiscOp Encoding

Table3-17 lists the opcodes used in Misc message types. There are two types of Misc message: Credited and
Uncredited.

NOP, Credit grant, Credit return and PER use Uncredited Misc Messages channel. To issue these messages the
sender does not need any message credits. The receiver must accept these messages unconditionally.

Generic messages can use either Uncredited odi&@ Misc messagesnd has a payload of 2 to 32 bytes, the
contents of which are IMPLEMENTATION DEFINED.

Table3-17. Misc message Opcodes

MiscOp[3:0] Message type |[Comments

0000 NOP
0001 CreditGrant Sending Message credits

0010 CreditReturn Returning unused Messageedits

0011 ProtErrReport  [Protocol error message

1000 Generic Genericmessages

Others Reserved

3.3.7 Protocol Error Report

CCIX components such as a Request Agent, Home AgentA§émnte CCIX Port or CCIX Link use ProtErrReport
(PER) message to report an error to the Error Agent. The message uses MiscOp[BRtQ]aridhas a payload of
32 bytes.SeeSection?.3, for details onCCIX Protocol Error Reporting (RER)

3.3.8 Request Cache State Transitions

Table3-18,

Table3-19, Table3-20, and Table3-21 provide the information regarding the Initial and Final state
for each of the Request types as well as the expected memory response.

The tables can be read as follows:
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Column 1, Requesype ¢ Lists all Request types.

Column 2, Initial state Gives all the permitted states for a cache line a request can be initiated from.

Column 3, Final state Gives the permitted state for a cache line at the completion of the transaction. The Final
state depends on a combination of the Request type, Initial state, and Completion response.

Columns 4, Comp respongd he last column lists the permitted responses to the Requester. Inclusion of Data
with the Completion response depends on the Request.type

IO CoherenReadand Fully Coherent Read request except ReadUnique must not be issued if a valid copy of the
line is present in the cache

ReadUnique can be sent even if copy of the line exists in the cache. The state of the line can be any valid state.

Table3-18: CacheSate Transitionsat Requester Cachfor ReadRequests

Request type Cachestate Comp response
Initial Final

ReadNoSnp I | |CompData_UC

ReadOnce I | |CompData_UC

ReadOnceCleaninval I | |CompData_UC

ReadOnceMakelnvali I | |CompData_UC

ReadUnique I,SC UD |CompData_UD_PI

UC |CompData_UC

UC, UCE| UC |CompData_UC
SO UD, UDl UD |CompData_UC
ReadClean I SC |CompData_SC
UC |CompData_UC

ReadNotSharedDirty I SC [CompData_SC
UC |CompDataUC
UD (CompData_UD_PI

ReadShared I SC |CompData_SC
UC |CompData_UC
SD |CompData_SD_PI

UD |CompData_UD_PI
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Table3-19: CacheSate Transitionsat Requester Cachfor DatalessRequests

Requesttype Cachestate CompResponse
Initial  |Final
CleanUnique I UCE |Comp
SC UC [Comp
SD Ub Comp
MakeUnique I,SC, S UD [Comp
CleanShared I, UC, S{No Chang(Comp
CleanSharedPersi
CleanlInvalid I I Comp
Makelnvalid I I Comp
Evict UC, SC I Comp

Table3-20: CacheSate Transitionsat Requester Cachior Write Requests

Request Type [Cache State [Comp Response

Initial  |Final
WriteNoSngtl I I |Comp
WriteNoSng-ull I I |Comp
\WriteBackPtl UDP | |Comp
WriteBackFullD ubD I |Comp
WriteBackFu$D SD | |Comp

WriteCleanFu8D| UD SC [Comp

SD SC |Comp

WriteUniquePtl I | |Comp
WriteUniquerull I I |Comp
\WriteEvictFull ucC I |Comp
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Table3-21: CacheSate Transitions at Requester Cache for AtoniRequests

Request Type |Cache State [Comp Resp
Initial |Final

/AtomicStore Any I |Comp

/AtomicLoad Any | |CompDataUC

AtomicSwap Any | |CompDataUC

AtomicCompare| Any | |CompDataUC

3.3.9 State Transitions at Snoopee

A Snoopee that receives a snoop must transition the state of the cache line according to the requirements of the
snoop type.

Table3-22 provides theinformation regarding the Initial and Final state for each of the snoop types, and also
shows the appropriate Snoop responses. The table can be read as follows:

Column 1, Initial state Gives the possible Initial states for a cache line.

Column 2, End sta ¢ Gives the possible Final states for each of the different Initial states. The permitted Final
states depend on the Snoop type.

Columns 3 8, Snoop typeg There is a column for each of the snoop types. The cells in a particular column
indicateiftneda G 6§ S GNIX yaArAdAizy 2F GKS Faa20AFriSR Nrg¢g Aa tS13
that state transition is the expected transition, for a given combination of Initial state and snoop type. The letter

Gt ¢ AYRAOF GSa (akperinitted tiahsitiéh, biitMds yoftheledpecied tharsition. Typically, a

permitted transition instead of expected one would occur due to an implementation choice, such as a design
simplification. A hypherird, indicates that the state transition is hallowed for the given snoop type.

Columns 9 10, Response The final two columns show the permitted responses for a given state transition.
¢KS LISN¥YAGGSR NBalLRyaSa IINB 2yteée awSalLlRyasS gAlK2dzi
DataRetit can be used to determine which response is preferred in the case when both are permitted

SnpRespMiss snoop response is always a permitted substitution for SnpResp_I. However, SnpResp_| must not be
used when the Initial state is I.

The bottom rowswvhich cover the UCE and UDP Initial states, only apply when the PartialCacheStates property is
True.
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Table3-22: Cache state transitions at the Snoopee in response to a Snoop

> O
Initial |Final E g E % |§ é Response Response
State |[state Ug). &g). (%. Ug). &g). 08) Without Data  |With Data
Uub | UD E - - - - - - SnpRespData_UD
SnpRespData @
ucC P E - - - - - SnpRespData_UC_PD
SD P - E - - - - SnpRespData_SD
SC P P P E - - - SnpRespData_SC_PD
I P P P P E - - SnpRespData_|_PD
I - - - - - E [SnpResp_| -
uc | ucC E E - - - - |SnpResp_UC |SnpRespData_UC
SnpRespData_UD
SC P P E E - - |SnpResp_SC |SnpRespData_SC
I P P P P E - - SnpRespData_|
I P P P P P E |SnpResp_| -
SD | SD E - E - - - - SnpRespData_SD
SC P E P E - - - SnpRespData_SC_PD
I P P P P E - - SnpRespData_|_PD
I - - - - E |SnpResp_| -
SC SC E E E E - - |SnpResp_SC -
I P P P P E E |SnpResp_| -
I I E E E E E E |SnpRespMiss -
UCE | UCE| E E - - - - |SnpResp_UC -
I P P E E E E [SnpResp_| -
UDP | UDP| E - - - - - - SnpRespDataPtl_UD
I P E E E E - - SnpRespDataPtl_|_PD
I - - - - - E [SnpResp_| -

1.SnpRespData_UC is only a permitted response when RAPreciseSnpRespCap is Imprecise.
2. SnpRespData_UD is only a permitted response wheiiRAPreciseSnpRespCap is Imprecise.

Protocol Layer

February 15, 2019

© 2016-2019 CCIX Consortium, Inc. ALL RIGHTS RESERVED. CONFIDEBF®AK00




Hardware Specification Coherence protocol

3.3.10 Silent Cache State Transitions

Silent cache state transition is defined as when a catiamgesstate dueto aninternal eventwithout notifying
the restof the system.

The legal silent cache state transiticare shownin the table below In some case# is possible, but not
required,to issueatransactionto indicate thatthe transition has occurred. If su@transactionisissued then
the cache state transition is visible to the interconnect and isat@s$sifiedas a silent transition

The action described ihable3-23 as Local sharing, descrilthe case wherea Request Agergpecifiesa Unique
cache line as Shared, effectively disregarding the fact that the demheemains Unique tahe Request Agent

Forexample this canhappen wherthe RAcontains multiple internal agenndthe cacheline becomes shared
between them.

For silentcache state transitions:
e Cacheeviction and Local sharing transitions can occur at any point and are IMPLEMENTATION DEFINED.
s Storeand Cache Invalidate transitions can only occur as a result of a deliberate action, which in the case

of a core is caused by the execution of a program instruction.

Table3-23: LegalSlent CacheSate Transtions at Requester Cache

Internal activity |Present [Next |Comments

Cacheeviction uc | |Canuse Evict or WriteEvictFull
transaction to make it noilent.
UCE | |Canuse Evict transaction to make |
sc | [non-silent.
Localsharing uc SC -
uD SD -
Store uc UD [Fullor partial cache line store

UCE | UDP [Partialcache line store
UCE UD |Fullcache line store
UDP UD |[Storethat fills the cache line

Cachdnvalidate ubD | |Canuse Evict transaction to make |
UDP | [nonssilent.

A cachestate changefrom UCto UCHs not permitted.

Note: Sequences of silent transitions can also occur. Any silent transition that results in the cache line moving to
UD, UDP, or SC state can undergo a further silent transition.
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3.3.11 Controlling the use of Evict and WriteEvictF ull
transactions

The following mechanisms are provided to control the use of Evict and WriteEvictFull transactions between
Request Agents and Home Agents.

Each Request Agent has two control bits, RAEvictHintCntl and RAWriteEvictFullHintCntl, to detegsmine t
behaviour of a Request Agent with regard to the issue of Evict and WriteEvictFull transactions. These control bits
are located within the DVSEC Request Agent Control structur&estéen6.2.2.8.2

RAEVvictHintCntl:

1 0= Sending Evict transactions from the RA is not recommended for best system performance. However, it is
permitted to send the transaction.

1 1= Sending Evict transactions from the RA is recommefmldabst system performance. However, it is
permitted not to send the transaction.

1 Default value is 0.

RAWriteEvictFullHintCntl:

1 0 = Sending WriteEvictFull transactions from the RA is not recommended for best system performance.
However, it is permitted t@end the transaction.

1 1 = Sending WriteEvictFull transactions from the RA is recommended for best system performance.
However, it is permitted not to send the transaction.

1 Default value is O.

Each Home Agent has two capability bits, HAEvictHintCap anditéEVictFullHintCap, to indicate the
preferred behavior with regard to the use of Evict and WriteEvictFull transactions. These capability bits are
located within the DVSEC Home Agent Capabilities & Status Structuectien6.2.2.7.1

HAEvictHintCap:

1 0= Sending Evict transactions to the HA is not recommended for best system performance. However, the
HA must function correctly if Evict transactions are received.

1 1= Sending Evict transactions to the HA is recommended for best system performance. However, the HA
must function correctly if Evict transactions are not received.

HAWriteEvictFullHintCap:

1 0 = Sending WriteEvictFull transactions to the HA isemimmended for best system performance.
However, the HA must function correctly if WriteEvictFull transactions are received.

1 1 = Sending WriteEvictFull transactions to the HA is recommended for best system performance. However,
the HA must function corrély if WriteEvictFull transactions are not received.

It is expected that during the system enumeration and configuration process the software will inspect all
appropriate Home Agent capability bits and determine, using an implementation defined algattithm,
appropriate setting for the Request Agent control bits. The system must still function correctly if this process
does not occur.
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3.3.12 Simultaneous  Outstanding  Requests

Two Requests to the same address location from the same Request Agent must not bediidstascept when
they onlyinclude any combination dReadNoSnpNriteNoSnp ReadOncer WriteUnique

More than one Snoop transaction to the same address location to the same Request Agent must not be
outstanding at the sam#me.

3.3.13 Request to Snoop Hazard

A hazarcconditionis detected if &CopyBaclRequesfinds an outstanding Snoop to the same cache line address
targeting the source of the Request a Snoop finda CopyBack Requestitstanding to the same cache line
addresdrom the target of the Snoagt is not considered a hazard condition if the Snoop target Agent ID and
the Request source Agent ID are not the same.

In the following description, as shownhigure3-3, a Snoop is sent from the Home Agéwirtinterface labeled
as CCEKklto the Request Agent CCPR6rtinterfacelabeled as CCIR ARequesto the same address is in
progressrom CCI>R to CCEK on its way from RA to HA.

TheRequesin the figure corresponds to Request withData, where the Request can beGopyBack:
WriteBackFullUPWriteBackFullSDVriteCleanFullSBr WriteEvictFull In a multihop route in which multiple
CCIXR, CCEX Ports exist, it is required that eaBlort in this path must include hazarding logic to detect
Request to Snoop hazard.

The Requests and Snoop responses from RA teRZCE0ft and Snoop requests and Request responses from
CCIXR Port to RA can use proprietary protocol. Similarly RequestSanolp responses from C&iXPort to on
chip target HA and Snoop requests and Request responses from HA tH €Giixcan use proprietary protocol.
The bridging at the CCIX-chip Port interfaces between the CCIX protocol and proprietary protocol must
guaantee that CCIX protocol between the CCIX Ports is not violated.

CCIX-R CCIX-H

/ Proprietary

00“\9 protocol

Proprietary

protocol

SnpResp*

Chip0 Chip 1

Figure3-3: Request to Snoop hazard
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The arrival of a Request or Snoop request message must be registered &IX&@Qrt to enable its detection by
a Snoop request or Request message to the same address respectively in the opposite dirbefaiowing
sections describe how thgrotocol handles Request to Snoop hazard at the Reots.

3.3.13.1 At the Port Interface Labeled CCIX -R

The steps in handling of a Snoop at the Port on the Requester side are as follows:
When the Port receives a Snoop:

If there is either no Request outstanding or a Read, Dataless, Atomic, WriteUnique or a WriteNoSnp Request to
the same addresss outstanding at the Port, traveling in the opposite direction then

s [f required, onchip snooping is performed.

e If on-chip snooping is performed then forward the receivedamp Snoop response to CCIX else
synthesize and send appropriate Snoop respdnsgClX.

The above is considered as a Hwarzarding case.
If the hazarding Request\8riteBackFullUPNriteBackFullSD, WriteCleanFull@DWriteEvictFulthen

e For WriteBackFullUD, WriteBackFullSD or WriteEvictFull, snooping of target is permitted but no
required.

e ForWriteCleanFullSD
o Ifthe Snoop is SnpTol or SnpMakel, snooping the target is required.
o For all other Snoop types, snooping the target is permitted but not required.

When the Snoop response for a propagated Snoop is received oiROEPEtpared to respond to a Snoop that
is not propagated

1 If the hazarding request is not yet issued to G&IKen one of the following must be followed:

a The Request is canceled and the cache state in the Snoop response is modified in the manner described
in thetable belowand the Request data is transferred to the Snoop response.

When the Request is WriteCleanFullSD and the Snoop is one of thieWdidating Snoops then the
modified cache state in the Response can be either SC or I. Cache state in thesRéspochanged if it
is already | in Snoop response and set to SC if it is UC or SC in the Snoop r€paredking of the
Request is permitted but not required if the Port has sufficient credits to send the Request teiCCIX
Cancelling of the Requeistrequired if the Port does not have sufficient credits to send the Request to
CCI4H.
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Table3-24: Forwarded SnoofResponsavhen Request Data iSransferredand RequestCanceled

SnpToAny
SnpToC
SnpToS
SnpToSC
SnpTol
SnpMakel

WriteBackFullUD [SnpRespata_|_PD{SnpRespata_|_PD SnpRespata_|_PL
\WriteBackFull[SD [SnpRespata_|_PD{SnpRespata_| PD SnpRespata_|_PI
SnpRespata_SC_H

O D
D | D
0|0
T | T

WriteCleanFullSD or SnpRespata_SC_PD or
SnpRespata_|_PD|SnpRespata_|_PD SnpRespata_|_PIResp_|
SnpResPata_ | or SnpRespata_ | or SnpResPata_ | or
WriteEvictrull PRespata_ PRespata_ PRespata_
Do not transfer Do not transfer Do not transfer  |Resp_|

b. The Request is issued to CEIdnd the Snoop response is issued only after rece@argp response for
the Request.

2 If the hazarding request is already issued to the &CiXen the Snoop response must wait for Comp to be
received before sending Snoop response to &CIX

3.3.13.2 Atthe PortInterface labeled CCIX -H

If a WriteBackFullUDWriteBackFullSD, WriteCleanFullSD or WriteEvictFull is received while atGtiomgame

cache line targeting the source of the Request is outstanding then it must provide Comp response on CCIX to
guarantee receiving a Snoop response.

If one of the abovdisted Requests arrives and is registered before a subsequent Snoop to the same line
targeting the Source of the Request is sent on CCIX then.

e For WriteBackFullUD, WriteBackFullSD or WriteEvictFull, the received Snoop is permitted but not
required to be popagated across CCIX.

e For WriteCleanFullSD
o Ifthe Snoop is SnpTol or SnpMakel, snooping the target is required.
o For all other Snoop types, snooping the target is permitted but not required.

When the Snoop response for a propagated Snoop is receivE€@bH is prepared to respond to a Snoop that
is not propagated

1 If the hazarding Request is not yet forwarded by &€tien, one of the following can occur

a The Request is canceled and the cache state in the Snoop response is modified in the maniteddescr
in the table abovend the Request data is transferred to the Snoop response.

b The Request is then forwarded by GEIAnd the Snoop response is forwarded only after receiving
Comp response for the Request.

2 If the hazarding request is already forwaddey CCBKl then the CCIHK must wait for Comp to be received
before forwarding the Snoop response.
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It is a potocol propertythat If an incoming Request which is WriteBack, WriteClean or WriteEvict type finds
a Snoop request outstanding to the same calthe then when the Snoop response is received the protocol
ensures that

s The Snoop response with data for SnpToS, SnpToSC or SnpTol is same as Request data.

s« The Snoop response with data for ShpToC or SnpToAny is same or less recent than the Request data.

3.3.13.3 WriteBackPtlUD Request Hazard

For WriteBackPtlUD, the treatment of hazards with a Snoop must be handled in the same manner as
WriteBackFullUD, except that when the data is transferred it is SnpRespDataPtl | PD response.

3.4 Transaction Structure

3.4.1 Request Trans actions

Requestransactions are sentdm the interface on the device that contains a Request Agent to any other
interface that holds thenemory Home

A Request is also sent from a Home to Slave agent such as Memory Controller. See later sectiondetaitore
ARequest must only be sent when:
s ARequest credit is available from the target device.

s« Write or Atomic request can be sent only if there is a Data credit also available from the target Port in
addition to the Request credit. A Data credit copesds to one cache line and depends on the cache
line size parameter.

s Sufficient buffer resourceare available to accept any response that might be obtained for the Request.
For Write and Dataless requests, response does not include data For Read and ratprasts that
include Data response, resources must be sufficient to receive response with data.

See theSection 3.7.1for further details.

The different Request types based on their structure are:
e Fully Coherent Read
e Non-Coherent and IO Coherent Read
e Dataless without CompAck

e Dataless with CompAck

e \Write
s Atomic
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3.4.1.1 Fully Coherent Read Transactions

FullycoherentReadtransactionsare:
e ReadUnigueReadClean, ReadNotSharedDirty, and ReadShared.
The transaction flovior Fully Coherent Read transactiaegs followsand as shown ifigure3-4:
1 TheRequestor chip sends a Read Request transaction using Request credit.
2 The Home returns the Read Data and any associated transaction response with the CompData opcode.

3 The Requestor sesdan Acknowledgement response that the transaction has completed with the CompAck
opcode.

If the NoCompAck property is true then a coherent read transaction does not include a CompAck Response. This
requires that any Snoop transaction is guaranteed to rienoadered behind a Request response for the same
cache line.

Requester Home

Reuest [ —»——{ Read }—»—|

Request
Response

A

A

CompData

Snoop
Rosponse = —1_CompAck |—>——

Figure3-4: Coherent Read transactions with CompAck

3.4.1.2 Non -coherent and IO Coherent Read Transactions

Non-coherent and® Coherent Read transactions are:
« ReadNoSnp, ReadOnce, ReadOnceCleaninvalid and ReadOnceMakelnvalid.

The transaction flovlor Non-coherent and IO coherent Read transactigas followsand as shown ifrigure
3-5

1 The Requestor chip sends a Read Request transaction using Request credit.
2 The Home chip returns the read data and any associated transaction response with the CompData opcode.

The transactin flow does not include a CompAck.
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Requester Home

Reques

Request
Response

- CompData -

Figure3-5: Norntrcoherent and IO coherent Read transactions

3.4.1.3 Dataless Transactions without CompAck

The Dataless transactions without CompAck are:

e CleanShared, CleanSharedPersist, Cleaninvalid, Makelnvalid, and Evict.
The transaction flovior this group of transactions is as follows, and as showigore3-6:
1 The Requestor chip sends a Dataless Request transaction using Request credit.

2 The Home chip returns a Comp response. Only a single resigogisen for Dataless transactions.

Requester Home

Request
Request >
Response <—{_Comp f—=—+

Figure3-6: Dataless transactions without CompAck

3.4.1.4 Dataless Transactions with CompAck

The Dataless transactions with CompAck are:
e CleanUnique and MakeUnique.
The transaction flovior this group of transactionis as followsand as shan in Figure3-7:
1 The Requestor chip sends the Request transaction using Request credit.
2 The Home chip returns a Comp response. Only a sRegponse is given for Dataless transactions.

3 The Requestor sends an Acknowledgement response that the transaction has completed with the CompAck
opcode.
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Requester Home

Request
Request >
Response < <«—{ Comp |—<—r

Snoop

Response > 1_CompAck |—>——

Figure3-7: Datalesstransactions with CompAck

If the NoCompAck property is true then CleanUnique and MakeUnique do not include a CompAck response. This
requires that any snoop transaction is guaranteed to remain ordered behind a Request response for the same
cache line.

3.4.1.5 Write Transactions

All Write transactions use the same transaction structure.
The progress of a transaction is as follows, and as showigume3-8:
1 TheRequestor chip sends a Write request with data using a Request credit and a Data credit.

2 The Home chip returns a Comp response packet.

Requester Home

Request L Write + L
w Data

Request
Respone [+ L_Comp_|—=—r

Data

Figure3-8: Write transactions

3.4.1.6 Atomic Transactions

Atomic transactions are divided into two groups based on the type of Comp response.
Atomic transactions using completion Response without Data are:
s« AtomicStore.
Atomic transactions using completion Response with Data are:
e AtomicLoad, AtomicSvpeand AtomicCompare.
The progress of transactions in these two groigas followsand as shown ifigure3-9:

1 The Requestor chip sends Atomic requehich includes data using a Request credit and a Data credit.
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2 The Hane chip returns a Comp or CompData response for AtomicStore eAtamnicStore transactions
respectively.

Requester Home Requester Home
Request L Atomic + L Request o Atomic + L
w Data o Data o w Data o Data o
e [—+—_Comp —=— oo <—| CompData [—
Response P Response P

Figure3-9: Atomic transactions

3.4.2 Snoop Transactions

Snoop transactions are sent from theeérface ona device that contains a memory Home to any other interface
that might hold a cached copy of a location ob&drfrom the Home.

A Snoopequest must only be sent wheyoth of the following are true
e A Snoop credit is available at the target device

s Sufficient buffer resources are available to accept Ragponse that might be obtained for the Snoop,
either with or without Data.

Seethe Section3.7for further details.

The possible options for a Snoop Transaction structure are:
e Snoop without Data response
s Snoop with Data response

SnpToAny, SAC, SnpToS, SnpToSC and Snpdiedactions can complete either with or withoubata
response, and this is determined by the Snoopee.

SnpMakehoop transactions always complete withouData response.
Further details on the differerffhooptransactions and whether data is returned can be found lister section

Note: Figures relating to Snoop transactions are shown with the Snoopee on the right and the Home on the left,
which is different from previous diagrams. This is consistent wétiRerquest / Snoop request going from left to
right.

3.4.2.1 Snoop without Data response

The progress of &oop transaction withouData is as follows, and as showrFigure3-10:

« The Home chip issuesSmoop request, which can be any of the supported Snoop transactions, using
Snoop credit.

e The Snooped chip returns a SnpR&myop response, packet.
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Home Shoopee

snoop
Snoop _ >
Response SnpResp

Figure3-10: Snoop transactions without Data response

3.4.2.2 Snoop with Data Response

The progress of a snoop transaction with data is as follows, and as shéiguie3-11.
1 The Home chip issuesSmoop request, which can be any Snoop type except SnpMakel, using a Snoop credit.

2 The Snoopee chip returns the data and associated response, using a SnpRespData or SnpRespDataPtl packet

Home Snoopee

Snoop

Snoop
Response

-+ SnpRespData|—

Figure3-11: Snoop transactions with Data response

The use of SnpRespDataPtl packets is an optional featur&esg®n3.12.2for further details.

3.4.2.3 Misc Transactions

Misc transactions are sent from one interface to another to which there is a CCIX Link available.
A Credited MisdRequest must only be sent when:

e Misccredits are available at the target device.

e The size of the Misc message is limited by the number of available credits.

e« Each Misc credit guarantees acceptance of 8 bytes of message.
An Uncredited Misc message can be sent without any credits from thettarg

An Uncredited Misc message must be unconditionally accepted by the target.
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3.5 Address, Control , and Data

3.5.1 Address and Data Alignment

For Read, Dataless, Write, and Atomic transactaomemorylocationis accessed using the values in Addr field
and NonSebit. For ReadNoSnp, WriteNoSnpPtl, WriteUniquePtl and Atomic transactions that access less than a
cache line size, the Extension field that includes low order address bits is required if Addr[5:0] is not all zero.

If Addr[5:0] is all zero then use of Exsgon field is permitted but not required.
The address in Atomics must be aligned to the operand size.

Fora Snoop requesthe field includesthe address and NonSed the locationbeingsnooped These two fields
are sufficient to uniquely identify the che line to be accessed by the snoop.

Unused higher order address $in both Requests and Snoop requesisst be driven to zero

3.5.2 Request Attributes

Request Attribute indicates size of the request data, Memory type and their properties.

Memory types care Device or Normal. Properties and subcategories of each are described below.

3.5.2.1 Device

Devicememorytype mustbe usedfor locationsthat exhibitside-effects.Useof Devicememorytype for
locationsthat do not exhibitside-effectsis permitted.

Therequirementsfor atransactionto a Devicetype memorylocationare:
*« A Read transaction must not read more data than requested.
s Prefetching from a Device memory location is not permitted.

e Aread must get its data from the endpoint. A read must nofdrevardeddata from a write to the same
address location that completed at an intermediate point.

e Combining requests to different locations into one request, or combining different requests to the same
location into one request, is not permitted.

s Writes must not bemerged.
e A write must not write to a larger address range than the original transaction.

s Writes to Device memory that obtain completion from an intermediate point must make the write data
visible to the endpoint in a timely manner.

e Completion for a write tdevice memory which comes from an intermediate point must guarantee that
the write is ordered with respect to all other transactions, from any agent, to the same device. The
address range of the device is IMPLEMENTATION DEFINED
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Device memory type can barther subcategorized as below:
e Device nRnE

Therequired behavior for the Device nRnE {Reordering and né&arly completion) memory type is the
same as for the Device memory type except that:

0 Thewrite response must be obtained from the final destination
o AllRead and Write transactions from the same source to the same endpoint must remain ardered
s« Device nRE

The required behavior for the Devio®E Ko-Reordering and Early completion) memory type is the
same as for the Device nRnE memory type except that

0 The write response must indicate that the transaction is ordered with respect to a later transaction
from any other agent, but the transaction may not have reached the final destination.

e Device RE

The required behavior for the Device RE (Reorderingeamty completion) memory type is same as for
the Device nRE memory type except that:

o0 Read and Write transactions from the same source to the same endpbivdée address does not
overlap need not remain ordered.

o0 Read and Write transactions from the same meuto addresses that overlap must remairdered.
Accesseto Devicememorymustusethe followingtypes:
s Readaccesses to a Device memory location must use ReadNoSnp.

s Write accesses to a Device memory location must use either WriteNoSnpFull or WritéloSnp

3.5.2.2 Normal Memory

Normalmemorytype is appropriatefor memorylocationsthat do not exhibitside-effects.

Accesseto Normalmemorydo not havethe samerestrictionsregardingprefetchingor forwardingasDevice
type memory:

s A Read transaction can obtaiead data from a Write transaction that has sent its completion from an
intermediate point and is to the same address location.

s« Writes can be merged.

AnyRead DatalessWrite or Atomictransactiontype canbe usedto accessa Normalmemorylocation.The
transactiontype usedis determinedby the memoryoperationto be accomplishedandthe Requestttributes.

Normal memory type can be further subcategorized as below:

e Normal Norcacheable
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Therequired behavior for the Normal Necacheable memory type is:
o0 Thewrite response can be obtained from an intermediate point.
0 Write transactions must be made visible at the final destination in a timely manner.

o0 Completion for a write to Normal memory which comes from an intermediate point must guarantee
that the writeis ordered with respect to all other transactions to the same bytes in memory.

Note: There is no mechanism to determine when a Write transaction is visible at its final destination.
0 Readdata must be obtained either from:
- Thefinal destination.

- A Write transaction that is progressing to its final destination. If read data is obtained from a
Write transaction:

A It must be obtained from the most recent version of the write.
A The data must not be cached to service a later read.
0 Writescan be merged.
0 Read and Wie transactions from the same source to addresses that overlap must remain ordered.
e Write-back neAllocate
Therequired behavior for the Writdback neAllocate (WBnA) memory type is:
0 Thewrite response can be obtained from an intermediate point.
0 Write transactions are not required to be made visible at the final destination.
0 Readdata can be obtained from an intermediate cached copy.
o0 Readsan be prefetched.
o Writescan be merged.
0 Acache lookup is required for Read and Write transactions.
0 Readand Write transactions from the same source to addresses that overlap must remain ordered.

0 The Neallocate attribute is an allocation hint, tha, it is a recommendation to the memory system
that, for performance reasons, the transaction is not allodatdowever, the allocation of the
transaction is not prohibited.

s Write-backAllocate

Therequired behavior for the WritdackAllocate (WBA) memory type is the same as for WBnA
memory. However, in this case, the allocation hint is a recommendation to #mary system that, for
performance reasons, the transaction is allocated.
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3.5.3 Permitted Memory Type for Requests

Permitted memory types for a request are:
e ReadNoSnp/WriteNoSnp can be Normal Macheable or Device.
e All Reads except ReadNoSnp can be Whdtekonly.
e All Dataless can be Wrieack.

s Dataless that are CleanShared, CleanSharedPersist, Cleaninvalid and Makelnvalid can also be Normal
Non-cacheable or Device.

e All Writes except WriteNoSnp can be Wsitack only.

e Atomics can be Writback, Normal Noitacheable or Device.

3.5.4 Data and Byte Enables

3.5.4.1 Data Fields

The Size subeld of the RegAttr field, in a Read Request message or Write Request message, determines the
number of data bytes associated with the transaction. The permitted values for the sifielsuare 1B, 2B, 4B,
8B, 16B, 32B, 64B, 128B.

The data bytes included in Read Response message or a Write Request message can be 8B, 16B, 32B, 64B, or
128B.

128B data size is only permitted when cache line size is configured to be 128B.

When the Size sufield in the RegAttr field is 1B, 2B, or 4B, the number of data bytes included in the Read
Response message or a Write Request message is 8B. In all other cases, theftgizkeirstive RegAttr field of

the Request is the same as the number of data byteluded in the Read Response message or a Write Request
message.

When the Size sufield in the ReqAttr field is 1B, 2B, or 4B, the location of the requested data in the message is
determined by the address field, Addr, in the Request. The data is locatischatural location within the 8B
window and is not always located at the start of the data field in the message.

For requests with memory attribute of WriteBack or Noacheable, the data message contains valid data from
the aligned Address to the atigd Addr + Size.

For requests with memory attribute of Device:
e« The data message contains valid data from the Address in the Request to the aligned Address + Size.

e For Write transactions, it is required that no byte enables are asserted for address locations lower than
the Address within the request.

The following equations can be used to determine the valid data bytes included in a Read Response message or
Write Rgjuest message, and determine the location of the data within the data field.
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Start_Addresg The address in the Addr field of the transaction request.
Sizeg The value of the Size stield of the RegAttr field of the transaction request.
Number_Byteg The number of bytes in the transaction, as determined by Size.
Aligned_Addresg The aligned Start_Address, aligned to Size number of bytes
Start_Byteg The first data byte in the message to include valid data.
End_Byte; The last data byte in the messatgeinclude valid data.
INT(x) The roundeedown integer value of x.

The following equations are used to determine Start_Address, Number_Bytes and Aligned_Address.
Start_Address = Request.Addr
Number_Bytes: 2 * Request.ReqAttr.Size
Aligned_Address = (INStart_Address / Number_Bytes) ) x Number_Bytes

In the message, the first data byte transmitted is defined to be Data Byte 0 and subsequent bytes are defined to
be Data Byte 1, Data Byte 2, and so on.

Start_Bytec The Data Byte within the message that cansathe first byte of the transaction.

End_Byte; The Data Byte within the message that contains the last byte of the transaction.

3.5.4.2 Normal Memory

Transactions with memory attribute of WriteBack or Nmacheable access the number of bytes defined by the
Sizefield. Data access is from the Aligned_Address, that is, the transaction address rounded down to the nearest
Size boundary, and ends at the byte before the next Size boundary.
The bytes accessed are from (Aligned_Address) to (Aligned_Address + Numlser1Byte
For transactions with Size of less than 8B the following applies:
The first byte of théransactionis in the message at data byte,
Start_Byte = Aligned_Address[2:0]
The last byte of the transaction is in the message at data byte,
End_Byte = Aligrik Address[2:0] + Number_Byted
For 8B or larger data fields the Start_Byte is always at Byte 0, as Aligned_Address[2:0] is always 0.

3.5.4.3 Device

Transactions with memory attribute of Device memory type access the number of bytes from the transaction
addresaup to the byte before the next Size boundary.

The bytes accessed are from (Start_Address) to (Aligned_Address + Number 1Bytes
The first byte of the transaction is in the message at data,byte
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Start_Byte = Start_ Address[2:0]
The last byte of the transdion is in the message at data byte
End_Byte = Aligned_Address[2:0] + Number_Byles

For write transactions to Device locations, byte enables must only be asserted for the bytes between Start Byte
and End_Byte inclusive.

3.5.4.4 Data Location Examples

Figure3-12 give a number of examples of the valid bytes in a transaction. The valid bytes are shown white and
the invalid bytes are shaded.

Address = 0x1000, Size = 4B, MemAttr = WriteBack

0 Data 0 Data 1 Data 2 Data 3
4 Data 4 Data 5 Data 6 Data 7

Address = 0x1002, Size = 4B, MemAttr = WriteBack
0 Data 0 Data 1 Data 2 Data 3
4 Data 4 Data 5 Data 6 Data 7

Address = 0x1002, Size = 4B, MemAttr = Device

0 Data 0 Data 1 Data 2 Data 3
4 Data 4 Data 5 Data 6 Data 7

Address = 0x1004, Size = 4B, MemAttr = WriteBack
0 Data 0 Data 1 Data 2 Data 3
4 Data 4 Data 5 Data 6 Data 7

Address = 0x1004, Size = 8B, MemAttr = WriteBack
0 Data 0 Data 1 Data 2 Data 3
4 Data 4 Data 5 Data 6 Data 7

Figure3-12: Data layout examples

3.5.4.5 Byte Enables

Byte Enables are included in the Write Request message for the following Request opcodes:
T WriteNoSnpPtl
1  WriteUniquePtl
1 WriteBackPtl

Byte enables are always included for these write messages, even in the case whenoad# of the byte
enables are asserted.
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For WriteBackPtl, the data size is always cache line size and the number of byte enable bits included in the
message is one bit for each byte of the cache line.

For WriteNoSnpPtl and WriteUniquePtl, the number of dattes included in the message is 8B, 16B, 32B, 64B,
or 128B.

128B data size is only permitted when cache line size is configured to be 128B.

To ensure that data is always aligned to a 4B boundary, when the number of data bytes included in the message
is8B, 16B, or 32B, the message contains the appropriate number of byte enable bits followed by reserved space
up to the 4B boundary.

Assertion of byte enables below unaligned address for WriteBack Memory is permitted.
Assertion of byte enables below unaligned address for Device memory is not permitted.
Byte enable field is not included in full cache line Writes and Atomic transactions.

s In full cache line Writes all byte enables are implicitly assumed to be asserted.

* |InAtomic transactions, valid data is determined by Address and Size. All byte enables within the size are
assumed to be asserted.

Figure3-13throughFigure3-16illustrate the location of the byte enables within the message for each of the
options.

8B Data Field with BE
BE7 BEG BES BE4| BEY BEZ| BE1] BE]
Data 0 Data 1 Data 2 Data 3
Data 4 Data 5 Data 6 Data 7

Figure3-13: Byte EhablesLocationin an 8B DataMessage

16B Data Field with

BE7 BEd BEY BE4 BE] BEF BE1| BEBE14BE1BELIBE1BE[BE10 BEY BE
Data 0 Data 1 Data 2 Data 3
Data 4 Data 5 Data 6 Data 7
Data 8 Data 9 Data 10 Data 11
Data 12 Data 13 Data 14 Data 15

Figure3-14: Byte EnablesLocationin a16B DataMessage
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32B Data Field with |

BE7] Beq BeY BE4 B9 BEF BE1| BE(BELBE1jBE1IBE1)BE 1 |BE1) BE] BEGBE2IBE2IBE2]BE2(BE 19BE 1BE 1 BE14BE3]BE(BE2$BE 24BE 2 [BE2{BE2IBE]
Data 0 Data 1 Data 2 Data 3
Data 4 Data 5 Data 6 Data 7
Data 8 Data 9 Data 10 Data 11
Data 12 Data 13 Data 14 Data 15
Data 16 Data 17 Data 18 Data 19
Data 20 Data 21 Data 22 Data 23
Data 24 Data 25 Data 26 Data 27
Data 28 Data 29 Data 30 Data 31

Figure3-15: Byte Ehableslocationin a32B DataMessage

64B Data Field with

BE7| BE6 BES5| BE4| BES‘ BE2 BE1] BEQBE13BE14BE13BE12BE11BE1() BE9 BESBE23BE2?BE2]BE2(BE19BE1I$BEL1BE1(BE31BE3(BE29BE2SBE2[BE2GBE25BE24
BE39BE3$BE3TBE3 )BE3$BE3AlBE3 SBE32BE4TBE4GBE4SBE44BE43BE42BE4IBE4(BESSBES4BESIBES2BESIBESYBEAIBEAPBEGCIBEGZBEGIBEGIBESYBESSBESTBES

Data 0 Data 1 Data 2 Data 3

Data 4 Data 5 Data 6 Data 7

Data 8 Data 9 Data 10 Data 11

Data 12 Data 13 Data 14 Data 15

Data 16 Data 17 Data 18 Data 19

Data 20 Data 21 Data 22 Data 23

Data 24 Data 25 Data 26 Data 27

Data 28 Data 29 Data 30 Data 31

Data 32 Data 33 Data 34 Data 35

Data 36 Data 37 Data 38 Data 39

Data 40 Data 41 Data 42 Data 43

Data 44 Data 45 Data 46 Data 47

Data 48 Data 49 Data 50 Data 51

Data 52 Data 53 Data 54 Data 55

Data 56 Data 57 Data 58 Data 59

Data 60 Data 61 Data 62 Data 63

Figure3-16: Byte Ehableslocation in a 64B DatMessage

3.6 Ordering

3.6.1 Multi -copy Atomicity

This specification requires multbpy atomicity. All components must ensure that wiyge requestsare multr
copy atomic. Awvrite is defined as multopy atomic if both of the following conditions are true:

e All writes to the same location are serialized, that is, they are observed in the same order by all
Requesters, although some Requesters mightotagterve all the writes.

s Aread of a location does not return the value of a write until all Requesters observe that write.

In this specification, two addresses are considered to be the same if their cache line addresses-aadux®n
attribute are the sare.
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3.6.2 Completion  Response and Ordering

Toguaranteethe orderingof a transactionwith respectto later transactionsgither from the sameagentor
from anotheragent,the Compor CompDataesponsds usedasfollows:

e Fora Read and Atomic transaction to arN@l Norrcacheable or Device location, a CompData response
guarantees that the transaction is observable to a later transaction from any agent to the same endpoint
address range. The size of the endpoint address range is IMPLEMENTATION DEFINED.

e Fora Readand Atomic transaction to a Write Back location, a CompData response guarantees that the
transaction is observable to a later transaction from any agent to the same location.

s« Fora Write, Dataless and Atomic transaction to a DeviReE or DevieeRE locabn, a Comp response
guarantees that the transaction is observable to a later transaction from any agent to the same endpoint
address range. The size of the endpoint address range is IMPLEMENTATION DEFINED.

s For a Write, Dataless and Atomic transaction #Wate Back location. Normal Nezacheable or Deviece
RE, a Comp response guarantees that the transaction is observable to a later transaction from any agent
to the same location.

For a CleanSharedPersist transaction a Comp response also guarantees fhréranyite to the same address
location is committed to Persistent memory.

Note: The size of an endpoint address range is IMPLEMENTATION DEFINED. Typically, it is the size of a peripher:
device, for a region used for peripherals and the size of a diaehdor a region used for memory.

Requests marked as Device nR from a given Source to the same target must be kept in order without the need
for waiting for Comp for a previous ordered Request.

3.6.3 CompAck

The relative ordering d€ompletion to a Memory re@stissued by a Requester, and Snaeguestcaused by
Memory requesfrom different Requesters, is controlled bginga Completion Acknowledgment respongtse
of this acknowledgment responsmsures that a Snoop transaction that is ordered after famsaction from
the Requester is guaranteed to be received after the transaction response

Thesequencing of the completion of a transaction and the sending of CompAck is as follows:
1 The Requestesends a CompAck after receiving Comp or CompData.
2 The Homewaitsfor CompAck before sending a subsequent snoop to the same address.

A Requester must include CompAck for ReadUnique, ReadClean, ReadNotSharedDirty, ReadShared, CleanUniqu
and MakeUnique transactions.

Optional feature:

The system is permitted to remeMCompAck from the above listed transactions by asserting NoCompAck
property, if all components in the system guarantee to preserve order between a response and subsequent
snoop to the same address as the Request in the response. The order of messagédnig @nd unpacking

logic must maintain the order between Responses and Snoops.
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3.6.4 Comp and Outstanding CompAck Dependency

A Home Agent is required to wait before responding with a Comp for a transaction till CompAck for an earlier
outstanding transaction ith the same TxnID with the same SrcID is received.

3.7 Flow control and protocol credits

3.7.1 Protocol Credits

Following four credit types are defined for managing flow of messages

e Request
e Data

* Snoop
e Misc

The receiver of the messages must grant credits, thaeiw] gredits to each of the sender chips that it has a link
to.

For Request, Data and Snoop message credits, the granting of credits is through piggybacking on other messages
or explicit credit exchange mechanism as explained later. For Misc messagetbeditanting of credits is only
through explicit credit exchange mechanism or by using MiscCredit field in credited Misc messages.

Figure3-17illustrates how credits per destination are acculatied at the sender

Switch

it}

[e0] [&v] [o0] [0

single Link
Credit Type

Figure3-17: Credit accumulation at the sender
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A nonWrite or a nonAtomic request can be sent only if the sender has received a Regragtt from the
target chip.

A Write request or Atomic request can be sent only if the sender has received both a Request credit and Data
credit from the receiver.

e If the sender determines from a CCIX Link configuration setting that it will not receivefRegedits
due to nonsupport of Request by the receiver on that Link then the sender is permitted to terminate
the Request andespond in an appropriate manner to indicate an error for thechip protocol that is
in use.

A Snoop can be sent only if tsender has received a Snoop credit from the receiver.

e |If the sender determines from a CCIX Link configuration setting that it will not receive Snoop credits due
to non-support of Snoops by the receiver on that Link then the sender must terminate andnegpo
the Snoop in a protocol compliant manner. The response must not be marked as in error.

A Response does not require any explicit credit exchange and all Responses must be accepted.

A Read request and Atomic requests that return data must also ingudeanteed resources for receiving Data
response.

A Dataless request, Write request and an Atomic request that does not return data must guarantee resources
for receiving a Response.

A credited Misc message can be sent only if appropriate number of Missage credits are available.

s [f the sender determines from a link configuration setting that it will not receive Misc credits due to non
support of Misc by the receiver on that link then the sender is permitted to drop the Credited Misc
packet.

Explicit cedit exchange. NOP and ProtErrReport messages do not require any explicit credit exchange and the
receiver must accept them unconditionally.

3.7.2 Credit Exchange

Different ways of exchanging Message credits are:
* Independent messages for credit exchange: aitrgrant and a credit return message.

s Within packet header credit grant.

3.7.2.1 Independent Credit Exchange

This uses a dedicated message to exchange credits. The message format allows for both credit grant and credit
return. Credits exchanged in a single magsanust be either all credit grants or all credit returns, mixing of the
two types is not permittedThe credit exchange message defines the following fields

MiscOp[3:0k Indicates credits are granted or returned.

ReqCredit[7:0f, Request credit, requikfor all Request messages.
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DataCredit[7:0k Data credit, required for Write request or Atomic request message.
SnpCredit[7:0% Snoop credit, required for Snoop messages.

MiscCredit[7:0k, Misc message credit, required for Credited Misc messages.

3.7.2.2 Packet Header Credit Grant

Packet header credit grant uses -®ibfield MsgCredit field in the packet header. The MsgCredit field includes
the following sukfields:

ReqCredit[1:0t Request credit, required for all Request messages.
DataCredit[1:0k Data credit required for Write request or Atomic request message.
SnpCredit[1:0t Snoop credit, required for Shoop messages.

MsgCredit field doerot include any sulfield for Misc message credits.

3.7.2.3 Credit Exchange Rules

The following applies for Credit Exchange:

e« The maximum number of credits, for each credit type, that can be sent is 255 in each independent credit
exchange message.

e Sending more than 255 credits requires the use of an additional message.
e Independent Credit Exchange messages do not require any focnedit to be sent.

e There is no maximum rate at which credit Exchange messages can be sent.

e LG A& LISNYAGGSR F2NJ I aAy3atsS LI O1S8G G2 AyOfdRS
aal3sa¢ o

1
GLYRSLISYRSYy(G / NBRAG 9EOKIy3IS aSaa

QX

s« The maximum number of cradithat can be granted is 1023 per credit type.

3.7.2.4 Agent IDs in Credit Exchange Messages

When a packet with credits, either in the packet header or explicit, is received the receiver identifies the CCIX
Link that the credits belongs to by the SrcID and TgtID.

For credit exchange the SrclD associated with the credit exchange can be any ID value from the agents on the
sender side of the Link.

For credit exchange the TgtID associated with the credit exchange can be any ID value from the agents on the
receiver si@ of the Link.

Note: The sender of explicit credit messages can use a fixed agent from each set as TgtID and SrcID of these
messages. Such an implementation might simplify credit sender logic, but credit receiver still must track the
relationship using alhgent IDs in the list.
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Example
An example of relating credits in a message to a CCIX Link are given below.

Chip 0 and Chip 1 Figure3-18 communicae over Link labeled as L1 in Port PO of Chip 0. The credit counters
that track number of credits available to send different messages to Chip 1 are also labeled as L1 in the credit
counter block.

E

0 ) )
:
S :
Lz

Credit | | L| Ll
@ counterg 0 1| 2 ‘ ‘
Chip0 l a l Chip1

Chip3

—

Figure3-18: Port, Link and Agent distribution example

The link is identified by a tuple of sets of agents on the two chips as:

e Link (L1) on Chip O: {{A1, A2}, {AO, A4, A5, A6}}

wl 1S {1 FYR 9! | NBE OHA SAaddBARvithisgime Agedt t23milist BE lortthed S O d:
same chip.
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A message from Chip 1 to Chip 0 with SrcID value from the set of agents on Chip 1 that is {A0, A4, A5, A6} and
TgtID value from the set of agents on Chip O that is {A1, A2} is identified tacoedrts for link(L1).

3.8 Miscellaneous Messages

Two types of miscellaneous messages are defined in this specification: Uncredited Misc messages and Credited
Misc messages.

3.8.1 Uncredited Misc Messages

These messages do not need any credits to be sent. The receiver must accept them unconditionally. Four
defined uncredited Misc messages are: CreditGrant, CreditReturn, NOP and PER. In addition, a Generic message
with payload is defined, where the payload MPLEMENTATION DEFINED.

3.8.2 Credited Misc Messages

The sender requires credits to send Credited Misc messages. A message can take one to five credits depending
on the size of the message being sent. Each credit represents buffer resources for 8 bytesagfen8se
Section3.11.6for details on message format. Credit is not piggybacked in packet hddbermessage credits

are either exchanged using explicit cregikichange messages or piggybacked within a Misc message.

3.8.3 ID Namespace

Agent ID values used in the Misc messages should correspdmktd 1D values assigned to the source and

target chips. These values can either overlap Wigientvalues used by RA, HAA 8r EA on those chips or be

unused by any agents. Common use case would be that the Misc message would be intercepted at the Port and
the AgentID value not used any further.

3.8.4 Extension Fields in Misc  Message

Extension fields are permitted in Misc messages.

3.9 Error Handling

3.9.1 Error Classification

Errors in transactions can be classified in the following manner.
Data Eror:

s Used when the correct address location has been accessed, but an uncorrectable error is detected
within the data. Typically, this is used whdata corruption has been detected by ECC or a parity check.

« Data Error reporting is supported by Poison field and RespErr field.
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e When RespErr field value in a Write request, Atomic request or Read response message is set to 0b10
then the complete Datagcket is considered to be in error.

e Poison error can be used to identify data error in 8 byte granularity. This is done in the following
manner.

For 64B and 128B cache line sizes
PoisonO [i] = 0; If chunk i, i.e. Data[@41)1: 64*i] is error free.
=1; If chunk i, i.e. Data[64*(i+1) 64*i] has one or more bits in error.
For 128B cache line sizes
Poisonl [i] = 0; If chunki, i.e. Data[64*(i+1)+511: 64*i+512] is error free.
=1; Ifchunki,i.e. Data[64*(i+BHl: 64*i+512] has one or more bitseénror.

For 64B cachkne size Poisonl field is not applicable and can take any value. The receiver must ignore this
field.

Over poisoning of Data is permitted, but ungmisoning is not permitted.
Non-data Error:

s« Used when an error is detected that is not related to data corruption. This specificatiomdbdefine
all cases when this error type is reported. Typically, this error type is reported for:

0 An attempt to acess a location that does not exist.
o Anillegal access, such as a write to a read only location.
0 An attempt to use a transaction type that is not supported

o Nondata Error reporting is supported by the RespErr field in the response p&eket
Table3-25: RespErr Field Encoding

Table 325: RespEriField Encoding

RespErr[1:0] [Errortype

00 No Error

01 Reserved

10 Data Error

11 Non-data Error

3.10 Packet Header

3.10.1 Packet Header

The specification supports twiorms of packet header:
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e PCle Compatible Header
e Optimized Header

The header to be used is defined by the PktHeader property. This property has two permitted values,
Compatible and Optimized. The default value is Compatible.

3.10.1.1 PCle Compatible Header

The PCl€ompatible Header uses the PCle Vendor Defined Message format and is compatible with CCIX
unaware (i.e. preexisting) PCle Switches. The diagram below illustrates the header. Bytes 0 to 11 of the header
are as defined by thBCl Express Base SpecificatgmeReference Documenks

Bytes 12 to 15 of the header are defined as showkigure3-19 and Table3-26:

PCle Compatible Transport Hea
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

+C +1 | +2 | +2
Fmt=o01 | Type = 1001 FlTc=cax [ R| awr | r[7c]Er]| Aw Al
Requestor Il MsgCode = 011111
Bus Numbe Device Numbe | Function Nur Vendor ID = CC
- MsgCredit[5:C _ TgtID[5:0 | SrclID[5:C _

Figure3-19: PCleCompatible HeadeFormat

Table3-26: PCleCompatible HeaderiEld Description, CCIX Layer Use

Byte | Bits Field Comments
12 5:0 |MsgCredit[5:0] |Granted message
credits
13 3:0 [TgtiD[5:2] Target ID bits
14 7:6 [TgtiD[1:0] Target ID bits
14 5:0 [SrcID[5:0] SourcelD

3.10.1.2 Optimized Header

The Optimized Header is illustratedFigure3-20, can only be used with a CCIX aware interfdedale3-27
shows the fields defined ke PCI Express Base SpecificatimeReference Documenys

Table3-28 shows the fields defined by this specification.

Optimized Format Transport Header
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 o0

d +0 +1 r +2 +3
0 [rypd MsgCredit[5:0] TC=CCIXT| TgtiD[5:0] | SrcID[5:0] Length

Figure3-20: Optimized HeadeFormat
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Table3-27. Optimized HeadeField Description PCld_ayer Use

Byte | Bits Field |Comments

6 |[Type
6:4 [TC[2:0] Traffic Class
6:0 [Length[6:0][Payload length in 4B granulari

Table3-28: Optimized HeadeFeld Description, CCIXayerUse

Byte| Bits Field

0 5:0 |MsgCredit[5:0]
1 3:0 [TgtID[5:2]
2 7:6 [TgtlD[1:0]
2 5:0 [SrcID[5:0]

3.10.1.3 Packet Header Length field

The Length field in the packet header provides the length of the packet. The value of the field is the same
whether the PCle Compatible Header or the Optimized Header is used. The Length is equal to the sum of the
MsgLen fields of the messages within the packet. It does not include the 16B header for the PCle Compatible
Header format or the 4B header for the @pized Header format. The encoding for the Length field is shown in
Table3-29.

Table3-29: PacketHeader Length Field Encoding

Length [6:0] Payload Size
000 0000b Reserved
000 0001b 4B
000 0010b 8B
111 1111b 508B

When using the PCle Compatible Header format:
s 10-bit Length field is supported

s Length[9:7] must be set to zero.
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e« Minimum payload size is 4B.

e Maximum payload size is 508B.
When using the Optimized Header format:

s 7-bit Length field is supported
e Minimum payload size is 8B.

e Maximum payload size is 508B.

3.10.2 Message Packing

Each packet can contain multiple messages. Each message within a packet includes a Msghatririgilchtes
the length of that message.

3.10.2.1 Message Packing Enable

The NoMessagePack property is used to control whether the packing of multiple messages wihket is
supported.

When the NoMessagePack property is True, the sender is required to only send a single message per packet.
When the NoMessagePack property is False, the sender is permitted to pack multiple messages per packet,
subject to the restridbns of MaxPacketSize parameter, see later sections.

The default value for the NoMessagePack property is True.

3.10.2.2 Maximum Packet Size

The MaxPacketSize property is used to control the maximum packet size. This determines the maximum number
of bytes in the pgload of the packet and hence is also the maximum value indicated by the Length field in the
packet headerNote that when the MaxPacketSize property is set to 512B, the maximum packet size is actually
508B seeSection3.10.1Packet Headefor details

Permitted values for MaxPacketSize are 128B, 256B and 512B.

The default value for the MaxPacketSize property is 128B.

3.10.2.3 Combining Properties for Multiple Interfaces

Each receivininterface must declare the NoMessagePack and MaxPacketSize properties, such that they can be
read by software during system configuration.

Software must then establish the permitted values that are programmed in to each of the transmitting
interfaces durilg system configuration.

It is permitted for a transmitting interface to have separate programmable values for each other interface that it
communicates with; or to have a single programmable value for all interfaces; or to have programmable values
that apply to groups of interfaces.
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3.11 Message Formats

This section defines the message formats for the following messages:
e Read Request
e Write Request
e Response without Data
e Response with Data
* Snoop
e Misc
The following points apply throughout this section:

e A singleExtension field is shown within the message. This is shown with a dotted background as it is
included only when required. The number of Extension fields present in a message can vary from 0 to 8.
SeeSection3.8.4for additional details.

e If the interface is configured for 64B cache linertidsglLen does not include bit[5] and TxnID includes
bit[11]. If the interface is configured for a 128B cache Bize then TxnID[11] is not present and is
replaced by MsgLen[5].

e Reserved fields are shown with dark grey background. The bits in these fields must be set to zero by the
sender, ignored by the receiver and preserved by the forwarder.

3.11.1 Read Request

The fomat for a Read Request message is showrigaore3-21.

Read Request Message
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

r
+0 { +1 { +2 +3
0 | Ext MsgType[3:0] I MsgLen[4:0] I TxnID[11:0] ReqOp[7:0]

JExt] ExtTypef2:0]|
RegAttr[7: :
12 Address[3L:6] [Rsviins]  Qosis]

x

N
i
X,

Figure3-21: Read Request Messag®rmat

3.11.2 Write Request

The format for a Write Request message is showFignire3-22.
The following points apply for a Write Request packet:

e The number of Data bytes included in a packet can be 8B, 16B, 32B, 64B, or 128B. This is determined by
the Size sudbield in the ReqAttr field.
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12
16
20
24
28
32
36
40

48
52
56
60

68
72
76
80

Message Formats

Data bytes are always aligned to a 4B bound@&oy.cache line size transactions, this will be fixed to the
cache line size.

BE, byte enables, are only included for WriteNoSnpPtl, WriteUniquePtl and WriteBackPtl transactions.

BEare always 4B aligned and any resulting unused bytes are Reserved.

The Data Byte that a Bipplies to can be determined from the BE number and bit position. Examples

are:

o Bit 0 of BE 0 applies to Data byte 0

o Bit7 of BE 0 applies to Data byte 7

o BitOof EE

1 applies to Data byte 8

Write Request Message

7 6 5 4 3

[ +0 +2 +3
Ext MsgType[3:0] |
Ext] ExtTypeizol] - it : :
] R;quttr[7:0]r ] Addresr,s[51:32]r
Address[31:6] [Rsviins]  Qos[3q]
BEO BE 1 BE 2 BE 3
BE 4 BES5 BE 6 BE7
Data 0 Data 1 Data 2 Data 3
Data 4 Data 5 Data 6 Data 7
Data 8 Data 9 Data 10 Data 11
Data 12 Data 13 Data 14 Data 15
Data 16 Data 17 Data 18 Data 19
Data 20 Data 21 Data 22 Data 23
Data 24 Data 25 Data 26 Data 27
Data 28 Data 29 Data 30 Data 31
Data 32 Data 33 Data 34 Data 35
Data 36 Data 37 Data 38 Data 39
Data 40 Data 41 Data 42 Data 43
Data 44 Data 45 Data 46 Data 47
Data 48 Data 49 Data 50 Data 51
Data 52 Data 53 Data 54 Data 55
Data 56 Data 57 Data 58 Data 59
Data 60 Data 61 Data 62 Data 63

Figure3-22: Write Request MessagEormat

In the figure above, NonSec bit is shown as NS.

3.11.3 Response without Data

The format for a Response without Data message is shoWwigure3-23.
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Response without Data Message
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

r +0 f +1 { +2 +3
0 | Ext MsgType[3:0] | MsgLen[4:0] TxnlID[11:0] RespAttr[Z:O]-t RespOp[2:0]

B e T T

Figure3-23: Response without Datéessagdrormat

When optimized header is used wiloMessagePack property set to True, a Response message without Data
and without an Extension field:

e Must pad withone Ext6 even when no error is detected. This is to meet the PCle transport layer
minimum packet size requirements.

e When no error is presentdRpErr and Poison bits must be set to zero.

3.11.4 Response with Data

The format for a Response with Data message is showigine3-24.
The following poits apply for a Response with Data packet:

e The number of Data bytes included in a packet can be 8B, 16B, 32B, 64B, or 128B. This is determined by
the Size sulfield in the ReqAttr field of the associated request.

s Data bytes are always aligned to a 4B baanydFor cache line size transactions, this will be fixed to the
cache line size.

s BE, byte enables, are only included for snoop response with data partial data messages, SnpRespDataPtl.
0 A SnpRespDataPtl message is always cache line size.

0 The Data Byte tha BE applies to can be determined from the BE number and bit position, as
describedn the section for Write Request messages.
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Response with Data Message
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

I +0 r +1 f +2 +3
0 [Ext] msgType[zo] | Msglen[4:0] | TXnID[11:0] i RespAttr[2:0] -: RespOp[2:0]
4 [Exd Bxatypeizol] 1 Bt : Bt i : H i H i Bt B i i i :
BEO BE1 BE2 BE3

12 BE 4 BES BE6 BE7

16 Data 0 Data 1 Data 2 Data 3
20 Data 4 Data 5 Data 6 Data 7
24 Data 8 Data 9 Data 10 Data 11
28 Data 12 Data 13 Data 14 Data 15
32 Data 16 Data 17 Data 18 Data 19
36 Data 20 Data 21 Data 22 Data 23
40 Data 24 Data 25 Data 26 Data 27
44 Data 28 Data 29 Data 30 Data 31
48 Data 32 Data 33 Data 34 Data 35
52 Data 36 Data 37 Data 38 Data 39
56 Data 40 Data 41 Data 42 Data 43
60 Data 44 Data 45 Data 46 Data 47
64 Data 48 Data 49 Data 50 Data 51
68 Data 52 Data 53 Data 54 Data 55
72 Data 56 Data 57 Data 58 Data 59
76 Data 60 Data 61 Data 62 Data 63

Figure3-24: Response with Data Messagermat

3.11.5 Snoop
The format for a Snoomessage is shown Figure3-25.

Snoop Messa¢
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

[ +0 [ +1 [ +2 +3

0 | Ext MsgType[3:0] | MsgLen[4:0] SnpCast{DR

SnpOpI[3:0]

Addr[31:6]

Figure3-25: Snoop MessagEormat

In the figure above, DataRet bit shown as DR and NonSec is shown as NS.

3.11.6 Miscellaneous Message type

When optimized header is used with NoMessagePack property set to True, a Misc message that is just 4B long
and does not include an Extension field:

e« Must pad with Ext6 even when no errordstected. This is to meet the PCle transport layer minimum
packet size requirements.

s When no error is present RespErr and Poison bits must be set to zero.

3.11.6.1 Credited Misc message

The Credited Misc message format is shawRgure 3-26.
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Credited Misc Message
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

+0 | +1 +2 +3
Ext‘ MsgType[3:0] ‘ MsgLen[4:0] |MiscCredi| MiscOp[3:0] Payload[7:0] Payload[15:8]
EiEXnype{é:Q]L : ‘ : ‘ :H:. ‘ : ‘ : ‘ ‘ ‘ : ‘ : ‘ v:H:. ‘ : ‘ : ‘ ‘ : ‘ : ‘ : ‘ :H
Payload[23:16] Payload[31:24] Payload[39:32] Payload[47:40]
Payload[55:48] Payload[63:56] Payload[71:64] Payload[79:72]
Payload[87:80] Payload[95:88] Payload[103:96] Payload[111:104]
Payload[119:112] Payload[127:120] Payload[135:128] Payload[143:136]
Payload[151:144] Payload[159:152] Payload[167:160] Payload[175:168]
Payload[183:176] Payload[191:184] Payload[199:192] Payload[207:200]
Payload[215:208] Payload[223:216] Payload[231:224] Payload[239:232]
Payload[247:240] Payload[255:248] Rsvd Rsvd

Fgure 3-26: Credited Misc Messageormat
MiscOg3:0]: Credited Misanessage opcode
MiscCredifl:0]: The nunber of credits that can be piggybacked. The value can be30 to
Payload iSMPLEMENTATION DEFINED
Minimum and maximum payload is 2 bytes and 32 bytes respectively.

Payload [255:16] are optional, determined by MsglA&dhmessages must end on a 4B algjbeundary and any
resulting unused bytes are Reserved.

3.11.6.2 Uncredited Misc message

MiscOg3:0]: Misc message opcode.

Misc nessage creditsamot be piggybacked in thmessageneader of CrediExchange or NOP message
Misc message credits can be piggybadketthe message header of PER and Generic messages.
Minimum and maximum payload is 2 bytes and 32 bytes respectively.

Payload [255:16] are optional, determined by Msgla&dhmessages must end on a 4B aligned boundary and any
resulting unused bytes are Reged.

3.11.6.3 Credit Exchange

The format for a Credit Exchange message is shoWwigine3-27.

Credit Exchange Message
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 O

+0 | +1 2 +3
Ext MsgType[3:0] MsgLen[4:0] | Rsvd MiscOp([3:0] DataCredit[7:0] ReqCredit[7:0]
Rsvd MiscCredit[7:0] SnpCredit[7:0]

Figure3-27: Credit Exchange Messagermat
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3.11.6.4 NOP Message

The format for a NOP message is showhigure3-28.

NOP Exchange Message
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 210
f +0 { +1 r +2 r +3

| Rsvd MiscOp[3:0]

0 | Ext MsgType[3:0] MsgLen[4:0]

Figure3-28: NOP MessagBormat

3.11.6.5 PER Message

The format for Protocol Error Misage is shown igure3-29.

PER Message
7 6 543 210765432107 46543210%7¢6543210

r +0 r +1 r +2 r +3
0 |Ext MsgType[3:0] MsgLen[4:0] [msccizo] MiscOp[3:0] Payload[7:0] Payload[15:8]
4 Payload[23:16] Payload[31:24] Payload[39:32] Payload[47:40]
8 Payload[55:48] Payload[63:56] Payload[71:64] Payload[79:72]
12 Payload[87:80] Payload[95:88] Payload[103:96] Payload[111:104]
16 Payload[119:112] Payload[127:120] Payload[135:128] Payload[143:136]
20 Payload[151:144] Payload[159:152] Payload[167:160] Payload[175:168]
24 Payload[183:176] Payload[191:184] Payload[199:192] Payload[207:200]
28 Payload[215:208] Payload[223:216] Payload[231:224] Payload[239:232]
32 Payload[247:240] Payload[255:248] Rsvd Rsvd

Figure3-29: PER Messag®rmat

3.11.7 Request Chaining

The specification supports a mechanism for Request chaining. This allows an optimassate to be sent for a
request which is to the subsequent address of a previous Request message. The rules associated with chained
Requests are:

e A special ReqOp opcode, ReqChain, is used to indicate a chained Request. The actual opcode of the
chained Rguest is identical to the original Request.

e A chained Request does not include the RegAttr, Addr, NS, or QoS fields, and the 4B aligned bytes
containing these fields is not present in the chained request message. These fields, except Addr, are all
impliedto be identical to the original Request. Addr value is obtained by adding 64 for 64B cache line or
128 for 128B cache line to the Addr of previous Request in the chain.
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The address field of any Request might be requbyd later Requesthat might be chined tothis
Request.

Request chaining is only supported for all requests which are cache line sized accesses, and have
accesses aligned to cache line size.

A chained Request can only occur within the same packet.
The TgtID and SrcID fields of a chaineguRst are identical to the original Request.

It is permitted to interleave noMRequest messages, such as Snoop or Response message, between
chained Requests.

3.11.8 Snoop Chaining

The specification supports a mechanism for Snoop chaining. This allows an optimeizeatje to be sent for a
snoop which is to the subsequent address of a previous Snoop message. The rules associated with chained
Snoops are:

A special SnpOp opcode, SnpChain, is used with a Snoop message to indicate a chained Snoop. The
actual opcode oftie chained Snoop is implied to be identical to the original Snoop.

SnpCast and DR fields in a chained Snoop must be identical to the first Snoop in the chain.

A chained Snoop does not include Addr or NS fields, and 4B aligned bytes containing theaeefiabds
present in the chained Snoop message. and its value is identical to the original Snoop. NS field is implied
to be identical to the original Snoop. The Addr field is either 64B or 128B added to the previous Snoop in
the chain for 64B cache line ®28B cache line respectively.

The address field of any Snoop might be required for a later chained Snoop.
Snoop chaining is only supported for cache line sized accesses.

A chained Snoop can only occur within the same packet.

The TgtID and SrclD fields afteained Snoop are identical to the original Snoop.

It is permitted to interleave noisnoop messages between chained snoops. An ongoing sequence of
chained Snoops can interleave with an ongoing sequence of chained Requests.

3.11.9 Extension fields

The specificatin allows for a message to include additional fields using one or more message extensions.

Each message header includes an Ext bit, which indicates if a 4B aligned Extension follows the header.
Each Extension is 4 bytes in length, and must be 4B aligned.
Each Extension includes an Ext bit which indicates if a further Extension is included.

Each Extension includes @ ExtType field to identify which of the defined Extensions it is.
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The first Extension (if present) must immediately follow the first #&wpf message header. The
Extensions must be in order, such that for each following ExtensioniiteEXtType is greater than any
previous Extension in the same message.

It is not required that all defined Extensions are included.

For example, it is penitted for a message to include Extensions Type 0, Type 1 and Type 6 in that order.
A message is not permitted to include multiple Extension fields of same ExtType.

A maximum of eight Extensions are permitted in the current version of the specification.

The receiver of a packet must allow the reception of an Extension that it does not actively support. It
must discard any Extension that it does not actively support.

All Extensions include thigeldsin Table3-30:

Table3-30: Ext and ExtTypEieldDescription

Byte Bits |[Field Description

0 7 |Ext Indicates if a further Extension follows.

0 6:4 [ExtType[2:0] [ldentifies the Extension Type, see Table below

The currently defined Extensions are showifrigure3-30 and Table3-31:

Extensions

7

6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 O

r +0 +1 r +2 r +3
Ext| ExtType=0 Addr[63:60] SrcID[5:0] Addr{59:52]
Ext| ExtType=1 Addr[5:0]
Ext| ExtType=2
Ext| ExtType=6 Poison0 | Poisonl
Figure3-30: Fields in each Extensiofype
Table3-31: ExtensionField Descripbn
ExtTypg2:0] Byte Bits  |Field
000 1 7:4 Addr[63:60]
1 3:0 TgtiD[5:2]
2 7:6 TgtiD[1:0]
2 5:0 SrcID[5:0]
3 7:0 Addr[59:52]
001 3 5:0 Addr[5:0]
010 0 3:0 User[27:24]
1 7:0 User[23:16]
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ExtTypg2:0] Byte Bits  |Field

7:0 User[15:8]
7:0 User[7:0]
1:0 RespErr[1:0]
7:0 Poison0[7:0]
7:0 Poison1[7:0]

110

WIN|O|WIN

Note: Any field not defined is Reserved.

« ExtType 0 (high order address and replacement ID fields) cartloeled in any message tydeor
messages that are not Request or Snoop request, the higiger address fields are Reserved.

e ExtType 1 (low order address) is used for Request messages only

0 This Extension must be included in ReadNoSnp, WriteNoSnpPtl, WriteUniquePtl and Atomic
Requests when the address bits Addr[5:0] value iszeno.

0 Inclusionof this Extension in ReadNoSnp, WriteNoSnpPtl, WriteUniquePtl and Atomic Requests is
optional when the address bits Addr[5:0] value is zero.

« ExtType 1 must not be included in any other Request types.
s ExtType 2 (user signaling) is ugedll messages expeMisc messages.

s  ExType 6 (poison and errdpis used foRequest with data, Response without data d&esponseavith
data messages only.

3.11.9.1 Extension Type O 0 Additional Information

When the TgtlD and SrclD fields are included in a message extension #inagledthe TgtlD and SrclD fields
that are provided at the start of the packet. These new values for TgtID and SrcID only apply to the message
within which they are included. The rules relating to these fields are:

s« The TgtID and SrclD fields at the st#ra packet are used for any message within the packet which does
not have another mechanism to determine the TgtID and SrcID. This is referred to as the default TgtiD
and SrclD for the packet.

s A message that includes ExtType 0 uses the TgtID and ShkdtDrf@uded within the Extension.

s [tis permitted for even the first message in a packet to include ExtType 0. This message uses the TgtlD
and SrclD fields in the Extension, instead of the default value for the packet.

e A chained message uses the Tgtlld &nclID fields of the original Request/Snoop that it is chained to.
This may be the default value for the entire packet, or it may be the values included within an Extension
of the original Request/Snoop.

e Itis permitted for a chained message to includélgge 0. It is required that the TgtID and SrclID fields in
the Extension are the same as the TgtID and SrclD fields of the original Request/Snoop that it is chained
to.
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3.12 Optional Features and Parameters

The following features of the protocol can be configr
e CompAck Removal
e Partial Cache States
e Cache Line Size
e Address Width
e Packet Header
s Message Packing Enable

s Maximum Packet Size

3.12.1 CompAck Removal

The specification allows the optional removal of the CompAck response. This applies for ReadUnique,
ReadClearlkReadNotSharedDirty, ReadShared, CleanUnique and MakeUnique transactions.

To allav the removal of the CompAck response, an interface must guarantee that a subsequent Snoop to a given
cache line does not overtake an earlier Response for a transaction gathe cache line. The packing of

messages at the sender must maintain such order in packing of Responses and Snoops. The receiver of packed
messages can iebn the order of messages in the packed packet to guarantee above ordering.

Removal of the CompAcksponse is only permitted when all CCIX components included in a system support
this option and the option must be programmed in to each interface at system configuration time.

The property is NoCompAck and the permitted values are True and Falsgeféb# value is False.

3.12.2 Partial Cache States

The specification allows the optional support of Partial Cache States.
The property is PartialCacheStates and the permitted values are True and False. The default value is False.
When PartialCacheStates is Trthes following is permitted:
e Use of the WriteBackPtl transaction.
s Use of the SnpRespDataPtl snoop response.
SnpRespDataPtl is the only Response with Data message that includes the BE field.

Use of WriteNoSnpPtl and WriteUniquePtl are always permittednatier what the value of the
PartialCacheStates property.
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3.12.3 Cache Line Size

The specification requires that a 64B cache line size is supported. It also allows the optional support for a 128B
cache line.

Use of 128B cache line is only permitted when all cangmbs included in a system support this option and the
use of this cache line size must be programmed in to each interface at system configuration time.

The property is CachelLineSize and the permitted values are 64B and 128B. The default value is 64B.

3.12.4 Addr ess Width

The specification supports a configurable address width, as determined by the AddrWidth parameter. The
permitted values are 48b, 52b, 56b, 60b or 64b. The default value is 48b.

For Addrwidth of 56b, 60b or 64b, each Request and Snoop messagepiudée ExtType 0 Extension to
include the higher order address bits. For Addrwidth values of 48b or 52b, the message is permitted but not
required to include ExtType 0 Extension.

Address bits which are included but are not used must be set to zero.

3.12.5 Packe t Header

The PktHeader property defines the packet header format. This property has two permitted values, Compatible
and Optimized. The default value is Compatible.

3.12.6 Message Packing Enable

The NoMessagePack property is used to control whether the packimgltple messages within a packet is
supported. The permitted values are True and False. The default value is True. See previous section for further
details.

3.12.7 Maximum Packet Size

The MaxPacketSize property is used to control the maximum packet size. fané dalue is 128B. See previous
section for further details.

3.12.8 Summary of Properties

Table3-32 summarizes the defined properties, their permitted veduand the default value.

Table3-32: ProtocolPropertiesand their Permitted Values

Property Permitted Values Default
NoCompAck True, False False
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PartialCacheStates

True, False

False

CachelLineSize

64B,128B

64B

Addrwidth

48b, 52b, 56b, 60b, 64b 48b

PktHeader

Compatible, Optimized |Compatible

MaxPacketSize

128B, 256B, 512B 128B

NoMessagePack

True, False

True

3.13 Message Routing and Agent

3.13.1 Message Routing

ID Assignment

For a messagéhe Address or Tgtlialue determines the next Port or Link to traverse to reach the next chip in
the path to the target chip. For such routing, address routed messages use System Address Map (SAM) and ID
routed messages use ID map (IDM). The routing of different messagéiseatatble they use is listed ifable

3-33.

The routing table used by Snoop response is labeled 4B8RSRDM can be same as IDM in a treefulty
connected topologies but in some other topologies, such as a mesh with dimensional order routibd) Sl
have to be programmed differently than IDM. See later sections for details.

Table3-33: Routing of Messages

Message Type Routing [Table used
Memory request Address SAM
Snoop request ID IDM
Misc (Credited) ID IDM
Memory response ID IDM
Snoop response ID SRIDM

3.13.1.1 Address Routed Messages

Address routing of Requests is done in a hierarchizainer as described below:

e At the original Request Agent, the RSAM table is usetttermine if the Request is to be sent to a local

target or is to be routed to a Port:

o0 Local The Home of the address is on the same chip. The architecture does not li@firiecal on

chip routing is performed.

o Port The Home is on another chip.

s« For Requests sent to a Port, a further decode uses the Port SAM (PSAM). This determines the Link that is

used.
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e On arrival at the next chip, the process is repeated until the reqgaestes at the chip where the Home
is local.

By following certain restrictions on the topologies that are supported and restrictions on the address map layout
that is used within that topology it is possible to ensure that the following is sufficient:

s Thenumber of RSAM entries is equal to the number of Ports plus Local decodes plus one.
e The number of PSAM entries for a Port with N links is equal to:

0 Zerowhen N is equal to 1.

o N+1whenN>1.

It is permitted but not required to support larger SAM strugts. Providing larger SAM structures allows more
flexibility in the layout of the overall address map.

3.13.1.2 TgtID Assignment

When the CCIX Port/Link has been determined for an address routed Memory request, it is required that the
TgtlD field of the Memory reast, and any transport specific routing field, is populated with any Agent ID that
corresponds to any agent that is reached through that Port/Link. This is required to ensure correct routing and
credit exchange.

The values that can be used can be deterrdibg a reverse lockp of the IDM Table. Any Agent ID value that
corresponds to the appropriate CCIX Port/Link in the IDM table is permitted to be used. The list of Agent ID
values that are permitted to be used is referred to as the TgtID Pool.

It is not required to perform a reverse loelp of the IDM Table for each access. The permitted Agent ID values
that can be used is static and only needs to be determined once for each Port/Link.

Accessing a Slave Agent

The RSAM and PSAM structures provide all tferimation required for routing from a Request Agent to a

Home Agent. If the Home Agent has local memory associated with it on the same chip then the routing to the
local memory is not visible to the protocol. If the Home Agent uses memory that is prawde&lave Agent on
another chip then additional routing information is required.

The protocol provides an HSAM and PSAM:

e The HSAM is a chip level structure which is used to determine the CCIX Port that is used for a Request
that is sent from HA to SA.

s The PSAM is a CCIX Port level structure which is used to determine which CCIX Link is used for an HA to
SA request.

The same Link must not be used for RA to HA requests and HA to SA requests which are traveling in the
same direction. It is permitted to use/o links between the same pegair, where one link carries all RA to
HA requests and the other link carries all HA to SA requests. If two links are used between the same port
pair, AgentID assignment and Link usage must be such that the receiver ofagaesn determine which
Link has been used and also enables the correct SAM table to be used to be determined.
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Note: This requirement effectively means that on the requesting side, which includes both local agents and
port-to-port forwarded agents, of thport-pair all RA AgentlDs must be unique from all HA AgentIDs. It also
means that on the responding side, which includes both local agents andgppadrt forwarded agents, of

Message Routing and Agent ID Assignment

the port-pair all HA AgentIDs must be unique from all SA AgentiDs.

The restrition a Link must not be used for RA to HA requests and HA to SA requests which are travelling in
the same direction, is an important consideration when determining a legal topology for a system.

3.13.1.3 ID Routed Messages

Each chip within a system includes a 64rgtD Map table and each entry within that table gives the routing

details to reach the appropriate Agent ID. ID routing is independent of agent type and all agents, RA, HA and SA
with the same Agent ID value must be located on the same chip and Reqapstses and Snoops to these

Agent IDs use the same route. Snoop responses in a fully connected and tree topologies also take the same
route. As explained later, Snoop responses in a dimension ordered topology will use a different IDM to retrace

the same oute as Snoop requests but in reverse.

The IDM Table only determines for each valid Agent ID that is in use, if the agent is local to the chip or the Port /
Link that is used to reach the next chip on the route to the final agent. For remote agents,chimgethe next
chip, the IDM table for that chip is used to determine the next hop, until eventually the final destination is

reached.

An exampldD Map table is given ifiable3-34.

Table3-34: Example IDMTl'able

Agent ID |Valid |Local CCIX Port [CCIX Link
0 Y N 1 0
1 Y Y - -
2 Y N 2 0
3 Y N 2 1
4 Y N 2 3
5 Y Y - -
6 N - - -
7 Y N 3 0
63 N - - -

Unlike the address map, there are no special consideration required for adjacent entries in the ID map.
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An ID routed message path is related to the corresponding Address routed Request. A Response to a Request
uses ID routing and must follow the samp&th as the Request but in reverse. A Snoop response to a Snoop
request must follow the same path as the Snoop in reverse. A Snoop request must also follow the same path in
reverse as a Request to the same address fiterSnoop targetThe RequesRespoie paths needs to be the

same to permit any resource allocation or TxnID remapping done at the intermediate components in the
Request path to be reversed by the response.

The Snoop request and Request to the same address must follow the same path iiteogpestions to permit
hazarding of snoops with any CopyBack requests that are traveling to Home.

In some topologies, such as a tree topology where there is only one possible path between two Agents, a single
IDM table is sufficient. In topologies, suah the multidimensional array where multiple routes exist between
two Agents a second IDM table is required and this is used for Snoop response routing.

3.13.2 Broadcast Snoop Routing

For Broadcast and BroadcasSnoop request messagesBaadcast Forward Camtl Vector §eeSection
6.2.2.6.2.1.) isused in combination with the IDM Table to determine how the message should be propagated.
TheBCastFwdCntlVcirable is indexed using ID of the Home that originally sent the Snoop redfiest
BCastFwdCntlVctable lookup it can be determined which Port and Link the Snoop needs to be forwarded to.

3.13.2.1 Broadcast Snoop Forwarding

At any pant in the path of a Broadcash8op it can be split into multiple snoops.
The split snoopthat are forwarded to another Egress Port must be Broadcast Snoops.
At any poit in the path a Broadcast Sioop can be split into multiple snoops.

The split soops that are forwarded to Egress Ports must include only at most one Brodd8asbp and any
number ofBroadcastShoops.

The Broadcast $hoop in the split set must include the same TgtID valsi¢he presplit Broadcasii Soop.
The point that splits a Broadcast or Broadehsinoop is responsible for collecting and merging all snoop

responses arresponding to a received Snoop request.

3.13.3 TxnID Assignment

Assigning of TxnID to Memory and Snoop requests must follow the following rules:

s ForMemory requests TxnID must be unigue for all outstanding requests from a smglee through a
single point:

0 Intermediate points in the path are permitted to remap TxnID.

o Intermediate points that remap TxnID must guarantee unique TxnID per source for all requests that
pass through that point.
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e ForUnicast, Broadcast, BroadcasSnoop TxnID must be unique, acrabshree groups, for all
outstandirg snoops to a given target pool:
o Permits TxnID iBnoops going to different targets to be the same.
o0 PermitsSnoops generated from a single Request to have the same TxnID.
o0 Intermediate points in the path are permitted temap TxnID.

o0 Intermediate points that remap TxnID must guarantee unique TxnID per source $moalps that
pass through that point.

A CCIX Pothat participates irPortaggregation is permitted to remap TxnlIDs. Such a remapping must provide
the same garantees as the intermediate points above. In addition, at the merging point on the receiving side of
the aggregated ports the receiver must ensure TxnID uniqueness property for any message it forwards.

In Figure3-31where aggregated ports are shown, ports on chip 1 can remap TxnID of Requests they send. The
agent on Chip 2 must make all the TxnIDs unique for the Requests it receives from chip E eggrédgated
ports.

P — —_———— — — — —— e —

N S S

|
|
|
|
|
, |
|
|
)

Sy g

—_—_———— S —— S —— —_——— e — =

Aggregated ports Aggregated ports

Figure3-31: Aggregated Port&Example

3.13.4 Agent ID

Request Agents, Home Agents, Slave Agents and Error Agents althiséDsiields. The rules for ID assignrhen
to each Agent are:

e IDs assigned to each Request Agent must be unique.

e IDs assigned to each Home Agent must be unique.

* |Ds assigned to each Slave Agent must be unique.

* |Ds assigned to each Error Agent must be unique.

s Different type of agents which atecated on the same chip are permitted to use the same ID value.

s« Same ID must not be assigned to different Agents Types on different chips.
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3.13.5 Target ID Determination

Target ID determination for a Snoop at HA is determined from ID of RAs that need todpedrior coherency.

The determination of agents to snoop can be done using a Snoop Filter or a Directory, the mechanism to
determine which Request Agents to snoop is IMPLEMENTATION DEFINED. When tracking Request Agents to
snoop, a Home Agent is requiredttack up to 64 Request Agents.

Three types of snoop routing are supported:

e Unicast: Snoop is only sent to the agent specified in the TgtID field of the Snoop.

e Broadcast: Snoop is sent to all the Request Agents.

e Broadcastl: Snoop is sent to all Requésgents except the one specified in the TgtID field of the Snoop.
Broadcast and Broadca&tSnoops must be forwarded to only those targets which do not receive the same

Snoop through other paths.

3.13.6 Agent ID assignment Summary

Table3-35 summarizes the rules for SrcID and TgtID assignment in different message types.

Table3-35: SrcID and TgtlBssignment Rules

SrcID [Must be theAgent ID of the original Request Agent.

Memory request -
TgtID |Not precise.
Must be in the TgtID Pool of the Link the message is sent across.
Can vary on different Links.
SrcID |Must be theAgent ID of the original Home Agent.
Memory response

TgtID Must be theAgent ID of the original Request Agent.
Same as Memory request SrciD.

SrcID |Must be theAgent ID of the original Home Agent.
Snoop request

TgtID Must be precise for Unicast Snoop.

Must be precise for Broadca&tSnoop. Must be one of the agents in the
TgtID pool.

For Broadcast Snoop: Can be any agent in the TgtID pool. Can vary on
different Links.

SrclD [Must be theAgent ID of the Request Agent that was the TargehefSnoop
For Broadcast anBroadcastl can be the Agent ID of any Request Agent
was in the Target pool of the Snoop.

Snoop response

TgtID |Must be the Agent IBf the original Home Agent.
Same as the SrclD of the Snoop request.

Note: CompAck is similar to Snoop response. When CompAck is given by an intermediate point rather than end to end, even then
the TgtID on each CompAck response must be the HAID and intermediate points must intercept and do not forward the
CompAck.
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3.14 Memory Expansion

The specification supports the use of this interface to connect a chip that is used for memory expansion. This
scenario occurs when the Home Agent resides on one chip and the physical memory that the Home Agent is
responsible for resides on a sapte chip.

The specification defines the term Slave Agent to describe the memory controller.
For the memory expansion use case, the following applies:

e The coherency Home Agent acts as the Request Agent as defined in the rest of the specificatios. It issue
Requests and receives Responses.

e The memory controller Slave Agent acts as the Home Agent as defined in the rest of the specification.
receives Requests and issues Responses.

The transactions permitted between a Home Agent and a Slave Agent are:

e ReadMSnp, WriteNoSnp

Additionally, the following transactions are permitted and their use is controlled by register bits within DVSEC.
e Atomic Transactions

s Cache Maintenance Operations.

If the transactions are not permitted to the Slave Agent then the Home tAgest provide the required
functionality.

The following mechanisms are provided to control the use of these transactions between Home Agents and
Slave Agents.

Each Slave Agent has two capability bits, SAAtomicSupportCap and SACMOSupportCap, to indicate these
transactions are supported. These capability bits are located within the DVSEC Slave Agent Capabilities & Status
Structure, se€xction6.2.2.9.1

SAAtomicSupportCap:

e 0= The Slave does not support Atomic transactions.
s« 1 =The Slave supports Atomic transactions.
SACMOSupportCap:

e 0 =The Slave does naipport CMO transactions.

s« 1 =The Slave supports CMO transactions.

Each memory pool has two control bits, MemExpnAtomicSupportCntl and MemExpnCMOSupportCntl , to
indicate if these transactions are permitted to be used. These control bits are located thighDVSEC "BAT
Control Structure", se8ection6.2.2.4.2
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MemExpnAtomicSupportCntl:

e 0 = Atomic transactions are not permitted to this Memory Pool
e 1 = Atomic transactions are permitted to this Memory Pool.

e Default value is 0.

MemExpnCMOSupportCntl:

e 0= CMO transactions are not permitted to this Memory Pool.
e 1 =CMO transactions are permitted to this Memory Pool.

e Default value is 0.

3.14.1 Concurrent Memor  y Expansion

When the CCIX Link used for memory expansion is also used for other forms of communication the following
topology restrictions apply:

« Request Agent to Home Agent Request messages must not share the same CCIX Link, in the same
direction, as Homégent to Slave Agent Request traffic.

s [f protocol aware switches are implemented, the same rule must be followed, and Request Agent to
Home Agent Request messages must not share the same Link to the switch, in the same direction, as
Home Agent to Slave Agt Request traffic.

When the Link used for memory expansion is also used for other forms of communication the following 1D
namespace restrictions apply:

s All agents that use the same ID value, whether they are a Request Agent, a Home Agent, or a Slave
Agert, must reside on the same chip.

This restriction allows chifp-chip routing to be performed based only on the Agent ID value.

3.15 Port Aggregation

The specification supports the use of multiple parall€>X{inks to communicate between two chips, as shown
in Figure3-32. This connection style is referred to as Port Aggregation and is typically used where the
throughput available from a single Port is not sufficient to meet the needs of the communicatioedretive

two chips.
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Figure3-32: A two ChipTopologywith Example mternal CCIX Components

When using Port Aggregation, the following rules apply to the routing of transactiomggh the available
Ports:

s Request messages and Snoop messages are routed based on address decode, see later section.
s All Responses must use the same CCIX Port as the associated Request.

s« Combining of messages within a single packet is only permitted wheyeare determined to use the
same CCIX Link.

The specification supports the following numbers of aggregated ports:

e 2, 4,8and 16 CCIX Ports

3.15.1 Port Aggregation Routing

The mechanism to determine the routing of transactions to a partidd@kX Poiffor asingle hop aggregatiois
documented along with address decode mechanism in DVSEC spec. Mechanism for Port aggregation over
multiple hops is Implementation Defined.

The mechanism is intended to:
e Ensure an even distribution dfon-Device traffic between Pts.
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Allow multiple outstanding ordered transactions to be sent to a single Device address space, without
requiring serialization of the transactions at source.

« Multiple Misc messages to same target must be kept in ordeselnygling them to the same aggregdt
Port.

3.16 Terminology

Figure3-33illustrates some key concepts and terminology used is $pecification.

p
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Agent

Link resources within a chip:

Local on-chip routing
/ - Buffer resources for Inbound packets

N

Request
Agent

Request
Agent

Home
Agent

Home
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Home
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- Credit counters for outbound packets
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Logic

Port
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Shared Port Logic contains:

- Message combining into packet

- Determining TransportlD for outbound packets.
- Broadcast snoop co-ordination
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Figure3-33: Key Concepts and Terminology Diagram
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The following @scriptions are provided to give an overview of the terminology used in this specification.
CCPAgent:

e ACCDAgent is identified within the protocol using an Agent ID value.
e« There may be one or more agents per chip.

s« Agents can be Request Agent, Hom&gent Slave Agenor an Error Agent

s« Each Agent uses its own set of Transaction ID values.
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Request Agent
e ¢CKS (GSNXa& awSljdzSad ! 3Syidé¢ yR awSljdzSadSNE I N5 dza

A Request Agent can request access up to a cache limeaatdress and can cache a coherent copy of
that line.

e A Request Agent has a single cache state for any cache line that is has allocated.

« A Request Agent is sent a snoop transaction when a cache state change is required for a line that it has
allocated.

e A Request Agent can act as proxy for multiple functions that reside behind it. From a protocol
perspective, this appears as a single Request Agent.

Home Agent:
e ¢KS G(GSNXYa&a Gl 2YS 11'3SyiGé FyR a1l 2YSé FFNB dzaSR Ay dSN
« A Home Agent hagsponsibility for a praletermined address range.

* A Home Agent manages coherency by sending snoop transactions to the required Request Agents when
a cache state change is required for a cache line.

e A Home Agent can act as proxy for multiple functions tkaide behind it. From a protocol perspective,
this appears as a single Home Agent.

Slave Agent:
s See alsdvemory Expansioin Sectionl.2for definition of Slave Agent.
Error Agent:
e An agent that collects and handles processing of PER messages/tam CCIX components.

Transactions are betweenRequest Ageriind a Home Agerand a Home Agent and a Slave Agémr a
Broadcastand Broadcasil Sno@ the transaction is between one Home Agent and multipegiuest Agerst

Each transaction has an Agent TgtlD value and an Agent SrcID value, whenhemeiseiver of the message
and the other ighe Sender of the message.

CChPort

e CCDPort implemenation typically has one instance of logic that is used in a serial fashion for the
packets beng communicated:

0 Message(s) to packet conversion, including packing of multiple messages into single packet, for
outbound packets

o Packet to message(s) conversiomgluding unpacking of packet into multiple messages, for
inbound packets

o Determining the Transport ID, i.e. PCle Bus Number, for packets being sent.
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o0 Broadcast snoop cordination, involving the sending of snoop transactions to the requiredhip
Request Agents and the combining of the associated snoop responses

e EachCCIX¥Port communicates with one or more oth€CIX¥Ports on other CCIX devices.

0 A Port can only communicate with one Port for each of the other CCIX devices. Communicating with
morethan one other CCIX device requires a Transport Switch and the use of one Link for each other
external device.

0 When targeting a Protocol Switch, multiple messages can be packed in a single packet including the
case when some messages are targeting agierttse chip of the receivingortand other messages
are targeting agen@xternal to the receivingort

0 When targeting a Transport Switch, a different Link must be used for each receiving Port. Messages
targeted at different receiving Ports cannot bendoined in a single message

CCIX Components:

e CCIX Components are architected building blocks required to define CCIX protocol. CCIX protocol defines
the interaction between these Components to achieve data sharing while conforming to memory
consistency requirements.

e Examples of ComponentsCCPAgents, CCIX PortCCIX Link
Transport Switch:
e A Transport Switch does not contain a Pas it does not contain a Link.
e A Transport Switch is used to combine and split traffic that is from/to different Ports.

e A Transport switch is transparent to CCIX peot communication and uses Transport ID based routing,
for example a PCle Switch with PCle Target ID (Bus:Device:Function) based routing.

Protocol Switch:

e Optionally a CCIX device can support Protocol Switch functionality. A Protocol Switch supparés inter
communication between one Port on a device and another Port in the same device.

s Internal communication between Ports is done using implementation specific Interconnect, with the
only requirement that external interfaces conform to CCIX protocol.

CChéwitch

e CCIX switch is a CCIX Device consisting of two or more CCIX Ports where CCIX Port to Port forwarding. A
CCIX switch may be embedded in a CCIX Device with Agents. Or it may be a CCIX Device which has no
CCIX Agents.

CCIX Device:

e A CCIX Device is hysical entity consisting one or more CCIX Components that conform to CCIX
protocol. A CCIX Device must have at least one Port.

e Agent ID is optional for a Device.
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3.17 Transaction Flow Examples

This section illustrates some example transaction flows.

3.17.1 Read Request with End -to -End CompAck

Figure3-34is a Read request with CompAck sent from Request Agent to Home Agent.
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Figure3-34: Read request with CompAck sent from Request Agent to Home Agent

3.17.2 Read Request withan Early CompAck

Figure3-35is anexample of a Read transaction flow the intermediate components in the path of CompData
between Home agent and Request Agent maintain a hazard logic to detect same address Snoop against a Read
request. This permits the intermediate ptsrto return a CompAck response to previous stage allowing the
previous stage in CompData path to release its hazard against a Snoop to the same address.
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Figure3-35: Example of &kead Transaction Flow

3.17.3 Write Request

Transaction Flow Examples

Figure3-36is a Write request transaction flow. CHI-ohip flow is included for illustration purposes only and
can be replaced by any other proprietary-ohip protocol.
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Figure 3-36: Write Request Transaction Flow
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Chapter 4. CCIX Trans port Layer

4.1 Introduction

TheCCI®Transport layer connects to the physical pins and is the casfithe packetg§rom one component to
another. The elationship of the CCIX Transport layer to tipper layers of CCIX is showrigure4-1. Each of
these layers withithe CCIX Transpodre divided into two sections: one that processes outboltalbe
transmitted) information and one that processes inbound (received) information.

CCIX uses packets to communicate information betwberCCIX Link Layer atite CCIX Transaction LayAs.
the transmitted packets flow downstream throudfie transacton, data link, and physical layers, they are
extended with additional information necessary to handle packets at those layers. At the receivinpeside
reverse process occurs and packets are transformed from their Physical Layer representation t@thmioat
Layer representation and finally (for Transaction Layer Packets) to the form that can be processed by the
Transaction Layer of the receiving deviegured-2 shows the conceptual flow of transaction level packet
information through the layers.
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Figure4-1: CCIX Layering Diagram
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Protocol
‘ Layer |
EEm———— |
Framing siﬂumet?;e Header: Payload i ECRC LORC Framing
|
Lo ___ i

—Transaction Layer—
——Data Link Layer————
Physical Layer

Figure4-2: Packet Flow through the Layers

4.1.1 CCIX Transaction Layer

The CCIX specification defines a new transaction layer, referred to as the CCIX Transaction Layer. This
transaction layer replaces tHeCl Expresq®Clé Transaction Lyer in one of the PCle Virtual Channels (VCs) in a
multi-VC implementation. The CCIX Transaction Layer is a reduced PCle Transaction Layer where only the
following posted traffic is supported:

e Optimized TLPs
s PCle Compatible TLPs

The CCIXransaction Lay€a LINRA YI NB NBAaLI2yaAoAf Al &CIXgansacKos Layed & SY 0 f
Packets (TLPRs)

e On the receive paththe CCIX Transaction Layer checks CCIX TLP Integrity, before forwarding the TLP to
the CCIX Link Layer.

s For PCle Compatible TLB& PCle Transaction Layer checks specified ifPtBleExpress Base
Specificatiorare applicable.

s For Optimized TLPs, a new set of CCIX Transaction Layer checks are specified.

The CCIXransaction Layer is also responsible for managing ebadied flow contrbfor CCIXTLPsOn the

receive path, posted flow control credits are returned for CCIX TLPs that pass data integrity checks and are
forwarded to the Protocol Layer. In the transmit path, a credit gate is implemented to control flow of CCIX TLPs
based on =mailable posted credits. These posted credits are defined on -aviithk basis.
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4.1.2 PCle Transaction Layer

TheCCIX specification does not modifig PCle Transaction Layer.

The uppetayer of the architecture is the Transaction Layer. The TransactionQayerLINA Y| NB NB a LJ2 y ¢
assembly and disassembly of Transaction Layer Packets (TLPs). TLPs are used to communicate tfargactions
read, write) as well as certain types of events. The Transaction Layer is also responsible for managing credit
based flow control for TLPs.

4.1.3 PCle Data Link Layer

TheCCIX specification does not modifie PCle Data Link Layer and utilizes it as is.

ThePCleData Link Layer serves as an intermediate stage betweeR@ie andhe CCIXransaction and the
CCDPhysial Layes.

The primary responsibilities of the Data Link Layer include Link management and data integrity, including error
detection and error correction.

4.1.4 CCIX Physical Layer

TheCCI¥hysical Layer includes all circuitry for interface operaiineiuding driver and input buffers, paralel
to-serial and serialo-parallel conversiorframing and deframing?LL(s), and impedance matching circuitry. It
alsoincludes logical functions related to interface initialization and maintenance.

TheCCIX¥Physical Layer exchangpacketinformation with thePCleData Link Layer in an implementation
specific format. Thikayer is responsible for convertipgcketinformation received from thé&CleData Link
Layer into an appropriate serialized format anahsmitting it across the CCLink at adata rateandthe PCIE
width compatible with the device connected to the other side of the Limkhe receive direction, the CCIX
Physical Layer converts serial stream received from the CCIX link partner into péakedaiion forthe PCle
Data Link Layer.

TheCCIX Physical layer defines two PHY types. A CCIX component is required to support only one of the two PHY
types.

s PCI Express 16.0 GT/s capable PHY: This PHY type is compliant with all the requiremeRlsy/sictile
Layer logical block chapteti{apter 4) and the Electrical silock chapter Chapter 8) of the PCI
Express base specificati(@e Reference Documenis

s Extended Data Rate (EDR): This PHY type supports all the requirem@isEfpress Base Specification
with 16.0 GT/s capability, and extends the supported data rates to 20.0 GT/s and 25.0 GEtiBae
4.4.2.2for more information.
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4.2 Transaction Layer

4.2.1 CCIX Transaction Layer Architecture

TheCCIX Transaction Layer shall contain at leasP@leVirtual Channel (VC), used to exchange PCI Express
TLPsThis must include VCO.

TheCCIX Transaction Layer also contains one CCIX Virtual Channel (CCIX VC), used to exchangeh@CIX TLPs.
cannot be VCO.

s TheTC to VC map mechanism is used to steer TLVES.

s TheTraffic Class (TC) label on received TLPs is used to steer traffic to various VCs.
TheCCIX VC carries only CCIX TLP formats aneidither:

s VendorDefined Type 1 Message TLPs, called C@ixpatibilityTLPs in this specification

s Optimized TBs.

The PCI Express compatibility format for CCIX TLPs is a \omfamd Typel Message TLP, allowing CCIX TLPs
to be forwarded by PCI Express compliant (i.e. CCIX unaware) Switches that implement a minimum of two VCs.

Optimized TLPs cannot be used @@IX unaware Switch is present on the Link.

CCIX is not supported in any hierarchy containing a PCI Express to-R@MRIQkE.

CCIX operation is not impacted by the presence of retimers on the links in the hierarchy.
TC association fahe CCIX VC is uadthe control of thesystem software.

System software is not permitted to write register fields to change the configuration of, or the behavior of, the
CCIX data pativhen it is enabled to transmit or receive CCIX traffic. Examples of bits that enamblentseof
the CCIX datapath are VCResourceControl.VCEnable when Set, and ESMControl. ESMEnable when Set
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Figure4-3: CCIX Transaction Layer Architecture

4.2.2 Transaction Layer Protocol - Packet Definition

CCIX Transaction Layer shall follow all requiremertteeiRCl Express Base Specificafwrihe PCle
Transaction Layer (unless otherwise specified).

4.2.2.1 CCIX Transaction Layer Packets

The CCIX Transaction Layer must support receptiotrandmission of PCle Compatible TLPs.

TheCCIX Transaction Layer may optionally support reception and transmission of Optimized TLPs.
4.2.2.1.1 PCle Compatible TLP Format
ThePCle Compatible TLP uses the Veridetined Type 1 Message TLP using MsgD format, spedoitieel PCI

Express Base Specificati®ection 2.2.8.¢seeReference DocumentsThese TLPs belong to the Posted credit
category.

Figured-4 shows the PCle Compatible TLP.
Beyond the rules stated in that specification, the following rules apply to the formation of PCle Compaible
s The Message Routing field must be set to 0¢ G®outed by ID.

» Vendor ID field for all CCIX TLPs is equal to the CCIX Consorf{i@ilp.
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0 Receivers are required to check this value before further processing a CCIX TLP.

s PCle Compatible TLRavea total length greater than 4 DWI'hereforethe TLP Fmt field is 011b
(MsgD) Length [9:0] is the total number of DWs in the Vendor Defined Message payload.

0 All TLPs must have Length [9:0] in the raBfe<= Length [9:0] <= 7Fh.

0 WhenTransactionLayerControl.OptionalLengthCheckEnablkt,i$h® receiver is permitted to
optionally check Length [9:0] to be less than or equal the lesser of [(Device Control register
Max_Payload_Size / 41] or 127. If a Receiver determines that a TLIRatas this rule, the TLP is a
Malformed TLP, anthe erroris reported by the Receiving Port

e Bytesin TLP Header D\&WRd in the data payload are specifiedGhapter 3

+0 +1 +2 +3
7lels|alslela]of7]elslalslelo]lolslsls]lals]lala]olsls]slalslz]a]o
Fmt Type = T|T|E AT
Byte 0> | T oo Bl T |BIE|=l4lolp| Ao o Length DWO
Byte 4> Requester ID Tag Message Code DWL
y 0111 1111

Bus Device Function

Byte 8> Number Number Number Vendor ID=CCID DW2

Bytel2>
Byte1l6>
Byte16+tn*4 >

Figure4-4: PCle Compatible TLiBrmat

4.2.2.1.2 Optimized TLP format

TheOptimized TLP format &n optionalfeature meant to be usean CCIX linkthat advertise support for it
0SPIPET a5ANBOG ! Gdrtlod K .53t more/informatibrkTie] Optimized TP Sormat is not
compatible with thePCI Express Base Specification

Figure4-5 showsthe Optimized TLP
The following rules apply to the formation of Optimized TLPs:
e An optimized TLP data must béoyte naturally aligned and in increments obgte DWs

e An optimized TLB composed cd1 DW TLP Header section followed by a TLP Payload section that can
contain up to 127 DWs.

s Bit 7 of byte 0, is always 0b.

s Asindicated iMable4-1, the 1-bit Type ] field indicateshe CCIXHardwareSpecificationrevision
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Table4-1: Type [0] Field Values

Type[0] OptimizedTLP Format
Ob CCDPHardwareSpecification, Revision 1.0
1b Reserved

e TC [2:0% Traffic Class bits [6:4] of byte 1

o0 Transactions with a TC that is not mapped to any enabled VC in an Ingress Port are treated as
Malformed TLPs by the receiving device.

o For a Root Port, transactions with a TC that is not mapped teaagled VC in the target RCRB are
treated as Malformed TLPs.

o For multifunction devices with an MFVC Capability structure, transactions with a TC that is not
mapped to any enabled VC in the MFVC capability structure are treated as Malformed TLPs.

s Length :0] ¢ Numberof DWsin the TLP Payload section.
0 All TLPs must have Length [6:0] in the range €= Length [6:0] <= 7Fh.

0 When TransactionLayerControl.OptionalLengthCheckEnable is Set#ieeris permitted to
optionally check Length [6:@ be less tlan or equal tahe lessewalue of [Pevice Control register
Max_Payload_Size4)- 1] or 1Z7. If a Receiver determines that a TLP violates this rule, the TLP is a
Malformed TLP, anthe erroris reported by the Receiving Port.

In the Optimized TLP Head®WO0), all remaining bit locations are available for use by the GQidtpl and are
specified inChapter 3For an Optimized TLP, t&CIX Transaction LayeritomspectsBit 7 of byte Oand the
Type P], TC [2:0]andLength [6:0] fieds within DWO only.

In Optimized TLPs, bit locations in all DWs other than DWO are available toy G€&8X protocaind are
specified inChapter 3

All Optimized TLPs consume 1 Header Credit and Data Credits at the rate of (Leng@h)@X). Therefore, a
TLP of Size = Befigth[6:0] = 000 0010b) shall consumeldader and 0 Data credjtahile a TLP of Size = 4
(Length[6:0] = 000 0011b) shall consume 1 Header and 1 Data ciidditsinit of Flow Control credit is 4 DW for
Payload Data.

Thebytes in TLP Header ®/Mnd in the dta payload are specified ©hapter 3
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+0 +1 +2 +3

Byte 4+n*4 >

Figure4-5: Optimized TLRFormat

4.2.2.2 Supportfor  Multiple Protocol Messages in one CCIX TLP

CCIX enablewinimizing overhead fatransport ofprotocolmessages by allowirpckingof two or more
protocolmessages in one TLP.

Packingof the protocol messages is only supportedhen all protocolmessages have a comm@cCIX link

To the CClXransactionLayer, the packedmessages still look likesingle TLP with payloddformation for
multiple protocol messages is encoded/decoded inside CCIX.inklayer, and is transparent to the Transaction
Layer.

4.2.2.3 Use of PCle Compatible or Optimized TLP formats

All devies are required to suppothe PCle Compatible TEd*mat forthe CCIX VC. A CCIX device shall advertise
if it supportsthe optional Optimized TLP Format feature,dejting the
TransporDVSEQransactionLayerCapability.Optimized TLPFo8uppored bit, shown inTable6-67. If the
OptimizedTLPForm&uppored bit is Clear then CCIX VC is only capable of transmitting and receiving PCI
Express Compliai@CI>XCompatibilityTLPs.

Optimized TLPs may be exchanged on the CCIX VC only if both link partners support the optional Optimized TLP
Format feature. To enablde Optimized TLP format on a CCIX lihk,
TransporDVSEQransactionLayerContr@ptimizedTPGeneratioRecepionEnable bit, Bown inTable6-68

must be Set on both link partners before softwé&ststhe VC Enable bit ithe CCIX VC, VC Resource Control

register, see thePCl Express Base Specificati@ection 7.15.seeReference Documen)s

A CCIX device operates in axfawo modes: aPCle Compatible TEdrmat enabled, ob) Optimized TLP format
enabled.

CCIX support is discovered and enabled through reporting and control registensbed inChapter 6

For cases when CCIX devices are connected without a dedicated CCIX VC, CCIX traffic is not permitted to be
enabled

For cases when CCIX devices are conneeiitda dedicated CCIX W@oughCCIX unawarenfiches,the CCIX
Compatibility TLRormat must be selected for carrying CCIX TdrPthe CCIX VBehavior is undefined a CCIX
device is connected through a CCIX unaware Switch and Optimized TLPs are used.
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For the cases when CCIX deviaesconnectedvith a dedicated CCIX W@hout any interveningCCIX unaware
Switches,Optimized TLBr PCle Compatible TLP formatay be selected for carrying CCIX TLRsorimal
operation, only one of theseformatsis permitted to beused.

Message taffic, regardless of format (Optimized or PCle Compatible), is excluded from tHeh®hP gating
requirements in thePCIl Express Base SpecificatBactiors 5.3.1.2 D1 State, 5.3.1.3 D2 State, and 5.3.1.4.1
D3t State(seeReference Documenys

4.2.3 CCIX Virtual Channel
Under normal operating conditionthe CCIX VC will only transmit and receB@IX TLPAII CCIX Tisritilizethe
Posted Credit categoritheCCIX VC implements a single First in First out (FIFO) Queue for CCIX TLPs.

The CCIX VC shall advertise-ndmite Posted Flow Control Credit values. These Credit values determine the
size of FIFO for the CCIX TLP Quetle implementation.

TheCCIX Vé6halladvertisenon-infinite Non-PostedFlow ControlCreditvalues Non-Posted TLPs are not
anticipated on the CCIX VC, but some resources are needed in the event they are received and must be
processed.

TheCCIX Veéhdl advertiseinfinite Completion Header and Data Creditsie CCIX VC shall not transmit Flow
Control Update DLLPs for Completion credits.

TheCCIX VC shall folladl requirements irthe PCI Express Base SpecificafiiwriPosted Credit Handling by a
Virtual Channel.

TheCCIX VC shall folladl requirements irthe PCI Express Base SpecificatimNonPosted Credit Handling by
a Virtual Channel.

TheCCIX VC shall silently drop any received Flow Control Update DLCBmfadetion credits.
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4.2.4 Handling of Received TLPs

From
Data Link Layer

TQ2:0] Based Check

PCle VC CCIX VC
Processing Processing
Y
v SECransactionLayerC
Ye |.Optimized TLPGenerationRe: N
Process TLP per| ptionRouting Enable
PCI Express Basge
Specification
Process Process
Optimized TLP PCle Compatible TLH
Reject Reject
PCle Compatible TLH Optimized TLP

Figure4-6: CCIX Transaction Layer Received TLP Processing Flow

Figured-6 shows the overall CCIX Transaction Lageeived TLP processing flow. CCIX Transaction Layer
behavior is controlled biie TransactionLay@ontrolOptimized TLPGeneratiRecepibnRoutingEnabldit in
Table6-68.

s When Set:

0 The Transmitter generates CCIX TLPs in the Optimized TLP format, Switbbgsathand
Receivers accept OptimizedPR.

o All Receivers reject a PCle Compatible TLP as a Malformed TLP.
e When Clear:

0 The Transmitter generates CCIX TLPs in the PCle Compatible TLP format, fawitehmthand
Receivers accept PCle Compatible TLPs.

o All Receivers reject an Optimized TLR dalformed TLP.

System SoftwareSSVYmust program the
TransactionLayerContr@ptimizedTLPGenerationReceptionRoutingEnable bit before CCIX traffic starts flowing
andmustnot change value after it does. Behavis undefined if the value of the
OptimizedTLPGenerationReceptionRoutingEnable bit changes while CCIX traffic is flowing.

Figure4-7 shows thestepsin the processing of thReceive CCIX TLPs.
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These requirements are in addition to the standard processing flow for receivedsEeRbBePCIl Express Base
SpecificationSection 2.3Handling of Received TLRseReference Documenfsand should bgerformed after
the TLP checks specified in that sectiBigure4-7 is only for PCle Compatible TLPs.

PCle Compatible TLP Processing

T eTazoom)

,—/.. B& —
~ S (FMT <= 011)) ../

Yes T~ T i
PE-r;T_c';rm Discard Malformed
Checks e
7 (FMT==0118)
= && (Type == MsD) T
— && (MessageCode==011111110) T—
] & (r2r1r0 == 010b) o
. && (Vendor ID == CCID),
7 Does Request Require ™~
. Completion? o~
\. / No
{ Is the TLP a Completion? >—‘
Yes \ / / Mo
Yes \\/
Unsupported Request
(UR)
Yes L
. T
A 4 -
Unsupported Request < = T_vpe & T~
. Vendor Defined Message? —~
(UR) . L
: . - Yes
+ A J ™~ -
send Completion Unexpected Completion ™~ i
Completion Status= UR (uc)
Mo
A 4 . . ¥

pecade Discard TLP, Discard TLP, Discard TLP,
Process Log Error, LogError, Lo Error Opti lly Log E
CCIXTLP Return Non-Posted Return Completion Return Pfsted Clred'ltfsj = tlJ IDr;ESht[ dDi :;F;r'
Credit(s) Credit(s) if applicable SO @

Figure4-7: PCle Compatible TLP Processing Flow

TheCCK TLP checks includ&P Format, TLP By LP Length, TLP Message CbdB, MessagRouting field,
and the Vendor ID field as shawn Figure4-7. Only a valid CCIX TLP shall be forwarded to the CCIX VC storage.

lfaTLP with a PrefxNJ dzy RSFAY SR C2NNF G FASER A& AaGSSNBR (G2
¢[t ¢ WK aMafdiFed TLP errand no flow control credit will be returned.
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Other nonrCCIX TLRisat aresteered to a CCIX VC will be discar(tefore they enter VC storagedn error will

be loggedandcreditwill bereturned. Posted header and data credits shall be returned for all misdirected

Posted TLPs, NdPosted header and data credits shall be returned for all misdirected?¢sted TLRsind
Completion header and data credits shall be returned for all misdirected Completion TLPs, if the component
previously advertised nemfinite credits only. Since the CCIX VC advertises infinite Completion credits, these
types of TLPs will not updateedits.Type 1 Vendor Defined Messages on the CCIX VC that are not CCIX PCle
Compatible TLPs are permitted to be optionally logged as an error. The determination of whether to log or not is
done by implementation specific means.

Figure4-8 shows the processing flow foeceivedOptimized TLE These requirements are in addition to the
appropriate standard proessing flow for received TLPSe thePCIExpress Base Specificati@ection 2.3
Handling of Received TL{seReference Documenkaind should bgerformed afterthe TLP checks specified in
that section.

CCIX Optimized TLP Processing

h 4

Perform

Bit 7 of ByteD ==0b

Typ€0] ==0b

No
Yes l
l Y

Process UR
(recommendegior
Malformed TLP

Process
Optimized TLP

Process
Malformed TLP

Figure4-8: Optimized TLP Processing Wlo

Optimized TLP checks include Bit 7 of Byte 0, Type [0] state (as sheigoriev-8) and optionally, valid

Length[6:0] with the corresponding data payload. Bit 7 of Byte 0 must be zero. Receiving an Optimized TLP with
a nonzero value for Bit 7 of Byte 0 is reported as afbtahed TLP. The Type bit must be zero. Receiving an
Optimized TLP with a narero value for the Type bit is reported as a UR error (recommended) or a Malformed
error (permitted). Only a valid Optimized TLP shall be forwarded to the CCIX VC storage.
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4.2.5 Transac tion Ordering Rules

TheCCIX Transaction Layer shall follovapfilicablerequirements inthe PCI Express Base Specificafiimn
Transaction Ordering rules

Under normal operating conditionthe CCIX VC will only transmit and recesitber PCle Compatiéd TLP®r
Optimized TL® These TLPs utilize the Posted Credit category.

On a CCIX VC, a Posted Request is not allowed to pass another Posted Réqtiest.ordering scenarios
involving NorPosted Requests or Completicear® not expected to be handlday a CCIX VC.

4.2.6 Virtual Channel (VC) Mechanism

The CCIX Transaction Layer shall follow all the requiremetite PCI Express Base SpecificatoorV/irtual
Channel Mechanism.

The VC Mechanism makes no distinction between a PCle VC and a CCIX VC.

TheCCIX VC is configureidthe PCle VC Resource Control Register associated with the VC Resource Capability
register that is identified by th&ransactionLayerCapabilities. CCIXVCResourceCapabilitfighdiex

It isrequiredthat a uniquenon-zeroTraffic Cass (TC) is mapped to the CCIX VC, and that CCIX TLPs receive
differentiated QoS with respect to RCILPs by usef this unique TC throughout the RClierarchy of

connected components as describedfie L Y LI S Y Sy (i I TEGVC2Map ib 2RTCE® Interavect Hierarchy
GAGK t/ LS FYR //L- 5S@A0Sa¢d

£§ IMPLEMENTATION NOTE
VC Arbitratiorg, Arbitration between VCs

Strict Priority for CCIX V8oftware may configure the supported VCs into two priority groups. The lower priority
group may contain all non CCIX W@isile the upper priority group contains just the CCIX VC (highest VC ID),
enabling minimal latency for CCIX transactions. There is however a potential danger of bandwidth starvation
with such a strict priority scheme.

It is therefore recommended that CCimplementations sgExtended VC Count == Low Priority Extended VC
Coun) in the VC Extended Capability, Port VC Capability Register 1, so that all VCs (including the CCIX VC) are
governed by the VC arbitration schemes indicated by the VC Arbitraticado@ifypfield. The VC Arbitration

Capability may support additional arbitration discipline that on average allows achievement of strict priority,
while at the same time, allows starvation free operation for lower priority traffic. The choice of arbitration

scheme supported is an implementation choice.

Please refer tahe PCI Express Base Specificatiection 6.3.8seeReference Documen)gor more
information regarding VC Arbitration.
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zﬁ IMPLEMENTATION NOTE
TGVC Map in a PCle Interconnect Hierarchy with PCle and CCIX Devices

In a PCle hierarchy conténg both PCle and C@XvicesCCIX traffic must receive differentiated QoS vs. PCle
traffic, and not have any ordering dependencies with PCle traffic through the PCle hierarchy. This can be
achieved by associating CCIX traffic to a unique TC that is carried on its own W/€etegbich is not shared

with other TCs throughout the path between the CPU and the CCIX dEigaee4-9 shows an example of a
possibleTC to V@napping.

PO ExpressVC

Qaaxve ™| w0
B2
§g
PQe Switch @ |
Sgee
Switch Logic
™ © ™ <
I 8 I B I B 1
BREPR B g
e : :
@ S © @ I
BB é B
Endpoint/ Endpoint/
aax aax Endpoint

Figure4-9: PossibleTC to V®/apping

4.2.7 Transaction Layer Flow Control

The CCIX Transaction Layer shall follow all the requiremetiie PCI Express Base Specificafwri-low
Control with exceptions that apply only to the CCIX VC behavior

The CCIX VC shall initially advertise infinite Completion Credits, and shall not transmit Completion Flow Control
Credit Updates.

4.2.8 Data Integrity
The CCIX Transaction Layer shall follow all the requiremetiie PCI Express Base SpecificafiwrData

Poisoning mechanisms. PCle Data Poisoning is not supportdgetfoptimized TLP format.
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If supported, the CCIX Transaction Layer shall follow all the requiremeahtsRC| Express Base Specification
for Endto-End CRC (ECRC) based Data Integrity mechanisms. ECRC is not supported for the Optimized TLP
format.

Refer toSection6.2.10, Downsgam Port ContainmenBCl Express Base SpecificafionDPC considerations
(seeReference Documenis

4.2.9 Completion Timeout Mechanism

TheCCIX Transdon Layer shall follow all the requirementstire PCI Express Base SpecificatiwrCompletion
Timeout, with an exception thahey apply only to the CCIX VC behavior.

TheCCIX VC excharggemly CCIX TLPs that use the Posted Credit category. Hence eGampimeout
requirements shall not be applicable tioe CCIX VC.

4.2.10 Link Status Dependencies

TheCCIX Transaction Layer shall follow all the requiremeriteiRCI Express Base Specificaftoriink Status
Dependencies.

4.3 CCIX Data Link Layer

4.3.1 REPLAY_TIMER Limits for 20.0 GT/s and 25.0 GT/s

Implementations that support 20.0 GT/s or 25.0 GT/s must us&thplified REPLAY_TIMER Limits specified in
the PCI Express Base SpecificatBattion 3.6.2.1(seeReference Documeni$or operation at all data rates.

4.3.2 AckNak LATENCY_TIMER Limits for 20.0 GT/s and 25.0 GT/s

Implementations that support 20.0 GT/s or 25.0 GT/s must use the AckNak _LATENERYLinnlis specified in
the PCI Express Base Specificafi@ble 310 (seeReference Documenksvhen operating at 20.0 GT/s or 25.0
GT/s data rates.

4.4 CCIX Physical Layer Logical Block

4.4.1 Introduction

The Physical Layer isolates the Transadt@yerand Data Link Layers from the signalkieghnology used for
Link data interchange. The Physical Layer is divided into the logical and electribldcig CCIX Transport
Specification extends botlogical and electrical sublocks as specified the PCI Express Base Specificattme
Reference DocumenksThis chaptespecifiegshe CClXogical sukblock requirements, whil Chapter Scontains
the CCl)€lectrical subblock requirements.
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4.4.2 CCIX Logical Sub -block

CCIX Physical Layer optionally extends the Pi@jsical Layer, adding 20.0 GT/s an® Z51/s data rates. CCIX
devicesthat optionally support Extended Data Rates must support both 20.0 GT/s and 25.0 GT/s date rates of
operation in addition to all required data rates supported by a 16.0 GT/s capalll&xpress Base Specification
compliant device.

4.4.2.1 CCIX Extended Speed Mode (ESM)

A CCIX device optionally supports Extended Data R&IEEIX device that supports Extended Data Rates enters
ESM when it is instructed to transition tme ofthe extended data rates vikhe ESMControl. ESBhable bit
transitioning from Ob to 1pwhen operating at 2.5 GT/s or 5.0 GT/s. Once entered, ESM rules redefine the data
rate for the 8.0 GT/s and/or 16.0 GT/s speeds, to ESM Data RateO and ESM Data Ratel respectively.

A CCIX port must exit ESMlowing fundamental reset, link down reset, bt reset event and return to PEI
mode.Function Level Reset (FLR) does not affect ESM.t®BO0 transition events do not affect ESM.

4.4.2.2 CCIX PHY Types

A CCIX device must support one of tldYTypesPCl Exess 16.0 GT/s capahbe Extended Data Rate (EDR)
Table4-2 shows theData Rates and Operating Modes that must be suppdoite@achPHYType.

PCIl Express.0 GT/s capablPHY

e APCI Expresks.0 GT/s capableHYmust be compliant witlthe PCI Express Base Specificadiod
support 16.0 GT/s operation.

e Figured4-10shows data rate transitions supported By Cl Express 16.0 GT/s capdtitey

Components implementing the PCI Expré89 GT/s capableHYmusthardwirethe
CCIXTransportCapabilities. ESMModeSupporteith IICIX Transport Capabilitregister to Ob
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EDR

f PCI Express Mode \
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< > Pre& Post Equalization Transitions

Grmmmmmee e > Post Equalization Transitions

Figure4-10: PCI Express 16.0 GTapablePHY

EDRPHYType must supporthe capabilitiesof aPCl Expresks.0 GT/s capable PHa¥ well asupporting
the 20.0 GT/s and 25.0 GT/s data rates.

Thelnitial LinkUp Phase is compliant withe PCI Express Base Specificatiotiowed by the ESM
Phase.

In the Initial LinkJp Phasethe link transitions to 16.0 GT&peed followed by Flow Control
Initialization (DLCSM in DL Active).

TheESM Phase that follows continues to use the PCI Exbpi@s3 raining and Status State Machine
(LTSSWstates for Data Rate transitions to 20.0 GT/s aO2a5T/s, as well as other important functions
(such as landane deskew at new data rate(s) etc.).

Figure4-11 shows data rate transitions during E$M Yoperation. Transitioabetween P@& and ESM
Modes only occuwhen operating aR.5 GT/s or 5.0 GT/s data rates.

A new softwarebased method is defined the ESM Phase to select and change ESM Data Rates.

Components implementing the EPRIYType mushardwirethe
CCIXTransportCapabilities. ESMModeSuppdiieth 1b (seeTable6-61).
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Figure4-11: Extended Data Rate PHY

Table4-2: CCIX PHY TypesGperating Modes

CCIX Physical Layer Logical Block

Extended Speed Mode \

Pre& Post Equalization Transitions

Post Equalization Transitions

PHY

Type

PCle Mode ESM Mode
PCI Express 16.0 GT/s 2.5 GT/s Not Applicable
capable 5.0 GT/s Not Applicable
8.0 GT/s Not Applicable
16.0 GT/s Not Applicable
Extended Data Rate 2.5 GT/s 2.5 GT/s
(EDR) 5.0 GT/s 5.0 GT/s
8.0 GT/s ESM Data Rate0
16.0 GT/s ESM Data Ratel
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4.4.2.3 ESM Operation

The s$eps involved in ESM operation are described below. RefBigore6-78, Figure6-79, Figure6-80, Figure
6-81, and Figure6-82; the corresponding definitions iMable6-62, Table6-63, Table6-64, and Table6-65,
respectively.

1 Step 1- PCle Compliant Phase

a
b

c

ThePhysical Link is fully compliantttee PCI Express Base Specification
Initial transition to LTSSM LO state operating at 16.0 GT/s Data Rate.

LinkUp to DL_Active state and Flow Control Initialization is complete.

2 Step 2- Software-based discovery and PHY Calibration in L1 state.

a

System SoftwareSSW) probes configuration space to determine whether the CCIX Transport DVSEC
capability Section6.3) is present and the ESM Mode Supported b&es in boththe Downstream Port
(DSP) anthe Upstream Port (USP). When these conditions are met in both USP &ngotS, SSW

uses LinkControl2.TargetLinkSpeed in the @3RNnsitionthe link to 2.5 GT/s data rate. If either DSP or
USP does not support the CCIX Transport DVSEC or ESM Mode, then an ESM transition must not be
initiated, and remaining steps are notkian.

SSW determines the Link Reach Tar§bbrt Reach (SR) or Long Reach 8degrding to the
CCIXTransportCapabilities. ESMPHYReachLengthCapability bit on both USP and DSP, as well-as platform
specific channel capability (whether SR or LR compliamd)sets the LinkReachTarget,lbidr SR or LR
accordinglyon both the USP and the DSP

SSW reads ESMControl.LinkReachTarget (SSW must configure this bit before entering ESM Operation)

on boththe DSP anthe USP. If LinkReachTarget is Ob (Short ReachytbrdsP and USP, SSW Clears
ESMControl. ESMExtendedEqualizationPhase2Timeout and

ESMControl. ESMExtendedEqualizationPhase3Timeout on both the USP and the DSP. If LinkReachTarget
Ada Mo o6[2y3 wSIFEOKO 2y SAGKSNI GKS 5{t 2N idKS | {tzx
ESMControESMExtendedEqualizationPhase2Timeout value and writes the corresponding value into the
5{t Qa4 9{a/2yiNRf ®d9{ a9EGiISYRSROIljdzl ftATIF{GA2YytKI&aSHCA
ESMControl. ESMExtendedEqualizationPhase3Timeout value and writes the correspahgirtgthe

'{t Q& 9{al/2yiNRf ®9{ a9EGSYRSROljdzr t ATFGA2YtKIFI&So¢A

SSW reads the Supported bits in the ESMMandatoryDataRateCapabilities and
ESMOptionalDataRateCapabilities registers in DSP and USP, and determines the appropriate data rates
to be programmed into the ESMControl. ESMDataRate fields. The actual data raeggdisalgorithm

is platform specific.

SSW sets the selected data rates in the ESMControl. ESMDataRate fields. When setting the ESMDataRate
fields, the rules specified fBection6.2.2.5 must be followed. Changing the values of either

ESMDataRate0 or ESMDataRatel from their previous values (including from No Speed) must force an
entry into the Equalization states in Step 3 below.
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f SSW reads the CCIXTransportCdpiaisiESMCalibrationTime values on the DSP and the USP. SSW then
selects the maximum of the two capability values as the upper limit for time spent in the calibration
step.

g SSW reads and stores for later restoration, the values thé°RIdl1.1Enable PCIPM L1.2 Enable
ASPM L1.Enable ASPM L1.2 Enahibéts in theL1 PM Substates Controldgister, and the Enablglock
Power Managemernit of the Link Control registeithen clears those bits.

h SSW initiates the calibration step by Setting the ESMCbE8MPerformCalibration bit on the DSP and
the USP.

i SSW then drives the link to the L1 Low Power State, using the PCI Express sofiwaged Power
Management PCl Express Base SpecificatBection 5.6.2) (PPM) mechanism.

i. A transition to the L1 state ay be optionally used to calibrate the PHY logic for the data
rates programmed into ESMDataRate0 and ESMDataRatel.

il PHY calibration activities include, but are not limited to, PLL-igpiand stabilization, PLL
reprogramming and reset, transmit lasi@ne deskew etc.

iii. Device hardware performs calibration and Sets the ESMStatus.ESMCalibrationComplete bit
when calibration is complete.

J.  SSWdrives an exit fronthe L1 Low Power State using the PPM mechanism, aftetirtteout specified
by ESMCalibraticfime(Step(f) above)has expired.

k. On exit from L1 stat&sSWmustcheckthat the ESMStatus.ESMCalibrat@mmpletebit is Set on both
the DSP and USE ensure thathe ESM calibration step is completetheé ESMCalibratiddompletebit
is Clearon eitherthe USP othe DSPSSW does not execute the rest of tB8M transitionanerror is
logged by SSW in an implementatispecific mannerandthe physical layer remains in PCle mode at
the 2.5 GT/s data rate

.  SSW restores the bits that were cleared in step 2g.

m. SSW&tsthe ESMControlESMEnableit on boththe DSP anthe USP. LTSSM variables retiio 8.0
GT/s and 16.0 GT/s equalization must be remapped for ESM Data Rate0 and ESM Data Ratel
respectively, and they must be reset at this polaualization statsi bits pertaining to 8.0 GT/s in the
Link Status register are reset and now are used for ESM Data Rate0. Equalization status bits pertaining to
16.0 GT/s in the 16.0 GT/s Status register are reset and now are used for ESM Data Ratel.

n. If LinkUp isSetafter aHot Resetevent on the linkSSWmay optionally sethe
ESMControlQuickequalizatioTimeouSelecftfield on boththe DSP anthe USPBefore setting the
ESMontrolQuickqualizationTimeo8electfield, SSW must first read the
CCIXTransportCapabilities. ESMQuickEqualiZatiweoutfield on both the USP and DSP, and select the
greater of the two encoded values. SSW will then program that value into the
ESMControl.QuickEqualizationTimeSatectfield on both the USP and the DSee the
ESMControl.QuickEqualizationTimeoutSelect figlscriptionand the Implementation bite 6ESM
Control Register Quick Equalization Timeout SelectéRiedd follows.Implementationsare permitted
to use the Quick Equalization mechanism to redpialiation due to correctable errors detected on the
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link orfor other reasonsUse of the Quick Equalization mechanism is prohibited.inkUp after a Cold
Reset, Warm Reset, Link Disable and Link Down Reset events.

3 Step 3-Link transition to selected ESMdia Rates

a SSW sets LinkControl2.TargetLinkSpeed to 0100b (Supported Link Speeds Vector bit 3), on the DSP, and
sets LinkControl.LinkRetrain on the DSP.

b At this point, a Data Rate change occurs based on PCI Express LTSSM.

¢ The following LTSSM states have iesodified. These changes are applicable to Data Rate transitions
beyond those specified ithhe PCI Express Base Specification

i. Recovery.Speetd TSSM Stat@Cl Expre€BaseSpecificatioi

i.  The Transmitter enters Electrical Idle and stays there untiRbeeiver Lanes have entered
Electrical Idle, and then additionally remains there for at least 800 ns on a successful speed
negotiation (i.e., successful_speed_negotiation = 1b) or at least 6 yus on an unsuccessful speed
negotiation (i.e., successful_speedgotiation = 0b), but stays there no longer than an
additional 2 ms.

ii. Recovery.Equalizatio(PCl Express Base Specification

i. Downstream Lanes, Phase 2 of Transmitter Equaliza®iGh Express Base Specificati®erction
42.6.4.2.1.2,changethefiha W9t 4SQ Ofl dzaS FTNRY wotfasSs ySEI
ms timeout with atoleranceof1 Y& FyR bn Yao®oQ G2 wofasS AT (K
than 16.0 GT/s, next state is Recovery.Speed, after a timeout, as indicated by
ESMControl. ESMHalizationPhase2Timeout, else next state is Recovery.Speed after a 32 ms
timeout with a tolerance of0 ms and +4 m&

ii. Downstream Lanes, Phase 3 of Transmitter Equaliza®iGh Express Base Specification
{ SOGA2Y noOHDPc dn dH dPmdDS TONKE W 3B ((1KPB:  yF SHIG WOt 145
a 24 mstimeout with atoleranceefi Y& FyR bH YaoQ G2 wotasS AF
than 16.0 GT/s, next state is Recovery.Speed, after a timeout, as indicated by
ESMControl. ESMEqualizatidr@Be3Timeout, else next state is Recovery.Speed after a 24 ms
timeout with atoleranceofn Y& YR bH Y&aoQ

iii. Upstream Lanes, Phase 2 of Transmitter Equalizai@h Express Base Specificat®action
noHdc dn dH PH Do X OKI y IS, riex SatefislRacoverWSpeedl &fter a4 | dza S
ms timeout with atoleranceofi1 Y& F YR bH Yao®oQ G2 wofasS AT (K
than 16.0 GT/s, next state is Recovery.Speed, after a timeout, as indicated by
ESMControl. ESMEqualizationPhase2Timeslsg next state is Recovery.Speed after a 24 ms
timeout with atoleranceofn Y& | YR bH YaoQ

iv.  Upstream Lanes, Phase 3 of Transmitter Equalizafi@h Express Base Specificatifection
noHdc PndHPH OnY OKFy3aAS (KS TsRegcbvery.Speet dftéra 320t I dza
ms timeout with atoleranceofn Y& YR bn YaoQ G2 Ww9ftasS AT (K
than 16.0 GT/s, next state is Recovery.Speed, after a timeout, as indicated by
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ESMControl. ESMEqualizationPhase3Timeout, else neagtistRecovery.Speed after a 32 ms
timeout with atoleranceofn Y& YR bn YaoQ

d When the data rate programmed in ESMControl. ESMRatelis achieved, and whelninkUp is
achievedafter aHot Resetevent and SSW has previously programmed the
ESMControQuickEqualizationTimeo&elecffield to a value greater than 000b, then SSW must clear the
ESMontrolQuickEqualizationTimeo8etlecftfield by programming it to 000b on both the USP and the
DSP.

4.4.2.3.1 ESM Operational Mechanisms

On entering ESM mode, actions assamiatvith Symbol 4 of PCl Express TS1 Ordered Set and TS2 Ordered Set
changeas shown inrable4-3. Actions associated witBit 3 and Bit 4 of Symbol 4 gperformedaccording to
the requirements ilPCl Express Base Specification

By programming one of the supported data rates iB®MCantrol. ESMDatRate0/1 fields, the hardware must
take the appropriatadatarate change actions as required by tAE€I Express Base Specificatextept that the
target data rate is governed by the value programmed th®w ESMDatRate0/1 fields.

Section6.3.5.1specifies additional rules governing prognaing of ESMDaRate0/1 fields.

Unless otherwise specified, ESM Data Rate 0 features use thedegfinition for 8.0 GT/s operation in tHeCl
Express Base Specification

Unless otherwise specified, ESM Data Rate 1 features use the feature definition for 16.0 GT/s operation in the
PCI Express Base Specification

e Whenin ESM:

o0 Atthe 20.0 GT/s or 25.0 GT/s data rates, EIEOS shall be transmitted and received asrd€&éhkd
4-4 andFigure4-12.

o0 Control SKP Ordered Set® required tobe transmitted and received whehe link is operatingn
ESM Data Rata@nning at 16.0 GT/s only. Control SKP Ordered Sets must not be transmitted or
received at all other ESM Data Rate0 speeds

0 Lane Margining at Receiver as defined inB@& Express Base Specificaigrermitted when the
link is operating at 16.0 GT/srcesponding to ESM Data RateO.

o Lane Margining at Receiver as defined in & Express Base Specificatmst be supported in
ESM Mode for data rate settis@f 20.0 GT/sand 25.0 GT/s, with the redefinition that ESM Data
Ratel replaces 16.0 GT/s in thtated requirements

0 When transitioning from ESM Data Rate0 to ESM Data Ratel speeds, 8 GT EQ TS2 Ordered Sets mus
be transmitted and receiveds done in thé>Cl Express Base Specificatiection 4.2.6.2.1(see
Reference Documenkfor an8.0 GT/s to 16.0 GT/s data rate change.

s ElectricalCompliance tsting uses LTSSM states and mechanisms defined PGh&xpress Base
Specification
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o ElectricalCompliance tesprocedureswill depend onmplementationspecific mechanism®twrite
and readthe ESMControl and ESMStatnegjistersin the Transport DVSEC.

o Complianceelated additions are required in the following LTSSM states.
- Polling.Compliance

A When n Polling.Compliance operating at the 2.5 GT/s Data Rate withearipbasis
Level =3.5dB, a transition to Detect.Quiet must occur if all of the following
conditions are true:

o ESMControl. ESMCompliance is Set
o0 ESMControl. ESMPerformCalibration has beendeting this process
0 An exit from Electrical Idle is detected on any configured lanes

- Detect.Quiet

A On entry into Detect.Quiet, if ESMContEEEMCompliancis Set, thel2 ms timer is
held in reset, the Electrical Idle input is ignoradd PHY Calibratioa performed.

A When PHY Calibration is complete, the 12 ms timer and Electrical Idle inputs are
enabled.

Table4-3: PCI Express TSx Symbol 4 Description

Symbol | PCI Express Compliant Phase ESMPhase

Number _ .
Description Description

4 Data Rate Identifier Data Rate Identifier
Bit 0¢ Reserved for future Data Rate Bit 0¢ Reserved for future Data Rate
Bit 1¢ 2.5 GT/s Data Rate Supported. Must be set to 1b. Bit 1¢ 2.5 GT/s Data Rate Supported.
Bit 2¢ 5.0 GT/s Data Rate Supported. Must be set to 1b if Bit| Must be set to 1b.
1b. Bit 2¢ 5.0 GT/s Data Rate Supported.
Bit 3¢ 8.0 GT/s Data Rate Supported. Must bets 1b if Bit 4 is| Must be set to 1b.
1b Bit 3¢ ESM Data RateBupported Must
Bit 4¢ 16.0 GT/s Data Rate Supported. be setto 1b if Bit 4 is 1b
Bit 5¢ Reserved for future Data Rate Bit 4¢ ESM Data RateSupported
Bit 5¢ Reserved for future Data Rate
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Table4-4: Electrical Idle Exit Ordered Set (EIEOS) for 20.0 GT/s, 25.0 GT/s Data Rates

Symbol Numbers | Value | Description
0, 1,2, 3,8,9,10,11| 00h Symbol 0: EIEOS Identifier
A low frequency pattern that alternates
betweenthirty-two Os andthirty-two 1s.
4,5, 6, FFh A low frequency pattern that alternates
7,12,13,14,15 betweenthirty-two 0s ancthirty-two 1s.
Time=0UI
Time=2Ul Time=34 Ul ~ Time =98 Ul
1‘0 o‘o‘o‘o‘o‘o‘o‘o 1‘1‘1‘1‘1‘1‘1‘1 > 1‘1‘1‘1 1‘1‘1‘1
. —_— — — ) — [ -
Sync Symbols0, 1,2 and 3 Symbols4, 5,6 and 7 Symbols 12, 13, 14 and 15
- Unscrambled 128 bit Payload -
R —— Block —
Figure4-12: Electrical Idle Exit Ordered Set (EIEOS) for 20.0 GT/s, 25.0 GT/s Data Rates
4.4.2.3.2 ESM Operation Example
4.4.2.3.2.1 Initial Link  -Up to 25.0 GT/s ESM Operation
DP& UP DSP& UP
DP& UP DsP PHY Calibration aax bsP
ESM Support Link Control Reg Data Rate Link Link EM Mode Link Gontrol Reg
Check Retrain Link Update TollSate Exit L1Sate Update Retrain Link
Y Y vy v v
EM DaID:)%teoll‘ No Speed ‘ ‘16/25(:'|'ls ‘
o Mot ‘Ob ‘ ‘m
EM Datjas;teoll‘ No Speed 16/25Gl/'s
Bx/luﬁode ‘Ob i
EM Phase ‘ Initial Link Up : ‘ ‘ OJ;(BVI
s s | 0 Jro] mesest [mo| © | 0 [me| 0 [reo | reopeea| mem | 10| o |moses | mom [Ro| w0
DLCSM Sate ‘ ‘ ‘ ‘ ‘ ‘ LJ.Adive ‘
et ‘ ‘164067/5 ‘ ‘ ‘ ‘ ‘2.5G‘I’ls ‘ ‘ ‘ 160GT/s ‘ 250GTls
oy ! ! ! ! ! ! —

|
|

Calibration ‘ ‘ ‘ ‘ ‘ ‘ ‘
Zones 7 7 7 ]
|
i

Figure4-13: LinkUp to ESM 25.0 GT/s through ESM 16.0 GT/s data rate
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4.4.3 Retimers

Thissection defines the requirements for Retimers that are Physical Layer protocol aware and that interoperate
with a pair of Components and@mpliant channel on each side of the RetiniRetimers on CCIX links up to

16.0 GT/s Data Rates must be compliant to requirements specifie@lifexpress Base Specificatiection 4.3
(seeReference Documenj)sRetimers on CCIX links that support greater than 16.0 GT/s (EDR) Data Rates must
be compliant to requirements in this section.

Requirements for retimers supporting greater than 16.0 GT/s data rates are expected to be availatiesin
revisions of this specification.
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Chapter 5. Electrical PHY Layer

5.1 Introduction

A CCI®device must support one of twBHYTypes: PCl Expré&gPCled.0 or Ekitended Data Rate (EDR)

The PCI Expredsd PHY must be cgtiant to PCI Express BagegeSificationand support 16.0 GT/s operation.

The EDRHY must support capabilities present in PCI Express 4.0 PHY, as well as 20GT/s and 25GT/s by ESM

Data RatesTable5-1 shows the data rates that mube supported for each PHY type.

Table5-1: CCIX PHY Types and Operating Modes

PCI Express Mode ESM Mode
PHY Type PCI Express 4.0 2.5 GT/s Not Applicable
5.0 GT/s Not Applicable
8.0 GT/s Not Applicable
16.0 GT/s Not Applicable
Extended Data Rate (E[ 25GT/s 2.5 GT/s
5.0 GT/s 5.0 GT/s
8.0 GT/s ESM Datdrate0
16.0 GT/s ESM Data Ratel

EDR PHY has two different electrical variants to support the short reach link or the londgjmkaBDRPHY
should have the capability to configure the type of PHY through the regiite2:1 of CCIX Transport
Capabilities Register ifable6-61 should be used for this purpose

5.2 EDR25 -SR Electrical Specification

The EDR25R electrical specification applies to the short reach application of ESM Data ratesAk &ifch
are 20GT/and 25GT/s.

5.2.1 General Specification

5.2.1.1 Line Rate

EDR2E55R PHY for the high speed must support 20GT/s and 25GT/s.

5.2.1.2 Line Coding

EDR25SRPHY for the high speed uses 128b/130b coding, same as PCle Gen3 and Gen4.
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5.2.1.3 Crosstalk

Crosstalk defined in EDR high spspdcification is contributed from the elements such as connector and PCB of
componentto-component channel. It should be minimized and at least less than the specified number which is
defined informatively through Integrated Crosstalk Nqik&lN from CER8GSR standard.

5.2.1.4 Baud Rate Tolerance

EDR25SRPHY is required to operate with common clock and tolerate up 4806/ ppm from the nominal baud
rate without spread spectrum clock.

Spread Spectrum Clo¢RSC) is allowed for common clock operation.

SeparateReference Clocks with Independent $SRIS) system will be added in future revision as an optional
feature.

5.2.1.5 AC Coupling Capacitor

EDR255Rlink requires AC coupling only. The AC coupling cap value is 176nF to 265nF and its placement is
determined by tle form factor specification.

5.2.1.6 Target Bit Error Rate

The target Bit error rate in EDR3Hink is 1.0EL2. All jitter calculatioaand compliance testmust use 1.08.2
target BER.

5.2.1.7 Reference Model

The EDR High Speed common reference model is defifflédure5-1. EDR2E5Rlink has four reference points
at both die pads and BGA balls. The socket is included in the package.

TbaJI G]annel RvaH Rjie Q
PCBoard, Connector H(g )

Figure5-1: Reference Model of EDRZ3R Link
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Figureb-2 shows reference points o downstream direction dEDR25SRlink.

RX
Component

Reference Point Rball

@
5
o
-
=
5
a
@
o
c
2
2
7]
o

X
Component

Reference Point Tdie
Reference Point Thall

Figure5-2: Reference Points on a downstream direction of EDFSS link
5.2.2 Transmitter Specification

5.2.2.1 Driver Termination

EDR255RPHYdoes not specify differential source termination at the driver as long as the TX return loss
specification is met.

5.2.2.2 Differential Return Loss of Transmitter
The transmitter differential return loss atakincluding package and socket is givefrigure5-3.

50MHz 1.25GHz  2.5GHz Line Rate / 2
T I

RL(dB)

-10

-12

-14

-16

Freq (GHz)

Note: Reference impedance is 1000hm

Figure5-3: Transmitter Differential Return Loss Mas$&r EDR28SR PHY
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5.2.2.3 Common Mode Output Return Loss

The common mode return loss fogafincluding package and socket is givefrigure5-4. To attenuate nois
and absorb even/odd mode reflections, both transmitter and receiver is required to satisfy the Common Mode
Return Loss requirement.

50MHz 1.25GHz  2.5GHz Line Rate/ 2
0 [ ] ] .
o :
2 1 L] PPN N RN R P R P N AP
i Gz
4 — : :
s
i p— R T
RL(dB) .
8 —]

-10 —

12—

14 —]

-16

Freq (GH2)

Note: Reference impedance is 250hm

Figure5-4: Transmitter Common Return Loss Mafik EDR2ESR PHY
5.2.2.4 Transmitter PLL Bandwidth and Peaking

Table5-10defines transmitter PLL bandwidth and peaking

5.2.2.5 TX Voltage Parameters

5.2.2.5.1 Signal Definition

The signal definition in EDR3R PHY reuses voltage level definitiogction8.3.2 of the PCI Express Base
Specificatior{seeReference Documenis

5.2.2.5.2 Transmitter AC Specification

The transmitter electrical specifications are give able5-2. The measurement of these parameters in EDR
High Speed must support the methodoldgyXction8.3 of the PCI Express Base SpecificatgmeReference
Documents.
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Table5-2: The Electrical Specification at Reference Poipdi T

Characteristic Symbol Condition Min. Typ. Max. Unit
Differential peakpeak Tx VIXDIFFPP Measured with 800 1300 mVpp
voltage swing for full swing compliance test log
operation
Differential peakpeak Tx VIxDIFFPRLOW Measured with 400 1300 mVpp
voltage swing for low swing compliance test log
operation
Minimum voltage swing VIxEEOSS 250 mVpp
during EIEOS for full swin
signaling
Minimum voltage swing VIxEIEORS 232 mVpp

during EIEOS for reduces
swing signaling

Pseudo package loss of ro{  ps21rxroomEvice 7.0 dB
complex device (Informative

Pseudo package loss of R0 pS2IrxnNoNROOTDEVICE 2.0 dB

root complex device
(Informative

Note: All of measurement should be referenced to 1000hm termination

5.2.2.5.3 Transmitter Equalization

The EDR25R transmitter must support the equalization by usirigBFIR.

The transmitterequalization of EDR25R PHY reuses the speaifion of 16.0GT/s ifection8.3.32 of the PCI
Express Base SpecificatiseeReference Documenks

The control feature of each cursor is required fordréver option.

5.2.2.5.4 TX Equalization Presets

The EDR High Speed transmitter must support the full range of presadstion8.3.3.3 of thePCIl Express Base
Specificatior{seeReference Documenis

The initial TX Preset must be set to achieve a minimum BER ef 1o0Bhase 1 oRecovey.Equalization. The
methodology in Section 4.7.6 of tiCle 4.0 CEBbecification is a good practice to achieve the minimum BER
when the interchangeable adéh card slot is implemented for a CCIX system.

5.2.2.5.5 Measuring Presets at EDR25 -SR PHY

The methodology to measure transmitter presets is definefeiction8.3.3.5 of thePCl Express Base
Specificatior{seeReference Documenkswhere 160GT/s Presemneasuremenis specifiedThe presets shall be
measured at EDRZSR PHY rates.
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5-2.2-5-6 EIEOS and V TX -EIEOS -FS and \/ TX -EIEOS -RS lelt

The EIEOS patterns at EDFEEESPHY consists of 32 consecutive ones followed by 32 consecutive zeros, where
the patternis repeated for a total of 128 UI.

Measuring Wxeieogsand Mixeieossis definal in Section8.3.3.9 of the PCI Express Base Specificafsae

Reference Documenkswhere 16.0GT/s measurement is spedfexcept for measurement interval. The
measurement interval is Ul numbesZB at 20 GT/s and 25 GT/s. The measured voltage level is averaged over
thisinterval over more than 500 repetitions of the compliance pattern.

5.2.2.6 TX Timing Parameters

5.2.2.6.1 Jitter Parameters

The jitter parameters in EDR High Speed must support the definition and methodvoingeetion 8.3.50f the
PCI Express Base SpecificatgmeReference Documenys

Table5-3 shows the jitter parameters in EDR3R PHY specification.

Table5-3: The Jitter Specification at Reference PoingT

Characteristic Symbol Condition 20 GT/s 25 GT/s Unit
Max Max
TX Uncorrelated total jitter Trxuts At 1.0E12 12.5 10.0 ps
TX Uncorrelated Dj for nen Trxupapp 5 4.0 ps
embedded Refclk
Total uncorrelated pulse width  Trxupwrs At 1.0E12 125 10.0 ps
jitter
Deterministic DjDD uncorrelatg  Trxupwpipp 4 3.2 ps
pulse width jitter
TX Random Jitter TrxRrJ Informative 0.36¢ 0.804 0.288¢ 0.643 ps rms
Parameter only
Laneto-Lane Output Skew Lrxskew 500ps + 8UI 500ps + 8UlI ps
5.2.2.6.2 De-Embedding the Breakout Channel for TX Jitter Measurement

When the TX jitter is measured at TP1, the replica channel can be useétolia the breakout channel.

The deembedding methodology is defined Section8.3.5.20f the PCI Express Base Specificatsae
Reference Documenkswhere 16.0GT/s dembedding is specified.
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5.2.2.6.3 Behavioral CDR Characteristics

A behavioral CDR of EDRZR PHY is thatlorder with 10MHz bandwith. The transfer function of thest
order CDR is defined &ction8.3.5.5 of the PCI Express Base SpecificatgmeReference Documenis

5.2.3 Receiver Specification

5.2.3.1 Receiver Termination

It specifies a nominal 100o0hm differential load termination at DC at the receiver. The scheme for the
termination needs to provide both differersi and common mode termination to effectively absorb differential
or common mode noise and reflections.

5.2.3.2 Differential Return Loss of Receiver
The receiver differential return loss atRincluding package and socket is givethim Figure5-3.

50MHz  1.25GHz 2.5GHz Line Rate / 2
|

'

S

RL(dB) B ; é/ﬁyé
12

10 e

12 —]

14—

-16

Freq (GH)
Note: The termination of the measurement is 1000hm
Figure5-5: Receiver Differential Return Loss Mafk EDR28SR PHY
5.2.3.3 Common Return Loss of Receiver
The common mode return loss fosadRincluding package and socket is givefigure5-6. Toattenuate noise

and absorb even/odd mode reflections, receiver is required to satisfy the Common Mode Return Loss
requirement.
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50MHz  1.25GHz Line Rate/ 2

PSS PP PSSP S P S,
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-16
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Freq (GH2)

Note: The termination of the measurement is 250hm

Figure5-6: Common Mode Return Loss Mafk EDR25SR PHY

5.2.3.4 Common Receiver Parameters

The common receiver parameters areliable5-4. EDR25R PHY mufollow the teg condition inSection8.4.3
of the PCI Express Base SpecificatgmeReference Documenis

Table5-4: Common receiver parameters

Characteristic Symbol Condition | Min. Typ. Max. Unit
Rx PLL bandwidth corresponding BWkxpkepLL1 2.0 4.0 MHz
PK@®RXPLL1
Rx PLL bandwidth corresponding BWkxpkepLL2 2.0 5.0 MHz
PK@®RXPLL2
Maximum Rx PLL peaking PKGrxpLLL 2.0 dB
corresponding to BWRRKGPLL1
Maximum Rx PLL peaking PKGarxpLL2 1.0 dB
corresponding to BWXPKGPLL2
Rxtermination float time RYeNDFLOAT 500 ns
Rx AC common Mode Voltage VRxcMAGP Measured at R 75for EH mVp
pins into a pai <100mVPP
of 50o0hm 125for EH >=
terminations tg 100mVpp
GND
Electrical Idle Detect threshold |  VerxipLepemirrer 65 175 mV
Unexpected Electrical Idle EntelTrxipLeDETDIFFENTERTIN 10 ms
Detect Threshold Integration Tim
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Characteristic Symbol Condition Min. Typ. Max. Unit

Lane to Lanskew Lrxskew 4 ns

5.2.3.5 litter Tolerance

The jitter tolerance is given ifiable5-5. The receiver sHhtolerate the calibrated stress eye and sinusoidal jitter
from the below table. The calibration of stressed eye must follow same methodol&ggtion 8.4.2of the PCI
Expess Base SpecificatiggeeReference Documenis

The jitter tolerance measurement in C&%G must follow the procedures 8ction8.4.2of the PQ Express
Base SpecificatiofseeReference Documenis

Refclk in jitter tolerance measurement must include the spurs from SSC forthédata SR / 5wd L (i Qa

applytriangular frequency modulation between 30 and 33kHz to common Rafdkfined inthe PCI Express
Base SpecificatiofseeReference Documenis

Table5-5: Jitter Tolerance Specification

Characteristici, Symbol Condition Min. Typ. Max. Unit

Sinusoidal Jitte  R_sj max 1 Ulpp
Maximum

Sinusoidal Jitter R_sj hf 0.1 Ulpp

High Frequency

The jitter tolerance mask is givenkgures-7.

Rsj_max f-——-——-——-—

20dB / dec

Rsjhf J-—-———_

| | | |
33kHz 400kHz 1MHz 10MHz 100MHz

Figure5-7: Jitter Tolerance Mask of EDRZR Receiver
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5.2.3.6 Receiver Stressed Eye Specification

All ESM Data rates of EDR PHY are required to be tested by a stressed eye over calibration channel which closely
approximates thavorst-case loss characteristic in the real GERKapplication. The recovered eye is defined at
TP2P which is at the input 6f K S NB OSABSNDa& FylFf23 € 10Ko®

5.2.3.6.1 Breakout and Replica Channels

Replica channel which is closely match to breakout channel of DUT board makes the measurement of the signal
Fd w- 51 ¢Qa LAY LRRaaAiAofSd ¢KS AYLISRI ihGe impddanEesii 2F N
breakout channel which can be either 100o0hm differential or 850hm with%/or better.

Figure5-8 shows the RX Test board topology for GEK The stressed eye needs to be measured at TP2 point
with external signal source. After the stressed eye has been calibrated, this signal is applied to DUT over the
breakout channel.

TP2P
Stressed Eye
Post processing:
- RxPackage
- RxEQ
. . - CDR
Calibration Channel RX TestBoard - Sj&DMI
h A
2s6ops (@ || @ |[[® @||® xT—«:»—7/—\
Pattem 15 @ [T =G @ || s |[®
Generatorl@,( ! 9@ () oy I () =
— Replica
Channel
cMmI ;é/‘,

Source (G || (@

o) B
Breakout
Channel RXDUT

Refclk

\

Figure5-8: RX Test Board Topology
Notel Reference boards are using 2.92mm connector to connect each test points.

Note2 All cables and discrete broadband termination are 50ohm.

5.2.3.6.2 Calibration Channel Insertion Loss Characteristics

Thecalibration channel loss specification reuses the definitiogeirtion 8.4.1.2 inof the PCI Express Base
Specificatior(seeReference Documenis

Table5-6 shows the loss range ttie initial calibration channel for EDRZERPHY
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Table5-6; Calibraton Channel IL Limits for CCGBR

ESMDataRate Fowi-min FLowiL-max FHiGHILMIN FHiGHIL-MAX
20.0 GT/HRoot Port 1.5dB@1 GHz 25dB@1GHz 12.5dB @LOGHz 13.5dB@ 10GHz
20.0 GT/Non-Root Port 2.0dB@1GHz 3.0dB@1GHz 18.0dB@ 10GHz 19.0dB@ 10GHz
25.0 GT/HRoot Port 1.5dB@1GHz 25dB@1GHz 12.5dB@ 12.5GHz 13.5dB@ 12.5GHz
25.0 GT/Non-Root Port 2.0dB@1GHz 3.0dB@1GHz 18.0dB@12.5GHz | 19.0dB@ 12.5GHz

Notel: Calibration channel plus RX reference package is 22dB nominally at Nyquist frequency which is
informative.

The impedance target of RX Test Board topology except for Replica channel is 850hm differential and 42.50hm
singleended with +/5% or better.

5.2.3.6.3 Post Processing Procedures

Section8.4.1.30f the PCI Express Base Specificatg@eReference Documeniss incorporated by reference.

5.2.3.6.4 Behavioral Rx Pack age Models

Separate package loss modate required to be used to represent theot complex device anthe end point
device inFigure5-8. The effective package loss reuses the definitio®ntion 8.3.3.110f the PCI Express Base
Specificatior{seeReference Documenks

If the actual Rx package performance is worse than that of the behavioral package, then the actual package
models are permitted to be used. If the actual package models are used, the calibration channieémus

adjusted such that the total Rx test channel loss describé&tigare5-8 including the embedded actual package
must be same with the loss including the behavioral package model. Note that form factor overall requirements
still need to be met. The Rx package parfance is assessed using the methodologseittion8.5.1.20f the PCI
Express Base SpecificatiseeReference Documenks

5.2.3.6.5 Behavioral CDR Model

Post pocessing should include a behavioral CDR model. EBRZPHY has a first order CDR transfer function
with 10MHz loop bandwidthas described in Section 8.4.1.5 of €| Express Base Specificafg@meReference
Documents.

5.2.3.6.6 Behavioral CTLE

EDR255R PHY has a first order CTLE with fixed poles and adjustable DC gain. For details on CTEEctiefer to
5.2.6.1.2

5.2.3.6.7 Behavioral DFE

EDR255R PHuYefines four taps DFE with the combination of a first order CTLE. For details on DFE tap size, refer
to Table5-11.
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5.2.3.7 Calibration Stress Eye for Jitter Tolerance

The stress eye for jitter tolerance test needs to be calibrated to present the receiver with the casest
situation. EDR High Speed must follive same methodology to calibrate thetressed eye for jitter tolerance
test inSection8.4.2 of thePCI Express Base Specificafsg@eReference Documenks

The reference receiver for ¢hcalbration procedures is defined Bection5.2.6

e Calibrated EH / EW30mV / 0.3UlI

Table5-7: Calibration Parameters fodtter ToleranceTest

Characteristic Symbol Condition 20 GT/s 25 GT/s Unit
Eye Width at TP2P TrxsT 0.3 0.3 ul
Eye Height at TP2P VRxsT 30 30 mV

Random Jitter TrxSTRI Note 1,2 0.75 (max) 0.6 (max) ps rms
Differential Noise Vrxoirent | Adjust to control EH 14 14 mVpp

Frequency = 2.1GH
Note 2, 3
Common mode Noise | Vrxcomwint |Defined as a single to 150 150 mVpp
at 120MHz. Measure
at TP2 without post
processing
Note 4
Minimum RX calibration| 1Skxisisrmin The minimum 16 16 dB
channel loss differential loss for S
calibration channel
from TP1 to THR2
Maximum RX calibration 1Skxisisrmax The maximum 24 24 dB
channel loss range differential loss for S
calibration chanel
from TP1 to TH2

Notel Rj is measured at TP1. The low frequency limit of Rj may be between 1.5MHz and 10MHz, and the upper limit is 1.0GHz
Note2 Both kxswiand \kxpierntare limited to prevent the stressed eye from excessive amount of jitter or noise distortion.
Note3 The frequency of¢piranTis chosen to be slightly higher than the first pole of the reference CTLE

Note4 Common mode noise is turned off duringskand \kxsrcalibration and then turned on for the stressed eye jitter.test

5.2.3.7.1 Procedure to Calibrate Stressed Eye

Same as that described in Section 8.4d.the PCI Express Base Specificatg@meReference Documen)sthe
goal of calibrating a stressed voltage/jitter eye is to present the receiver under test with simultaneously worst
case margins whose distortion characteristics are sirtolan eye produced by a real channel. Much of the
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distortion consists of the ISI produced by the calibration channetemental changes of differential voltage
from nominal values may be used to adjust the EH while the EW is post processed to evawabestcase of
Sj that will be used onto RX DUT test, which is different iePCl Express Base Specificafg@eReference
Documents.

The refeence point where EH/EW is defined corresponds to input to the receiver latch at 20.0 GT/s and 25.0
GT/s. Since this point is not physically accessible it is necessary to construct its equivalent by means of a post
processing procedure. A step response thas been averaged 1024 times at TP2 is first post processed in order
to mathematically include the additional signal distortion caused by the behavioral receiver package. As the
averaged step response is used, the stresses of differential voltages aeglton, but the stresses of jitters will

not be included and are turned off. Then the resulting signal is recovered by means of Rx equalization, and a
behavioral CDR function, resulting in an equivalent eye. The requirements for the waveform post prptmassin
used for the EH/EW calibration are described furtheaction5.2.3.7.3

As the calibration procedure of the signal generator output contains steps whergéanerator is connected
directly to measurement instrumentation, the transition time of the output waveform can be very fast.
Therefore, it is important that the bandwidth of instrumentation used to calibrate the generator be matched
appropriately to theedge rate of the generator output. This specification requires the use of a generator whose
outputs have less than 19ps rise time (20% / 80%) which also requires a minimum oscilloscope bandwidth of
32GHz. This oscilloscope bandwidth is also the minimwmired bandwidth for transmitter measurements.

The oscilloscope must have enough low noise floor up to the bandwidth of it and the measured step response
needs to show reasonable response in the frequency domain.

The loss of combiner at 12.5GHz includiagles from the output of generator to TP1 should be less than 2dB.
The 3dB cutoff frequency of combiner is required to be at least 20GHz.

Note that for the eye calibration process, the Tx equalization is fixed to the preset that gives the optimal eye
area with the post processing tool being used for calibration. Once the testing procedure is under way the Tx
preset may be adjusted to yield the best eye margins with the DUT. For calibration at ESM rates the following
process is used to calibrate the eye:

1. Calibrate the stress values as shown below at TP1:
a. Tx Differential Voltage Swing to 800 mV PP (+ 10 atvdV).
b. TX presets that specified in Tablé 81PCl Express Base Specificafg@meReference Documenits
within +/- 0.1 dB.
c. Sjby0.1Ul (4 ps) at 100 MHz. As the step response is used, this Sj is includegrtecessing tool.
d. Rjto 0.6 ps rms. As the step response is used, tisisnRjuded to posprocessing tool.
e. DMIto 14mV at TH2 As the step response is used, this DMI is included tepposessing tool.

2. Connect an initial test channel with selecting the ISI length that give a loss of TPPto TP2
a. The loss of an itial test channel for 20GT/s: 16dB-8-5dB at 10GHz
b. The loss of an initial test channel for 25GT/s: 16d8.5dB at 12.5GHz

3. Measure the eye diagram for each TX EQ preset using the calibrated TX EQ and select the TX EQ preset that
gives the largeseye area.
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E IMPLEMENTATION NOTE  : REQUIRMENT OF COMB INER

To combine the signal from pattern generator and DMI noise source either RF combiner or directional gpupler
can be usedFigure 59 is the recommended frequency mask for the combiner block.

Gb2YAYLE t2aaé YShrya 5/ 2N f2¢g FTNBljdzSyoe ft2aa |FHd f
and directional coupler has 0dB.

+2dB

Nominal Loss | (dB)

-2dB

12.5GHz 20GHz

Figure5-9: The frequency mask of combiner block

For all EH, E\Whd eye area measurements performed in receiver calibration the DC Gain in the reference
receiver CTLE is varied over its minimum to maximum range in 0.25 dB steps. This is done to improve
repeatability and accuracy in automated Rx calibration softwarckiamnly done for stressed eye calibration
(not for channel compliance, etc.)

4. Increase the calibration channel loss to the next available length/loss and measure the new eye diagram at
the selected preset. Continue to increase the length/loss until either the height or width have fallen below
the targets (EH 30 mV+/-3mV, EW¢ 0.3 Ul +/-0.0125U) then the previous calibration channel length/loss
is selected. Ifeitherthe height or width have fallen below the targets and the TP1 to Td38Rat 10 GHz for
20 GT/s and 2.5 GH#or 25 GT/das reached 280 dBthen advare to the next step.

5. For the selected calibration channel length/loss, measure the eye diagram for each TX EQ preset and select
the preset that gives the largest eye area. Note that this may be a different preset than step 3 due to the
length/loss changeAlso the noises in differential and common modes are calibrated as following:

6. For the fixed calibration channel length/loss and Tx EQ in step 5, adjusbRd Voltage Swing to make
final adjustments to the eye by sweeping them through the followingea:

a. Sjin posprocessing toot 4 to 8ps
b. DMkpzrin postprocessing toot Equivalent range withlQ) mV to 25 myDMlat TP2
c. Differential Voltage Swingt generator¢ 720 mV to 800 mV at TP1

The range of DMz in postprocessing tool is calculated BMI range at TP2 (10mV ~ 25mV) and the gain of
adapted CTLE. The following table can be used to map DMI angsOMI

DM'TPZP: DMI * 1(gGain_dB +Rxpkg_dB) / 20)
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Table5-8: The gain of adapted CTLE at 2.1Gé#B)

Adc fpl =2 GHz
-12 dB -2.592416763
-11 dB -2.531968322
-10dB -2.457045407
-9 dB -2.364524550
-8 dB -2.250782177
-7 dB -2.111698919
-6 dB -1.942708404

If the finalcalibratedSijis less than 0.1 Ul then the Rj level in post processingstaeduced so the eye width
meets the target eye width with 0.1 Ul ofrSpost processing tool
If there are multiple combinations of DMI and Voltage Swing that give valid solutions first pick the
combination that is closest to the target eye width3 U). The selected values must give a mean eye height
and width (over at least 5 measuremeiatexact number of 15 measurements needed for stable values will
depend on lab setip and tools) within the following ranges at BERL2E

a. Eye height 30 mV +/3 mV

b. Eye widthg 0.3 UI+/-0.0125 Ul

Figue 5-10 shows block diagrardor calibrating the stres=d eye for EDR2SR PHY. If the calibration set up with
the specific pattern generator and the oscilloscope cannot achieve calibration at thdispess range, this set
up is not valid and cannot be used for RX calibration procedliegse5-7 shows the loss range of RX calibration
for EDR25SR PHY.

1 1 1 1 1 1
Fixed TX EQ | 80 1 850 i1 850/100Q 1 i
' 1 ' 1 1 ' 1
l T|I:"| TP3 »TP4 TP5 TP6 TP TP8 TP2
25Gbps : — T | cam cle [0 | Replica |+ H Real-Time
Pattern Combiner : r{ Channel E i i i Channel : i Oscilloscope
Generator : ' ' CEM
Connector
v
Post processing:
- RxPackage
- RxEQ
- CDR
- Sj & DMI
_—i TP2P -—-
30 mV/0.3UI
at 1E-12BER

Figue 5-10: Layout for Calibrating the Stressed Jitter Eye at ESM Rates
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5.2.3.7.2 Procedure for Testing Rx DUT

Once a calibrated EH and EW have been obtained, the cable connectediaf-IdRi® 5-10is moved to TP90

that the Rx DUT is connected to the far end of calibration channel as shdviguire5-11. The cable from TP8

to TP2 during the calibration is not included to the Rx DUT test. So, the cable from TP8 to TP2 should be picked
carefully to have enough low lossHd GHz for 20 GT/s aid@.5 GHZor 25 GT/d0 be ignored or deembedded

during the calibration process.

1 I 1 | 1 I
Optimized TX EQ Lo 8Q ! 850 ! 1 85Q/100Q
1 1 1 1 1 1
L | 30mV/0.3Ul
T?H 2 S o4 TP e e —— | at 1E-12BER
25Gbps Combiner [T 1 " +|ceB ||| ce |1 ;| Breakout = |,
Pattern | E Channel : E : : Channel |
Generator A A CEM
A A Connector RX DUT
CMI DMI
. 4
Rj Dual-Tones
Source Sj Source

Figure5-11: Layout for Testing RDUT

The Tx equalization may then be optimized with the assumption that the DUT Rx will also optimize its
equalizaton. Sj is set to an initial value of 0.1 Ul at 100 MHz and the receiver CDR must achieve lock. The 100
MHz Sj initial tone is removed and then the appropriate swept Sj profile is tested. Also an additional Sj tone at
210 MHz is present for all testing. & amplitude of this additional tone is equal to the amplitude of the 100 MHz
Sj required to achieve the target eye width minus 0.1 Ul. If the calibration Sj level was less than 0.1 Ul then no
additional tone at 210 MHz is used. Receivers operating theeflk Rhode shall utilize the Sj profile shown in
Figure 836 inPCI Express BaSpecificatiorfseeReference Documenys

5.2.3.7.3 Waveform Post Processing Tool Requirements

The waveform post processing tool to calibrate EH/EW for RX stressed eye test must be consistent with the
channel compliance methodady inSection 8.5.10f the PCI Express Base Specificatg@eReference

Document3. This tool needs to be used during RX stressed eye calibration and themnanetes for using the
tool as follows:

V  The reference package model of Rx need to be embedded by either the oscilloscope or the post processing
tool.

V  All step measurements are done at TP2.

V A step pattern wittb12ones and zeroes is captured through thst tehannel by averaging 1024 times on a
real time oscilloscope. The step is saved with-axix resolution of 1 ps or less to be used as the transmit
waveform for the channel compliance methodology. The step pattern is captured with the calibrated presets
of TX EQ enabled at Generatdfhen the measured step is converted to the frequency domain by using
appropriate mathematical function, it is required to show reasonable frequency domain response

V A captured step is simulated in the post processing todl Wit EQ of the tool itself disabled. The equivalent
jitters and DMI areset in the tool at the same time.

V  For the preset that gives the largest eye area with the waveform post processing tool the EH and EW @ 1E
12 BER must match 30 m\£ #0% and @B Ul ++ 0.0125 UL
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A general flow for using post processing tool is shawfigure5-12.

Pattern Generator

1. 512onesand 512
zeroes (equivalent
19.53125 MHz for
20 GT/sand
24.4140625 MHz
for 25 GT/s)

2. Calibrated Voltage
Swing and Presst

Combiner

Real-Time
Oscilloscope

Calibration
Channel

A 4

—0_ )

. Embed Rx package

model (if available)

. Scale x-axis with 1

ps resoclution or less

. Capture the step

with 1024 averages

Post Processing
Tool

. Embed Rx package model

(if notimplemented at RT
scope)

. Disable Tx FFE of the tool

itself

. Set properjitter / noise

and CTLE /DFE

. Check simulated eye area

Figure5-12: General Flow for Using Post Processing Tool

5.2.3.8 Receiver Refclk Modes

CCIX supports Common CI¢EiC) mode onlykigure5-13 shows the Refclk connection for a receiver. A single
Refclk source drives both the external signal source and DUT.

100 MHz Common REFCLK

1 1 1 ! ! !
il TP1 TP3 TP4 TP5 TP6 TP9 v
Pp— ) . i 1S ; ; ; — Breakout RX DUT
oG Comoiner 1+ | Ghannel | | BB CLB | | Channel
1 1 1 ! ! !
A A 7 4~ CEM
Connector
X CMI DMI
Jitter
Source

Figure5-13: Layout for iiter Testing for Common Refclk Rx

5.2.4 PCle -Specific Specifications

5.2.4.1 Electrical Idle

Section8.4.5.50f the PCI Express Base SpecificagmeReference Documen)sis incorporated by reference.

5.2.4.2 Receiver Detection

Section8.4.5.70f the PCI Express Base SpecificafgmeReference Documenysis incorporated by reference.
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5.2.4.3 Receiver Margining

Section 8.4.4f the PCI Express Base Specificatg@meReference Documenjssincorporated by reference.

5.2.4.4 Link Training for TX EQ with Back Channel

Sectiord.2.3 of the PCI Express Base SpecificatgmeReference Documeniss incorporated by rierence.

5.2.5 Reference Clock Specification

The reference clock specification in EDISESPHY reuses the requirements for common reference clock (CC) in
Section 8.6 of the PCI Express Base Specificaf®geReference Documenis

5.2.5.1 Reference Clock Electrical Specification

Table5-9 shows the specification of reference clock.

Table5-9: Refclk Specification

Symbol Description Min. Max. Unit
Frefeik Reference Clock frequency 99.97 100.03 MHz
Fssc SSC Frequen®ange 30 33 kHz
TssEREDEVIATION SSC Deviation -0.5 0 %
TrEFCLK Residual Jitter Limit for CC using 2 pg 0.35 ps rms

without system noise

TREFCLK noise Residual Jitter Limit which can be use 0.5 ps rms
channel simulations to account for
additional noise in aeal system

TrRANSPORT_DELAY TXRX Transpordelay 12 ns

5.2.5.2 Reference Clock Compliance Measurement

EDR255R PHY must use same methodology to calculate the residual jitter of Refclkdontpkancen Section
8.6 of the PCI Express Base SpecificagmeReference Documenys

The jitter measurement of Refclk shall be made with a capture at least 100,000 clock cyctesiiree
oscilloscope with a sample rate of 206 8f greatr.

Broadband oscilloscope noise must be minimized in the measurement. The PLL and CDRTitielebii 0
should be applied to time domain raw dat@easurement.

SSC spurs from the fundamental and harmonics are removed up to a cutoff frequency of 2MHz taking care to
minimize removal of any ne8SC content.
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5.2.5.3 CDR and PLL Bandwidth and Peaking for Reference Clock
Compliance

CDR and PLL BW and Peakingdfarence clock measurement need to be defined and EEFRPHY reuses
the methodology irSections8.6.5.1 and.6.5.20f the PCI Express Base Specificaig@eReference
Documents.

Table5-10shows CDR and PLL BW and peaking of refefeXd@LRX PLL and CDR for ED82RFHY.

Table5-10. Common Refclk PLL and CDR Characteristics for EBRPHY

Peakingl = Peaking2 = Peakingl = | Peaking2 =
PLL#1 0.01dB 2dB PLL#2 0.01dB 1dB
BWey (min) wn = 0.448 Wy =6.02 BWoe (min) = Wy = 0.448 Wz = 4.62
=2 Mrad/s Mrad/s 2 Mrad/s Mrad/s
MHz =14 7,=0.73 MHz =14 Z,=1.15
BWpLL{max} Wny = 0.896 Wy = 12.04 BWPLL[max] = Wpz = 1.12 Wz = 11.53
=4 Mrad/s Mrad/s 5 Mrad/s Mrad/s
MHz =14 7,=0.73 MHz =14 %, =1.15
BWCDR(min]
=10
MHz, 1st 64 20GT/s
order Combinations 25GT/s

5.2.6 Channel Compliance

5.2.6.1 Channel Compliance Methodology

5.2.6.1.1 Using Internal EW/EH with reference receiver

TheEDR25SR PHY must follow same methodoltmgheck the chanmel complianceasdefined inSection8.5.1
of the PCI Express Base Specificafgm@Reference Documenys

Figure5-14 shows the key components amidocesses of channableranceat ESM rats. This flow must be
implemented in channel tolerance tools.
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Random Data
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Sep response Time
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EQ search Aggressor DFE statistical
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Figure5-14: Flow Diagram for Channel Tolerance at ESM Rates

Table5-11 shows reference receiver parameters for EDISESchannel compliancéxcrenis eye height for the
nominal channel.

Table5-11: Reference Reziver Parameters for Channel Compliance

Symbol Description Value Unit Note
VRXCHEH Eye heighait nominal channg 30 (min) mVpp Eye height at BER=12
Notel
TrxcHEW Eye width at zero crossing 0.3 (min) Ul Eye width at BER=112
TrxDSOFFSET PeakEH offset from Ul centq  +/-0.1 ul
Ri1_Ho H1 / HO Ratio 0.7 (max) The ratio between data cursor an
the 1st post cursor
VRxpFED1 Range for DFELccoefficient +/-30 mV
VRxDFED2 Range for DFE2coefficient +/-20 mV
VRXDEED3 Range for DFE3atoefficient +/-20 mV
VRrxDFED4 Range for DFEAccoefficient +/-20 mV

Notel The variation of channel must be considered in the simulation for channel compliance

5.2.6.1.2 Behavioral CTLE

TheEDR255R PHiehavioral Rx equalization definesdkder CTLE with fixed LF and HF poles, and an

adjustable DC gain A specified to the family of curves shownHigure5-15. Aocis adjustable over a minimum
range of-6 to-12dB in steps of 1.0dB. Transfer function of CTLE is shdwquationl.
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Equationl: Transfer Function for CCIX Behavioral CTLE of ESR2ZBHY
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Figure5-15: Loss Curves for CCBe¢havioral CTLE of EDR2R PHY

5.2.6.1.3 Behavioral Transmitter and Receiver Package Models
(Informative)

The behavioral package models are defined to represent the combined die and packagalites12:
Package Model Capacitances has the parasitic capacitances at die pin and BGA ball.
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Table5-12: Package Model Capacitances

Symbol Description Value Unit Note
Gin BGA Ball 0.25 pF
Goad Die-pad 0.25 pF

The package model which is used during SR channel compliance procedures must include the parasitic
capacitances iffable5-12 or the equivalent model.

5.2.6.1.4 Behavior Transmitter Parameters

Table5-13 shows jitter / voltage parameters of transmitter for channel compliance.

Table5-13: Jitter/Voltage Parameter of Behavioral Transmitter

Symbol Description 20 GT/g 25 GT/s| Unit Note
TrxcHURI TX uncorrelated RJ 0.494 0.395 psrms
TrxcHupiop TX uncorrelated DjDD 3 2.4 psp-p
TrxcHuPwRry Uncorrelated PW RJ | 0.607 0.486 psrms
TrxcruPwb) PW DDJ 4 3.2 psp-p Include parasitic die pad
capacitance

5.2.6.2 Frequency Domain Response for Channel Compliance (Informative)

These frequency domain characteristics of channel are informative specifications.

The frequency domain response for EBR PHY reuses the channel compliance e2&8ESRfor frequency
domain specification of channdlable5-14 defines the channel characteristics.

Table5-14: Frequency Domain Channel Characteristic

Symbol Description
Measured Channel IL() Differentialinsertion loss, SDD21 (dB)
Parameters RL1(f) Differential input return loss, SDD11 (dB)
RL2(f) Differential output return loss, SDD22 (dB)
NEXTm(f) Differential nearend crosstalk loss (ith aggressor) (dB)
FEXTn(f) Differential farend crosstalk loss {iin aggressor) (dB)
Calculated Channel ILfitted(f) Fitted insertion loss (dB)
Parameters ILD(f) Insertion loss deviation (dB)
ICN(f) Integratedcrosstalk noise (mV, RMS)
ILD(rms) RMS value of the insertion loss deviation (dB)
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5.2.6.2.1 Insertion Loss Between Reference Point T ge and R ge (Informative)

EDR High Speed has informative insertion loss definition between die pads. The insertion loss befeveroe
point Tgie and Ricis up to22dB at 12.5GHz Nyquist frequency.

Table5-15 shows the detail breaklown of insertion loss between die padsiwn in below susections.

Table5-15: Insertion Loss Breakown

Symbol Description Min Max Unit
ILiink_die_die Differential Insertion loss of total link fromydto -22 dB
Ryie at Nyquist frequency
ILix_pkg Differential Insertion Loss of root complex TX -9 dB
Package fromgk to Than at Nyquist frequency
ILix_pkg Differential Insertion Loss of nenwot complex -3.5 dB
device RX Package fromefo Ryaiat Nyquist
frequency
ILsoard Differentiallnsertion Loss frompdito Ryanat -9.5 dB
Nyquistfrequency

The boundary of insertion loss at 25.0 GT/s between reference pgiratnd Ric is given inFigure5-16 and
Equation2. The die parasitic capacitance must be included for this insertion loss.

"Q cu Q qu, S .
v TBUO YO8l ¢ U—o—  TE) o h uvaOa Q <
:;: "Q ¢ Uﬁ Q 0 "0

o ¢6 0 C

nh v ii'0a "Q pOO0a
g M ph pOOAQ pPOOX
vdh p WOO0a Q Q

U ¢ BQQE 0O iq TO

‘00

Equation2: Channel Insertion loss mask for EDR2R Link
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Figure5-16: Insertion Loss Mask fOEDR28SRLink

5.2.6.2.2 Differential Return Loss of Channel (Informative)

The channel differential Return loss fromuto R is defined byEquation3.

pAQdh ovaOd Q —
YO o - t
pPpC puwe d "0 h T Q "Q

Equation3: Channel Return Loss Mask for EDR&® Link

Figure5-17 shows the Return Loss Plots with Limit Lines.
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Return Loss Plots with Limit Lines
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Figure5-17: Channel Differential Returhoss Mask for EDRZ5R Link

5.2.6.2.3 Insertion Loss Deviation (Informative)

The insertion loss deviation, ILD, is the difference between the measured insertion IL and fitted insertion loss
ILied. For fitted insertion loss definitions, refer @E128GSRX=ction 12.2.1.1(seeReference Documenis

ILD AL- ILsted

The insertion loss deviation, ILD, is required to be within the ranges which is defined by the equatiéhar{dO
(105) inCEI28GSR(seeReference Documenks

Figure5-18 shows the ILD range.
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Insertion Loss Deviation (dB)

T T T T T T T T T T T T T T T T T T T T T
o0 20ED 4.0ED 8.0ED 8.0ED 10E10 1.2E10 14E10 16E10 41810 2Z0E1D0 2Z2E10

Feq (Hz)

Figure5-18: Insertion Deviation Mask

ILDmsis the RMS value of the ILD curve and calcdlétethe equations in CEBGSRSectionl0.2.6.4 This is
required to be less than 0.3gRBfor valid channels.

5.2.6.2.4 Integrated Crosstalk Noise (Informative)

The integrated Crosstalk Noise, ICN, is calculated by using the integrated crosstalk noise metha8 GSREI
Sectionl0.2.6.6 (seeReference Documenksind the parameters ofable5-16. It is required to be in théower

than max allowed ICHhlt given insertion loss iRigure5-19. ICN needs to be calculated between reference point
Taie and Riie.

Table5-16: Channel Integrated Crosstalk Aggressor Parameters

Parameter Symiol Value Units
Nearend aggressor peak to peak differential outpu Ant 1200 mVpp
amplitude
Farend aggressor peak to peak differential output Aft 1200 mVpp
amplitude
Nearend aggressor 20 to 80% rise and fall times Tnt 8 ps
Farend aggressor 20 to 80fse and fall times Tft 8 ps
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Figure5-19: ICNms Maskvs Insertion Loss

5.3 EDR25 -LR Electrical Specification

5.3.1 General Specification

The EDR2ER electrical specification applies to the long reach application of ESM Data rates in EDR PHY which
are 20GT/s and 25GT/s.

5.3.1.1 Line Rate

EDR28_R PHY must support 20GT/s and 25GT/s.

5.3.1.2 Line Coding

EDR28_R PHY uses 128b/130b coding, same as PCBaBdriGen4.

5.3.1.3 Crosstalk

Crosstalk defined in EDRRR PHY specification is contributed from the elements such as connector and PCB of
componentto-component channel. It should be minimized and at least less than the specified number which is
defined informdively throughintegrated Crosstalk NoigbéCN from CER5G-LR standard
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5.3.1.4 Baud Rate Tolerance

EDR28.R PHY is required to operate with common clock and tolerate up30G-ppm from the nominal baud
rate without spread spectrum clock.

Spread Spectrum Clo¢SSCis allowed for common clock operation.

Separate Reference Clocks with Independent(S8Cssystem will be added in future revision as an optional
feature.

5.3.1.5 AC Coupling Capacitor

EDR24R link requires AC coupling only. The AC coupling capisdléénF to 265nF and its placement is
determined by the form factor specification.

5.3.1.6 Target Bit Error Rate

The target Bit error rate in EDRER link is 1.G&2. All of jitter calculation and compliance test must use 1.RE
target BER.

5.3.1.7 Reference Model

TheEDR28_.R common reference model is definedrigure5-20. EDR28.R link has four reference points at
both die pads and BGA balls. The socket isdedun the package.

TXDie BGABall BGA Ball RXDie

e o —®
Tba]l Channel Rball Pkg Rjie &
_‘_ PCBoard, Connector _‘_ !

Figure5-20: Reference Model of EDR23R Link

Figureb-21 shows reference points oam downstream directionvith riserof EDR28.R link.
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Reference Point Rge

Reference Point Ry

RX
Component

| 1 | '
|
™
Component
Reference Point Tge
Reference Point Tya '

Figure5-21: Reference Points oa downstream direction of EDR25R link
5.3.2 Transmitter  Specification

5.3.2.1 Driver Termination

TheEDR28.RPHYdoes not specify differential source termination at the driver as long as the TX return loss
specification is met.

5.3.2.2 Differential Return Loss of Transmitter
The transmitter differential return loss atalincluding package and socket is givefrigure5-22.

50MHz  1.25GHz 2.5GHz Line Rate/ 2
T T T
|

| |

R.(dB)

-10

@
L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L

Freq (GH)

Note: The termination of measurement is 100o0hm

Figure5-22: Transmitter Differential Return Loss Masér EDR28_R PHY
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5.3.2.3 Common Mode Output Return Loss

The common mode return loss fogafincluding package and socket is givefrigure5-23. To attenuate noise
and absorb even/odd mode reflections, both transmitter and receiver is required to satisfy the Common Mode
Return Loss requirement.

0 50MHz  1.25GHz 2.5GHz Line Rate/ 2
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Freq (GHz)

Note: The termination of measurement is 250hm

Figure5-23: Transmitter Common Return Loss Mafsik EDR28.R PHY
5.3.2.4 Transmitter PLL Bandwidth and Peaking

Table5-10defines transmitter PLL bandwidth and peaking.

5.3.2.5 TX Voltage Parameters

5.3.2.5.1 Signal Definition

The signal definition in EDRRR PHY reuses voltage level definitioBection 8.3.20f the PCI Express Base
Specificatior{(seeReference Documenis

5.3.2.5.2 Transmitter AC Specification

The transmitter electrical specifications are give able5-17.The measurement of these parameters in EDR25
LR PHY must support the methodojdg Section 8.3 of the PCI Express Base Specificafg@meReference
Documents.
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Table5-17: The Electrical Specification at reference poimtil’

Characteristic Symbol Condition| Min. Typ. Max. Unit
Differential peakpeak Tx VrxDIFFPP Measured| 800 1300 mVpp
voltage swing for full swing with
operation compliancg
test load
Differential peakpeak Tx VTXDIFFPRLOW Measured| 400 1300 mVpp
voltage swing for low swing with
operation compliance
test load
Minimum voltage swing VIxEIEOSS 250 mVpp
during EIEOS for full swing
signaling
Minimum voltage swing VTXEIEORS 232 mVpp
during EIEOS feoeduces
swing signaling
Pseudo package loss of ro{  ps2Xkxroomevice 7.0 dB
complexdevice (Informative
Pseudo package loss of ro| ps2XrxnonroomEevice 2 dB
root complex device
(Informative

Note: All of measurement should be referendéed 00ohm termination

5.3.2.5.3 Transmitter Equalization

The EDR2ER transmitter must support the equalization by usifgy3 FIR.

The transmitter equalization of EDRRR PHY reuses the specificatidri6.0GT/s irfgection 8.3.3.2 of the PCI
Express Base SpecificatiseeReference Documenis

The control feature of each cursor is required fordréver option.

5.3.2.5.4 TX Equalization Presets

The EDR2ER transmitter must suppbthe full range of presets iBection8.3.3.30f the PCI Express Base
Specificatior{(seeReference Documenis

The initial TX Preset must be setachieve a minimum BER of 1-0Bor phase 1 oRecovengEqualizationThe
methodologyin Setion 4.7.6 of thePCle 4.0 CEMé&cification(seeReference Documeniss a good practice to
achieve the minimum BER when the intdrangeable Addih Card slot is implemented for a CCIX system.
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5.3.2.5.5 Measuring Presets at EDR25 -LR PHY

The methodology to measuteansmitter Presets is defirkin Section 8.3.3.50f the PCI Express Base
Specificatior(seeReference Documenkswhere 16.0GT/s Presateasuremenis specifiedThe presets shall be
measured at EDRATR PHY rates.

5-3-2-5-6 EIEOS and Vv TX -EIEOS -FS and V TX -EIEOS -RS lelt

The EIEOS patterns at EDRFSPHY consists of 32 consecutive ones followed by 32 consecutive zeros, where
the pattern is repeated for a totalfd.28 UI.

Measuring Yxeieogsand Mixeieowds defined inSection8.3.3.9 inthe PCI Express Base Specificatsme
Reference Documenksvhere 16.0GT/s measurement is specifilte measurement interval is Ul numbeR8
at 20 GT/s and 25 GT/s. The measured voltage is averaged over this interval over more tharetiihsopf
the compliance pattern.

5.3.2.6 TX Timing Parameters

5.3.2.6.1 lJitter Parameters

The jitter parameters in EDR2R PHY must support the definition and metblogjies inSection.3.5 inthe PCI
Express Base Specificat{seeReference Documenys

Table5-18 shows the jitter parameters in EDRRR PHY specification.

Table5-18: The Jitter Specification at reference poingal

Characteristic Symbol Condition 20 GT/s 25 GT/s Unit

Max Max
TX Uncorrelated total jitter Trxuts At 1.0E12 125 10.0 ps
TXUncorrelated Dj for non Trxubipp 5 4.0 ps

embedded Refclk

Total uncorrelated pulse width jitte  Trxupwra At 1.0E12 125 10.0 ps

Deterministic DjDD uncorrelated, Trxupwbipp 4 3.2 ps
pulse width jitter

TX Random Jitter TrxrJ Informative 0.36¢ 0.804 0.288¢ 0.643 ps rms
Parameteronly

Laneto-Lane Output Skew Lrxskew 500ps + 8UI 500ps + 8UlI ps
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5.3.2.6.2 De-Embedding the Breakout Channel for TX Jitter Measurement

When the TX jitter is measured at TP1, the replica channel can be useetola the breakout channel.

The deembedding methodology isefined inSection8.3.5.20f the PCI Express BaSpecificatior{see
Reference Documenfswhere 16.0GT/s dembedding is specéd.

5.3.2.6.3 Behavioral CDR Characteristics

A behavioral CDR of EDRZ8 PHY tke 1storder with 10MHz bandwidth. The transfer function of th&t 1
order CDR is defad inSection8.3.5.5 inPCl Express Base Specificatg@@Reference Documenys

5.3.3 Receiver Specification

5.3.3.1 Receiver Termination

It specifies a nominal 100o0hm differential load termination at DC at the receiver. The scheme for the
termination needs to provide both differential and common mode termination to effectively absorb differential
or common mode noise and reflections.

5.3.3.2 Diffe rential Return Loss of Receiver

The receiver differential return loss agaRincluding package and socket is giveRigure5-24.

50MHz  1.25GHz 2.5GHz Line Rate/ 2
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RL(dB) .
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Note: The termination of the measurement is 1000hm

Figure5-24: Receiver Differential Return Loss Mafk EDR28.R PHY
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5.3.3.3 Common Return Loss of Receiver

The common mode return loss fosaRncluding package and socket is givefigure5-25. To attenuate noise
and absorb even/odd mode reflections, receiver is required to satisfy the Common Mode Return Loss
requirement.
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Note: The termination of the masurement is 250hm

Figure5-25: Common Mode Return Loss Mak EDR28.R PHY

5.3.3.4 Common Receiver Parameters

The common receiver parameters are giveff &ble5-19. EDR24.R PHY must follow the test condition
Section8.4.30of the PCI Express Base SpecificatgmeReference Documenys

Table5-19: Common Receiver Parameters

Characteristic Symbol Condition |[Min.| Typ. Max. Unit
Rx PLL bandwidth corresponding BWhkxpkepLL1 2.0 4.0 MHz
PKG!XPLLl
Rx PLL bandwidth corresponding BWkxpkepLL2 2.0 5.0 MHz
PKGxpLL2
Maximum Rx PLL peaking PKGxpLL1 2.0 dB

corresponding to B\WkpkepLL1

Maximum Rx PLL peaking PKGxpLL2 1.0 dB
corresponding to B\AkpkepLL2

Rxtermination float time RYenDFLOAT 500 ns
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Characteristic Symbol Condition [Min.| Typ. Max. Unit
Rx AC common Mode Voltage VRxcMAGP Measured at R> 75 for EH| mVp
pins into a pair ¢ <100mVPI
500hm 125 forEH
terminations to >=
GND 100mVpp
Electrical Idle Detect threshold VRXIDLEDETDIFFPP 65 175 mV
Unexpected Electrical Idle Enter| TrxipLeDETDIFFENTERTIME 10 ms
Detect Threshold Integration Timé
Lane to Lane skew Lrxskew 4 ns

5.3.3.5 litter Tolerance

The jitter tolerance is given in tHeable5-20. The receiver shall tolerate the calibrated stress eye and sinusoidal
jitter from the below table. The calibration of stressegle must follow same methodologpy Section8.4.2 of
the PCI Exfess Base SpecificatiggeeReference Documenis

The jitter tolerance measurement in EDRZ8 PHY must follow the proceduresSertion8.4.2of the PCI
Express Base SpecificatiseeReference Documenks

Refclk in jitter tolerance measurement must include the spurs from SSC for théaksgd CDR. It is typical to be
applied triangular frequency modulation between 30 and 33kHz to common Refd#iaed in thePCl Express
Base SpecificatiofseeReference Documenis

Table5-20: The Jitter Tolerance Specification

Characteristic |[Symbol Condition Min. Typ. Max. Unit
Sinusoidal Jitter,R_sj max 1 Ulpp
Maximum

Sinusoidal Jitter,[R sj hf 0.1 Ulpp
HighFrequency

The jitter tolerance mask is givenkigure5-26.
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Rsj_max f-——-——-——-—

20dB / dec

Rsjhf J-—-———_

33kHz 400kHz 1MHz 10MHz 100MHz

Figure5-26: Jitter Tolerance Maskf EDR28_.R PHY

5.3.3.6 Receiver Stressed Eye Specification

All ESM Data rates of EDRZ8 PHY are required to be tested by a stressed eye including calibration channel
which closely approximates theorst-caseloss characteristic in the real CEIR application. The recovered eye
is defined at TP2P whichis atthe/ LJdzi 2 F GKS NBOSAGSNRA |yl f23 30K

5.3.3.6.1 Breakout and Replica Channels

Replica channel which is closely match to breakout channel of DUT board makes the measurement of the signal
Fd w- 50 ¢Qa LAY LRaaAirofSod ¢KS A vidoarhwitOke inipedhid@eSoti 2 F N
breakout channel which can be either 1000hm differential or 850hm witG%/or better.

Figureb-27 shows the RX Tesbhrd topology for EDR25R PHY. The stressed eye needs to be measured at TP2
point with external signal source. After the stressed eye has been calibrated, this signal is applied to DUT over
the breakout channel.
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TP2P
Stressed Eye
Post processing:
- RxPackage
- RxEQ
S - CDR
Calibration Channel RX TestBoard _ & DMI
™\
TP8 TP2 T
256bps (@] || @ ) — G ‘
Paitem g :/
Generator @( IO - H®
R — Replica
Channel
CMI ;ii—/‘,
Source (@ || [ -——
Ojml I
Breakout
Channel RXDUT
Refeclk

\ J

Figure5-27: RX Test Board Topology for EDRZS
Notel Reference boards shall use 2.92mm connector to connect each test points

Note2 All cables and discrete broadband termination are 500hm

5.3.3.6.2 Calibration Channel Insertion Loss Characteristics

The calibration channel loss specification reuses the definiti@ettion8.4.1.2 of the PCI Express Base
Specificatior{seeReference Documenks

Table5-21 shows the loss range die initial calibration channel for EDR23R PHY.

Table5-21: Calibration Channel IL Limits for C&lIR

ESMDataRate Fowi-min Fowi-max FiiGHILMIN FiiGHIL-MAX
20.0 GT/9Root Port 3.2dB@1GHz 4.2 dB@ 1 GHz 22.5dB @O0GHz 23.5dB@10GHz
20.0 GT/Non-Root Port 3.7 dB@1GHz 4,7 dB@ 1 GHz 28.0dB@10GHz 29.0dB@10GHz
25.0 GT/9Root Port 3.2dB@1GHz 4.2 dB@ 1 GHz 225dB @ 12.56Hz 23.5dB@12.5GHz
25.0 GT/Non-Root Port 3.7 dB@1GHz 4,7 dB@ 1 GHz 28.0d0B@ 12.5GHz 29.0dB@12.5GHz

Note: Calibration channel plus RX reference package is 32dB nominally at Nyquist frequency which is
informative.

The impedance target of RX Test Board topology except for Replica channel is 850hm differential and 42.50hm
singleended with +/5% or better.

Electrical PHY Layer © 2016-2019 CCIX Consortium, Inc. ALL RIGHTS RESERVED. CONFIDERTI®AU00
February 15, 2019


mailto:-7.1dB@10GHz
mailto:-9.6dB@10GHz
mailto:-11.7dB@10GHz
mailto:-7.1dB@10GHz
mailto:-9.6dB@10GHz
mailto:-11.7dB@10GHz

Hardware Specification EDR28.R Electrical Specification

5.3.3.6.3 Post Processing Procedures

Section8.4.1.30f the PCI Express Base SpecificatgmeReference Documen)ss incorporated by reference.

5.3.3.6.4 Behavioral Rx Package Models

Separate package loss mosl@lrerequired to be used to represembot complex device and end point device in
Figure5-27. The effective package loss reuses the definitioBection8.3.3.110f the PCI Express Base
Specificatior{(seeReference Documenis

If the actual Rx package performance is worse than that of the behavioral package, then the actual package
models are permitted to be used. If the actual package models are used, thatialibchannel must be

adjusted such that the total Rx test channel loss describda@ine5-16, includingthe embedded actual
packagemust be same with the loss ingling the behavioral package model. Note that form factor overall
requirements still need to be met. The Rx package performance is assessed using the metho®dotjgrin
8.5.1.20f the PCI Express Base Specificatg@eReference Documenis

5.3.3.6.5 Behavioral CDR Model

Post processing should include a behavioral CDR model. EIBRR2BY has a first order CDR transfer function
with 10MHz loop bandwidth, as described3ection8.4.1.5 of the PCI Express Base Specificafgm@eReference
Documents.

5.3.3.6.6 Behavioral CTLE

EDR28_RPHY has a first order CTLE with variable first pole, positive peaking gain and adjustable DC gain. For
details on CTLEefer to Section5.3.6.1.2

5.3.3.6.7 Behavioral DFE

EDR PHY for CCLR defines 8 taps DFE with the combination of a first order CTLE. For details on DFE tap size,
refer to Table5-25.

5.3.3.7 Calibration Stress Eye for Jitter Tolerance

The stress eye for jitter tolerance test needs to be calibrated to present the receiver with the worst case
situation. EDR2RR PHY must follow same methodology to calibrate the stressed eye for jitter tolerance test in
Section8.4.2 of the PCIExpress Base Specificat{seeReference Documenks

The reference receiver for the dadation procedures is defined Bection5.3.6

6 OaQOIOEBOBR oTmi B 5 )
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Table5-22: Calibration Parameters for Jitter Tolerance Test

Characteristic Symbol Condition 20 GT/s 25 GT/s Unit
Eye Width at TP2R TrxsT 0.3 0.3 Ul
Eye Height at TP2H VRxsT 30 30 mV

Randomlitter TrxstRI Notes: 1, 4 0.75 (max) | 0.6 (max) PSims
Differential Noise | VrxpieanT Adjust to control EH 14 14 mVpp
Frequencys 2.1GHz
Notes:2, 3 4
Common mode Noi§ Vrxcommint Defined as a single tone at 150 150 mVpp

120MHz. Measured at TP2
without post processing

Minimum RX ISkxsiLossnin | The minimum differential los 26 26 dB
calibration channel for RX calibration channel frg
loss TP1to TP2P
Maximum RX | ISkxsiossnax | The maximum differential log 34 34 dB
calibration channel for RX calibration channel frg
loss range TP1 to TP2P

Notel Rj is measuredt TP1. The low frequency limit of Rj may be between 1.5MHz and 10MHz, and the upper limit is 1.0GHz
Note2 Both kxstriand \kxpirantare limited to prevent the stressed eye from excessive amount of jitter or noise distortion.
Note3 The frequeny of \kxpirrnTis chosen to be slightly higher than the lowest first pole of the reference CTLE

Note4 Common mode noise is turned off duringsk; and \kxpirantcalibration and then turned on for the stressed eye jitter
test.

5.3.3.7.1 Procedure to Cali brate Stressed Eye

Same as that described in Section 8.4.2 R@ Express Base Specificatg@meReference Documenjisthe goal

of calibrating a stressed voltagel/jitter eye is to present the receiver under test with simultaneously worst case
margins whose distortion characteristics are similar to an eydywred by a real channel. Much of the distortion
consists of the ISI produced by the calibration channelemental changes of differential voltage from nominal
values may be used to adjust the EH while the EW is post processed to evaluate the woo$iSjdkat will be
used onto RX DUT test, which is different fribva PCI Express Base Specification

The reference point where EH/EW is defined corresponds to input to the receiver latch at 20.0 GT/s and 25.0
GT/s. Since this point is not physically accessible it is necessary to construct its equivalent by means of a post
processing procedure. A stepsponsethat has been averaged 1024 times at TH#ES$post processedh order

to mathematically include the additional signal distortion caused by the behavioral receiver package. As the
averaged stepesponsds used, the stresses of differential voltagae turned on, buthe stresses of jittersvill

not be included and arturned off. Then the resulting signal is recovered by means of Rx equalization, and a
behavioral CDR function, resulting in an equivalent eye. The requirements for the waveforprguessing tool
used for the EH/EW calibration are described furthe®action5.3.3.7.3
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As the calibration procedure of the signal generator output containgsstehere the generator is connected
directly to measurement instrumentation, the transition time of the output waveform can be very fast.
Therefore, it is important that the bandwidth of instrumentation used to calibrate the generator be matched
appropriakly to the edge rate of the generator output. This specification requires the usgerfierator whose
outputs haveess than 19ps rise time (20% / 80%) which also requires a minimum oscilloscope bandwidth of
32GHz. This oscilloscope bandwidth is alsanirdmum required bandwidth for transmitter measurements.

The oscilloscope must have enough low noise floor up to the bandwidth of it and the measured step response
needs to show reasonable response in the frequency domain.

The loss of combiner at 12.5Gidzluding cables from the output of generator to TP1 should be less than 2dB.
The 3dB cutoff frequency of combiner is required to be at least 20GHz.

Note that for the eye calibration process, the Tx equalization is fixed to the preset that gives tnalape

area with the post processing tool being used for calibration. Once the testing procedure is under way the Tx
preset may be adjusted to yield the best eye margins with the DUT. For calibaat&3M rateshe following
process is used to dhfate the eye:

1. Calibrate the stress values as shown below at TP1:
a. TxDifferential Voltage @ingto 800 mV PP (+ 10 mV @ mV).
b. TXpresetsthat specified in Table-8 in PCI EXPRESS BASE SPECIFICATION 4.0 QvithiB +/
c. Sjby0.1 Ul (4 ps) at 100 MHAs the step response is used, this Sjis included tgppmstssing tool
d. Rjto 0.60s rmsAs the step response is used, this Rj is included teppostssing tool
e. DMl to 14mV at TP2P. As the step response is used, this DMI is includedpmpeasing tool
2. Connect an initial test channel with selecting the 1SI length that give a loss of TP1 to TP2P
a. The loss of an initial test channel for 20GT/s: 26dB.5dB at 10GHz
b. The loss of an initial test channel for 25GT/s: 26dB.5dB at 12.5GHz
3. Measue the eye diagram for each TX EQ preset using the calibrated TX EQ and select the TX EQ preset that
gives the largest eye area.

§IMPLEMENTATION NOTE : REQUIREMENT OF COM BINER

o0 combine the signal from pattern generator and DMI noise source either RF combiner or directional cgupler
an be usedrigure5-28is the recommende frequency mask for the combiner block.

Aib2YAYlLFt t2aaé¢ YShya 5/ 2N ft2¢ FTNBljdzSyoe tz2aa [Jrd f
nd directional coupler has 0dB.

+2dB

Nominal Loss | (dB)

-2dB

12.5GHz 20GHz

Figure5-28: Thefrequency mask of combiner block
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For all EH, EW and eye area measurements performed in receiver calibration the DC Gain in the reference
receiver CTLE is varied over its minimum to maximum range in 0.25 dB steps. This is done to improve
repeatability andaccuracy in automated Rx calibration software and is only done for stressed eye calibration
(not for channel compliance, etc.)

4. Increase the calibration channel loss to the next available length/loss and measure the new eye diagram at
the selected preset.oitinue to increase the length/loss until either the height or width have fallen below
the targets (EH 30 mV+/- 3 mV, EW¢ 0.3Ul +/- 0.0125U) then the previous calibration channel
length/loss is selected. ieitherthe height or width have fn below the targets and the TP1 to TP2P loss
at 10 GHz for 20 GT/s aid@.5 GHzZor 25 GT/dhas reached 34.0 dB then advance to the next step.

5. For the selected calibration channel length/loss, measure the eye diagram for each TX EQ preset and select
the preset that gives the largest eye area. Note that this may be a different preset than step 3 due to the
length/loss change. Also the noises in differential and common modes are calibrated as following:

6. For the fixed calibration channel length/loss and QxifEstep 5, adjust Divpand Voltage Swing to make
final adjustments to the eye by sweeping them through the following ranges:

a. Sjin posprocessing toot 4 to 8ps

b. DMke2pin postprocessing toot Equivalent range withlQ mV to 25 myDMlat TP2

c. Differential Voltage Swingt generator¢ 720 mV to 800 mV at TP1

The range of DM2rin postprocessing toois calculated by DMI range at TREOmV ~ 25mVand the gain
of adapted CTLE. The following table can be used to map DMI ang,RPMI
DM HP2P= DMI * 1(gGain_dB+ Rxpkg_dB)20)
Table5-23: The gain of adapted CTLE at 2.1GHz (dB)

Adc fpl=2GHz | fpl=3 GHz | fpl =4 GHz | fpl=5GHz | fpl =6 GHz fpl =7 GHz
-12dB | 3.227877015 1.277809476 -0.441769238 -1.897447015 -3.122641603 -4.157936392
-11 dB | 3.243783934 1.312899404 -0.381050909 -1.805719296 -2.995695202 -3.992745244
-10dB | 3.263727069 1.356675649 -0.305798676 -1.692929302 -2.840981112 -3.793336228
-9 dB 3.288704467 1.411166568 -0.212878946 -1.554977483 -2.653731465 -3.554652053
-8 dB 3.319946255 1.478808493 -0.098657761 -1.387314200 -2.428927746 -3.271695704
-7 dB 3.358960443 1.562493428 0.040994128 -1.185045318 -2.161520706 -2.939839475
-6 dB 3.407583237 1.665604194 0.210651390 -0.943108544 -1.846719804 -2.555170287
-5dB 3.468031678 1.792026076 0.415224431 -0.656523732 -1.480330533 -2.114825712
-4 dB 3.542954593 1.946121219 0.659778460 -0.320705984 -1.059099557 -1.617265183
-3dB 3.635475450 2.132650548 0.949278798 0.068187943 -0.581014204 -1.062424810
-2 dB 3.749217823 2.356629378 1.288274679 0.512926595 -0.045501588 -0.451723930
-1 dB 3.888301081 2.623109029 1.680552158 1.014939940 0.546512788 0.212077983
0dB 4.057291596 2.936888665 2.128803702 1.574175246 1.192699283  0.925144475

7. If the finalcalibratedSijis less than 0.1 Ul then the Rj level in post processing tool is reduced so the eye width

meets the target eye width with 0.1 Ul ofrSpost processing tool
8. If there are multipleeombinations of DMI and Voltage Swing that give valid solutions first pick the

combination that is closest to the target eye width3 U). The selected values must give a mean eye height
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and width (over at least 5 measuremeitexact number of 15 measements needed for stable values will
depend on lab setip and tools) within the following ranges at BERL2E

a. Eye height 30 mV +/3 mV

b. Eye widthg 0.3 Ul+/-0.0125 Ul

Figureb-29 showsa block diagranfor calibrating the stresd eye for EDR2BR PHY. If the calibration set up
with the specific pattern generator and the oscilloscope cannot achieve calibration gb¢ledis loss range, this
set up is not valid and cannot be used for RX calibration procedliaéé5-28 shows the loss range of RX
calibration for EDR2BR PHY.

1 1 1 1 1 1
Fixed TX EQ ! 850 ! ! 850 ! ! 850/1000Q ! !
1 1 1 1 1 1 1
l TII:’1 TP3 <1P4 TP5 TP6 TP7 TP8 TP2
25Gbps , ' ISl = : i | Replica | - Real-Time
Pattern Combiner : r{ Channel | : cBB cLB i | Channel [ i1 Oscilloscope
Generator : : : CEM I I I I
Connector
¥
Post processing:
- RxPackage
- RxEQ
- CDR
- Sj&DMmI
——i TP2P -—-
30mV/0.3UI
at 1E-12BER

Figure5-29: Layout for Calibrating the Stressed Jitter Eye at ESM Rates

5.3.3.7.2 Procedure for Testing Rx DUT

Once a calibrated EH and EW have been obtained, the cable connectediaf-idqRife5-29is moved to TP90
that the Rx DUT is connected to the far end of calibration channel as shdvigui@5-30. The cable from TP8

to TP2 during the calibration is not included to the Rx DUT test. So, the cable from TP8 to TP2 should be picked

carefully to have enough low loss Hd GHz for 20 GT/s ai@.5 GHZor 25 GT/40 be ignored odeembedded
during the calibration process.

1
Optimized TX EQ L850 ! 850 ! 1 850/100Q
1 1 1 1 1 1
1 30mV/0.3Ul
i T';:1 2 - he TPe e e — i at 1E-12 BER
25Gbps f + t T 1 reakou
Pattern Combiner : i Channel E i CBB CLB i i Channel i >4
Generator 4 [ CEM
Connector RX DUT
CcMI DMI
g 4
Rj Dual-Tones
Source Sj Source

Figure5-30: Layout for Testing Rx DUT
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The Tx equalization may then be optimized with the assumption that the DUT Rx will also optimize its
equalization. Sj is set to an initial value of 0.1 Ul at 100 MHz and the receiver CDR must achieve lock. The 100
MHz Sj initial tone is removed and therethppropriate swept Sj profile is tested. Also an additional Sj tone at

210 MHz is present for all testing. The amplitude of this additional tone is equal to the amplitude of the 100 MHz
Sj required to achieve the target eye width minus 0.1 Ul. If théredion Sj level was less than 0.1 Ul then no
additional tone at 210 MHz is used. Receivers operating the CC Refclk mode shall utilize the Sj profile shown in
Figure 836 inPCI Express Base Specificatg@meReference Documenys

5.3.3.7.3 Waveform Post Processing Tool Requirements

The waveform post processing tool to calibrate EH/EW for RX stressed eye test must be consistent with the
channel compliance methodlogy inSection8.5.10f the PCI Express Base Specificafs@meReference
Documents.

This tool needs to be used during RX stressed eye calibrtthere are few notes for using the tool as
follows:

V  The reference package model of Rx need to be embedded by either the oscilloscope or the post processing
tool.

V  All step measurements are done at TP2.

V A step pattern wittb12ones and zeroes is capturgaough the test channel by averaging 1024 times on a
real time oscilloscope. The step is saved with-arix resolution of 1 ps or less to be used as the transmit
waveform for the channel compliance methodology. The step pattern is captured withitirateal presets
of TX EQ enabled at Generatdfhen the measured step is converted to the frequency domain by using
appropriate mathematical function, it is required to show reasonable frequency domain response

V A captured step is simulated in the post msging tool with TX EQ of the tool itself disabled. The equivalent
jitters and DMI areset in the tool at the same time.

V  For the preset that gives the largest eye area with the waveform post processing tool the EH and EW @ 1E
12 BER must match 30 m\£ 0% and B Ul ++0.0125 Ul

A general flow for using post processing tool is shawrigure5-31.

Pattern Generator Real-Time Post Processing

1. 512onesand 512
zeroes (equivalent
19.53125 MHz for
20 GT/sand
244140625 MHz
for 25 GT/s)

2. Calibrated Voltage
Swing and Preset

Combiner

Oscilloscope

Tool

Calibration
Channel

A4

—0 )

. Embed Rx package

model (if available)

. Scale x-axis with 1

ps resoclution or less

. Capture the step

with 1024 averages

. Embed Rx package model

(if not implemented at RT
scope)

. Disable Tx FFE of the tool

itself

. Set properjitter / noise

and CTLE /DFE

. Check simulated eye area

Figure5-31: General Flow for Using Post Processing Tool
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5.3.3.8 Receiver Refclk Modes

CCIX supportS8ommon ClockCG mode onlyFigure5-32 shows the Refclk connection for a receiver. A single
Refclk source drives both the external signal source and DUT.

100 MHz Common REFCLK

1 1 1 1 ! !
il TP1 TP3 TP4 TP5 TP6 TP9 v
250bps _ . ; IS ; ; I - Breakout RX DUT
PG Comoiner 1+ | GChannel | | CBB il | Channel
\ | 1 1 1 1
3 F x % « CEM
Connector
P CMI DMI

Jitter
Source

Figure5-32: Layout for Jitter Testing for Common Refclk Rx
5.3.4 PCle -Specific Specifications

5.3.4.1 Electrical Idle

Section8.4.5.50f the PCI Express Base SpecificagmeReference Documenyss incorporated by reference.

5.3.4.2 Receiver Detection

Section8.4.5.70f the PCI Express Base SpecificafgmeReference Documenyss incorporated by reference.

5.3.4.3 Receiver Margining

Section 8.4.4f the PCI Express Base SpecificafgmeReference Documenyssincorporated by reference.

5.3.4.4 Link Training for TX EQ with back channel

Section4.2.30f the PCI Express Base SpecificafgmeReference Documenlsis incorporated by reference.

5.3.5 Reference Clock Specification

The reference clock specification in EDRBSspecification reuses the requirements for common refclk (CC) in
Section8.6 of the PCI Express Base SpecificafimeReference Documenys
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5.3.5.1 Reference Clock Electrical Specification

Table5-24 shows the Reference Clock Electrical Specification.

Table5-24: Refclk specification

Symbol Description Min. Max. Unit

Frefoik Reference Clodkequency 99.97 100.03 MHz

Fssc SSC Frequency Range 30 33 kHz
TssaRE@EVIATION SSC Deviation -0.5 0 %

TrerFcLK Residual Jitter Limit faZC using 2 port 0.35 PSrms

without system noise

TREFCLK noise Residual Jitter Limit which can be useq 0.5 PSms
channelsimuldaions to account for addition
noise in a real system

TrRWSPORT_DELAY TXRX Transport deja 12 ns

5.3.5.2 Reference Clock Compliance measurement

EDR28.R PHY must use same methodology to calculate the residual jitter of Refclk ¢ontpkancen Section
8.6 of the PCI Express Base SpecificagmeReference Documenys

The jitter measurement of Refclk shall be made with a cagpat least 100,000 clock cycles by a4tgak
oscilloscope with a sample rate of 2068r greatr. Broadand oscilloscope noise must be minimized in the
measurement. The PLL and CDR filtef&ilnle5-10 should be applied to time domain raw data measurement.

SSC spurs from the fundamental and harmonics are removed up to a cutoff frequency of 2MHz taking care to
minimize removal of any neBS@ontent.

5.3.5.3 CDR and PLL Bandwidth and Peaking for Reference Clock
Compliance

CDR and PLL BW and Peaking for reference clock measurement need to be defined aAd=EB{R25euses the
methodology inSections.6.5.1 and.6.5.20f the PCI Express Base Speatfon (seeReference Documenis

Table5-25shows CDR and PLL BW and peaking of reference TX PLL, RX PLL and CDR for EDR link.
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Table5-25: Common Refclk PLL and CDR Characteristics f@T26 and 25 GT/s

Peakingl = Peaking2 = Peakingl = | Peaking2 =
PLL#1 0.01dB 2dB PLL#2 0.01dB 1dB
BWp (min) wn = 0.448 Wy =6.02 BWo5 (min) = why = 0.448 W = 4.62
MHz =14 ,=0.73 MHz =14 =115
BWey (max) W = 0.896 Wn1 =12.04 BWe (max) = Wh =1.12 Wnz = 11.53
MHz ;=14 ,=0.73 MHz ;=14 ;=1.15
BWCDR(min:I
=10
MHz, 1st 64 20GT/s
order Combinations 25GT/s

5.3.6 Channel Compliance

5.3.6.1 Channel Compliance Methodology

5.3.6.1.1 Using Internal EW/EH with reference receiver

EDR28_R PHY must follow the same methodology to check the @la@ampliance irBection8.5.1 of thePCl
Express Base SpecificatiseeReference Documenks

Figure5-33 shows the ky components and processes of channel tolerancing at ESM rates. This flow must be
implemented in channel tolerancing tools.

Random Data
\
Sep response Time
. PDA | Apply o _ - Locate and
o ) e [ E [ "| oo | ere e
adg Optimization
and Aoc f Voltage Sep T
EQ search Aggressor DFE statistical
SJace and .Center » convolution Trcaury
FoM ' Alignment | TxEQ > Trxa+unop
Trxaupw-RI
Trxarupw-na

Figure5-33: Flow Diagram for Channel Tolerancingle®M Rates

Table5-26 shows reference receiver parameters for EDRRSchannel compliance r¥¢1enis eye height for the
nominal channel.
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Table5-26: Reference Receiver Parameters for Channel Compliance

Symbol Description Value Unit Note
VRxcHeH Eye heightvith nominal 30 (min) mVpp Eye height at BER=12
channel Notel
TrxcHEW Eye width at zerarossing 0.3(min) Ul Eye width at BER=112
Ri1_Ho H1 / HO Ratio 0.7 (max) The ratio between data cursag
and the bt post cursor
TrxDSOFFSET Peak EH offset from Ul cen +/-0.1 Ul
VRxDFEDL Range for DFELccoefficient +/-30 mV
VRXDFED2 Range for DFE2ccoefficient +/-20 mV
VRXDFED3 Range for DFE3dtoefficient +/-20 mvV
VRxDFED4 Range for DFEActoefficient +/-20 mV
VRXDFEDS Range for DFBEsctoefficient +/-20 mvV
VRXDFEDG Range for DFE6ctoefficient +/-20 mV
VRXDFED? Range for DFE/coefficient +/-20 mV
VRXDFEDS Range for DFBBctoefficient +/-20 mV

Notel The variation of channel must be considered in the simulation for channel compliance

5.3.6.1.2 Behavioral CTLE

CCIX behavioral Rx equalization definestadder CTLE with fixed LF and HF poles, and an adjustable DC gain
(AoQ specified to the family of curves shownFigure5-34. Apcis adjistable overa minimum range f @ -12dB
in steps of 1.0dB. Transfer function of CTLE is sho®&qguation4.

Electrical PHY Layer © 2016-2019 CCIX Consortium, Inc. ALL RIGHTS RESERVED. CONFIDERIAK00
February 15, 2019



Hardware Specification EDR28.R Electrical Specification
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Equation4: Transfer Function foCCIX Behavioral CTLE

Figure5-34: Loss Curves for CCIX Behavioral CTLE
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5.3.6.1.3 Behavioral Transmitter and Receiver Package Models For LR
(Informative)

The behavioral package models are defined to represent the combined die and packafalitss27 has the
parasitic capacitances at die pin and Bga#.

Table5-27: Package Model Capacitances

Symbol Description Value Unit Note
Goin BGA Ball 0.25 pF
Goad Die-pad 0.25 pF

The package model which is used dutifgchannel compliance procedures mimtiude the parasitic
capacitances iffable5-23.

5.3.6.1.4 Behavior Transmitter Parameters

Table5-28 shows jitter / voltage parameters of tramitter for channel compliance.

Table5-28: Jitter/Voltage Parameter of behavioral transmitter

Symbol Description 20 GT/s 25 GTI/s Unit Note
TrxCcHURJ TX uncorrelated R 0.494 0.395 PSms
TrxcHubiob TX uncorrelated DjD 3 2.4 PSpp
TrxcHUPWRJ Uncorrelated PW R 0.607 0.486 PSmms
TrxcHuPwol PW DDJ 4 3.2 PSpp Include parasitic die paq
capacitance

5.3.6.2 Frequency Domain Response for Channel Compliance (Informative)

The frequency domain characteristics of channel in this section are informative specifications.

The frequency domain responses for EDRRSPHY channel reuses tihaignel compliance of GESG-LRfor
frequency domain specification of channel as an infdimeaspecification. The channel characteristics are
defined inTable5-29.

Table5-29: ChannelCharacteristic

Symbol Description
Measured Channel IL(f) Differential insertion loss, SDD21 (dB)
Parameters RL1(f) Differential input return loss, SDD11 (dB)
RL2(f) Differential output return lossSDD22 (dB)
NEXTm(f) Differential nearend crosstalk loss (rth aggressor) (dB)
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Symbol Description
FEXTn(f) Differential farend crosstalk loss {in aggressor) (dB)
Calculated Channe I Lsittea () Fitted insertion loss (dB)
Parameters ILD(f) Insertion loss deviatio(dB)
ICN(f) Integrated crosstalk noise (MRMS)
ILD(rms) RMS value of the insertion loss deviation (dB)
5.3.6.2.1 Insertion Loss between reference point T ge and R gie (Informative)

EDR High Speed has informative insertion loss definition between die pads. The insertion loss between reference
point Tgie and Rie is up to-32dB at Nyquist frequency.

Table5-30 shows the detail breaklown of insertion loss between die pads is shown in belowsadiins.

Table5-30: Insertion Loss Breakown

Symbol Description Min Max Unit
ILiink_die_die Differential Insertion loss of total link fromdto -32 dB
Raie at Nyquist frequency
ILix_pkg Differentiallnsertion Loss of root complex TX -9 dB
Package fromdie to Tball at Nyquist frequenc
ILix_pkg Differential Insertion Loss of nemwot complex -3.5 dB
device RX Package fromef Ryaiat Nyquist
frequency
ILvoard Differential Insertion Loss froffhaito Ryanat -19.5 dB
Nyquist frequency

The boundary of insertion loss for EDRZS between reference pointidand Rie is illustratedin Figure5-35and
Equation5. The die parasitic capacitance should be included for this insertion loss.

o "Q ¢ L. .y Q

v T8 p& ) h vau O Q —
"00 Y C

v > Q " "

N h — Q "Q

w C

nh v fi'0a Q pO0d
00 g Q ph pO0AQ pPO0O4
vdh p RO0& Q Q
0 ¢ afQQL 0 ig TO

Equation5: Channel InsertiorLossMask for EDR2BR Link
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Figure5-35: Insertion Loss Mask for EDR2R

5.3.6.2.2 Differential Return Loss of Channel (Informative)

The receiver differential Return loss fromuTo R.aiis defined by these equations aiigure5-36 and Equation
6.

~ R O
pQdh v1dod Q T

0

Y0 -
P q pu‘xé"d o h T Q Q

Equation6: Channel Return Loss Mask for EDRZink
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Return Loss Plots with Limit Lines

Return Loss (dB)
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fnf4
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Figure5-36: Channel Differential Return Loss Mask for EDRE&.ink

5.3.6.2.3 Insertion Loss Deviation (Informative)

The insertion loss deviation, ILD, is the difference between the measured insertion IL and fitted inssgion
ILiwed. For fitted insertion loss definitions, please refeiGai25GLR

ILD = Ik ILsitted

The insertion loss deviation, LD, is required to be within the ranges which is defined by the equdtiéharid
(11-5) inCE25GLR(seeReference Documenis

Figureb-37 shows the compliance mask for ILD.
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Insertion Loss Deviation (dB)
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Freq (Hz)

Figure5-37: Insertion Deviation Mask for EDR2R PHY

ILDmsis the RMS value of the ILD curve and calculated by the equati@ER5G-SRSectionl11.2.6.4(see
Reference Dcumenty. This is required to be less than 0.3gBor valid channels.

5.3.6.2.4 Integrated Crosstalk Noise (Informative)

The integrated Crosstalk Noise, ICN, is calculated by using the integrated crosstalk noise meth88@GSREI
Sectionl11.2.6.6 (seeReference Documenikand the parameters of able5-31. It is required to be lwer than
max allowedCN atgiven insertion loss iRigure5-38. ICN needs to be calculated between reference poirt T

and Rie.

Table5-31: Channel Integrated Crosstalk Aggressor Parameters

Parameter Symbol Value Units
Nearend aggressor peak to peak differential outpu Ant 1200 (max) MVopd
amplitude
Farend aggressor peak to peak differential output Aft 1200 (max) MVppd
amplitude
Nearend aggressor 20 to 80% rise and fall times Tnt 8 (min) ps
Far-end aggressor 20 to 80% rise and fall times Tft 8 (min) ps
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ICN_max
T

e 2m\V above 23dB

TTT 71 TTTTTTT T T T
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Figure5-38: ICNms mask vs Insertion Loss

5.4 EDRI16 Electrical Specification

The EDR low Speed electrical specification applies to 2.5 GT/s, 5 GT/s, 8 GT/s and 16 GT/s. It must be compliant
to the PCI Express Base Specificafg@meReference Documenys
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Chapter 6. Protocol Layer and Transport
Layer DVSEC

6.1 Overview

From Previous

Capability
Next Cap Capability PCle Ext Cap ID | NextCap Capability PCle Ext Cap ID
Offset A Version (0023h) Offset B Version (0023)
DVSEC DVSEC Vendor ID DVSEC DVSEC Vendor ID
DVSEC Len Revision (CC|D DVSEC Lén Revision (CC|[))
DVSEC ID DVSEC ID
(TRANSPORIh) (PROT OCOPh)

- To Next
Capability

Figure6-1: DVSECs Supported by CCIX Devices

Figure6-1 shows an example dDVSECs supported by C&¥vicesThere is no requament that the DVSECs
be linked in any specific order, or that they be directly linked to each offtex.Capability Version, illustrated in
Figure6-1 and Figure6-5, must be 1h, consistent with its definition in tR&| Express Base &fieation The
DVSEC Reuvision, illustratedrigure6-1 and Figure6-5, must be 1h for this version of the CCIX Specificaliba
DVSEC Vendor ID, illustratedrigure6-1 and Figure6-5, must be the CCIOhe DVSEC ID, illustrated-igure
6-1, must be consistent with the encodings described @ble6-8.

Transport DVSEC comtaiControl and Statugegisters(CSRs) for CCIX Physical, Data Link and Transaction
Layers.

Protocol DVSEC contains CSRs for the CCIX Protocol Layer.

Both Protocol andTransport DVSECs can be implemented only in Root Ports, RCRBs, Switch Upstream Ports,
Switch Downstream Ports, and all Endpoints (including Rimhplex Integrated Endpointdhey arenot
applicable toPCl Expresd®CI/PCK Bridges and Root Complex Event Collectors.

For Upstream Ports that are associated with a Miiinction Devicghe Transport DVSEE€ implemented in
Function 0 onlyAll other Functions, including VFs, use the settings from the Function 0 implementation.

All RegisterAttributes, and Next Capability andControl Offsets,in PCIeDVSEC structures described in
Chapter éand Chapter 7are consistent with thé& definitions in thePCI ExpressaBe Specificatio(see
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Reference DocumenksNext Capability and Control Offsetee relative to the beginning of the PCbmpatible
GonfigurationSpace,described in Table-35 of thePCl Express Base Specificationexample the Next
Capability Offsefand Next Capability Offset B illustratedrigure6-1. Registeattributes are consistent with
their definitions in Table-2 of thePCI Express Base Specificationexample Hwinit, RsvdZ, and RsvdP
illustrated inFigure6-3.

6.2 Protocol Layer DVSEC

Figure6-2 shows an example location of the CCIX Proth@ayer DVSEC within the EQpress@PCle)

Configuration space. Allustrated inFigure6-2, the recommended CCIX Protocol Layer DVSEC location to speed
up the discovery process of all CCIX capabilities, is as the&CHpability Offset of CCIX Transport DVSEC, when
both DVSECs are present in FunctionO

0x00

Regular config space

0x100 | First extended config space
capability

2" extended config space
capability

CCIX Transport DVSEC

CCIX Protocol Layer DVSEC

Figure6-2: CCIX Protocol Layer DVSEC located in PCle Configuration Space

6.2.1 Introduction to CCIX Protocol Layer DVSEC

Within the CCDProtocol Layer DVSEC, Capabilities, Stahgs Control fields are each separated into distinct
DWords Each DW typénhasfurther classificatiorin terms of the allowed Register Attributes for each DW type:

e Capabilities & RO Status DWwInit, RO, ROS, RsvdZ

e RW Status DW: RW1C, RW1CS, RsvdP
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e Control: RW, RWS, RsvdZ

A CCIX Device provides separate offsets for the location of the Control data structures vs. Capabilities & Status
data structuredo independently expand the number &\Words available for each. Capabilities & RO Status
DWordscan only be interleaved with othé&Wordsof the same two classifications and simila@pntrol and

RW Statu®Wordscan only be interleaved with oth&Wordsof the same two classificationSigure6-3

illustrates thedistinction in DW types and the allowed Register attributeghieroverall CCIX Protocol Layer
DVSEC structure

PCle DVSEC
Configuration
Space

>
C
>
C

CCIX Protocol Layer

DVSEC Header
— Hwinit, RQ RO$SRsvdZ
PL Capabilitie& Status
Structures
Protocol
Layer—

PL Control . RW RWSRsvdZ
Structures RsvdPRWLC, RWLCS

>
C
>
C

Figure6-3: CCIX Protocol Layer DVSEC structure types

Protocol Layer and Transport Layer DVM@EQ16-2019 CCIX Consortium, Inc. ALL RIGHTS RESERZBI00
February 15, 2019



Hardware Specification Protocol Layer DVSEC

6.2.1.1 Location of CCIX Protocol Layer DVSEC

A CCIX Protocol Layer DVSEC header of a CCIX capable physical device must be place#unctide8sbf all
CClxcapable PCle Ports of that device. The Common, CCIX Port and CC&pahilities, Status and the CCIX
Port and CCIX Lii@ontrol data structures must also péaced in Function0O of all CCIX capable PCle Ports of that
device.The ConmonControland ARPropertiesdata structures must only bglaced in Function0 of all CCIX
Primary Capable Ports of that device.

CCIX Protocol Layer DVSEC contains certain data structures that devehipuch as System Address Map
(SAM) and ID Map¥M) data structures, and these cHgvel data structures must be placed in Function0. A
physical device with a single PCle Port must therefore havelehih data structures accessible from FunctionO.
A physical device with multiple CCIX capable PCte Paoist declare at least one CCIX Port where-tehipl

data structures can be accessed (Sedble6-12).

These CCIX Ports are said to have Primaly B@t capability, with an indicator of that capability in CCIX
Protocol Layer DVSEC.

IDM
Pri P
RSAM
CCIX
Chiplevel — HSAM
Capabilities
+Stat
+ Control Common
AF Properties
CCIX Linkf CCIX Link CCIX Link CCIX Link
CCIX Port CCIX Port
- i
HA ' RA RA | HA
DVSEQ DVSEQ DVSEC ! | DVSEQ
PCle : :
FuncA ; FuncB FuncA ' FuncB
\ Primary Port - X Secondary Port -Y

Figure6-4: CCIX Protocol Layer DVSEC structures over various PCle Ports and Functions

CCDIConfiguration Software must enable only one CCIX Port as the Primary CCIX Port and discover and
configure chigevel data structures only through that CCIX Port (Eaigle6-14). All ports that are not enabled

as Primary CCIX Ports, and all ports that do not have Primary CCIX Port capability, are designated as Secondary
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CCIX Ports. CCIX Agent DVSEC Structures can be located in any CCIX Port, $toadaoy, and on any
Function Number within that CCIX Pdrtcluding FunctionO.

As illustrated irFigure6-4, chp-level data structures are only configured in Primary CCIXPbrinction0. A
CCIX Device may declare additional DVSEGsttatzures for specific CCIX Agents, illustrated as HA DNSEC
CCIX PoiX FunctionA, RA DVSEC in CCIX®eunctionB, RA DVSEC in CCIXyHeunctionA, and HA DVSEC in
CCIX PotY FunctionB ifrigure6-4.

Figure6-4 illustrates an example CCIX Device, however, devices are permitted to have CCIX Port counts other
than 2, perPort CCIX Link Counts otherth, and RA, HA, and SA Agents and Agent counts other than what is
illustrated.

Even thoughrigure6-4 only illustrates a CCIX Device with one @@t DVSEC structure per function, CCIX
Devices are also permitted to have more than one CCIX Agent DVSEC structure per function.

6.2.1.2 PCle Function Level Reset (FLR)

CCIX Protocol Layer DVSEC structures must retain their programmed values during, andjfalfiviRn FLR shall
not affect the CCIX Protocol Layer, which must continue to operate consistent with its DVSEC configuration.

6.2.1.3 PCle ARland SR -IOV

For CCIX Devices that support PCle ARI, CCIX Agent DVSEC structures can be located in anyurfdien256

For CCIX Devices that support PCHCBR CCIX Protocol Layer DVSEC structures must only be located in a
Physical Function (PF). A PF may also contain Capabilities, Control, and StaAteelévationFunctions (A$).
Thereis no architected A Y RAY 3 RSTFAYSR Ay //L-3 0Sid®8Q/tuai KS ! CQa
Functions (VFs). VFs also do not have an architected binding to Protocol Layer DVSEC Space. Any such binding
betweent / LS +Ca FyR (KS ! CQa wSSEE §pac NS indpleihedt8tinn sgebifict N2 i 2 O
However, the mechanisms for how such a binding is to be achieved is definedGCtKeSoftware Architecture

Guide

6.2.1.4 CCIX Protocol Layer DVSEC Header

Figure6-5 showsthe layout of the CCIX Protocol Laflet) DVSEC Header. Register fields at Byte Offset 00h
conform to the definitions irSection 7.9.®f the PCI Express Base SpecificatgmeReference Documenits
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31 20 19 16 15 0
+00 Next Capability Offset C\j\gre;li)(i)lilty PCI Express Extended Capability D/SEC

31 20 19 16 15 0
+04 DVSEC Length tha\\//ilif)cn DVSEC Vendor #CCID

31 20 19 16 15 0
+08 CCIX GUID Offset RsvdZ DVSEC IBProtocol Layer Component 1D

31 20 19 12 11 0
+C PL Capabilitie& Status Offset Rsvdz PL Capabilitie& Status Size

31 20 19 12 11 o
+10 PL Control Offset Rsvdz PL Control Size

Figure6-5: CCIXProtocolLayerDVSEC Header

The CC{ PL DVSEC Header includes a CCIX GUID Offset field at Byte Offset 08h for discovering the location to
override the hardware default value of CCHpart from advertising the CQIRevision, and CCIX Protocol Layer
DVSEC Length, the CCIX Protocol LaydE©¥A8ader also hesgistersindicating the offset and size for the

[/ L- tNRG202f [F@8SNRa /FLIOoAtAGASAE g9 {GFGdza aidNUzO d:
DVSEC Headerkiigure6-5.

Tabk 6-1 describes the CCIX PL DVSEC Header Register fields at Byte Offset 04h.

Tabk 6-1: CCIX PL DVSEC Header Register fields at Byte Offset 04h

Bit Location | Register Description Attributes

15:0 CCID RO
This field indicates the CCIX Consortium ID val
The value in the CCID field is eit@®ZUV or is
overridden with COV (s€kable6-3).

CCIX Device initializes CCID to CCUV after res
(except FLR).

19:16 DVSECRevID RO
This field indicates the DVSEC Revision ID valu
1h consistent with its definition in thBCI Express
Base Specification
31:20 DVSECLength RO
This field indicates size of the DVSEC structure
The definition of the DVSEC Length field confor
to the definition in Section 7.9.6 of thBCl Expres
Base Specification
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Table6-2 describes the CCIX PL DVSEC Header Register fields at Byte Offset 08h.

Table6-2: CCIX PL DVSEC Header Register fields at Byte Offset 08h

Bit Location | Register Description Attributes

15:0 PLCompID RO
This field indicates the CCIX Protocol Layer
ComponentlD value of 0002h.

19:16 Reserved and Zero Rsvdz

31:20 CCIXGUIDOffset RO
This field indicates the CCID Override Structure
Offset in number of bytes. The offset must be in
integer multiples of DW.

The CCID Override Structure must remain withi
the size of CCIX Protocol Layer DVSEC.

Figure6-6 illustrates the CCID Override Structure located at the CCIX GUID Offset. The CCID Override Structure
contains the CCIX GUID and the programmable tieeterride the CCID.

31 0
CCIX GUID Offse00 CCIX GU[B1:0] (DWO)

31 0
CCIX GUID OffseD4 CCIX GU[B3:32] (DWL1)

31 0
CCIX GUID OffseD8 CCIX GU[B5:64] (DW2)

31 0
CCIX GUID OffsebC CCIX GU[D27:96] (DW3)

31 16 15 4 3 0
CCIX GUID Offsetlo CCID Override Valdeoy RsvdP Version

Figure6-6: CCID Override Structure

Table6-3RS&aONA 0 Sa GKS //L- Df2olffe ! yAldzS LRSYGAFASNI o
Byte Offset 00h through Byte Offset OCh.
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Table6-3: CCID Override Structure Register fields from Byte Offset 00h through Byte Offset OCh

Bit Location

Register Description

Attributes

127:0
or
DW3:DWO

CCIXGUID

This field indicates the Globally Unique Identifie
(GUID) value for CCIX:
C3CB993B2C4436MB68D271F2E8CA31
Discovery by CCIX Configuration Software of th
CCIXGUID value at the CCIX GUID Offset conf
that the PCle DVSEC structure is the CCIX Pro
Layer DVSEC structure.

Discovery by CCIX Configuration Software of th
CQXGUID value at the CCIX GUID Offset also
provides software the location to override the
existing CCID value, i.e. the COV in DW4 of the

CCID Override Structure (s€able6-4).

RO

Table6-4 describes the CCID Override Structure fields at Byte Offset 10h.

Table6-4: CCID Override Structure Register fields at Byte Offset 10h

Bit Location

Register Description

Attributes

3:0

CCIDOverrideStructureVersion

CKAAZ FASER AYRAOIFGSa
Version Number. All CCIX Devices based on th
specification must report a
CCIDOverrideStructureVersigalue of 1h.

RO

15:4

Reserved and Preserved

RsvdP
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Bit Location | Register Description Attributes

31:16 cov RwW
This field controls the CCID override value to bg
subsequently reflected iRCle Compatible Headg
Protocol Layer Messages as well as Protocol L4
DVSEC and Transport Layer DVSEC headers.

CCIX configuration software must ensure COV

the same acrossthe/ L - &aeadasSy |
conflict with a Vendor ID on the PCle side of tha
same system.

0000h: CCID has not been overrridden.

0001h: FFFFh: Encodings for overriding CCID
values 1 through 65535.

A nonzero COV value written by Software must
be replicaed by the CCIX Device in the CCID fig
of all Protocol Layer DVSEC and Transport Lay|
DVSEC headers on the same CCIX Device. Th
must result in the same nerpero COV value bein
returned when Software subsequently reads the
CCID field of any of the XIDVSEC headers on

that CCIX Device. All PCle Compatible Header
Messages sent by that CCIX Device must also

reflect the same noszero COV value in the CCIC
field of those messages.

Table6-5 describes the CCIX Protocol Layer Capabilities & Status Pointer (PLCapStatPtr) Register at Byte Offset
OCh.

Table6-5: CCIX PLCapStatPtr Register at ByftsetOCh

Bit Location | Register Description Attributes

11:0 PLCapStatSize RO
This field indicates the PL Capabilities & Status
structure size in number of DW

19:12 Reserved and Zero Rsvdz
31:20 PLCapStatOffset RO
This field indicates the PL CapabiligeStatus
structure Offset in number of bytes. The offset
must be in integer multiples of DW.

The offset + size must remain within the size of
CCIX Protocol Layer DVSEC.

Protocol Layer and Transport Layer DV&EQ16-2019 CCIX Consortium, Inc. ALL RIGHTS RESERSEBDI00
February 15, 2019



Hardware Specification Protocol Layer DVSEC

Bit Location | Register Description Attributes
Bit Location | Register Description Attributes
11:0 PLCapStatSize RO

This fieldndicates the PL Capabilities & Status
structure size in number of DW.

19:12 Reserved and Zero Rsvdz
31:20 PLCapStatOffset RO
This field indicates the PL Capabilities & Status
structure Offset in number of bytes. The offset
must be in integer multiplesf DW.

The offset + size must remain within the size of
CCIX Protocol Layer DVSEC.

Table6-6 describes the CCIX Protocol Layer Control Point€&n#fRir) Register at Byte Offs&dh.

Table6-6: CCIX PLCntIPtr Register at Byte Offs@h

Bit Register Description Attributes
Location
11.0 PLCntISize RO
This field indicates the PL Control structuies
number of DW
19:12 Reservd and Zero Rsvdz
31:20 PLCntlOffset RO

This field indicates the RLontrolstructure Offsetn
number ofbytes. The offset must be in integer
multiples ofDW.

The offset + size must remain within the size of CC
Protocol LayeDVSEC.

6.2.1.5 Sequence for Capabilities & Status and Control Structures

Figure6-7illdza G N> 1S&a GKS &aSIljdzSyO0S F2NJ//L- tNRG20O2ft [} &S8NJ
Control structures located in Primary CCIX Port FunctionO.
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PL Capabilitieg Status PL Control

CCIX Primary Common

Capabilitiesk Status CCIX Common Control

CCIX Port
Capabilitie® Status

CCIX Link
Capabilitie Status

CCIX Port Control

CCIX Link Control

1 CCIX HA '
| |
I i I
II|  Capabilities Status 1 CePCHA Control
I |
__|
L CCIX RA Iy
| |
I - I
H : Capabilitie Status H l CCEPXRA Control
__|
! IE
L] CCIX SA I CCIX SA Control

Capabilitie Status

I
||
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
L
_|
I
||
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
L
_|

CCIX AF Properties CCIX AF Properties
Capabilitie Status Control

Figure6-7: Sequence of CCIX Protocol Layer Component Structures

6.2.1.5.1 Sequence for  Multiport CCIX Devices

While Common, CCIX Port and CCIX Link structures are unique per CCIX capable PCle port, any Function on a
Primary or Secondary CCIX Port is permitted to have CCIX Agent structures as dhigwre@8. Thus, CCIX

Device Error Control and Status a@mmunicated via the Primary CCIX Port. Primary CCIX Ports also
communicate Error Control and Status specific to CCIX Components on that CCIX Port. Secondary CCIX Ports
communicate Error Control and Status specific to CCIX Components on that CCIX Port.
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Primary Port
FunctionO

Protocol Layer DVSEC

Secondary Port  Primary or Secondary
Function0 Port (Function- not0)

PL Capabilitie&. Status

CCIX Primary Common
Capabilitiest Status

CCIX Secondary Commdn
Capabilitiest Status

CCIX Port CCIX Port
Capabilitiest Status Capabilitiest Status
CCIX Link CCIX Link

Capabilitiest Status

Capabilitiest Status

| CCIX RA
| Capabilities Status

| CCIX SA
| Capabiliies Status

| CCIX HA
| Capabilities Status

N
i CCIX HA . !
II|  Capabilities Status Iy
-1 : I_______________________________T : _________
I EE———. | I —
g oersoossemassssslh proesia
Ji CCIX RA ]
| | Capabilities Status i
______ CCIXsA |

' [
| Capabilities Status !

CCIX AF Properties
Capabilitiest Status

PL Capabilities: Status PL Capabilitie& Status

Capabilities Status

Capabilities Status

Capabilities® Status

PL Control

Control

CCIX Primary Common

CCIX Port Control

CCIX Link Control

e | ——_—_——— - — - - ———
[ ___________________________TT [ ___________________________TT
PL. Control
CCIX Port Control
CCIX Link Control
O N 0T
H | CCIX HA Control ” | CCIX HA Control
J : u—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_l-r : ﬂ—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_ITJ
| }— ________________ J_ _______________

Control

CCIX AF Properties

Figure6-8: Structures for multiPort CCIX Devices
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6.2.1.6 Capabilities & Status Structure and Control Structure

Figure69a K2ga (GKS 2@SNItft flez2dzi 2F + //L- [2YLIRWSyiQa
O2y Gl AyAy3a GKS //L- /2YLRySyiQa /LI oAtAGASE 3 {40
SimilarlyFigure6-10a K2 ga (KS 2@SNYI ft ftre2dzi 2F F / /L --00h 2YLIRYyS

O2y il AyAy3a GKS [/ /L- [ 2YLdaeiRameCatiHdr)2B84dh BRpébilitiesS& SRBINI 0 F / 2
header and Control header contains a field indicating the offset of the next Capabilities & Status header
(<ComponentName>NextCapStatHdrPtr) and Control header (<ComponentName>NextCntIHdrPtr) respectively.

Onl the CCIX Protocol Layer DVSEC Header follows the PCle DVSEC format. The CCIX Protocol Layer

I 2YLRYSyaGaQ /LI oAt AdA Srgures-9{andiCintzi Hehder, ak Shb\BFiguras-16 K 2 ¢ y
do not follow the PCle DVSEC format. The Component Header sibgtel4s an efficient alternative to the

first 12-bytes of the CCIX Protocol Layer DVSEC Header.

31 20 19 16 15 0
+00 | Next Capabilit Status Offset C‘\’/”;rpsfi’gr?m| CCIX Component ID |
31 0
+04 | Componend Capabilities Status |
31 20 19 16 15 0
+XX | Next Capabilitg Status Offset C(\)/?Ps?g,?ﬂ CCIX Component ID |
31 0
+XX+04 | ComponentN Capabilitie® Status |

Figure69Y / / L- [/ 2YLRySyidQa /LI oAtAGASE 3 {GFddza w¢

31 20 19 16 15 0
+00 Next Control Offset RsvdP CCIX Component ID
31 0
+04 Componend Control
e
"
31 20 19 16 15 0
+XX Next Control Offset RsvdP CCIX Component ID
31 0
+XX+04 ComponentN Control

Figure6-10Y / / L- [/ 2YLRySyidiQa /2y iNRf wS3aAaaidSNa

Table6-7 describes the Capabilities &#us Version field.
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Table6-7: Capabilities & Status Versioiefd

Bit Location | Register Description Attribute

19:16 ComponentVersionSupported RO
Oh: CCIX Version 1.0 Supported

All other encodingsReserved

All CCIX Components based on this specificat
must report Oh CCIX Version Capability.
Table6-8RS&ONA G Sa GKS SyO2RAYy3I FT2NJ GKS /FLIoAfAGASE 3 |
contained inFigure6-9 and Figure6-10 respectively Table6-8 also describes the encoding for the CCIX Protocol
Layer DVSEC ID field containeé&imgure6-5, at Byte Offsef08h.

Table6-8: CCIXComponentlD Encodings

Component ID CCIX Component

0000h CCIX General
This allows for System Wide CCIX Configuration

0001h CCIXransportDVSEC

0002h CCIX Protocol Layer DVSEC

0003h CCIX Protocol Layer Common structure

0004h CCIX Protocol Layer Port structure

0005h CCIX Protocol Layer Link structure

0006h CCIX Home Agent structure

0008h CCIX Request Agent structure

000AhN CCIX Slawkgent structure

000Ch CCIX Acceleration Function Properties structure
All other encodings are reserved

6.2.1.7 Version Numbers and their impact on data structure definition

A version number of a particular CCIX Protocol Layer DVSEC data structure indidaesahand size of the

data structure as well as the definition of the fields within the data structure. The version number also indicates
GKS RFEGF &adNHzOGdzNBQa YIFyRIG2NE YR 2LJiA2yl+f FTASERaA
data structures in CCIX Protocol Layer DVSEC.

As shown irFigure6-11, the CCIX DVSEC Reuvision in the CCIX Protocol Layer DVSEC Header governs the
definition of all protocol layer data structures. Each CCIX Component also has a Capability version in the per
component data structure header as shownfigure6-9.¢ KS / / L - [/ 2 YLI2 y Sy ogedns thed: LI 0 A
F2NXIEG FyYyR aAl S 27F (stkttiie as well as the definitidh gf &y fiel@siwitinithié Hata

structure.
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Protocol Layer DVSEC

Protocol Layer DVSEC Header

DVSEC Revision

Affects
All protocol layer data structures
Per-Component Capability Version
Affects each componer@® CapabilitiesStatus and Control Data Structures
Common AF Properties
Capability Port Capability | Link Capability | HA Capability RA Capability | SA Capability Version
Version Version Version Version Version Version
Affects Affects Affects Affects Affects Affects Affects
Common data | Port Capabilities| Link Capabilities| HA Capabilities| RA Capabilities| SA Capabilities| AF Properties
structures IDM Status and Status and Status and Status and Status and Capabilities
data structures Control Data Control Data Control Data Control Data Control Data Status and
SAM data Structures Structures Structures Structures Structures Control Data
structures Structures

Figure6-11: Version Numbers and their impact on data structure definition

6.2.1.8 CCIX Topology creation via
space allocation

Address Space and CCIX AgentID name

This section provides an overview of the addressing and routing data structures resultimgaiagy of CCIX
Devices, defined by the addressing and routing attributes between them.

Sections5.2.1.8.1through6.2.1.8.3describe the Global ID Map{BGM), Gobal RAto-HA System Address Map
(GRSAM), and Global H&-SA System Address Map{SAM), respectively.

Section6.2.1.84RSaONAR G Sa GKS // L- HOMGROAQaND BISAK btfuctu@s. Bhe 2 F G K
5+{9/ AaLISOAFAOFI(GAZ2Y NBIldZANBA&AE YR (i KIOMBRANBDGRSEONR O
HSAM DVSEC data structures fidattion6.2.2onwards.

GIDM, GRSAM, and BISAM are data structuresaintained by software in memory and do not require their

DVSEC equivalent. As such, other than for explanation purposes, the DVSEC specification does not require, and

therefore does not contain detailed descriptions@DM, GRSAM, or GHSAM data structures froiBection
6.2.2onwards.
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6.2.1.8.1 CGlobal ID Map (G -IDM)

A connected graph is created of the discovered @©@nceswith the connection attributes based on a
combination of CCIX Ports on those d@a¥icesand thetransport connections between therd CCIX topology
is then defined, where the topology nodes are the enumerated CCIX Devices. Based on the location of the
enumerated CCIX Agents in the CCIX topolo@obal ID Map (EDM)data structuredescribes the IDouting
attributes between the enumerate@CIXAgentIDs across the CCIX topology.

6.2.1.8.2 CGlobal RA -to-HA System Address Map (G -RSAM)

Figure6-12 shows the ®bal RAto-HA System Address Map-RSAM) generated within the System Address
Space. The ®SAMs typically generated by CCIX Configuration Software after identifying the capabilities of all
CCIX Memory Devices as well as the addressing capabilitib€aflX Requesting Devices.

Global
RSAM
GRSAM
HBAT Window-Z
Y | MemPool Y
Enty | 4mp GRSAM
H Window-(Z-1)
ome HBAT
X Agent Y-1) MemPool| Y-1 Entry
Home - -
X Agent ann ann l I
nes HBAT
4| MemPool 4
L Entry
Home T HBAT GZSAM
3 Agent 3 3 Entry Window-3
2 i 2| MemPool 2 HBAT V?ZSA'\Q
Agent Entry incow:
Home HBAT GRSAM
1 Agent 1| MemPool 1 Entry Window-1

Figure6-12. GRSAM and its relation to HAs, MemPools, and HBAT Entries

G-RSAM and its relation to HAs, MemPools, and HA Base Address Table (HB®#&}; as illustrated irfrigure
6-12

e For a given CCIX topology wittotX number of Home Agents discovered, a corresponditig\
number of Memoy Pool Capabilities & Status data structures are declared across all the Home Agents.
Each Home Agent must declare at least one Memory Pool EntryYtRXs

e The Ho-Y number of Memory Pool Entries declare the memory attributes hosted by their
correspondng Home Agents. Memory attributes declared include the Memory Size, Memory Type, and
addressing capability of the Memory Pool.
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s« The Ho-Y number of Memory Pool Capabilities & Status data structures must have their corresponding
1-to-Y number of Home AgeBase Address Table Entry, or HBAT Entry control structures.

e A Global RA0-HA System Address Map-R5AM) is generatealith 1-to-Z number of GRSAM
Windows. Each- ®SAM Window is defined by a 4GB aligned Start and End Address.

e The Memory in the 40-Y Menory Pools are all mapped to theRSAM by programming the HBAT Entry
control structures. Depending on the attributes declared in tHe-Y number of Memory Pool Entries,
an HBAT Entry can be programmed with the addresses contained in-Bi$A®G Window, omultiple
HBAT Entries can be programmed with the addresses contained in-B8AGI Window, thug kY.

6.2.1.8.3 CGlobal HA -to -SA System Address Map (G -HSAM)

Figure6-13 shows the Global Hfo-SA System Address Map{SAM) generated within the System Address
Space. The ®BSAMs typically generated by CCIX Configuration Software after identifying the dagsloi all
CCIX Slave Agents, and all CCIX Home Agents with Memory Expansion Capabilities.

Global
HSAM
GHSAM
Window-C Mem
SBAT HBAT .
B | MemPool| B D D | Expansio
Enry | 4@ | Gusav | @ Entry Pool
S Window(G1) HBAT Mem H
ave SBAT . ome
MemPool| B-1 D-1 D-1| Expansion E
A Agent Bl Entry Entry Eool Agent
Slave - - e - Home
A-l Agent [N} 'R l I '. : '. l l [N} '\./Iér:n El Agent
. 4| MemPool 4 SBAT noc 4 HBAT 4| Expansiol e
Entry I Entry Eool -
Mem
Slave SBAT GHSAM HBAT . Home
3 Agent 3 MemPooll 3 gqpy didons S Emy | 3EENON 3 Agent
2 Slave 2| MemPool 2 ST v(v} HdSA'\g 2 LAl 2 Ex'\r;laer?;ior 2 hlome
Agent Entry indow: Entry Pool Agent
1 Slave 1| MemPool 1 SBAT GHSAM 1 HBAT 1 ExM:rrgior 1 Home
Agent Entry Window-1 Entry go ol Agent

Figure6-13: GHSAM and its relation to HAs with Memory Expansion Pools, and SAs

G-HSAM and its relation to SAs, SA MemPools, and SA Base Address Table (SBAT) &niliiestrated in
Figure6-13:

s« For a given CCt¥pology with to-A number of Slave Agents discovered, a correspondiiogBL
number of Memory Pool Capabilities & Status data structures are declared across all the Slave Agents.
Each Slave Agent must declare at least one Memory Pool EntryB tkis
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s« The 1-to-B number of Memory Pool Entries declare the memory attributes hosted by their
corresponding Slave Agents. Memory attributes declared include the Memory Size and Memory Type of
the Memory Pool.

s« The to-B number of Memory Pool Capabilities & Stadlasa structures must have their corresponding
1-to-B number of Slave Agent Base Address Table Entry, or SBAT Entry control structures.

e A GlobaHA-to-SA System Address MapISAM) is generatedith 1-to-C number of GHSAM
Windows. Each GISAM Window isefined by a 4GB aligned Start and End Address.

« The Memory in the 40-B Memory Pools are all mapped to theHSAM by programming the SBAT Entry
control structures. An SBAT Entry can be programmed with the addresses contained HH&#MG
Window, or multipe SBAT Entries can be programmed with the addresses contained inldSAK3
Window, thusCH@.

G-HSAM and its relation to HAs with Memory Expansion Pools, and 8adlustrated inFigure6-13:

s For a given CCti¥pology with tto-E number of Home Agents discovered with Memory Expansion
Capability, a correspondingtt-D number of Expansion Memory Pool Capabilities & Status data
structures are declared across all the Home Agents. Each Home Agent that declares/ M&pansion
Capability must declare at least one Memory Expansion Pool EntryDtiREs

e The to-D number of Memory Pool Entries declare the memory attributes hosted by their
corresponding Home Agents. Memory attributes declared include the Memory ExpaSize.

s« The o-D number of Memory Pool Capabilities & Status data structures must have their corresponding
1-to-D number of Home Agent Base Address Table Entry, or HBAT Entry control structures.

e TheGlobalHA-to-SA System Address MapI{SAMyeneraed with 1-to-C number of G1SAM
Windows must be mapped to thetbh-D Memory Expansion Pools by programming the HBAT Memory
Expansion Entry control structures. An HBAT Memory Expansion Entry can be programmed with the
addresses contained in onelESAM Windw, or multiple HBAT Memory Expansion Entries can be
programmed with the addresses contained in onél&SAM Window, thu€XP.

Multiple BAT Entries mapped to a singlelEsAM Window:

e The Expansion Memory of multiple Home Agents can come from a single §&awdécause multiple
HBAT Memory Expansion Entries can be programmed with the addresses contained #i8AY/G
Window, while at the same time, a single SBAT Entry can be programmed with the addresses contained
in the same G1SAM Window.

e The ExpansioMemory of a single Home Agent can come from multiple Slave Abgentse multiple
SBAT Entries can be programmed with the addresses contained ind8AM Window, while at the
same time, a single HBAT Memory Expansion Entry can be programmed with teessdgdcontained in
the same GHSAM Window.

6.2.1.8.4 CCIX Device view of G -IDM, G -RSAM, and G -HSAM

¢tKS //L- 5S@A0SQa L5a FyR {!a RFGF &0GNXzO0GdzNBa I NB
topology, its routing attributes, and the types of Agents dmeir enumerated AgentiDs.
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¢tKS //L- 5S@A0SQa L5a ¢l ofS a@Wilklitkohtainsih&I® rottihg. - 5 S GA O
FGGNROdzGSEa G2 Fff SydzYSNIGSR !'3SyidiL5a Ay GKS G2LRf 2
relative to the location of all the enumerated AgentIDs in that topology.

I //L- 5S@A0SQa 2LJiA2yIlSaX yRl200 SvSatLia/ a2 yLiblaizy 52 NJ K Sv
IDM, the data structure being referenced for the routing of Snoop Response ID routegtpfrom that CCIX
Device in a Mesh Topology.

¢tKS //L- 5S@A0SQa w{la ¢IofS -@8ANik iygoatains kSaddresL. - 5STA
routing attributes to all enumeratetiome AgentDs HAID3A Y (G KS (2L12f 2383 ol aSR 2y
location in that topology relative to the location of all the Home Agents in that topology.

A CCIX Device references an RSAM Table if there is a Request Agent on that device, or the CCIX Device can
perform RAto-HA CCIX Packet PootPort forwarding.

The/ / L- 5S@A0SQa I {!a ¢lFofS O2yHBAM ieaitcintibs the Address 5 STA OS
routing attributes to all enumerate@lave AgentDs SAIDSA Yy G KS (21LJ2f 2383 o6l aSR 2y
in that topology relative to the locatioof all the Slave Agents in that topologyCCIX Device references an

HSAM Table if there is a Home Agent with Memory Expansion enabled on that device, or the CCIX Device can
perform HAto-SA CCIX Packet RatPort forwarding.

The host is not requiretb implement the CCIX Protocol Layer DVSEC data structure. The host may use
equivalent hostspecific methods to support features such as CCIX capability discovery, enumeration, routing
and error reporting.

6.2.1.9 CCIX Component Address and ID based routing tables

CCIX Components within a CCIX Device require Address and ID routing attributes in order to determine the CCIX
Port or local (CCIX Agent) destination of CCIX packets. These Address and ID routing attributes are described via
control structures called SAMd IDM tables respectively.

The Request Agent Address Map across the CCIX System is described in RSAM Tables which must be present in
CCIX Devices that contain Request Agents, and intermediate points that are capable of forwarding traffic from
Request Agets. Further details of RSAM Table usage is describ8ddtion6.2.2.3.4

The Home Agent Address Map across the CCIX System is described in the HSAM Talmestbéchresent in
CCIX Devices that contain Home Agents that have Memory Expansion eaalléitermediate pointshat are
capable of forwarding traffic from Home Agenfairther details of HSAM Table usage is describb&ction
6.2.2.34

For CCIX Software to program the tables for the entire CCIX Device, Reapable CCIX Ports have the
relevant SAM and IDM pointer registers as Primary CCIX Port Extended Capabiligessitoitee Common
Capabilities & Status structure as showrrigure6-14.
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31 20 19 16 15 o
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optional structure for Mesh Topology Capable CCIX Devices
31 20 19 0

|
I
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} 31 0 }
|
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I
} 31 o ;
| |
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I
} +10 ‘ Device Error Log Offset ‘ RsvdZ ‘ I
| I
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I
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I
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I
} +1C ‘ HSAM Table Offset ‘ Rsvdz ‘ HSAM Max Table Size ‘ }
| I
| I
| I
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I
I
I
|
+20 ‘ SRIDM Table Offset ’ Rsvdz ‘ I
I
I

optional structure for Software Services Portal Capable CCIX Devices

(B

|

D

|

+XX ‘ CCIX Software Services Portal Size ‘ } }
I

(I

Figure6-14: Common Capabilities & Status structure

¢KS tNRAYINB //L- t2NIQa 9EGSYRSR / 2 Y-20Rgbontdink thd GEXE A G A S
Device Error Log Offset which is describe@lapter 7CCIX RAS OvervieWhe remaining bits in this register
are Reservednd Zero.

Table6-9 describes the IDM Pointer Register fields at Byte Offgét and Byte Offse20h shown irFigure6-14.

Table6-9: IDMPtr Register fields

Bit Register Description Attributes
Location
19:.0 Reserved and Zero RsvdZ
31:20 IDMTbIOffset RO

This IDM Table offset field indicates the byte offset to the
start of this IDMTablein the Primary CCIX Port. The offset
must beDW-aligned.

The IDMTbIOffset fixed 64 DW size must remain within the
size of CCIX Protocol Layer DVSEC.

Table6-10 describes theRSAM Pointer (RSAMPtr) RegisteByte Offsetl8hand HSAM Pointer (HSAMPTr)
Register at Byte OffseitCh shown ifrigure6-14.
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Table6-10: SAMPtr Registeffields

Bit Register Description Attributes
Location

11:0 SAMMaxTblSize RO

This field indicates the maximum number of bytes in this type of $alle The
size must be DWvdligned.

1 When the CCIX Device Ha€IX Porhggregation Capability, as indicated b
the ComnCapStat2.PortAggClagld (seeTable6-13), the indicated SAM
Table Size must include two DW of Hash Mask Registers as shbignria
6-23.

1 A SAMMaxTblSize value of 000h indicates the CCIX Device does nhot ha
that particular SAM Table Type. For example, a CCIX Device that is not
intermediate point and only has Slave Agents may indicate an RSAM
SAMMaxTblSize vaof 000h.

1 A CCIX Device, at a minimum, must be capable of being a node in a CQ
topology. Therefore, the minimum nerero SAMMaxTblSize value must
reflect (P + 1 + Local) SAM Entries. P is the number of CCIX Ports on th
Device. Local is a minimwnalue d 1 when the CCIX Device has a Local §
Destination (se SAMEntryAttr.DestTypia Table6-20) and suppors Port-
to-Port Forwarding (seBortCapStatPortToPortFwdingCajm Figure6-27).

0 Minimum nonzero SAMMaxTblSize is 018h when P=1,
ComnCapStat2.PortAggCap=0, L=0.

0 The minimum, notzero, (P + 1 + kal) SAM Entry requirement only
applies to the worstase routing requirement in a tree topology, whi
applies when an intermediate node in the tree must provide routing
two distinct ranges (higher and lower) on the same port. For a
particular CCIX teetopology, it is possible for certain nodes in that
topology to require all (P + 1 + Local) SAM Entries, while other nod
achieve their necessary SAM Window routing attributes by utilizing
than (P + 1 + Local) SAM Entries. This is further illugtiatean
example inSection6.6.2.1

19:12 Reserved and Zero Rsvdz
31:20 SAMTDbIOffset RO
This field indicates the byte offset to the start of this SAM Table Offset in the|
Primary CCIX Port. The offset must be-Bligyned.

TheSAMTbIOffset size must remain within the size of CCIX Protocol Layer
DVSEC.

The CCIX Software Services Portal Size register is at Byte2Dfisee. XX ifigure6-14is 20h, if the SFDM
Pointer Register is not part of the Primary Port Extended Capabilities & Status structure. The CCIX Software
Services Portal registers is at Byte Offaéh, i.e XX n Figure6-14is24h, if the SRDM Pointer Register is part

of the Primary Port Extended Capabilities & Status structure.

Table6-11 describes the fields of th€CIX Software Services Pof&bftwareServicesPortal) register
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Table6-11: SoftwareServicesPortal Register

Bit Lo@tion | Register Description Attributes

31.0 PortalSize RO
This fieldindicates the encodings for the Software
Services Portal Si&upported by thi€CIX Device.
ThePortalSizés encoded as integer multiples of
64KB, starting with the smallest Portal Size of 64K
0000h: 64K Portal Size

0001h: 128K Portal Size

X ®

FFFFh: 4GB Portal Size
Figure6-15illustrateshow the IDM and SAM Pointer Registers, while located in the Céjgsb# Status
structures, point to data structures located in the Control structurethefPrimaryCCIX Potbcated in
Function0.The location of IDM and SAM tables within the Control structures are determined by the
IDMTbIOffseand SAMTbIOffsetalues respectively.

Primary. Port
Control
Common Control
Port Control
Link Control
T
T
Primary Port
Capabilities& Status HA Control
Common

Capabilities Status

RA Control

SA Control

Device
IDM

Device
SAM

Figure6-15: CChDevice SAM/IDM Tables
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6.2.2 CCIX Component Structures

This section describes the layout of the Capabilities & Status Registers and Control Registers. Tables describe
TAStRa gA0KAY (KSaS NBIAAGSNEZI GKS 7FA StheRdme folfieldsA G A 2y
with the same definition and encodings across different tables.

6.2.2.1 Common Structures

The Common Capabilities & Status Registers and Common Control Registers contain attributes that are common
to all CCIX Components on a CCIX Devicexainme of a capabilities attribute is the Address Width Capability
attribute, whichis a capability common to all CCIX Components on that CCIX Device. Similarly, the Address
Width Enable attribute is a control applied to all CCIX Components on that G@iX. De

Status bits in the Common Capabilities & Status Registers communicatecompsenent status and follow a
KASNI NOKAOIt Y2RSt ¢gKSNB +y AYRA@GARdAzZ & //L- [ 2YLRYS
and the Common status indicatdset overall status of the CCIX Device.

Similarly, the Control bits allow for cressmponent control and follows a hierarchical model where a Common
9yl ofS O2yidNRt oAl 6KSy Of SFNBRX RAaloftSa Ittt //L-
Enable control bit being set.

6.2.2.1.1 Common Capabilities & Status Data Structures

Figure6-14 shows the overall layout of the Common Capabilities & Statustsire.

Figure6-16 shows the layout of the Common Capabilities & Stdti€omnCapStatRegister at Byte Offset
04h.

Common Version Capability
31 24 24,22 21 3 2 0

Rsvdz

A
L Device ID Status

MultiPort Device Capabilit

Figure6-16: ComnCapStatRegister at Byte Offse®4h

Table6-12 describes the ComnCapStatl Registld§ at Byte Offse®4h.
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Table6-12: ComnCapStatl Register fields at Byte Offfdth

Bit Register Description Attributes
Location
2.0 MultiPortDevCap RO
This field describethe/ / L - 5 S @-podt Sa@abilityy dzf G A
Bit-0:

9 Ob: CCIX Device can be accessed by a €ijbe Port

1 1b:CCIX Device can be accessed by at leasClX Post
This attribute is repeated inea@CIXPo2a 5+x{ 9/ [ 2YY2Yy
gives an indicationat CCI>XSoftware during theCCIX Devidgiscovery phase
that CCPDevicelReplicatiorwill be performed by the CCIX Deviging
the configuration phaseSee theDevIDCntfield description inTable6-14.

Bit-1:

1 Ob: Indicates this is a Secondary CCIX Port

1 1b: Indicates this port has Primary CCIX Port Capability and FunctionO
contains the chigevel Capabilities & Status and Control structures.

Bit-2:

1 Ob: Indicates thi€CIX Device does not support being a Node in a CCIX
Topology.

1 1b:Indicates thiCCIX Device supports being a Node in a CCIX Mesh
Topology

Additional Description:

A physical device withnly one CCIX capable PCle Port must indieat
MultiPortDevCap[2:0yalue of010b.

A physical device wittultiple CCIX capable PCle Ronust indicate an
MultiPortDevCap[2:0yalue ofx11b on at least one of its ports
MultiPortDevCap[1yalue oflb indicates the existence of Primary CCIX Port
Extended CommorCapabilities & Status structure

MultiPortDevCap[2:0¥alue of111b indicates the existence of the $BM Offset
Register in the Primary CCIX Port Exeeh@ommon Capabilities & Status
structure (sedrigure6-14) and the SRDM table seeSection6.2.2.2

21:3 Reservedand Zero Rsvdz

23:22 ComnVersionCap RO
00b: Common data structures Version 1 Capability
All other encodingsReserved

31:24 DevIDStat RO
This field contains the CCIX DevicelD replicated from the ComnCntl1.DevID
field described inrable6-14.

00h: ComnCntl1.DevIDCntl has not been emuwated or ComnCntl1.DevIDCntl
has not been replicated

01h¢ FFh: ComnCntl1.DevIDCntl has been replicated

CCIX Device initializes to 00h after reset (except FLR)
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Figure6-178 K2g6a G(KS tle2dzi 2F GKS t NRYI

(ComnCapStat2) Register att® Offset08h.

CCIX Device HW QACK Capability
CCIX Device QACK

Readiness Time Scale
3130@ 19 18 1615 1413 10 9 8 7 6 4 3 2 1 0
Rsvdz Rsvdz
A AL A A A A A A A A
Readiness Time Value L
Rsvdz

SAM Alignment Capability——
CCIX Software Services Portal Capab#ity——

Figure6-17: ComnCapStat2 Register at Byte Off<ih

Table6-13 describes the ComnCapStat2 Register fields at Byte cféfet

Table6-13: ComnCapStat2 Register fields at Byte Off§&h

Protocol Layer DVSEC

NE //L- t2NIQa

Device Discovery Ready Status
Partial Cache States Capability
Port Aggregation Capability

Cache Line Size Capability

Addr Width Capability

Multi-Hop Port Aggregation Capabilit

and configured.

Bit Register Description Attributes
Location
0 DevDiscRdyStat RO
¢tKAa FASEtR RSaAaONAROSa GUKS //L- 5S@A
Ob: Indicates the CCXKS @A OSQa 5+{ 9/ RI G aidNUz0
discovered and configured.
MOY LYRAOIGSa GKS //L- 5S@A0SQa 5=

A CCIX Device must take no longer than <CCIX Device Readiness Time Rep
to set the DevDiscRdyStat field. After <CCIX Device Readiness Time Reporte
elapsed since a reset, software detecting a zero returned for the DevDiscRdy
field is permitted to conclude that the CCIX Device cannot be
configured/enumerated<CCIX DevidReadiness Time Reportetddetermined
from the DevRdyTimeScale and DevRdyTimeValue fields.

Software reading the data structures when the DevDiscRdyStat field is clear,
considerthe values in those data structurés be transient capabilities & status

unless stated otherwise in the individual field definitions.
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Bit Register Description Attributes
Location

1 PartialCacheStatesCap RO
This field describes whether the CCIX Device supports transactions that oper|
on partial cachédines.

Ob: Partial Cache States not supported

1b: Partial Cach8tates supported

2 PortAggCap RO
This field describes whether the CCIX Device supports CCIX Port Aggregatio
field must be Ob for a CCIX Device without MBlirt Capability, i.e. when
ComnCapStatl.MultiPortDevCap[0] is Ob (s€able6-12).

A CCIX Device is permitted to support CCIX Port Aggregation on some CCIX|
but not all CCIX Ports.

0b: No CCIX Ports on this CCIX Device supporPGEIXggregation

1b: At least 2 CCIX Ports on this CCIX Device support CCIX Port Aggregatior
The CCIX Ports which are aggregation capable are described by the
PortCapStatl.PortAggVctr, described furthef able6-31.

3 CachelineSizeCap RO
This field describes the Cacheline size supported on the CCIX Device.
Ob: Indicates only 64B Cacheline size supported

1b: Indicates both 64B and 128B Cachelime supported

6:4 AddrwidthCap RO
This field describes the maximum addressing capability supported by CCIX
Components on the CCIX Device. As a result, this field also describes the me
address decode capabilities of the SAM and/or BAT entries byGo@Iponents
on the CCIX Device.

000b: 48bit and lower address width supported

001b: 52bit and lower address width supported

010b: 56bit and lower address width supported

011b: 60bit and lower address width supported

100b: 64bit and lower addreswidth supported

All other encodings: Reserved
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Bit Register Description Attributes
Location

7 MultiHopPortAggCap RO

This field describes whether the CCIX Ports on the CCIX Device that support

Port-Aggregation also support sending/receiving aggregated traffic from one ¢

of aggregated CCIX Boto another set of aggregated CCIX Ports on the CCIX

Device. This field must be Ob for a CCIX Device without CCIX Port aggregatiq

capability, i.e. when ComnCapStat2.PortAggCap is 0b.

0Ob:

1 No CCIX Ports on this CCIX Device support-MotiCCIX Port Agggation

1b:

1  Atleast 2groups ofCCIX Ports on this CCIX Device support fAoji CCIX
Port Aggregation

8 SoftwareServicePortalCap RO
¢tKA&d FTASER AYRAOIFI(GSE 6KSGKSNI GKS /
a programmable Portal window for CEftware Services

Ob:

1 CCIX Device does not have a Software Services Portal. Software Service
be performed by the CCIX Device driv

1b:

1 CCIX Device has a Software Services Portal for CCIX Software Services
alternative, CCIX standardized mechanism, for software services typically
performed by the CCIX Device driver.

i This setting also indicates the presence of the Softv&aevices Portal Size
register, illustrated irFigure6-14 and described iffable6-11.

9 SAMAlignCap RO

This field describes the alignment requirement for SAM entries in the CCIX

550A08SQa {!a ¢lofSay

Ob:

1 Indicates that SAM entries must be programmed with 4GB aligned Start
Address and End Address combinations, i.e. the SAM Window described
the SAM entry is 4GB aligned.

1b:

1 Indicates that SAM entries must be programmed with a Start Address tha
2"size aligned, and End Address is Start Addre8size.

1 If the total $ze of the SAM window is <4GB, the SAM window is rounded |
to 4GB size.

1 If the total size of the SAM window is ndt<2zed, then the SAM window is
rounded up to the next 2size, implicitly creating a Memory Hole for addres
space above the total size.

This field also describes the alignment requirement for BAT entries on this C(

Device for Memory Pools that advertise Base Address Capability (as oppose
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Bit Register Description Attributes
Location

Fixed Offset Capability), as described by the

MemPoolEntryCapStat0.MemPoolAddrCap field:

Ob:

1 Indicates that BAT entries must be programmed with a 4GB aligned Base
Address.

1b:

1 Indicates that BAT entries must be programmed with a Base Address tha]
size aligned to the total size of a Memory Pool or Memory Pool Group.

1 A Memory Pool Group is th@ugtiguous set of Memory Pools where the firs|
Memory Pool has Base Address Capability and subsequent Memory Pog
have Fixed Offset Capability.

1 If the total size of a Memory Pool or Memory Pool Group is Agizzd, then
the alignment of the Base Adeks is rounded up to the next &ize, implicitly
creating a Memory Hole for address space above the total size.

A 2'size alignment requirement for SAM and BAT Entries can lead to a spars

Global System Address Map for a particular CCIX topology, extlet that

there is insufficient Physical Address Space to map all the discovered Memof

Pools, and also achieve thésize alignment requirement.

CCIX Configuration Software may therefore, choose not to enable a CCIX De

that declares a SAMAlignCaglwe of 1b, if a combination of the Address Width

Capability discovered across all the CCIX Devices, the sizes of all the Memor

Pools, and the number of CCIX Devices withsiz2 alignment requirement,

results in insufficient Physical Address Space.

Implementations are therefore encouraged to declare a SAMAIlignCap value

13:10 Reserved and Zero Rsvdz

Protocol Layer and Transport Layer DVM@GEQ16-2019 CCIX Consortium, Inc. ALL RIGHTS RESERVEBII00
February 15, 2019



Hardware Specification Protocol Layer DVSEC

Bit Register Description Attributes
Location

14 DeviceQACK RO
¢tKAa FASER RSAONROSA I'1'L- 5S@A

Ob: CCIX Device not quiesced.

1b: CCIX Device quiesced.

[N
~
w

If the CCIX Device has Hardware Quiesce Acknowledgement (HW QACK) cg
as indicated by a ComnCapStat2.DeviceHWQACKCap valuehafrlb,
ComnCapStat2.DeviceQAiSIset by implementation specific methods. Softwary
can choose to poll ComnCapStat2.De@ACK instead of waiting for the <Devici
Quiesce Time> value to check DeviceQACK if ComnCapStat2.DeviceHWQA!
has a value of 1b.

If the CCIX Device does not have HW QACK capability as indicated in
ComnCapStat2.DeviceHWQACKCap value of Ob, the faleeguence is
followed:
The CCIX Device sets the DeviceQACK bit to a value 1b after completing
detecting the following actions in this order:
1. The CCIX Device detects that the CCIX Device Quiesce Request
(ComnCntl2.DeviceQREQ) Control bit is set.
2. The CCIX Device has not issued any Requests and sent and receivel
relevant outstanding Responses, for the duration of <Device Quiesce Tin
<Device Quiesce Time> is based on the value of ComnCntl2.QACKTime|
and ComnCntl2.QACKTimeValue, describetiduin Table6-12.
3. Following the transition of the CCIX Device Quiesce Request
(ComnCntl2.DeviceQREQI@mble6-12) control bit from 0b to 1b, the CCIX
Device must take no longer than 2 * <Device Quiesce Time> to set
DeviceQACK.
After 2 * <Device Quiesce Time>, CCIX Software detecting a zemnoectfor the
DeviceQACK field indicates an error condition such that the CCIX Device was
unable to reach a quiescent state.

Following the transition of th€omnCntl2.DeviceQREQNtrol bit from 1b to Ob,
the CCIX Device must transition the DeviceQACHKobit 1b to Ob.
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Bit Register Description Attributes
Location
15 DeviceHWQACKCap RO
¢tKAa FASEtR RSaAaONAROSa GUKS //L- 5S@A
Capability.
0Ob:

i CCIX Device does not have a hardware mechanism to achieve a quiesce
state across all CCIX Components on that Device.

1b:

1 CCDDevice has a hardware mechanism to achieve a quiescent state acrg
CCIX Components on that Device.

18:16 Reserved and Zero Rsvdz

27:19 DevRdyTimeValue RO
¢tKAada FAStR RSaONRoSa GKS //L- 5SQA
overall <CCIRevice Readiness Time Reported> is DevRdy Time\&h@ X
Device Readiness Time Multiplier>.

<CCIX Device Readiness Time Multiplier>33pTmescifs,

000h¢ 1FFh: Encodings for DevRdyTimeValu@ through 511.

A DevRdyTimeValualue of 000h indidas the CCIX Device is always ready to
discovered and configured, i.e. ComnCapStat2.DevDiscRdyStat is always 1b
The <CCIX Device Readiness Time Reported> must be the longer of the follg
two readiness times:

1. The readiness time following a Convenal Reset and
2. The readiness time following a Function Level Reset.
The validity of DevRdyTimeValue is not subject to the
ComnCapStat2.DevDiscRdyStat indicator. DevRdyTimeValue is valid at the <
time the CCIX Protocol Layer DVSEC Header is valid.
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Bit

Location

Register Description

Attributes

30:28

DevRdyTimeScale

¢tKAad FASEtR RSaONRo0oSa GKS //L- 5S@A
generate the <Readiness Time Multiplier> where:

<CCIX Device Readiness Time Multiplier>0g7giprimescajgg

Oh ¢ 7h: Encodings for DevRdyTimeSadl6 through 7 which allows ferCCIX
Device Readiness Time Multiplier> values of 1ns through 34359738368ns.
DevRdyTimeScale allows encodings 6h and 7h to accommodate CCIX Devic
PCle as the Transport Layer, where the <CCIX Device Readiness TirreslRép
larger than the PCle Readiness Time Reporting optional capability, where a F
Device can declare a maximum readiness time of approximately 8.5s.

The validity of DevRdyTimeScale is not subject to the
ComnCapStat2.DevDiscRdyStat indicator. DeMRwScale is valid at the same
time the CCIX Protocol Layer DVSEC Header is valid.

S5dzNAY 3 AYAGAFEATFGAR2YyY &aKz2dA R |/ /
readiness time, the CCIX Device is permitted to reduce its <CCIX Device Res
Time Reprted> by either reducing its DevRdyTimeValue, DevRdyTimeScale,
both. However, CCIX Configuration Software may use either the original or
reduced <CCIX Device Readiness Time Reported>. A CCIX Device is not pel|
to increase its <CCIX Device Readiriésie Reported>.

RO

31

Reserved and Zero

Rsvdz

¢t KS

t NAYFNE //L- t2NIQ& 9EGSYRSR /2YY2y /| LIOGH t AGAS
has all bits in the register as Reserved and Zero (RsvdZ).
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6.2.2.1.2 Common Control Data Structures

Figure6-18showa (G KS 2@SNI tf ftlFe2dzi 2F GKS tNAYIFINEB //L- t
Ports do not have a Common Control dattaisture.

The CCIX Device Error Control & Status (DevErrCntlStat) Regiyee OffseDCh is described i@hapter 7

CCIX RAS OvervieWwhe requirements for, and usage of, the optional Snoop Request Hash Mask Register
described irSection6.2.2.1.2.1 The requirements for, and usage of, the optional CCIX Software Services Portal
structureare described irSection6.2.2.1.2.2

Primary Port Common Control

|

|

i 31 20 19 16 15 0
|

: +00 ‘ Next Control Offset ‘ RsvdP ‘ CCIX Component FE.Common ‘
|

|

| 31 0
|

: +04 ‘ Common Control | ‘
|

: 31 0
: +08 ‘ Common Control Il ‘
|

|

|

|

: +0C ‘ CCIX Device Error ContfoStatus ‘
|

|

optional structure for routing Snoop Requests with CCIX Port Aggregaf@nCCIX Devices without RSAM

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
31 0 :
|
|
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|
|
|
|
|
|
|
|
|
|
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N 31 6 5 o !
1
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Iy :
: : 31 0 :
|
! | 414 ‘ Snoop Request Hash M§68&:32] ‘ :

|
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! l an optional structure for CCIX Software Services Portal o | !

I I
| |
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|

Figure6-18: Primary CCIX Port Common Control Structure
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Figure6-19 shows the layout of the Common Control 1 (ComiQrRRegister at Byte Offs@éh.

31 2423 22 21 16 15 98 7 6 5 4 3 2 1 0

o] [ e [T

Device Enable

Primary Port Enable
Mesh Topology Enable
RsvdP

Port Aggregation Enable
IDM Table Valid

RSAM Table Valid

HSAM Table Valid

Error Agent ID

Device ID Control

Software Services Portal Enak

Figure6-19: ComnCntl1l Registaat Byte Offset04h

Table6-14 describes the Common Control Regigt@omnCntl}fieldsat Byte OffseD4h.

Table6-14: ComnCntll Register fields at Byte Offdgth

Bit Location | Register Description Attributes

0 DevEnable RW
This field controls whether the CCIX Device is configured to send/receive
traffic, except for CCIX Protocol Error Messages.

Ob: Indicates that either the CCIX Device has not been configured, or the
previously configured CCIX Device has been taken offline.
1b: Indicates the CCIX Device is configured and enabled.
CCIX Device initializes to Ob after reset (except FLR)
CCIX Devicertable control takes precedence over CCIX Component Enab
control, i.e. CCIX traffic from all enabled CCIX Components on this CCIX
must be disabled if the CCIX Device is not enabled.

DevEnable must be 0Ob if the ComnCapStat2.DevDiscRdyStat fieldbeles
in Table6-13is Ob.

1 PrimaryPortEnable RW
This fieldcontrols enabling the Primary CCIX Port, and the-lehipl CCIX
Protocol Layecontrol structures in this Primary CCIX Port

Ob: Primary CCIX Port disabled.

1b: Primary CCIX Paghabled.

CCIX Device initializes to Ob after reset (except FLR)
PrimaryPortEnable must be set to Ob for a CCIX Device when Common
CapabilityComnCapStatl.MultiPortDevCapiHlueis Ob (seeTable6-12).
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Bit Location | Register Description Attributes

2 MeshTopologyEnable RW
If the CCIX Device is Mesh Topology Capable, i.e. the
ComnCapStatl.MultiPortDevCap[2] vaisid b(seeTable6-12), the
MeshTopologyEnable fielddicates whether this CCIX Device is enabled &
part of a Mesh Topology.

Ob: CCIX Device is not enabled as part of a Mesh Topology.
1b: CCIX Device is enabled as part of a Mesh Topology
CCIX Device initializes to Ob after reset (except FLR)
MeshTopologEnable must be set to Ob for a CCIX Device when Commor
Capability ComnCapStatl.MultiPortDevCapElieis Ob.

A CCIX Device must reference the Common ContrtiDBR able, instead of
the Common Control IDM Table, for the routing of Snoop Responses whe
MeshTopologyEnable value is 1b.

A CCIX Device declaring Common Capability
ComnCapStatl.MultiPortDevCapij2lue oflb can choose to redeploy
resources dedicated for Mesh Topology for other purposes when
MeshTopologyEnable value is Ob and ComnCntll.DevEvelbkeis 1b.
3 Reserved and Preserved RsvdP

PortAggEnable RW
This field controls CCIX Device Port Aggregation.

PortAggEnable is the single crgest aggregation enable after individual
CCIX Ports on this CCIX Device have been en&dg€itl.PortEnabléeld in
Table6-30).

Ob: CCIX Port Aggregation Disabled

1b: CCIX Port Aggregation Enabled

CCIX Device initializes to Ob after reset (except. FLR)

PortAggEnable must be 0b if the ComnCapStat2.PortAggCais fibigee
Table6-13).
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Bit Location | Register Description Attributes

5 IDMTblIVal RW
This field controls the validity of the entire IDM Table. This field also cont
the validity of the SRDM Table when ComnCapStatl.MultiPortDevCap[2:(
hasvalueof 111b (se€lable6-12).
WhileIDM Table entries have pentry Valid bits that control mappings on ¢
per-AgentID level, CCIX Software can use-to@tb transition of IDMTbIVal
to communicate to the CCIX Device that it is done creating the IDM Table
IDM and SRDM Table, for the CIX Device.

A CCIX Device is permitted to-assert its ComnCapStat2.DevDiscRdyStat
indicator following a 1H0-0b transition of IDMTblVal.

A CCIX Device is permitted to delay assertion of its
ComnCapStat2.DevDiscRdyStat indicator followingta-Qlp transition of
IDMTblVal.

For Memory Requests, an implementation may choose to statically selec
TgtID from the TgtID pool. The static TgtID selection must be consistent
the updated TgtID pool generated after a-fah1b transition of IDMTblVal.

6 RSMTbIVal RW
This field controls the validity of the entire RSAM Table.
RSAM Tables must exist in CCIX Devices that contain at least one RA. R
Tables must also exist in CCIX Devices that anteo-port forwarding
capabilityin order to resolve whether p&ets are destined to a local HA or 4
HA on another CCIX Device connected via an egress CCIX Port.

While RSAM Table entries have Valid bits that control address mappings
per-entry level, CCIX Software can use a®tib transition of RSAMTbIVal t
communicate to the CCIX Device that it is done creating the RSAM Table
the CCIX Device.

A CCIX Device is permitted to-dssert its ComnCapStat2.DevDiscRdyStat
indicator following a 140-0b transition of RSAMTblVal.

A CCIX Device is permitted to delageation of its
ComnCapStat2.DevDiscRdyStat indicator following®-Qlp transition of
RSAMTblVal.
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Bit Location | Register Description Attributes

7 HSAMTbIVal RW
This field controls the validity of the entire HSAM Table.

HSAM Tables must exist in CCIX Devices that contain at least one HA w
Memory Expansion EnabletHSAM Tables must also exist in CCIX Deviceg
haveport-to-port forwarding capabilityn order to resolve whether packets
are destined to a local SA or an SA on another CCIX Device connected
egress CCIX Port.
While HSAM Tablengries have Valid bits that control address mappings o
per-entry level, CCIX Software can use d®tb transition of HSAMTblIVal t
communicate to the CCIX Device that it is done creating the HSAM Table
the CCIX Device.

A CCIX Device is permittemlde-assert its ComnCapStat2.DevDiscRdyStat
indicator following a 1H0-0b transition of HSAMTblVal.

A CCIX Device is permitted to delay assertion of its
ComnCapStat2.DevDiscRdyStat indicator followingta-Qlt transition of
HSAMTDblVal.

8 SoftwareSevicesPortalEnable RW
If the CCIX Device has Software Services Portal Capability, i.e. the
ComnCapStat2.SoftwareServicePortalCap vialdé (sedable6-13), the
SoftwareServicesPortalEnable field indicates whether the CCIX Software
Services Portal is enabled.

Ob: The CCIX Software Services Portal is disabled.

1b: The CCIX Software Services Portal is enabled.

CCIX Device initializes to Ob after re@etcept FLR)
SoftwareServicesPortalEnable must be set to Ob for a CCIX Device wher
ComnCapStat2.SoftwareServicePortalCalpeis Ob.

159 Reserved and Preserved RsvdP
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Bit Location | Register Description Attributes

21:16 ErrAgentiD RW
This field designates the AgentID of an Error Agent (EA)ekates in the
CCIX Host and receives CCIX Protocol Error (PER) Messages.

An EA resides in the host. It is mandatory for the Host to have at least on
For the list of CCIX Agents reachable on the host, a minimum one EA my
also be reachable.
It is recommended that CCIX Configuration Softwareise an AgentlD for ar
EA so that ID routed PER Messages follow established routes for those f
2yS 2F GKS 1 2a0GQa SydzYSNr GSR w! L
The Hosfprovided information with respect to the RAs/SAs/HAs/Bresent
in the host, may also provide proximity information of an EA to the RA/HA
Agents. Proximity information may be communicated in the same manne
LINEPEAYAGE AYyF2NXNIGAZY 0SG6SSy |
the case where the Host kaleclared multiple EAs, CCIX Configuration
{2FGo6I NB YlIe& GKSy OK224aS G2 dzas
Device in selecting the ErrAgenfiid this CCIX Device.

Unlike the discovery of the CCIX connection graph, and the subsequent
creationof the CCIX topology, CCIX Configuration Software is not require
include EAs in the discovery and topology creation process.
For IDM Tables created for all enumerated HAID/SAID/RAID, where an E
shares one of those CCIX AgentIDs, CCIX Configurdtiwar8aloes not
need to comprehend IDM routing explicitly for EAs.

23:22 Reserved and Preserved RsvdP

31:24 DevIDCntl RW
This field controls the enumerated CCIX DevicelD programmed by CCIX
Software. CCIX software must ensure the CCIX DevicelD programmed
unique across the CCIX system.

00h: CCIX Device has not been enumerated

01h: FFh: Encodings for enumerating CCIX DevicelD 1 through 255
AnonzeroDeviIDCntd | £ dzS§ 6NRGGSYy o6& {2Fhégl |
Common control structure must be replieatby the CCIX Devite the
ComnCapStatl.DevIDStald in all CCIX Common status structures on the
same CCIX Device. The same-p@roDevIDCntalue must be returned
when Softwarereadsthe ComnCapStatl.DevIDStald of any of theCCIX
Common status structures on the CCIX Device.
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Figure6-20 shows the layout of the Common Control 2 (ComnCntl2) Register at Byte-Q8fset

31 21 20 19 15 14 13 7 6 4 3 2 1 0

QACKTimeValue RsvdP RsvdP

A
L RsvdP

Partial Cache States Enat

RsvdP

Cacheline Size Enable

Address Width Enable

CCIX Device QREQ

QACK Time Scale
Figure6-20: ComnCntl2 Register at Byte Offs@8h
Table6-15 describes the ComnCntRegister fieldat Byte Offsetd8h.
Table6-15: ComnCntlRegister fields at Byte Offsedgh
Bit Location | Register Des@ption Attributes
0 Reserved and Preserved RsvdP
PartialCacheStatesEnable RwW

This field enables the CCIX Device to handle CCIX transactions
operate on partial cachelines.

Ob: Disable

1b: Enable

CCIX Device initializes to Ob after reset (except. FLR)

Reserved and Preserved RsvdP
CachelineSizeEnable RwW

This field controls the Cacheline size selected on the CCIX Devi
0b: Indicates only 64B Cacheline size selected

1b: Indicates only 128B Cacheline size selected
CachelineSizeEnable must beviten
ComnCapStat2.CachelineSizeCap is 0b.

CCIX Device initializes to Ob after reset (except. FLR)
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Bit Location

Register Desdption

Attributes

6:4

AddrWidthEnable

000b: Max 4&it address width enabled

001bh: Max 5zbit address width enabled

010b: Max 5&bit address width enabled

011b: Max60-bit address width enabled

100b: Max 64bit address width enabled

All other encodings: Reserved

CCIX Device initializes@00b after reset (except FLR)

RwW

137

Reserved and Preserved

RsvdP

14

DeviceQREQ

Device Quiesce Request controls when @@IX Deviogill act to
achieve a quiesced stat&€here can only be a change in the value
Ob or 1b, of the corresponding ComnCapStat2.DeviceQACK bit
CCIX configuration software changes the value, Ob or 1b, of this
DeviceQREQ control bit.

Ob: CCIX Déceis not required to be quiesced.

1b: CCIX Deviamust be quiesced.

CCIX Device initializes to Ob after reset (except FLR).

RW

19:15

Reserved and Preserved

RsvdP

20

QACKTimeScale

This field controls the timescale of the Quiesce Acknowledgemel
Time Véue, i.e. QACKTimeValue, and the combination of the
settings in QACKTimeScale and QACKTimeValue determine th¢
Queisce Time of a CCIX Component.

Ob: Timescale is in ps.

1b: Timescale is in ms.

CCIX Device initializes to Ob after reset (except FLR).

RwW
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Bit Location | Register Desgption Attributes
31:21 QACKTimeValue RwW
This field controls the value of the Queisce Time for a CCIX
Component.

<Component Queisce Time> for a CCIX Component is based ol
ComnCntl2.QACKTimeScale and ComnCntl2.QACKTimeValue
GKIFG /1 2YLRYSY(diQa v dzh SranOoh towts ]
For example, <Device Quiesce Time> is based on
ComnCntl2.QACKTimeScale and ComnCntl2.QACKTimeValue
DeviceQREQ transitions from 0Ob to 1b.

000h: reserved.

001h: 1 ps IRACKTimeScale is Ob, lifMQACKTimeScale is 1b.
002h: 2 ps IRACKTneScale is Ob, 2nisQACKTimeScale is 1b.
X

3E8h: 1 ms IDACKTimeScale is ObjfIQACKTimeScale is 1b.

All values above 3E8h: Reserved.

CCIX Device initializes to 001h after reset (except FLR).

6.2.2.1.2.1 Snoop Request Hash Mask

The Snop Request Hash Maslata structure must be provided by:

s CCIX Devices that anet intermediate CCIX Compones{i.e.CCIX Componesithat are notCCIX Poxt
to-Port Forwardingapablg andsupportCCIX Porggregationand contain Home Agents but no
Request Agents

s CCIX Deviegthat are intermediateCCIX Compones{i.e.CCIX Componesiare CCIX Pottio-Port
Forwardingcapablg and supportCCIX Porggregationput do not contain any Home Agents or
Request Agents.

The use of the Snoop Request Hash Mask is descriligetiion6.2.2.2.2 The Snoop Request Hash Mask is an
optional data structure and need not be provided by CCIX Devicesuppbrt CCIX Port Aggregatiordan
containthe RSAM Table. This is because the RSAM data structure contains a Hash Mask that can be used for
Snoop Request routing as well

Table6-16 describes theCommon Control Snoop Request Hash MaéBnpRegHashMaskRggister field at
Byte Offsetl0h.
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Table6-16: SnpReqHashMaskO Register field at Byte Offseh
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Bit Register Description Attributes
Location
5:0 Reservednd Preserved RsvdP
31:6 SnpReqHashMaskLo RW

This field indicates which lower address bits are part of the
Snoop Request Hash Mdsiaction for the aggregated CCIX
Ports. This field is only valid when ti@MEntry.NumAggPorts
field in Table6-19is a valid nofzero value.

For each bit:

Ob: indicates the address bit is not part of the hash mask res
1b: indicates the address bit is part of the hash mask result
SnpReqHashMasKI0) must be 0b if the
ComnCntl2.CachelineSizeEndiaél indicates 128B Cacheline
size is enabled.
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Table6-17 describes the Common Control Snoop Request Hash Mask 1 (SnpReqgHashMask1) Register field at
Byte Offsetl4h.

Table6-17: Common Control Registdield at Byte Offsetl4h

Bit Register Description Attributes
Location

31:0 SnpReqHashMaskHi RwW
This field indicates which upper address bits are part ofheop
Request Hash Magiunction for the aggregate@CIX Post This field
is only valid when théDMEntry.NumAggPortleld in Table6-19isa
validnon-zerovalue

For each bit:

0Ob: indicates the address bit is not part of the hash mask result.
1b:indicates the address bit is part of the hash mask result.

The Snoop Request Hash Mask, BmpReqHashMasKBi.:0],
SnpReqHashMaskl34.:6]} must match theRSAMHash Mask, i.e.
{RSAMHashMaskHdiL:0],RSAMHashMaskLo[31}6bf the CCIX
Device with the Request Agent that is the TgtID of the Snoop
RequestSeeSection6.2.2.3for a description of th&RSAMlata
structure andRSAMHash Mask.

6.2.2.1.2.2 CCIX Software Services Portal

The CCIX Software Services Portal allows CCIX configuration software to define a 4GB SAM Window through
which CCIX Software Services descriptors can be provided to the service processor on tleeiGCRhe

services portal is a CCIX standardized method to invoke a service or function, such as mesiray;yarer

provides an alternative to CCIX configuration software invoking a proprietary device driver to achieve the same
service or function.

The CIX Software Services Portal register is at Byte Gf3fgti.e. XXin Figure6-18is 10h, if the Snoop Request

Hash Mask Structure is not part of the Primary Port Control structure. The CCIX Software Services Portal register
is at Byte Offsefl8h, i.e. XXin Figure6-18is 18h, if the Snoop Request Hash Mask Structure is part of the

Primary Port Control structure.

Table6-18 describes the CCIX Software Services Portal register fields at Byte)XOffsef the Primary Port
Control structure.

Table6-18: Primary Port Controbtructure fields at Byte OffseXXh

Bit Location | Register Description Attributes

31:0 SoftwareServicesPortalBaseAddr RW
Indicates theupper 32bits of the4GB aligned Base Address of the
CCIX Software Services Portal.
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6.2.2.2 IDM Table Structure

The IDM Tabler ID Map Table is used to resolve the destination CCIX PortID and CCIX Link Number for that CCIX
PortID for a given CCIX AgentID. The IDM table is referenced by CCIX Ports and CCEgAgEhsd shows

the overall layout of the IDM entries of the IDM Table. With a maximum of 64 CCIX AgentIDs allowed in a CCIX
topology, the number of IDM entries is 64.

The SRDM Table is an auxiliary IDM Table sttue that is referenced by a CCIX device in specific topologies for
specific CCIX Packet types (Seetion6.2.2.2.4. The SRDM Tablemight or mightnot contain the same routing
attributes as the IDM Tablier a particular CCIX AgentiDyvever, the structure of the S®M Table, and

manner in which the BIDM Table is referenced, is identical to that of the IDM table.

Each CCIX AgentID entry has a valid bit to indicate whether that entry is enabled. Software is allowed to set the
Valid bit for noncontiguous CCIX AgentID entries.

31 0
+00 IDM Entry0 for AgentIDO

31 'R 0
+FC IDM Entry63for AgentlD63

Figure6-21: IDM Table

Figure6-22 shows the layout of an IDM entry.

31 21 20 15 14 13 10 9 8 7 4 3 2 1

RsvdP LinklID | | NAP | RSVdP| PID |RSVdP| |

)
v|
L -
RsvdP Valid

DestType

Figure6-22: IDM Entry
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Table6-19 describes the IDM entry fields.

Table6-19: IDM Entry

Bit Register Description Attributes
Location
0 AgentIDnVal RW
This field indicates whether the mapping for CCIX AgentIDn is enabled g
valid

Ob: Indicates either an invalid CCIX AgentlID or disabled mapping
1b: CCIAgentID to Local or CCIX PortID mapping is enabled
CCIX Device initializes to Ob after reset (except FLR)

1 AgentiDnDestType RW

This field indicates whether the mapping for CCIX AgentIDn is to a Loca|
CCIX Port Destination.

Ob: Local CCIX Agdbestination
1b: CCIX Port Destination
CCIX Device initializes to Ob after reset (except. FLR)

3:2 Reserved and Preserved RsvdP

74 AgentIDnPortID RW
This field describes the CCIX PortID that CCIX AgentIDn is mapped to fi
Entry N of the IDM structure

Oh to Fh: Encodings for CCIX PortIDO to CCIX PartID15

If CCIX Port Aggregation is enabled, the AgentIDnPortID field has encoc
for Base CCIX PortID with the following encoding restrictions:

2 CCIX Port Aggregation: Encodings Oh to Eh for BasP@TDQ to Base
CCIX PortlD14. Encoding Fh: Reserved.

4 CCIX Port Aggregation: Encodings Oh to Ch for Base CCIX PortIDO to
CCIX PortlD12. Encodings Dh to Fh: Reserved.

8 CCIX Port Aggregation: Encodings Oh to 8h for Base CCIX PortIDO to
CCIX Pal8. Encodings 9h to Fh: Reserved.

16 CCIX Port Aggregation: Encoding Oh for Base CCIX PortID0. Encodil
to Fh: Reserved.

CCIX Device initializes to 00h after reset (except FLR)
AgentIDnPortID must be Oh when IDMEntry.AgentiIDnDestType is Ob.

9:8 Reservedind Preserved RsvdP
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Bit
Location

Register Description

Attributes

13:10

NumAggPorts

This field indicates whether CCIX Port Aggregation is enabled for this C{

AgentID and if enabled, the number of aggregated CCIX Ports. The enci

is such that the number of aggregated CCIX Ports is (Ngifokp + 1) when

the NumAggPorts field contains a valid, reero value. However, the total
number ofaggregatedCCIX Ports restricted to2" where valid values fan

are0, 1, 2, 3, and 4.

Oh:

1 Indicates Aggregation is disabled, i.e=21.

1 The AgentiDPortID field in this case is the singular CCIX Port for thig
CCIX AgentlD

1h, 3h, 7h, Fh:

1 Indicates the number of additional CCIX Ports aggregated.

1 The maximum number of additional CCIX Ports that can be express|
15, i.e. a total of 16 CCIX Ports benaggregated.

1 The AgentIDnPortID field in this case is Base CCIX PortID (BasePol
The subsequent CCIX Ports must be linearly enumerated from this
BasePortID. BasePortID is not required to bal@gned.

All other encodingsReserved

CCIX Devideitializes to Oh after reset (except FLR)

NumAggPorts must be Oh when IDMEntry.AgentIDnDestType is Ob.

RwW

14

Reserved and Preserved

RsvdP

20:15

AgentIDnLinkID

This field describes the CCIX LinkID that CCIX AgentIDn is mapped to fi
Entry N of the IDMtructure

00h to 3FhEncodings for CCIX LinkIDO to CCIX LinkID63

If CCIX Port Aggregation is enabled, the same CCIX LinkID must be set
all aggregated CCIX Ports for traffic for this CCIX AgentlD.

CCIX Device initializes to 00h after reset (exE&jR)

AgentIDnLinkID must be 00h when IDMEntry.AgentiIDnDestType is Ob.

RwW

31:21

Reservedand Preserved

RsvdP
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6.2.2.2.1 IDM Table Usage by CCIX Components

ThelDM Table structure ieferencedby different CCIX Components:
e CCIX Port:

o IDM structure igeferencedin order to resolvesither the nexthop destinationCCD¥ortLink or the
lasthop local destinatiorfor inboundCCIX Ageld routed CCIX Packetsow the CCIX Packet is
routed to thelasthoplocal destination is implementation specific.

s CCIX Agen(HHA/RA/SA):

o |IDM structure is referenced in order to resolve the destination CCIX Port/Link for outbound CCIX
AgentlD routed CCIX Packets.

0 The CCIX AgentlID used to index into the IDM can only belong to destination CCIX Agents. The
destination CCIX Agentsro®t be both HA and SA for the same index, i.e. separate CCIX AgentIDs,
and therefore separate IDM entries, with unique CCIX Port/Link must be used instead.

0 The IDM structure may be referenced in order to resolve to a destination Local CCIX Agent.
However the routing from source CCIX Agents to destination CCIX Agents on the same CCIX Device
is implementation specific, i.e. CCIX GQgunfation Software disablinGCIX AgentlD mapping in the
IDM structure does not guarantee that access has been disabled fsrarnesCCIX Agents to
destination CCIX Agents on the same CCIX Device.

o HA initiated Snoop Request ID routed packets to aggregated CCIX Ports have additional IDM Table
usage considerations, described3action6.2.2.2.3

0 RA initiated Snoop Response ID routed packets have additional IDM Table usage considerations for
nodes in Mesh Topologies, describediection6.2.2.3.4

6.2.2.2.2 Routing of Responses for CCIX AgentIDs  with CCIX Port
Aggregation

For the case where a destination CCIX AgentID has aggregation enabled, the source CCIX Agent requires
implementationspecific mechanisms other than the IDM Table to resolve the destination CCIX PortID for the
routing of Response packets. This is becausditM Tablevill only resolvehe destination CCIX AgentID to the
base destination CCIX PortID.

« Example:An RSAM entry has CCIX Port aggregation enabled to two CCIX Ports, CCIX Portl and CCIX
Port2. When inbound CCIX Snoop Requests from a Home Agentdceddy that Request Agent, the
Snoop Responses must have alternative mechanisms to send the Snoop Response back to the CCIX
Port#, CCIX Portl or CCIX Port2, from which the Snoop Request was sent since the IDM Table will only
indicate the Base CCIX PNtumber, CCIX Portl, of the Aggregated CCIX Port for that Home AgentlD.
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6.2.2.2.3 Routing of Snoop Requests for CCIX Devices with CCIX Port
Aggregation

Snoop Requests are-tbuted CCIX packets. However, for the case of CCIX Port aggregated TgtIDs of Snoop
Requeststhe IDM Table only indicates the Base CCIX P(Bt#BePortIDdf the aggregated CCIX Ports for

routing the Snoop Request. The Snoop Address and Hash Mask are used to determine the destination CCIX
PortID via the Aggregated Port Selection Function (Ad&S¥escribed iSection6.2.2.3.3.

A CIX Device with at least one Request Ageust referenceghe RSAMIable Hash Mask (s&ggure6-23) for
determiningthe CCIX PortID for Snoop Requests.

A CCIX Device with no Request Agents must referttiec8noop Request Hash Mask (§&gure6-18) for
determining the CCIX PortID for Snoop Requests.

6.2.2.2.4 Routing of Snoop Responses for CCIX Devices that support Mesh
Topologies

CCIX Devices enabled in a Mesh Tagp (seeMeshTopologyEnabligeld in Table6-14) must referencehe SR
IDM Table for determining the CCIX PortID for Snoop Responses. A desofiftisirequirement is described
in Chapter 3ProtocolLayer

6.2.2.3 SAM Table Structure

The SAM Table, or System Address Map Table, is used to resolve the destination CCIX Component (CCIX PortID)
for a given Address. The SAM Table is referenced by CCIX Ports and CCIX Agents for address routed packets.
Figure6-23 shows the overall layout of the SAM Table. The SAM Table structure contains one or more entries.

The SAM Table Size along with the SAMeTaype supported by the CCIX Component indicates the number of

SAM entries available for setup and the index into each SAM entry.

Each SAM entry has a valid bit to indicate whether that entry is enabled. Software is allowed to set the Valid bit
for non-contiguous SAM entries.

The address range mapped by a particular valid SAM entry must not overlap with an address range mapped in
any other valid SAM entry. Howeverhen the HA and SA Address Space are independent of each other, overlap
of Address namspace between HBAT/RSAM and SBAT/HSAM Tables is allowed.

When the CCIX Device has CCIX Port Aggregation Capabilificated by th€omnCapStat2.PortAggCap field
(seeTable6-13), the SAM Table structure is extended by two DW for the Hash Mask Register as shayunan
6-23.

The Hash Mask applies to all SAM Entries where the SAMEntryAttr.NumAggPorts field indicates CCIX Port
Aggregation (se&able6-20).
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31 0
+00 SAM Entry
31 (] 0
+n*0C SAM Entry n
A 6 5 o
I
: +(n+1)*0C SAM Hash Ma$R1:6] Reserved :
|
| |
I 31 o
|
I
: +(+1)*0C+04 SAM Hash Ma$&3:32] :
! |
| |

___________________________________________________________________________

Figure6-23: SAM Table

6.2.2.3.1 Common SAM Entry

Figure6-24 shows the layout of a/8vi Entry.

31 14 13 10 9 8 7 4 3 2 1 0
+00 RsvdP NAP RsvdP| PID | RsvdP| D| V
31 0
+04 Start Addreg$3:32]
31 0
+08 End Addred$3:32)

Figure6-24: SAM Entry
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Table6-20 describes the SAM Entry Attribute (SAMEntryAttr) Register fields at Byte-Offisaif the SAM Entry

Table6-20: SAMEntryAttr Register fieldstdByte OffsetO0h

Bit Register Description Attributes
Location

0 SAMEntryVal RwW
This field indicates whether the SAM Entry is valid.
Ob: Indicates no CCIX Port is mapped in this entry
1b: Indicates a CCIX Port is mapped in this entry
1 DestType RwW
Describes whether a CCIX Agent or CCIX Port is mapped to the Base
Address described in this SAM entry.

Ob: Local CCIX Agent Destination

1b: CCIX Port Destination

3:2 Reserved and Preserved RsvdP
74 PortID RW
Indicates the CCIX PortID (when CCIXiPartlicated by the
SAMEntryAttr.DestType field) mapped to the address range described
this SAM entry.

For aggregated CCIX Ports, i.e. when the SAMEntryAttr.NumAggPort
contains a valid, nozero value, PortID indicates the Base CCIX PortID
(Basé@ortlID).

PortID must be Oh when SAMEntryAttr.DestTig8b.

9:8 Reserved and Preserved RsvdP
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Bit Register Description Attributes
Location
13:10 NumAggPorts RW

This field indicates the number of aggregated CCIX Ports when a CCl]
destination is indicated in the SAMEntryAttr.DestTyipll. Theencoding
is such that the number of aggregated CCIX Ports is (NumAggPorts +
when the NumAggPorts field contains a valid, zeno value. However,
the total number of CCIXgfregatedPortsisrestricted to2" where valid
values fom areQ, 1, 2, 3, and.

Oh:

1 Indicates Aggregation is disabled, i.=21.

1 TheSAMEntryAttr.PortiBield in this case ithe singular CCIX Port fo
that SAM entry

1h, 3h, 7h, Fh:

1 Indicatesthe number of additional CCIX Ports aggregated.

1 The maximum number of additional C®ltts that can be expresseq
is 15, i.e. a total of 16 CCIX Ports can be aggregated.

1 The SAMEntryAttr.PortID field in this case is Base CCIX PortID
(BasePortID). The subsequent CCIX Ports must be linearly enumg
from this BasePortID. BasePortID is remjuired to be 2 aligned.

All other encodingsReserved

CCIX Device initializes to Oh after reset (except FLR)

NumAggPorts must be Oh when SAMEntryAttr.DestType is Ob.

Address regions wit@CIXDevice Memory Type attribute must not have

an aggregatedCIX Potype, i.e. NumAggPorts must be Oh for a SAM

Entry that describes CADévice Memory Typ8AM Window destinations

CCIX Porhggregation is only permitted for address regions with Normg

Memory Type attribute

31:14 Reserved and Preserved RsvdP
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Table6-21 describes the SAM Entry Address 0 (SAMEnNtryAddrO) Register field at ByteD@fifset

Table6-21: SAMEnNtryAdd0 Register field at Byte Offse4h

Bit Location

Register Description Attributes

31.0

StartAddr
Indicates the 4GB d&" sizealigned Start Address described in this S/
entry. The constraint of 4GB &8t sizealignment is based on the
ComnCapStat3AMAlignCapalue for this CCIX Deviee€Table
6-13).

RW

Table6-22 describes the SAM Entry Address 1 (SAMEntryAdddisteefield at Byte Offse@8h.

Table6-22: SAMEntryAddrl Register field at Byte Offs@gh

Bit
Location

Register Description Attributes

31.0

EndAddr

Indicates the 4GB dt" sizealigned End Address described in this SAM
entry. The constraint of 4GB 8t sizealignment is based on the
ComnCapStat3AMAlignCapalue for this CCIX Device (Sexble6-13).

RwW

6.2.2.3.2 Hash Mask

Table6-23 describes the SAM Hash Mask 0 (SAMHashMaskO0) Register field at Byt®@ffsiethe SAM Hash

Mask inFigure6-23.

Table6-23: SAMHashMaskO Register field at Byte Off§éth of the SAM Hash Mask

This field indicates which lower address bits are part of the mask result fq
the aggregated CCIX Portis field is only valid when the
SAMEntryAttr.NumAggPorteld in Table6-20is a vald, non-zerg value
For each bit:

Ob: indicates the address bit is not part of the hash mask result.

1b: indicates the address bit is part of the hash mask result
SAMHashMaskl[@] must be 0Ob if th&ComnCntl2.CachelineSizeEnaixdd
indicates 128B Cacheline size is enabled.

Bit Register Description Attributes
Location
5:0 Reserved and Preserved RsvdP
31:6 SAMHashMaskLo RW
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Table6-24 describes the Hash Mask 1 (SAMHashMask1) Register field at Byte(@fisdtthe SAMHash Mask
in Figure6-23.

Table6-24: SAMHashMask Register field at Byte Offse®4h of the SAM Hash sk

Bit Location | Register Description Attributes

31:0 SAMHashMaskHi RW
This field indicates which upper address bits are part of the hash functi
for the aggregated CCIX Ports. This field is only valid when the
SAMERtryAttr.NumAggPorts field Trble6-20is a valid noreero value.
For each bit:

Ob: indicates the address bit is not part of the hash mask result.

1b: indicates the address b# part of the hash mask result.

For balanced distribution across the aggregated CCIX Ports, the total
number of bits set to 1b across {SAMHashMaskHi[MAS2],
{lallakKal a1 [ 2 oonmkeed s nuhbei of aggré&atex
CCIX Ports indicated by the SAMEntryAttr.NumAggPorts figlahiie6-20.
If different SAM entries have different SAMEntryAttumAggPorts values,
then the rule for balanced distribution is applied based on largest
SAMERtryAttr.NumAggPorts value across valid SAM entries.
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6.2.2.3.3 Aggregated Port Selection Function

Figue 6-25illustrates the Aggregated Port Selection Function (APSF) that is applied to the input address when
the destination type indicates an aggregated CCIX Port.

63 MAW (MAW-1) 6 5 0
all-zeros Input AddresfMAW-1:6] all-zeros
I
I
. &
63 MAW ! (MAW-1) 6 5 0
all-zeros Hash MasiMAW-1:6] all-zeros
|
|
|
I W
63 MRW |(MRW-1) 6 5 0
all-zeros Mask ResulMRW-1:6] all-zeros

-
~ -
~ -
~ -
~ -
Ve
// N

~ ,’// \\\\ e
3 [NAPQ] ¥

Figue 6-25: Aggregated Port Selection Function
e« The Cacheline aligned Input Addressritered into the selection function

o0 InFigue 6-25the CachelineSizeEnahtalue that is useihdicates 64B Cacheline Size but the APSF
remains the same if th€achelineSizeEnablalue usedvere to indicate a 128B Cacheline Size.

o InFigue 6-25the AddrwWidthEnablesalue that is useéhdicates the Max Address Width (MAW)
enabled is less than 64, and therefore Input Address[63:MAW] mustioe But the APSF remains
the same if theAddrWidthEnablezalue usedvere to indicate MAW is 64.

s The Cacheline aligned Input Address is filtered through the Hash Mask to generate thdrietadt

s The Mask_Result goes through a hash function to detertieeaggregated CCIX Port. M is the integer
multiple necessary to achieve a Max Result Width (MRW) greater than or equal to the Max Address
2 ARGKD® ¢KS awé adaedvYozf NBLINEB a S yaiidth ofitiie pearidsi beihggaS - h v
function of thenumber of aggregated ports:
0 2"CCIX Ports: CCIX Pori[8] = Mask_Result[6+M*h:6+(MM O F Y 8 X w a | @16gnh’S a dzf (i w
Mask_Result[6+1.:6]

oH //L- t2NIay //L- t2Nlwoné I XalajlywSadzZ dot8 W
on //L- t2NIay //L- t2M3koReSu[B6]l Xal alywSadz daodyY
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oy //L- t2Nlay //L- t2NIlwowonYyné I XalalywSadz domm

o mMmc //L- t2NIH&aY //L- t2NlowoYn®&]l Xal aiywSadz (wom

e The hash function to determinthe aggregatedCCIX Poifor 128B Cacheline size is the same asrabo
due to theSAMHashMaskKI[@] restriction as noted i able6-23. If the MAW s not an integer multiple
ofa y € "QCYX Parts, then the MSBs of Mask Result must be zesxtended up to the Max Result
Width.

0 For 64B Cacheline: Mask_Result[6+M*MAW] are alzeros
o For 128B Cacheline: Mask_Result[7+M*MAW] are all zeros

o0 Having Mask_Result zeextended does not lead to an imbalance in addresgrithution across
those 2/ / L- t 2Nl A 0Ol IdZaBK 2& Al K SNBKITHHe®OIUA 2 Y | &

6.2.2.3.4 SAMTable Usage and Restrictions  for CCIX Components

As described iection6.2.1.8, there aretwo unique Address Maps, both of which are described by the SAM
Table data structure. ThRequestAgent Address Map across the CCIX System is descriB&hMT ables
present in CCIX Devices that contBequest Agents or mulgort CCIX Devices that suppCCIX Poito-Port
forwarding. TheHomeAgent Address Map across the CCIX System is describedHS8 A Tablegpresent in
CCIX Devices that contain Home Agents that have MeBExpgnsiorenabled or multiport CCIX Devices that
support CCIX Potb-Port forwarding

This section describes how tlsAMTable structure iseferencedby CCIX Componerdad restrictions based on
the CCIX Component Type

e CCIX Port

0 The SAMtructure isreferencedin order to resolveeither the nexthop destinationCCIX Pomr the
lasthop destinationLocalCCIX Agerfor inboundAddressouted CCIX Packetdow the CCIX
Packet is routed to thi&asthop LocalCCIX Agent is implementation specific.

0 Based on the CCIX Link Entry Address Type, destuitleer in Table6-39, aCCIX Linknay
reference either RSAM Tables, or HSAM Tables:

- The RSAM Tabile is referenced for Address routed CCIX Packets that originated in a/ARemiest
and have a Home Agent destination, whether the SAM entry identifies the destination as a local
Home Agent or whether the packet is to be routed to the next destination CCIX Port.

- Similarly, the HSAM Table is referenced for Address routed CCIX$thekatriginated in a
Home Agent and have a Slave Agent destination, whether the SAM entry identifies the
destination as a local Slave Agent or whether the packet is to be routed to the next destination
CCIX Port.

e CCIX Agents (HA/RA/SA):

o0 The SAMstructure isreferencedin order to resolvef the address routed packet is Local or routed to
a CCIX Port.
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0 TheAddressused tomatchinto the SAM mayonly belong toCCIX Paost i.e.SAM entries may only
have aSAMENtryAttr.DestTypencoding of 1l{seeTable6-20).

0 The SAM structure is not referenced in order to resolve to a destination Local CCIX Agent; the
routing from source CCIX Agents to dediima CCIX Agents on the same CCIX Device is
implementation specific, i.e. disabling an Address mapping in the SAM structure may not disable
access from source CCIX Agents to destination CCIX Agents on the same CCIX Device.

When MemoryExpansiorns enalbed, the HSAMtructure isreferencedin order to resolvea Slave
Agent address to itdestination CCIX Port.

The RSAM structure, if present, can be referenced if the Home Agent is the Aggregated Local CCIX
Agent target in order to determine the APSF foo&ps to RAs.

e RA:

The RSAMtructure isreferencedin order to resolvea Home Agent address to idestination CCIX
Port.

6.2.2.4 Memory Pool and BAT Structures

Memory Pool Capability structures describe the size, type, and attributes of the memory pools. The Base
Address Table (BAT) is the corresponding Control structure associated with the Memory Pool Capability
structure. The BAT is used to resolve the destination Memory Pool for a given Address in the SAM.

Memory Pool Capability structures are declared by Héwents and Slave Agents only. Similarly, the
corresponding BAT Control structure is referenced by Home Agents and Slave Agents only and its usage is
further described irBection6.2.2.7and Section6.2.2.9respectively. There is a ofile-one correspondence

between a Memory Pool Capability structure, also known as a Memory Pool Entry, and a BAT Control structure,
also known as a BAT Entry. Theref Home Agents and Slave Agents must have the same number of Memory
Pool Entries and BAT Entries.

The BAT structure contains one or more entries where the entries are formatted either as Base Address Type
entries or Fixed Offset Type entries basedonah Y2 NB t 22f ! RRNBaaAy3a /LI oAfA
corresponding Memory Pool Capabilities & Status structure. When the Memory Pool Addressing Céiplbility
indicated is Fixed Offset type, the enabled BAT entry is at a Fixed Offset from ¢had@hisss of the previous

enabled BAT entry associated with a Memory Pool that has Base Address type Addressing Capability.
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6.2.2.4.1 Memory Pool Capabilities & Status Structure

Figure6-26 shows overall the layout of Memory Pool Capabilities & Status structure. The structures from Entry O
to Entry n linearly describe the Capabilities & Status of Memory Pools 0 to n.

Memory PooD Entry Capabilitie& Status

Memory Pool n Entry Capabiliti&sStatus

Figure6-26: Memory PoolCapabilities & Status structure

Figure6-27 shows the layout ofegisters for a Memaor PoolCapabilities & Status Entry.

31 1615 14 13 11 10 8 7 6 4 3 1 0
+00 Pool SizE31:16] RsvdZ| ExtMemAttr| MemAttr | F| SpMemType| GenMemType R

31 0
+04 Pool Sizf3:32]

Figure6-27: Memory PoolEntry Capabilities & Status Registers

Table6-25 describes the Memory Pool Entry Capabilities & Status 0 (MemPoolEntryCap&gar fields at
Byte Offset00h.

Table6-25: MemPoolEntryCap%itO Register fields at Byte Offs€0Oh

Bit Register Description Attributes
Location

0 MemPoolDiscRdyStat RO
CKA&d FASER AYRAOIFI(GSa GKAA aSY2NE t
Ob: Indicates the Memory Pool entry and its capabilities & status are not rea
be discovered and configured.

1b: Indicates the Memory Pool entry and its capabilities & status are ready t
discovered and configured.
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Bit Register Description Attributes
Location

31 MemPoolGenMemTypeCap RO

¢tKAada FASER AYRAOF(GS&a (GKAA aSY2NE t

Oh: Indicates Otheand/or Non-Specified Memory Type

1h: Indicates Expansion Memory Type

1 A Memory Expansion Poalust have an
MemPoolEntryCapStat0.MemPoolAddrGiid value of Ob (se&able6-25),
i.e. thepool must have 4GB or minimum 4GBsie aligned addressing
capability.

1 This encoding is onBllowedfor Home Agent Memory Poehtries and
reserved for Slave Agent Memory Pealries.

9 This encoding is onbllowedif the HAclaims memoryexpansioncapability
via theHACapStat. HAMemExpnQap

1 The Total Pool SizeViemPoolSizeCapHi,MemPoolSizeCéphdicates the
size of theMemory Expansion Potiat can be hosted by this HA.

1 AMemory Expansion Poolay be mapped to one or more SAs.

1 TheMemPoolSpcificMemTypeCépld must be Oh

2h: Indicates a Memory Hole.

1 There is no memory in this Memory Pool, and the CCIX Device has reseg
this memory region to prevent it from being addressable as System Men

1 This encoding iallowedfor Home Agenand Slave Agerflemory Pool
entries.

1 The Total Pool Siza\iemPoolSieCapHi,MemPoolSizeCaplindicates the
size of theMemory Hole

1 TheMemPoolSpcificMemTypeCéipld must be Oh.

3h: Indicates ROM Memory Type

4h: Indicates Volatile Memory Type

5h: Indicates NoiVolatile Memory Type

6h: Indicates Device/Register Memarype

All other encodings: Reserved

The MemPoolGenMemTypeCap encoding of Oh is permitted for declaring a

memory type thattould also have beetiescribed by encodings 3j6h.
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Bit Register Description Attributes
Location

6:4 MemPoolSpcificMemTypeCap RO
¢tKAa FASER Ay RA OSpacliaMemdtyATiipe EapabiithNEhis i
an optional capability, and if not supported, the field must indicate a value of
Oh: Indicates Otheand/or Non-Specifiediemory Type

1h: Indicates SRAM Memory Type

2h: Indicates DDR Memory Type

3h: IndicatesNVDIMMF Memory Type

4h: Indicates NVDIMNN Memory Type

5h: Indicates HBM Memory Type

6h: Indicates Flash Memory Type

7h: Reserved

The MemPoolSpcificMemTypeCGapcoding of Oh is permitted for declaring a
memory type that could also be described byedings 1k 6h.

7 MemPoolAddrCap RO
CKAA FASER AYRAOIFI(GSAa GKAa aSY2NER t
Ob:

1 Indicates this Memory Po&@ntrymust be addressed by a 4GB aligned Ba
Address, or a minimum 4GB sizealigned Base Address. The constraint ¢
4GB or2" sizealignment is based on the ComnCapStatiMAlignCapalue
for this CCIXPevice (sed able6-13).

1 The MemPoolAddrCap field bfemory PooEntry0 must indicate a value of
Ob.

1b:

1 Indicatesthat this Memory PooEntryn must be at a fixed offset from
Memory Pool Entry ().

1 This encoding is allowed fboth Home Agent and Slave Agent Memory P
entries.

1 Thefixed offset ofMemory PooEntryn is required tdbe fixed at the Base
Address Hotal Pool Sizeyhere Total Pool Size is the sum of the sizes of
Memory Pool Entrig in the Memory Pool Group precediltemory Pool
Entryn.

10:8 MemPoolMemAttr RO

CKA&d FASER AYRAOIFIGSa (KAa aSY2NR t

000b: Indicates CCIX Device Memory Attribute

100b: Indicates CCIX Normal N©acheable Memory Attribute

101b: Indicates CCIX Normal Cacheable Memory Attribute

All other encodings: Reserved

While memory attribute capabilities are declared in DVSEC data structures,

memory attribute control is via Page Table Entries. This includes control of t

fine-grainedmemory attributes expressed in the RegAttr field of a CCIX pack|
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Bit Register Description Attributes
Location

13:11 MemPoolExtMemALttr RO
¢tKAada FASER AYRAOF(GS&a (GKAA aSY2NE t
000b:Indicates System Memory with no Extended Memory Attributes
001b:Indicates Private Memg. Unlike System Memory, which has no allocati
restrictions across the system, Private Memory has allocation restrictions
enforced via theCCIX Devideriver(akin to PCle Driver controlled MMILO)

All other encodings: Reserved

15:14 Reserved andero RsvdZ

31:16 MemPoolSizeCapLo RO
This field indicates the 16 LSB bit encodings for the Pool Size supported by
Memory Pool. The Total Pool Size Capability, in integer multiples of 64KB, is
indicated by the combination of the Lower and Upper BitshefMemory Pool
Size Capability field oMemPoolSizeCapHilemPoolSizeCaplwhere
MemPoolSizeCapl4 describedn the MemPoolEntryCapStatl RegisieByte
Offset 04h of the BAT Capabilities & Status entry.
[MemPoolSizeCapHi,MemPoolSizeC§pLsizeCapability

Examples:

[00000000h, 0000h]: 64K Pool Size Capability

[00000000h, O5FFh]:  96MB Pool Size Capability

[00000000h, FFFFh]: 4GB Pool Size Capability

[00000001h, 7FFFh]:  6GB Pool Size Capability

Table6-26 describes the Memory Pool Entry Capabilities & Status 1 (MemPoolEntryCapStatl) Register fields at
Byte Offset04h.

Table6-26: MemPoolEntryCapStatl Register fields at Byte Offédh

Bit Location | Register Description Attributes

31:0 MemPoolSizeCapHi RO
This fieldndicates the 32 MSB bit encodings for the Pool Size
Supported by this Memory Podlhe Total Pool Size Capability, in
integer multiples of 64KB, is indicated by the combination of the
Lower and Upper Bits of thdemory Pool Size Capability field or
[MemPoolSizeCapHi,MemPoolSizeCépLo
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6.2.2.4.2 BAT Control  Structure

Figure6-28 shows overall the layout of BAT Control structure. The structures from Entry 0 to Entry n linearly
describe the Controls for Memory Pools 0 to n.

Base Address Table EnfnZontrols

Base Address Table Entry n Controls

Figure6-28: BAT Control structure

The MemPoolEntryCapStat0.MemPoolAddrGgtd, described further ifable6-25, is the only indication
whether BAT Entry & is formatted differently from BAT Entry 0.

6.2.2.4.2.1 BAT Base Address Type Control Entry

Figure6-29 shows the layout of Registers for a BAT Base Address Type Control Entry.

31 3 2 1 0

+00 RsvdP | | | |
A A T_
BAT Entry Valid
Mem Expn Atomic Support Contr
a1 — — Mem Expn CMO Support Control
+04 Base Addres63:32] |

Figure6-29: BAT Base Address Type EntBATBaseAddrTypeEntry) Control Registers

Table6-27 describes the BAT Base Address Type Entry Control O (BATBaseAddrTypeEntryCntl0) Register fields at
Byte Offset00h.

Table6-27: BATBaseAddrTypeEntryCntl0 Regidtaids at Byte Offset00h

Bit Register Description Attributes
Location

0 BATEntryVal RW
This field indicates whether the BAT Entry is valid.

Ob: Indicates this Memory Pool is not enabled, and no SAM Base
Address is mapped in this entry

1b: Indicates this Memory Pool is enabled, and a SAM Base Addre
mapped in this entry.
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Bit Register Description Attributes
Location

1 MemExpnAtomicSupportCntl RW
This field indicates whether the Slafgent mapped to this BAT Entry
has Atomic Support. This field is only valid for Memory Expansion £
Entries, i.e. BAT Entries where the corresponding Memory Pool En
indicates a MemPoolEntryCapStat0.MemPoolGenMemTypeCap fie
value of 1h.

Ob: Indicateghe Slave Agent is not capable of supporting Atomic
transactions. The HA must service the Atomic transaction itself and
only issue seconrdrder ReadNoSnp and/or WriteNoSnp transaction
if necessary, to the Slave Agent as part of the Atomic Operation.
1b: Indicates the Slave Agent is capable of supporting Atomic
transactions. The HA may optionally offload the Atomic transaction
the Slave Agent which is capable of servicing the Atomic transactio
RsvdZ: For BAT Entries where the corresponding MeRwoy Entry
indicates a MemPoolEntryCapStat0.MemPoolGenMemTypeCap fie
value other than 1h.

CCIX Device initializes to Ob after reset (except FLR).

2 MemExpnCMOSupportCntl RW
This field indicates whether the Slave Agent mapped to this BAT E|
has CMQGsupport. This field is only valid for Memory Expansion BA
Entries, i.e. BAT Entries where the corresponding Memory Pool En
indicates a MemPoolEntryCapStat0.MemPoolGenMemTypeCap fie
value of 1h.

0b: Indicates the Slave Agent is not capable of supppEMO
transactions. The HA must service the CMO transaction itself.

1b: Indicates the Slave Agent is capable of supporting CMO
transactions. The HA may optionally offload the servicing of the CM
transaction to the Slave Agent which is capable of sexyitie CMO
transaction.

RsvdZ: For BAT Entries where the corresponding Memory Pool En|
indicates a MemPoolEntryCapStat0.MemPoolGenMemTypeCap fie
value other than 1h.

CCIX Device initializes to Ob after reset (except FLR).

313 Reserved and Presemde RsvdP

Table6-28 describes the BAT Base Address Type Entry Control 1 (BATBaseAddrTypeEntryCntll) Register fields at
Byte Offset04h.
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Table6-28: BATBaseAddrTypeilryCntll Registeffields at Byte Offset04h

Bit Register Description Attributes
Location

31:0 BATEntryBaseAddr RW
Indicates the 4GB aligned Base Address, or a minimum2Gige
aligned Base Address, of the Memory Pool described in this BAT e
The constraint of 4GB @f sizealignment is based on the
ComnCapStat3AMAlignCapalue for this CCIX Device (Seable
6-13).

6.2.2.4.2.2 BAT Fixed Offset Type Control Entry

Figure6-30 shows the layout of the BAT Fixed Offset Type Control Entry Register.

RsvdP

A A t
BAT Entry Valid

Mem Expn Atomic Support Control
Mem Expn CMO Support Control

Figure6-30: BAT Fixed Offset Type Control Entry

Table6-29 describes the BAT Fixed Offset Type Entry Control (BATFixedOffsetTypeEntryCntl) Register fields.

Table6-29: BATFixedOffsetTypeEntryCntl Register fields

Bit Register Description Attributes
Location

0 BATEntryVal RW
This field indicates whether the BAT Entry is valid.

Ob: Indicates this Memory Pool is not enabled and no SAM Addres
mapped in thientry.

1b: Indicates this Memory Pool is enabled, and a SAM Address is
mapped in this entry
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Bit Register Description Attributes
Location

1 MemExpnAtomicSupportCntl RW
This field indicates whether the Slave Agent mapped to this BAT E
has Atomic Support. This field is only valid for Mentexpansion BAT
Entries, i.e. BAT Entries where the corresponding Memory Pool En
indicates a MemPoolEntryCapStat0.MemPoolGenMemTypeCap fig
value of 1h.

Ob: Indicates the Slave Agent is not capable of supporting Atomic
transactions. The HA must servibe Atomic transaction itself and ca
only issue seconrdrder ReadNoSnp and/or WriteNoSnp transaction
if necessary, to the Slave Agent as part of the Atomic Operation.
1b: Indicates the Slave Agent is capable of supporting Atomic
transactions. The HA mayptionally offload the Atomic transaction to
the Slave Agent which is capable of servicing the Atomic transactio
RsvdZ: For BAT Entries where the corresponding Memory Pool En
indicates a MemPoolEntryCapStat0.MemPoolGenMemTypeCap fig
value other tha 1h.

CCIX Device initializes to Ob after reset (except FLR).

2 MemExpnCMOSupportCntl RW
This field indicates whether the Slave Agent mapped to this BAT E|
has CMO Support. This field is only valid for Memory Expansion B/
Entries, i.e. BAT Entrigdhere the corresponding Memory Pool Entry
indicates a MemPoolEntryCapStat0.MemPoolGenMemTypeCap fie
value of 1h.

Ob: Indicates the Slave Agent is not capable of supporting CMO
transactions. The HA must service the CMO transaction itself.

1b: Indicateshe Slave Agent is capable of supporting CMO
transactions. The HA may optionally offload the servicing of the CM
transaction to the Slave Agent which is capable of servicing the CNV
transaction.

RsvdZ: For BAT Entries where the corresponding Memory Piopl En
indicates a MemPoolEntryCapStat0.MemPoolGenMemTypeCap fie
value other than 1h.

CCIX Device initializes to Ob after reset (except FLR).

313 Reserved and Preserved RsvdP
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6.2.2.4.3 Relation between HA Memory Pool Structures and HBAT Entry
Structures

Figure6-31illustrates the various Home Agent Memory Pool Structure types and the relation to their
corresponding HBAT Entry Stucture types.

HA Memory Pool Types HBAT Entry Types

VA VA
Gen Mem Type Mem Exp / “ Base Address Type /
0 0

[ [
I I
[ [
I | I |
MemPoolAddrCap = Fixed Offset| || | “ Fixed Offset Type L
Memory 1 H U
Pool MemPoolAddrCap = Fixed Offset| || | Fixed Offset Type L]
Group L U
L 4 X = AX
MemPoolAddrCap =BaseAddr f “ Base Address Type /'
L 1 1

Figure6-31: Relation between HA Memory Pools and HBAT Entries

Base Address Type Memory Pools and HBAT Entries as illustrateidime6-31:

« A Home Agent must have a minimum of one Memory Pool that is allowed to be mapped to a 4GB or 2
size aligned Base Address in thi®6GAM, i.e. at least one Memory Pool must declare a
MemPoolmltryCapStat0.MemPoolAddrCépld value of Ob (se&able6-25). The constraint of 4GB of 2
size alignment is based on tSAMAlignCapalue forthe HR & / / L - TBaBdaBA3PS 06aSS$S

0 Although illustrated separately figure6-31, the minimum requirement of one Memory Pool for an
HA can also be satisfied by a Memory Expansion Pool, described further later in this section.

« Memory Pool Entry 0 of an HA must declatfdemPoolEntryCapStat0.MemPoolAddrGighd value of
Ob.

e For each #o-X number of HA Memory Pool Entries with a declared
MemPoolEntryCapStat0.MemPoolAddrGimtd value of Ob, there must be a correspondingpaX
number of HBAT Entries which can only be paogned with a 4GBr 2" sizealigned Base Address (see
Section6.2.2.4.2.).

Fixed Offset Type Memory Pools and HBAT Entries as illustrat&igure6-31.

e Foreach Ho-X number of HA Memory Pool Entries with a declared
MemPoolEntryCapStat0.MemPoolAddrCap field value of Ob, an HA is permitted to-taYerumber
of Memory Pool Entries that declare they can only be mapped at a fixed offset to the corresptnding
to-X HA Memory Pools. This mear®&y number of Memory Pool Entries that follow a Memory Pool
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Entry with a declared MemPoolEntryCapStat0.MemPoolAddrCap field value of Ob, can declare a
MemPoolEntryCapStat0.MemPoolAddrCap field value of 1b in theildd@mory Pool Entry.

o For every Memory Pool Entry #Y of Fixed Offset Type, Memory Pool Enfryri(ét either also be
a Memory Pool Entry of Fixed Offset Type, or a Memory Pool Entry of Base Address Type, i.e.
Memory Pool Entries-fio-Y must be contiguouslyumbered up from a Memory Pool Entry #X of
Base Address Type. The Memory Pool Entry #X of Base Address Type, followed by contiguously
numbered Memory Pool Entriestt-Y of Fixed Offset Type, constitutes a Memory Pool Group.

s For each @o-Y number of HA Emory Pool Entries with a declared
MemPoolEntryCapStat0.MemPoolAddrCap field value of 1b, there must be a correspoitaliig O
number of HBAT Entries which can only be enabled to be at a Fixed Offset to the Base Address in their
corresponding 4o-X HBAT riry.

o Forevery HBAT Entry #Y of Fixed Offset Type, the first HBAT Entry #X of Base Address Type, with the
smallest value of X <Y, contains the corresponding Base Address from which HBAT Entry #Y is at a
Fixed Offset.

Memory Exansion Pools and HBAT Emsi as illustrated irFigure6-31:

e An HA is permitted to havet®-Z number of Memory Pools that declare they are capable of Memory
Expansion to SA Memory. This mears-<Z number of Memory Pool Entries declare a
MemPoolEntyCapStat0.MemPoolGenMemTypeCap field value of 1h.

e For eaclD-to-Z number of Memory Pool Entries that declare an
MemPoolEntryCapStat0.MemPoolGenMemTypeCap field value, dfidite must be a corresponding 0
to-Znumber of HBAT Entrieghich can only be progmmed with a 4GBr 2" sizealighed Base Address
SeeSection6.2.2.4.2.1

s Since an HA is permitted to have only Memory Pools that are capaMerobry Expansion, Memory
Expansion Pool Entry 0 of that HA must declare an MemPoolEntryCapStat0.MemPoolAddrCap field value
of Ob.
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6.2.2.5 CCIX Port Structures

Figure6-32 shows the overall layout of the CCIX Port Capabilii&tatus Registers.

31 20 19 16 15
+00 NextCapabilities StatusOffset C&ggki)(ijlgy CCIX Component EPort

31 0
+04 PortCapabilities. Status- |

31 0
+08 PortCapabilities. Status- Il

31 0
+C PortCapabilitiest. Status- Il

31 20 19 0
+10 Port Error Log Offset Rsvdz

Figure6-32: CCIX Port Capabilities & Status Registers

6.2.2.5.1 CCIX Port Capabilities & Status Register

Figure6-33 shows the layout of the CCIX Port Capabilities & Status 1 (PortCapStatl) Register at By@gffset

31 28 27 19 18 13 12 7 6 5 4 3 2 1 0
Rsvdz #PSAM NumLinks
A J A A A A A A L ]
Port Discovery Ready Status
L CCIX Port ID . -
—— Optimized Packet Header Capabilit
Rsvdz
Port QACK

Port HW QACK Capability
Port-to-Port Forwarding Capability

RsvdZz
Number of Links Capability
Number of PSAM Entries Capability

Figure6-33: PortCapStatRRegister at Byte Offsed4h
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Table6-30 describes the PortCapStatl Register fields at Byte Coilet

Table6-30: PortCapStatl Registdields at Byte Offsef04h

Bit Register Description Attributes
Location

0 PortDiscRdyStat RO
¢tKAad FASEtR RSaAONROSAa GKS //L- t2NIQ
Ob: Indicates the CCIX Port and its capabilities and control are not ready to be
discovered and configured.

1b: Indicates the CCIX Port aitgl capabilities and control are ready to be
discovered and configured.

1 PktHdrTypeCap RO
This fielddescribes the type of CCIX Packet Header the CCIX Port can send an
receive.

Ob: Indicates only PCle CompatiBlacket Header format supported

1b:Indicates both CCIX Optimized Packet Header format and PCle Compatible|
Packet Header are supported

The value of PktHdrTypeCap must be consistent with the value of
OptimizeTLPFormatSuppport as describedainle6-67.

2 Reserved and Zero Rsvdz
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Bit Register Description Attributes
Location

3 PortQACK RO
¢tKAada FTASEtR RSaONRo0Sa GUKS //L- t2NIQ
Ob: CCIX Port not quiesced.

1b: CCIX Port quiesced.

If the CCIX Port h&tardware Quiesce Acknowledgement (HW QACK) capability
indicated by a PortCapStaPortHWQACKCap value of flien
PortCapStat.PortQAGKset by implementation specific methods. Software can
choose to poll PortCapStaPortQACK instead of waiting fitre <Port Quiesce
Time> value to check PortQACK if PortCafRattHWQACKCap has a value of 1

If the CCIX Port does not have HW QACK capability as indicated in
PortCapStdt.PortHWQACKCap value of 0Ob, the following sequence is followed:

The CCIX Pasets the PortQACHIt to a value 1b after completing or detecting

the following actions in this order:

1. The CCIX Port detects that the CCIX Port Quiesce Request
(PortCntl.PortQREQ) Control bit is set.

2. The CCIX Port has not issued any Requests and sergaeided all
relevant outstanding Responses, for the duration of <Port Quiesce Tim
<Port Quiesce Time> is based on the value of ComnCntl2.QACKTimeS
and ComnCntl2.QACKTimeValue, described furth€alie6-12.

3. Following the transition of the CCIX Port Quiesce Request
(PortCntl.PortQREQ irable6-30) control bit from 0b to 1b, the CCIX Port
must take no longer than 2 * <Port Quiesce Time> to set PortQACK.

After 2 * <Port Quiesce Time>, CCIX Software detecting a zero returned for the
PotQACHield indicates an error condition such that the CCIX Port was unable 1
reach a quiescent state.

Following the transition of th@ortCntl.PortQREGontrol bit from 1b to Ob, the CCI
Port must transition the PortQAQi from 1b to Ob.

4 PortHWQACKCap RO
tKAa FASER RSaONROSa GKS //L- t2NIQ
Ob:
1 The CCIX Port does not have a hardware mechanism to achieve a quiesce
state.
1b:

1 The CCIX Port has a hardware mechanism to achieve a quiescent state.
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Bit Register Description Attributes
Location

5 PortToPortFwdingCap RO
This field describes the ability of the CCIX Port to internally forward CCIX Pack
another CCIX Port on the same CG#¥ide.

Ob: Indicates the CCIX Port is not capable of CCIXd?Bdrt transaction forwarding
(including Broadcst Snoop transaction forwarding)

1b: Indicates the CCIX Port is capable of CCIXd?Bdrt transaction forwarding
(including Broadcast Snoop transaction forwarding) and the Forwarding Vectors
PortCapStat3.PortFwdingVadescribed further infable6-32, is part of the Port
Capabilities & Status data structurk PortToPortFwdingCap value of 1b also
indicates that the Broadcast Forward Controb&for BCastFwdCntlVgtrdescribed
further in Section6.2.2.6.2.1.1is part of the CCIX Link Control structure (Begire
6-45).

PortToPortFwdingCap a bidirectional property, i.e. the capability indicates that 4
CCIX Packet Types must be forwarded between B&tX and in either direction,
i.e. the CCIX Port must be able to ingress and egress all CCIX Packet Types.
While PortToPortFwdingCap a pefport capability, a value of 1b indicates that thg¢
BCastFwdCntlVc€CIX Link Control structure is present foC&1X Links on the C(

Port.
6 Reserved and Zero Rsvdz
12:7 NumLinksCap RO

This field describes the number of CCIX Links Capability for this CCIX Port.
The number of CCIX Links supported by a CCIX Bguicillybased on the number
of unique Source/Destination TransportlD (BDF for PCle) pairs that CCIX Agen
GKA& //L- 5S@A0OS NBIjdzANB G2 &dzLJLl2 NI
DevicesHowever, additonal links are required to accommodate RA to HAestg
and HA to SA requests which are traveling in the same directiorS&#gi®n
3.13.1.2for further details.

00h: Reserved.

01hc¢ 3Fh: Encodings indicating cdgi#ies for 1 to 63 CCIX Links.
NumLinksCagplso indicates the number of Link Attribute Control Entries and Lin
TransportlD Map Entries in the CCIX Link Control structure, as illustrategune
6-44.

Unlike AgentID and CCIX Device ID, whose DVSEC field widths allow for their
respective architected maximum of 64 and 256 identifiers, there is no architecte
maximum for CCIX LinkdéumLinksCamaximumof 63 CCIX Links per CCIX Port
allows for dedicated resources for communication with 63 other ports. This
accommodates topologies where an Agent on a CCIX Device with this CCIX P
dedicated resources for communication with the architected maximu@softher
Agents, each Agent being located at the 63 CCIX Port destinations.
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Bit
Location

Register Description

Attributes

18:13

NumPSAMEntryCap

This field indicates the number of PSAM Entries in the PSAM Table.

The minimum number of PSAM entries, describe8ention6.2.2.5.3 sugported by

a CCIX Port is depenmiteon the number of CCIX Links supported by that CCIX P

as indicated by PortCapStatiumLinksCap

00h- 02h:

1 Encoding for 0 to 2 PSAM entries.

1 A CCIX Port must have a PortCapStatinLinksCapalue of 1 for the
NumPSAMEntryCdpncoding to be 00f 02h.

03h¢ 3Fh:

1 Encoding for 3 to 63 PSAM entries.

1 If a CCIX Port has PortCapStdtimLinksCap 1, theNumPSAMEnNtryCap
Encoding must reflect at least (PortCapStdtimLinksCap 1) PSAM entries.
Therefore NUumPSAMEntryCag ¢ t 2 NJiMumlligksCap{lwdren
PortCapStatNumLinksCap 1.

RO

27:19

Reservd and Zero

Rsvdz

31:28

PortID

Indicates the CCIRortID for this CCIX Port. This field must have a value that is
unigue across a CCIX Device when the device has multiple CCIX capable ports
CCIX PortID is not required to be unique systede, i.e. the CCIX PortID
namespace can be #esed across CCDévices.

Oh ¢ Fh: Encodings for up to 16 CCIX PortIDs.

Multi-port CCIX Devices must have linear enumeration of CCIX PortIDs starting
CCIX PortID0. CCIX Ports that can be aggregated with other CCIX Ports on the
Device must have sequential CCoxtI® numbering with their aggregation group &
indicated by the PortCapStatl.PortAggVctr, described furthéainle6-31.

RO

Figure6-34 shows the layout of the CCIX Port Capabilities & Status 2 (Pot&CypSegister at Byte Offs€8h.

31

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RsvdzZ ‘
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Table6-31 describes the PortCapStat2 Register fields at Byte Coklet

Table6-31: PortCapStat2 Registdtieldsat Byte Offset08h

Bit Location | RegisterDescription Attributes

15:0 PortAggVctr RO
PortAggVctr[0] to PortAggVctr[15] indicate the CCIX Port Aggregation
candidates of this CCIX Port with CCIX PortIDO to CCIX PortID15, inclu
this CCIX PortIDn.

PortAggVctr must be 0000h if ComnCapStat2.PortAgedab.

Only contiguous bits adjacent to PortAggVctr[n] can be 1b, i.e. only
sequentially enumerated CCIX PortID can be candidates of an aggregat
group. So if PortAggVctr[n] is 1b, then only contiguous
PortAggVctr[n+1,n+2,etc.] and/or PortAggVctim-2,etc.] can be 1b.

Ob: Indicates the CCIX PortID associated with thipdsition cannot be
aggregated with this CCIX PortID.

1b: Indicates the CCIX PortID associated with thipdsition can be
aggregated with this CCIX PortID.

ThereA & y @xplicit @ftrol registerindicaingwhich of the capabl€CIX
Portaggregation groups are beimegabled Thecontrol fields that implicitly
identify thecontiguous sebf CCIX PortIDs that have been enabled asqgfa
a CCIX Port Aggregation grangthe BasePortID and
SAMEntryAttr.NumAggPorts fields of a SAM Entry. The aggregated CCI
Ports rangdrom

BasePortID to BasePortdiDSAMEntryAttr.NumAggPortd). These
aggregated CCIX Porsist be consistent with contiguous bits in
PortAggVectr.

31:16 Reserved and Zero Rsvdz

Figure6-35 shows the layout of the CCIX Port Capabilities & Status 3 (PortCapStat3) Register at ByODffset

31 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Rsvdz J
A A T
Fwd to PortlD

Fwd to PortI2

Fwd to PortiR4
Fwd to Porti5

Figure6-35: PortCapStat3 Register at Byte OffseCh
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Table6-32 describes the PortCapStat3 Register fields at Byte CofSat

Table6-32: CCIX Port Capabilities&Status Regidields at Byte OffsetOCh

Protocol Layer DVSEC

Bit

Location

Register Description

Attributes

15:.0

PortFwdingVctr

PortFwdingVctr[0] to PortFwdingVctr[15] indicate the CCIX Port Forwarg
Capability of this CCIX Port to CCIX PortID0 to CCIX PortID15, excludin
CCIX PortIDn.

PortFwdingVctmust be 0000hf PortCapStatRPortToPortFwdingCaip Ob.
Ob: Indicates this CCIX Port cannot forward CCIX Packets to the CCIX F
associated with this biposition.

1b: Indicates this CCIX Port can forward CCIX Packets to the CCIX Port
associated with thibit-position.

If PortFwdingVc{i] is 1b in the CCIX Port Capability structure of CCIX
PortIDy, therPortFwdingVcily] must be 1b in the CCIX Port Capability
structure of CCIX PortIDx due to thediectional capability noted in the
description ofPortCajstat1PortToPortFwdingCap Table6-30
PortFwdingVctalso describes the Forwarding Capability of this CCIX Poil
Port-Aggregated trafficif the ComnCapStat2.MultiHopPortAggCap field
indicates this capabilitydescribed further imTable6-13.

RO

31:16

Reserved and Zero

Rsvdz

The CCIX Pofapabilities & Status Error Log Pointer (PortErrLogPtr) Register at BytelDfismintains the
CCIX Port Error Log Offset which is describé&hapter 7QOCIX RAS OvervieWhe remaining bits in this register

are Reserved and Z®gr

6.2.2.5.2 CCIX Port Control Register

Figure6-36 shows the overall layout dhe CCIX Por€ontrol structureEach CCIX Port has a SAM data structure,
called the PSAM Table, used to resolve thepatitCCIX Link for CCIX packetiput CCIX Link for CCIX packets.
The PSAM Tabtontains the number of entriesdicated in thePortCapStatl.NumPSAMEnNtryCap field of the

CCIX Port Capabilities & Status data structure.
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+00

+04

+08

+0C

+10

+14

+X

31

20 19 16 15 0

Next Control Offset RsvdP CCIX Component EPort

31

Port Control

31

Port Error Contro& Status Registed

31

Port Error Contro& Status Registet

31

16 15 0

RsvdP Source Transport IBDF if PC)e

31

PSAM Entrg

31

[ 0

PSAM Entry n

Figure6-36: Layout of the CCIX Por€ontrol Sructure

Figure6-37 shows the layout of the CCIX Port Control (PortCntl) Register at Byte-Offset

31

RsvdP

19 18 13 12 76 43 2 1 0
#PSAMo | NumLinks| RsvdP
A A A A A
—— Port Enable

Optimized Packet Header Enab
RsvdP
Port QREQ
Number of Links Enable

Number of PSAMo Entries Enal

Figure6-37: PortCntl Register at Byte Offsé4h
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Table6-33 describes the CCIX Port Control Register figldyte Offse04h.

Table6-33: PortCntl RegisteFields at Byte Offset04h

Bit Register Description Attributes
Location
0 PortEnable RW
This field controls enabling the CCIX Port.
0Ob:

1 Indicates that either the CCIX Port has not been configured, goréagously
configured CCIX Port has been taken offline.

1b:

1 Indicates the CCIX Port is configured and enabled. This bit must not be ¢
CCIX Port Discovery Ready Status is not set.

CCIX Device initializes to Ob after reset (except. FLR)

CCIX Port Enabtontrol takes precedence over CCIX Link and CCIX Agent Er

control, i.e. CCIX traffic from all enabled CCIX Links and CCIX Agents to this

Port must be disabled if the CCIX Port is disabled.

1 PktHdrTypeEnable RW

This field enables the CCIX Paditeader Type.

Ob:

1 Indicates only PCle Compatible Packet Header format enabled.

1b:

1 Indicates only CCIX Optimized Packet Header format is enabled.

1 The value of PktHderTypeEnable must be consistent with the value
programmed in OptimizeTLPGenerationReceptionRoutingEnable as des(
in Table6-68.

CCIX Device initializes to Ob after reset (except FLR)

Reserved and Preserved RsvdP
PortQREQ RW

Port Quiesce Request controls when the CCIX Port will act to achieve
guiesced stateThere can only be a change in the value, Ob or 1b, of thi
corresponding PortCapStatl.PortQACK bit after CCIX configuration
software changes the value, Ob or 1b, of this PortQREQ control bit.
Ob: CCIX Port is not required to be quiesced.

1b: CCIX Port must be quiesced.
CCIX Device initializes to Ob after re@icept FLR).
6:4 Reserve and Preserved RsvdP
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Bit Register Description Attributes
Location

12:7 NumLinksEnable RW
This field indicates the number of unique CCIX-Paits that connect through thig
CCIX Portdowever, additonal links may be enabled to accommodate RA to H,
requests and HA to SA requests which are traveling in the same direction. Se
Section3.13.1.2for further details.

00h¢ 3Fh: Encoding for 1 to 63 CCIX Links enabled.

CCIX Device initializes to 00h after reset (except FLR)

There is no requirement for a contiguous set of CCIX Link Control Entries to t
enabled, i.e. NumLinksEnable only reflects thatotumber of enabled CCIX Lin}
18:13 NumPSAMEnRtryEnable RW
This field indicates the number of PSAM entries enabled.

00h: No PSAM entries are enabled.

01hg 3Fh: Encoding for enabling up to 63 PSAM entries.
SeeSection6.2.2.5.3for a description of PSAM entries.

CCIX Device initializes to 00h after reset (except FLR)

There is no requirement for a contiguous set of PSAM Entries to bdeshéle.
NumPSAMEnRtryEnable only reflects the total number of enabled PSAM Entri
31:19 Reserved and Preserved RsvdP

The CCIX Port Error Control & Status Registers, PortErrCntlStat0 and PortErrCntlStatl, at B{@hGifebt
Byte OffsetOCh respectively, are describedGhapter7, CCIX RAS Overview

The Port Control Register at Byte Off4€h, the PortSrcIDCntl Register, contains the Source TransportlD field,
SrcTransportID[15:0]. PortSrcIDCntl.SrcTransportID is the BDF when the CCIX Transport Layer is PCle. The
remaining bits in this register are Reserved and Preserved

¢CKS t2NIiQa t{!a ¢lofS> adFNIAy3 6A0GK t{!a 9WHENER nx

6.2.2.5.3 PSAM Entry

Figure6-38 shows the layout of a PSAM Entry.

31 16 15 14 98 10
+00 RsvdP P Link Number RsvdP \Y
31 0
+4 Start Addres$3:32]
31 0
+08 End Addred$3:32]

Figure6-38: PSAM Entry
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Table6-34 describes the PSAM Register fields at Byte Ofieet PSAM Register fields at Byte OH34h and
Byte Offset08h have the same field descriptions as the field descriptioigine6-21 and Table6-22
respectively.

Table6-34: PSAM Registdfields at Byte OffseDOh

Bit Register Description Attributes
Location

0 PSAMEntryVal RwW
This field indicates whether tHeSAMENtry is valid.
0b: Indicates no CCIX Link is mapped in this entry
1b:Indicates a CCIX Link is mapped in this entry

8.1 Reserved and Preserved RsvdP
14:9 LinkNum RW
LYRAOIF(GSa G4KS //L- t2NIQa [AyYy]l bdzyo
PSAM entry.

00h¢ 3Fh: Encodings for up to 64 CCIX Link Numbers

CCIX Linkumbers are unique per CCIX Port (i.e. different CCIX Ports-oaa the
CCIX Link Number space) and for each CCIX Port, CCIX Link Enumeration is r
to start from 0, and be sequentially enumerated, without skipping a number.

As described in the NdEntry.AgentIDnLinkID field dable6-19 if CCIX Port
Aggregation is enabled, the same LNUM must be setup on all aggreg@tedPorts
for traffic for the same CCIX AgentID.

15 PSAMEnNtryAddrType RW
0b: Indicates the CCIX Pétairassociated with the PSAMEntryAttr.LinkNum in thi
Entry is RA0-HA and the Address mapped in this entry is part of tHRSAM

1b: Indicates the CCIX P#tair associated with the PSAMEntryAttr.LinkNum in th
Entry is HA0-SA and the Address mapped inistlentry is part of the GISAM

31:16 Reserved and Preserved RsvdP

6.2.2.6 CCIX Link Structures

CCIX Link structures describe the CCIX Links associated with a particular CCIX Port, also ill&siratesi4n

6.2.2.6.1 CCIX Link Capabilities & Status Structure

Figure6-39 shows the overall layout of @X LinkCapabilities Statusstructure. The Capabilities are common
across the CCIX Links indicated inkhenLinksCafield in the CCIX Po@apabilitiest Statusstructure and
Status is common across the CCIX Links enabled, as indicatedNinrtthénksEnablield in theCCIX Port
Control structure.
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31 20 19 16 15 0
+00 NextCapabilities StatusOffset C\?gras?(i)lri:y CCIX Component HLink

31 0
+04 LinkCapabilitiest Status- |

31 0
+08 LinkCapabilities Status- Il

31 0
+HC LinkCapabilitiest Status- 11l

31 0
+10 LinkCapabilitiest Status- IV

31 20 19 0
+14 Link Error Log Offset Rsvdz

Figure6-39: CCIX Link Capabiliti@sStatusStructure
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Figure6-40 shows the layout the CCIX Link Capabilities & Status (LinkCapStat) Register at Bytffset

31 10 9 76 5 4 3 2 1 0
RsvdZ

A A

t Link Discovery Ready Stat
Link Credit Type

Message Packing Capabili
Link QACK

Link HW QACK Capability

Rsvdz

NoCompAck Capability

Max packet Size Capability

Figure6-40: CCIX Linapabilities & StatuRegister at Byte Offse®4h

Table6-35describes the LinkCapStat Register fields at Byte Citet

Table6-35: LinkCapStat Registéields at Byte Offset04h

Bit Register Description Attributes
Location
0 LinkDiscRdyStat RO
¢tKAd FASEtR RSaONROSaAa GKS //L- [ AY1 Q3
Ob:

1 Indicates the CCIX Links and thegipabilities and control are not ready to be
discovered and configured.

1 Also indicates the CCIX Links are not ready to receive credit Grant Message

1b:

1 Indicates the CCIX Links and their capabilities and control are ready to be
discovered andonfigured.

1 Also indicates the CCIX Links are ready to receive credit Grant Messages
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Bit Register Description Attributes
Location
1 LinkCreditType RO
Ob:

1 Indicates fixed or static credits/Link capability, with the same credit capability
indicating values per CCIX Link

1 The values of the credit capility fields h Table6-36, Table6-37, and Table6-38
are for eachCCIX Link

1b:

1 Indicates variable or dynamic creditsikicapability, with the credit capability
indicating total value across all CCIX Links.

1 The values of the credit capability fieldsTiable6-36, Table6-37, and Figure
6-35 aretotal valuesacross all CCIX Links

2 MsgPackingCap RO

Ob: Indicates the CCIX Links do not have Message Packing capability

1b: Indicates the CCIX Links have Message Packing capability
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Bit Register Description Attributes
Location

3 LinkQACK RO
CKA&d FASER RSAONROSaA GKS Jstatus: [ Ay 1 Q3
Ob: CCIX Link not quiesced.

1b: CCIX Link quiesced.

If the CCIX Link has Hardware Quiesce Acknowledgement (HW QACK) capabilif
indicated by a LinkCapStat.LinkHWQACKCap value lahkBapStat.LinkQAGKset
by implementation specific methods. Software can choose to poll
LinkCapStat.LinkQACK instead of waiting for the <Link Quiesce Time> value to |
LinkQACK if LinkCapStat.LinkHWQACKCap has a value of 1b.

If the CCIX Link does not have HW QACKbddpas indicated in
LinkCapStat.LinkHWQACKCap value of Ob, the following sequence is followed:

The CCIX Link sets the LinkQABICt a value 1b after completing or detecting

the following actions in this order:

1. The Link detects that the Link QuiescejiRest (LinkCntl.LInkQREQ) Contrd
bit is set.

2. The Link has not issued any Requests or received any Responses, othe
CreditReturn Messages, for the duration of <Link Quiesce Time>. <Link
Quiesce Time> is based on the value of ComnCntl2.QACKTimeS$cale ar|
ComnCntl2.QACKTimeValue, described furth@mainle6-12.

3. ¢KS [AyYy]l GUKSYy NBGdzNya Ittt 2dziadl
already done so.

4. The Linldetects all outstanding credits from the Link partner have been
returned and also waits for the duration of <Link Quiesce Time> to detec
return of all credits.

5. Following the transition of the Link Quiesce Request (LinkCntl.LinkQRE(
Table6-39) control bit from Ob to 1b, the Link must take no longer than 3
<Link Quiesce Time> to set LinkQACK. After 4 * <Link Quiesce Time>, (
Software detecting a zero returnedrfthe LinkQACK field indicates an err(
condition such that the Link was unable to reach a quiescent state.

Following the transition of th&inkCntl.LinkQREg@ntrol bit from 1b to Ob, the CCIX
Link must transition the LinkQACK bit from 1b to Ob.

4 LinkHWQACKCap RO
¢tKAd FTAStR RSaONROSE GKS //L- [AYy]lQ3
Ob: The CCIX Link does not have a hardware mechanism to achieve a quiescen|
1b: The CCIX Link has a hardware mechanism to achieve a quiescent state.

Reservedind Zero Rsvdz
NoCompAckCap RO
Ob: Indicates the CCIX Links require receiving Completion Acks

1b: Indicates the CCIX Links have the capability to not receive Completion Acks
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Bit
Location

Register Description

Attributes

9:7

MaxPktSizeCap

000b: 128B Max Packet Size capability
001b:256B Max Packet Size capability
010b: 512B Max Packet Size capability
All other encodings: Reserved

A chip that declares 128B Max Cacheline Size Capability, i.e. a
ComnCapStat2.CachelineSizeCap value of 1b, is not permitted to declare a

MaxPktSizeCap kee of 000b.

RO

31:10

Resered and Zero

Rsvdz

Figure6-41 shows the layout the CCIX Link Send Capability (LinkSendCap) Register at By@Bffset

31

30 29 20 19 10

RsvdZ

T— Max Mem Req Send Capabilit

Max Snoop Req Send Capabil

Max Data Req Send Capability

Figure6-41: LinkSendCap Registerat Byte Off€¥h

Table6-36 describes the LinkSendCap Register fields at Byte )gtet
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Table6-36: LinkSendCap Registéields at Byte OffseD8h

Bit Register Description Attributes
Location

9.0 MaxMemRegSendCap RO
This field describes the maximum number of outstanding Memory reques|
that each CCIX Link [(ihkCapStat.LinkCreditType is Ob) or all CCIX Links

LinkCapsStat.LinkCreditType is 1b) on this CCIX Port are capable of send
CCIX Configuration Software is not required to allocate the credits that m
this send capability since there are othectiars that influence the allocated

ONBRAGA AyOfdzRAY3I GKS RSAGAYI GA2Y
Encodings 0 to 1023 indicate send capability of O to 1023 Memory Reque
Credits across each CCIX Link (if LinkCapStat.LinkCreditType is Ob) or a
Links (if LinkCapStat.LinkCreditType is 1b) on this CCIX Port. Encoding Q
indicates there are no RAs or HAs on this CCIX Device and hence is not
capable of sending Memory requests.

19:10 MaxSnpReqSendCap RO
This field describes the maximum numberoatstanding Snoops that each
CCIX Link (if LinkCapStat.LinkCreditType is Ob) or all CCIX Links (if
LinkCapStat.LinkCreditType is 1b) on this CCIX Port are capable of send
CCIX Configuration Software is not required to allocate the credits that m
this send capability since there are other factors that influence the allocat]
ONBRAGA AyOfdzRRAY3I GKS RSAGAYI GA2Y
Encodings 0 to 1023 indicate send capability of O to 1023 SRegpest
Credits across each CCIX Link (if LipR@& LinkCreditType is Ob) or all CCl]
Links (if LinkCapStat.LinkCreditType is 1b) on this CCIX Port. Encoding (
indicates there are no HAs on this CCIX Device and hence is not capable
sending Snoop requests.

29:20 MaxDatRegSendCap RO
This field @scribes the maximum number of outstanding data packets tha
each CCIX Link (if LinkCapStat.LinkCreditType is Ob) or all CCIX Links (i
LinkCapStat.LinkCreditType is 1b) on this CCIX Port are capable of send
CCIX Configuration Software is not requite@llocate the credits that match
this send capability since there are other factors that influence the allocat|
ONBRAGA AyOtdzRRAYy3I GKS RSAGAYI GA2Y
Encodings 0 to 1023 indicate send capability of 0 to 1023 Data Request
Credts across each CCIX Link (if LinkCapStat.LinkCreditType is 0b) or all
Links (if LinkCapStat.LinkCreditType is 1b) on this CCIX Port.

31:30 Reservedind Zero Rsvdz
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Figure6-42 shows the layout of the CCIX LiD&pabilities & Statud inkRcvCARegister at Byte Offs€iCh.

31 30 29 20 19 10 9 0

‘ L
Max Mem Req Receive Capabili

Max Snoop Req Receive Capabi

RsvdZ

Max Data Req Receive Capabilif

Figure6-42: LinkRcvCap Registat Byte OffsetOCh

Table6-37 describes the LinkRcvCap Register fields at Byte cfdet

Table6-37: LinkRcvCap Ryister Felds at Byte OffseDCh

Bit Register Description Attributes
Location

9:0 MaxMemRegRcvCap RO
This field describes the maximum number of outstanding Memory requests
each CCIX Link (inkCapStat.LinkCreditType is 0b) or all CCIX Links (if
LinkCapStat.LinkCreditType is 1b) on this CCIX Port are capable of receivi
Thus this field also indicates the maximum number of Memory request sen
credits that can be allocated to all destinati®CIX Links (located at the
Destination TransportIDs).

Encodings 0 to 1023 indicate receive capability of 0 to 1023 Memory Requsg
Credits across each CCIX Link (if LinkCapStat.LinkCreditType is 0Ob) or all
Links (if LinkCapStat.LinkCreditType is 1lhisnCCIX Port. Encoding 000h
indicates there are no SAs or HAs on this CCIX Device and hence is not cg
of receving Memory requests
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Bit Register Description Attributes
Location

19:10 MaxSnpRegRcvCap RO
This field describes the maximum number of outstanding Snoops that each
Link (ifLinkCapStat.LinkCreditType is 0b) or all CCIX Links (if
LinkCapsStat.LinkCreditType is 1b) on this CCIX Port are capable of receivi
Thus this field also indicates the maximum number of Snoop send credits t
can be allocated to all destination CCIX &ificated at the Destination
TransportIDs).

Encodings 0 to 1023 indicate receive capability of 0 to 1023 Snoop Reques
Credits across each CCIX Link (if LinkCapStat.LinkCreditType is Ob) or all
Links (if LinkCapStat.LinkCreditType is 1b) on thisRa@lX=ncoding 000h
indicates there are no RAs on this CCIX Device and hence is not capable g
receiving Snoop requests.

29:20 MaxDatRegRcvCap RO
This field describes the maximum number of outstanding data request pack
that each CCIX Link (if LinkCap&inkCreditType is 0b) or all CCIX Links (if
LinkCapStat.LinkCreditType is 1b) on this CCIX Port are capable of receivi
Thus this field also indicates the maximum number of data send credits tha|
be allocated to all destination CCIX Links (lctatiethe Destination
TransportIDs).

Encodings 0 to 1023 indicate receive capability of 0 to 1023 Data Request
Credits across each CCIX Link (if LinkCapStat.LinkCreditType is Ob) or all
Links (if LinkCapStat.LinkCreditType is 1b) on this CCIX Port.

31:30 Reserved and Zero RsvdzZ

Figure6-43 shows the layout of the CCIX Link Credited Miscellaneous Message Capabilities
(LinkCreditMiscMsgCap) Register at Byte Off€dt

31 20 19 10 9 0

T_ Max Misc Req Send Capability

Max Misc Req Receive Capabilit

Rsvdz

Figure6-43: LinkCreditMiscMsgCap Register at Byte Off4éh
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Table6-38 describes the LinkCreditMiscMsgCap Register fields at@yjset10h.

Table6-38: LinkCreditMiscMsgCap Registeelds at Byte OffsetlOh.

Bit Register Description Attributes
Location

9:0 MaxMiscReqSendCap RO
This field describes the maximum number of outstandireglited Misc
requests that each CCIX Link (if LinkCapStat.LinkCreditType is 0b)
CCIX Links (if LinkCapStat.LinkCreditType is 1b) on this CCIX Port]
capable of sending. CCIX Configuration Software is not required to
allocate the credits that matcthis send capability since there are
other factors that influence the allocated credits including the
RSalGAylrdAaAz2y [/ L- [AYyl1Qa NBOSA(G
Encodings 0 to 1023 indicate send capability of 0 to 1023 Memory
Request Credits across each CCIX LinkKi€apStat.LinkCreditType i
0b) or all CCIX Links (if LinkCapStat.LinkCreditType is 1b) on this (
Port. Encoding 000h indicates this CCIX Device is not capable of s
credited Misc requests.

19:10 MaxMiscRegRcvCap RO
This field describes themaximum number of outstanding credited Mig
requeststhat each CCIX Link (if LinkCapStat.LinkCreditType is 0b)
CCIX Links (if LinkCapStat.LinkCreditType is 1b) on this CCIX Port
capable of receiving. Thus this field also indicates the maximum
number of credited Missend credits that can be allocated to all
destination CCIX Links (located at the Destination TransportIDs).
Encodings 0 to 1023 indicate receive capability of 0 to 1023 Misc
Request Credits across each CCIX Link (if LinkCapStaeditTk@e is
0b) or all CCIX Links (if LinkCapStat.LinkCreditType is 1b) on this (
Port.

Becausehe receipt of Credited Misc Requests is optional, encoding
000h indicates the CCIX Link is not capable of receiving Credited N
Requests.

31:20 Resered and Zero RsvdZz

The CCIX Link Capabilities & Status Error Log Pointer (LinkErrLogPtr) Register at BytérOftaghins the
CCIX Link Erroog Offset which is described @hapter 7QCIX RAS Overvielthe remaining bits in this register
are Reservednd Zero.
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6.2.2.6.2 CCIX Link Control Structure

Figure6-44 shows the overall layout of CCIX Link Control structure. The PortCap&tatilinksCafield,
described inTable6-30, indicates the number of CCIX Link Control entries, whereas the
PortCntl.NumLinksEnable field, described @&ble6-33, indicates the number of enabled CCIX Link Control
entries.

The number of CCIX Link Control entries enabled in the CCIX Link Control structure for a given CCIX Port must
equal the number of unique CCIX Rpdirs that connet through that CCIX Pokvhen multiple CCIX Agent

types share the same CCIX AgentlD name space on a CCIX Device, and those CCIX Agents connect through a
given CCIX Port, each CCIX Agent shares the same CCIX Link Control Entry on that CCIX Port.

31 20 19 16 15 0
+00 Next ControlOffset RsvdP CCIX Component HLink
31 0
+04 LinkO Attribute Controls
31 L B B 0
+XX Linkn Attribute Controls
31 0
+YY Link0 TransportID Map
a1 "N 0
+Y¥4*n Linkn TransportID Map

Figure6-44: CCIX Linkdhtrol structure
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6.2.2.6.2.1 CCIX Link Attribute Control Structure

Figure6-45 shows the overall layout of the CCIX LAtkibute Control entries. The CCIX Link Attribute Control
entries are setup uniquely per CCIX Link and are arranged in CCIX Link number orohey vatarthe entry for
CCIX Link #0 and ending with CCIX Link #(PortCapistatilinksCap 1).

31 0
+00 ’ LinkO Attribute Control ‘
31 0
+04 ’ Link0 Max Credit Control ‘
31 0
+08 ’ Link0 Min Credit Control ‘
31 0
+0C ’ Linl0 Misc Credit Control ‘
31 0
+10 ’ Linko Error Controk Status Registed ‘
31 0
+14 ’ Linko Error Controk Status Registet ‘
e P
! - Optional Broadcast Forward Control Vect¢BCastFwdCntlVcir 2 |
| |
I +18 ’ Linko BCastFwdCntivVdr ‘ :
: 31 0 i
|
I +1C ’ Linlo BCastFwdCntiVctr ‘ |
31 LI ) O
+n*20+00’ Linkn Attribute Control ‘
31 0
+n*2(}+04’ Linkn Max Credit Control ‘
31 0
+n*20+08’ Linkn Min Credit Control ‘
31 0
+n* 20+OC’ Linkn Misc Credit Control ‘
31 0
+n*20+10’ Linkn Error Contrak Status Registed ‘
31 0
+n*20+14’ Linkn Error Contrak Status Registet ‘
e
: o Optional Broadcast Forward Control Vect¢BCastFwdCntlVcir o |
|
|
: +n*20+18’ Linkn BCastFwdCntl\vatr ‘ |
|
! a1 0 |
|
Lo 20+ch Linkn BCastFwdCntiVitr ‘ |
! |
|

Figure6-45: CCIX Link Attribute Control Entries
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Figure6-46 shows the layout of the CCIX Link Attribute Control (LinkAttrCntl) Entry at Byte-Qfiset

31 11 10 9 76 5 4 3 2 1 0

RsvdP
A A A A
L Link Enable
Link Credit Send Enable

Message Packing Enabl
Link QREQ

RsvdP

NoCompAck Enable
Max packet Size Enable

Link Entry Addr Type

Figure6-46: LinkAttrCntl Entry at Byte OffsedOh

Table6-39 describes the.inkAttrCnt Entry fields at Byte Offs&lOh.

Table6-39: LinkAttrCntl EntryFieldsat Byte OffsetO0h

Bit Register Description Attributes
Location
0 LinkEnable RW
This field controls enabling the CCIX Link.
Ob:

1 Indicates that either the CCIX Link has not beamfigured, or the previously
configured CCIX Link has been taken offline.

1 Also indicates th€CIX Linkust clear all previously granted credits from t
destination TransportID.

1b:

1 Indicates theCCIX Linis configured ancenabled.This bit must not bset if
CCIX Link Discovery Ready Status is not set.

1 Also indicates th€CIX Linkust receivecredit Messages.

CCIX Device initializes to Ob after reset (except FLR)
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Bit Register Description Attributes
Location
1 LinkCreditSendEnable RW
This field controls enabling the CCIX Link to send Qviedisages.
Ob:

1 Indicates the CCIX Link must not send credit Grant Messages to the
Destination TransportID.

1b:

1 Indicates the CCIX Links can send credit Grant Messages to the Desting
TransportID. The LinkEnable field of the Link at the DestinatiorspoatD
must be 1b prior to a Olo-1b transition of LinkCreditSendEnable.

1 If the LinkCapStat.LinkCreditType indicated is Ob, the number of initial
credits sent following a Gbo-1b transition of LinkCreditSendEnable is
determined by the Maximum Requestd®ve Capability values, described
Table6-37 and Table6-38.

9 If the LinkCapStat.LinkCreditType indicated is 1b, the number @l initi
credits sent following a Gp-1b transition of LinkCreditSendEnable is
determined by the Reserved Request Credit Enable values, described irf
Table6-41and Table6-42.

CCIX Device initializes to Ob after reset (except FLR)

2 MsgPackingEnable RW

Ob: Indicates Message Packing is not enabled

1b: Indicates Message Packing is enabled

CCIX Device initializes to Ob after reset (except. FLR)

3 LinkQREQ RW

Link Quiesce Request controls when @€I1X Linwill act to achieve a quiesced

state. There can only be a change in the value, Ob or 1b, of the correspondin

LinkCapsStat.LinkQACK bit after CCIX configuration software changes the ve

or 1b, of this LinkQREQ control bit.

Ob: CCIX Linis not required to be quiesced.

1b: CCIX Linkustbe quiesced.

CCIX Device initializes to Ob after reset (except FLR).

54 Reservd and Preserved RsvdP

6 NoCompAckEnable RW
Ob: Indicates the CCIX Agents on the CCIX Link are required to send Comp
response where relevant

1b: Indicates the CCIX Agentsthe CCIX Link must not send CompAck respo
where relevant

CCIX Device initializes to Ob after reset (except FLR)
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Bit Register Description Attributes
Location

9:7 MaxPktSizeEnable RW
000b: 128B Max Packet Size enabled

001b: 256B Max Packet Size enabled

010b: 512B Max Packet Size enabled

All other encodings: Reserved

If a CCIX Device has 128B Cacheline Size enabled, i.e. a
ComnCntl2.CachelineSizeEnable value of 1b, a MaxPktSizeEnable value of
not permitted, i.e. the Max Packet Size enabled must be programmed to 25¢
greater.

CGQX Device initializes 1@00b after reset (except FLR)

10 LinkEntryAddrType RwW

Ob:

1 Indicates RSAM Type Address Reference for inbourdRIA Request
traffic for the CCIX PeRair associated with this CCIX Link Entry

1b:

1 Indicates HSAM Type Addrdgsference for inbound H#®-SA Request
traffic for the CCIX PeRair associated with this CCIX Link Entry

CCIX Device initializes to Ob after reset (except FLR)

The LinkEntryAddrType encodings to indicate inbounddriAA Request traffic

vs. inbound HAo-SA traffic are mutually exclusive, Ob vs. 1b, for a Link. This

because these two traffic types cannot share the same Link in the same

(inbound) direction. CCIX Devices, therefore, must have separate Linkstfor

HA Request traffic and HA-SA trdfic in the same direction, on the same CCD

Port.

31:11 Reseved and Preserved RsvdP

Figure6-47 shows the layout of the CCIX Link Maximum Credit CofltinkMaxCreditCntl)riEry at Byte Offset
04h.
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31 30 29 20 19 10 9 0

‘ L
Max Mem Req Credit Enable

Max Snoop Req Credit Enab

RsvdP

Max Data Req Credit Enable

Figure6-47: LinkMaxCreditCntEntry at Byte OffseD4h

Table6-40 describes the LinkMaxCreditCntl Entry fields aeRyffset04h.

Table6-40: LinkMaxCreditCntEntry Helds at Byte Offset04h

Bit Register Description Attributes
Location

9:0 MaxMemReqCreditEnable RW
This field describes the maximum number of outstanding Memory reque
credits that this CCIX Link is enabled to send. Thus this field also indicaf
the maximum number obutstandingMemory requests that the destinatior
CCIX Link (located at the DestinatibransportlD) can send.

Encodings 0 to 1023 indicate 0 to 1023 Memory Request Credits are
enabled.

The CCIX Device at the destination CCIX Link is not required to issue
outstanding Memory Requests that use up the maximum Memory Requ
credits it has beesent on this CCIX Link.

CCIX Configuration Software can set this field to encoding 000h when tf
are no RAs or HAs on the CCIX Device at the destination CCIX Link and
the destination CCIX Link is not capable of sending Memory requests.
CCIX Devideitializes to 000h after reset (except FLR)
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Bit Register Description Attributes
Location
19:10 MaxSnpReqCreditEnable RW

This field describes the maximum number of outstanding Snoop Reques
credits that this CCIX Link is enabled to send. Thus this field also indicaf
the maximum number obutstandingSnoops that the destination CCIX Lin
(located at the Destination TransportID) can send.

Encodings 0 to 1023 indicate 0 to 1023 Snoop Request Credits are ena
The CCIX Device is not required to consume the maximum Snoop Requ
credits it las been enabled with on this CCIX Link.

CCIX Configuration Software can set this field to encoding 000h when tk
are no HAs on the CCIX Device at the destination CCIX Link and hence
destination CCIX Link is not capable of sending Snoop requests.
CCDDevice initializes to 000h after reset (except FLR)

29:20 MaxDatReqgCreditEnable RW
This field describes the maximum number of outstanding degditsthat
this CCIX Link is enabled to send. Thus this field also indicates the max
number ofoutstandng Data packets that the destination CCIX Link (locat
at the Destination TransportID) caend

Encodings 0 to 1023 indicate 0 to 1023 Data Request Credits are enablg
The CCIX Device is not required to consume the maximum Data Reque
credits it has ben enabled with on this CCIX Link.

CCIX Device initializes to 000h after reset (except FLR)

31:30 Reserved and Preserved RsvdP
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Figure6-48 shows the layout of the CCIX Link Minimum Credit Control (LinkMinCreditCntl) Entry at Byte Offset
08h.

31 30 29 20 19 10 9 0

‘ L
Min Mem Req Credit Enable

Min Snoop Req Credit Enable

RsvdP

Min Data Req Credit Enable

Figure6-48: LinkMinCreditCntl Entry at Byte Offs€i8h

Table6-41 describes the LinkMinCreditCntl Entry fields at Byte OfdS&ét

Table6-41: LinkMinCreditCntEntry Fieldsat Byte Offset08h

Bit Register Description Attributes
Location

9:0 MinMemReqgCreditEnable RwW
This field describes the minimum Memory Request credits that are resery
for the CCIX Lingartnerand that this CCIX Link is enabled to send.
Encodings 0 to 1023 indicate 0 to 1023 Memory Request Credits are eng
The CCIX Device at the destination CCIX Link is not required to issue
outstanding Memory Requests that use up the minimum Memory Requeg
credits it has been sent on this CCIX Link.

CCIX Device initializes to 000h after reset (except FLR)
CCIX Configuration Software can set this field to encoding 000h when th¢
are no RAs or HAs on the CCIX Device at the destination CCIX Link and
the destination CCIX Link is not capable of sending Memory requests.
The sum of théMinimum Request Credit Enable Values set per CCIX Link
factor in the maximum receive capability across all CCIX Links on this C(
t 2 NI ZMidlVerBReqCrediténable] Ay 1 0 X al EaSywS$
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Bit Register Description Attributes
Location
19:10 MinSnpReqCreditEnable RW

This field describes the minimum Snoop Request credits that are reserve
the CCIX Lingartner and that this CCIX Link is enabled to send.
Encodings 0 to 1023 indicate 0 to 1023 Snoop Requesit€are enabled.
The CCIX Device is not required to consume the minimum Snoop Reque
credits it has been sent on this CCIX Link.

CCIX Configuration Software can set this field to encoding 000h when th¢
are no HAs on the CCIX Device at the destin&iGiX Link and hence the
destination CCIX Link is not capable of sending Snoop requests.

CCIX Device initializes to 000h after reset (except FLR)

The sum of thévlinimum Request Credit Enable Values set per CCIX Link
factor in the maximum receive capability across all CCIX Links on this C(
t 2 NI ZMidSap&epCraditEnalde] A y1 0 XX al E{ yLWwS]|j
29:20 MinDatReqgCreditEnable RwW
This field describes the minimubBata Request credits that are reserved fo
the CCIX Lingartner and that this CCIX Link is enabled to send.
Encodings 0 to 1023 indicate 0 to 1023 Data Request Credits are enable
The CCIX Device is not required to consume the minimum Data Request
credits it has been sent on this CCIX Link.

CCIX Device initializes to 000h after reset (except FLR)

The sum of théMinimum Request Credit Enable Values set per CCIX Link
factor in the maximum receive capability across all CCIX Links on this C(
Port, i.eP MinD#ReqCreditEnabte] A Y1 0 X al E5F GwSl
31:30 Reserved and Preserved RsvdP

Figure6-49 shows the layout of the CCIX Link Miscellaneous Credit CqhinddMiscCreditCntEntry at Byte
Offset0OCh.

31 20 19 10 9 0

RsvdP

A
L Max Misc Req Credit Enable

RsvdMin Misc Req Credit Enabl

Figure6-49: LinkMiscCreditCntl Entry at Byte OffséCh
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Table6-42 describes thd.inkMiscCreditCniintry fields at ByteOffsetOCh.

Table6-42: LinkMiscCreditCntl Entry at Byte Offs6éCh

Bit Register Description Attributes
Location

9:0 MaxMiscReqCreditEnable RW
This field describes the maximum number of outstanding Credited dvislitsthat
this CCIX Link is enabled to send. Thus this field also indicates the maximum
number ofoutstandingMisc requests that the destination CCIX Link (located at
Destination TansportID) carsend

Encodings 0 to 1023 indicate 0 to 1023 Credited Misc Request Credits are eng
CCIX Configuration Software can set this field to encoding 000h when the
destination CCIX Link is not capable of sending Credited Misc requests.

The CC{ Device is not required to consume the maximum Credited Misc Requ
credits it has been enabled with on this CCIX Link.

CCIX Device initializes to 000h after reset (except FLR)

19:10 MinMiscReqCreditEnable RW
This field describes the minimum Creditélisc Request credits that are reserved
for the CCIX Lingiartner and that this CCIX Link is enabled to send.

Encodings 0 to 1023 indicate 0 to 1023 Credited Misc Request Credits are end
The CCIX Device is not required to consume the minimum CredissdRéquest
credits it has been sent on this CCIX Link.

CCIX Configuration Software can set this field to encoding 000h when the
destination CCIX Link is not capable of sending Credited Misc requests.
CCIX Device initializes to 000h after reset (except FLR

The sum of théMinimum Request Credit Enable Values set per CCIX Link must
factor in the maximum receive capability across all CCIX Links on this CCIX P
H MibMiscReqCreditEnabte] Ay 1 0 X al EaraoOwSljwOgd/
31:20 Reservednd Preserved RsvdP
The CCIX Link Error Control & Status 0 (LinkErrCntlStat0) and Link Error Control & Status 1 (LinkErrCntlStatl)
Registers, at Byte Offs&Oh and Byte Offset4h respectively, are described@hapter 7CCIX RAS Overview
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6.2.2.6.2.1.1 Broadcast Forward Control Vector

The Broadcast Forward Control Vector (B€avdCntlVctr) is an optional structure, present only when CCIX Port
to-Port forwarding capability exists, i.e. a PortCapSRaitToPortFwdingCapalue of 1b is indicated.

Figure6-50 shows the layout of Broadcast Forward Control VectorO (BCastFwdCntlVctrO) Register. The vector is
Home AgentID indexed from HAIDO to HAID31.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

A A A

'
Fwd Broadcast Snp from HAID
Fwd Broadcast Snp from HAID

Fwd Broadcast Snp from HAID
Fwd Broadcast Snp from HAID

Figure6-50: BCastFwdCntlVctrO

Table6-43 describes the fields of the BCastFwdCntlVctrO Register.

Table6-43: BCastFwdCntlVctrO RegistEirelds

Bit Register Description Attributes
Location

31:0 BCastFwdCntlVctrO RW
BCastFwdCntlVctrO[@p BCastFwdCntlVctrO[3ijdicate the Broadcast
Snoop Forward Controls for HAIDO to HAIBbectively, for this CCIX
Link:

Ob: Indicates that Broadcast Snoops from the HAID associated with th
bit-position must not be forwarded on this CCIX Link.

1b: Indicates that Broadcast Snoops from the HAID associated with th
bit-position must be forweded on this CCIX Link.

CCIX Device initializes t6@h after reset (except FLR)

Figure6-51 shows the layout of the Broadcast Forward Control Vectorl (BCastFwdCntlVctrl) Register. The
vector is Home AgentID indexed from HAID32 to HAID63.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

WY [

T—Fvvd Broadcast Snp from HAD
Fwd Broadcast Snp from HAI®

Fwd Broadcast Snp from H&D
Fwd Broadcast Snp from HAID

Figure6-51: BCastFwdCntlVctrl
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Table6-44 describes the fields of the BCastFwdCntlVctrl Register.

Table6-44: BCastFwdCntlVctrl RegistEields

Bit Location | Register Description Attributes

31:0 BCastFwdCntlVctrl RW
BCastFwdCntlVctrl1[0] to BCastFwdCntlVctrlisdicate theBroadcast Snooy
Forward Controls for HAID32 HAID63 respectively, for this CCIX Link
Ob: Indicates that Broadcast Snoops from the HAID associated with t
bit-position must not be forwarded on this CCIX Link.

1b: Indicates that Broadcast Snoops from the HAID associated with t
bit-position mustbe forwarded on this CCIX Link.

CCIX Device initializes t0ah after reset (except FLR)

6.2.2.6.2.2 CCIX Link TransportID Map Entry

As illustrated irFigure6-44, the Link TransportID Map Table is located in the Link Control Structure, after the
Link Attribute Control structures.

Figure6-52 shows the layout of a CCIX Link TransportID Map Entry (LinkTransportiDMapEntry) Register. The
LinkTransportiDMapEntry Registamtains the Destination TransportID field (DestTransportIDichwis the

BDF when the CCIX Transport Layer is PCle. The remaining bits in this éRayeaved and Preservethe
LinkTransportiIDMapEntry Registers are arranged in CCIX Link number order, starting with the entry for CCIX Link
#0 and ending witlCCIXibk #(PortCapStatllumLinksCap 1).

31 16 15 0

RsvdP DestTransportlBDF if PC)e

Figure6-52: LinkTransportiIDMapEntry Register
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6.2.2.7 Home Agent Structures

Home Agent structures, as indicated by the Home Agent Component IRjcattributes that describe the
Home Agent. These structures include HBAT entries as descriBedtion6.2.2.4.2 A Home Agent also has the
optional capability to access Slave Agents for Menkoqyansion. This optional capability requires SAM Table
structures described iBection6.2.2.3, that contain the attributes fothe GHSAMWIindowsrouted to Slave
Agents thatare made accessible to this Home Agent.

6.2.2.7.1 Home Agent Capabilities & Status Structure

Figure6-53 shows the overall layout of the Home Agent Capabilities & Status structure. The HA Memory Pool
Capabilities & Status structure is describe®éction6.2.2.4.1

31 20 19 16 15 0
+00 NextCapabilities StatusOffset C\?gri?gr'}ty CCIX Component EHome Agent
31 0
+04 HACapabilities Status
31 20 19 0
+08 HA Error Log Offset Rsvdz
31 0
+C HA Mem Poo0 Capabilities Status
31 L e 0
N*08 e
H0C HA Mem Pool n Capabiliti@&Status

Figure6-53: Home Agent Capabilities & Stat@&ructure

Protocol Layer and Transport Layer DV@EQ16-2019 CCIX Consortium, Inc. ALL RIGHTS RESERVEBII00
February 15, 2019



Hardware Specification Protocol Layer DVSEC

Figure6-54 shows the layout of the Home Agent Capabilities & Status (HACapStat) Register at Byt&4bifset

Mem Pool Readiness Time Scale

— Mem Pool Readiness Time Value

31 30 y 2827 v 19 18 17 16 15 14 13 8 7 6 10
A A A A A A A A A
Mem Pool Ready Status L Home Agent Discovery Status
HA WriteEvictFull Hint Capability—— — Number of Home AgentiDs
HA Evict Hint Capability——— Rsvdz
HA Mem Pool Capability
HA QACK

HA HW QACK Capability

HA Mem Expansion Capability

Figure6-54: HACapStatRegister at Byte Offse®4h
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Table6-45 describes the HACapStaegister fields at Byte Offsé#h.

Table6-45: HACapStaRegisterFieldsat Byte Offset04h

Bit Location | Register Description Attributes
0 HADiscRdyStat RO
¢tKAa FASER RSaONAROSa GKS 12YS
Ob:

1 Indicates the Home Agent and its capabilitesl control are not
ready to be discovered and configured.

1b:

1 Indicates the Home Agent and its capabilities and control are re
to be discovered and configured. This also indicates the numbe
Memory Pools and the Pool Sizes are ready to be discoesred
configured, i.e. Memory training is completed and the Memory
Sizes are accurately reflected.

6:1 NumHAID RO

This field describes the number of Home AgentIDs that this Home Al

can express.

00h¢ 3Fh: Encodings for indicating capabilities for 14dHAIDs.

CCIX ConfiguratidBoftwareis required to allocate for this CaD&vice

as many HAIDs as indicatedNymHAICfield.

CCIX ConfiguratidBoftwaremay choose not to enable a Home Agent

the CCIX Agetd name space cannot accommodate the téNaimHAID

from HAs across the system.

The allocated SAWindow(s),PortlD BasePortlr Local attributes

must be the same for alCIX AgeiDs allocatdto thisHome Agent

7 Reservedind Zero Rsvdz
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Bit Location | Register Description Attributes

13:8 HAMemPoolCap RO
Thisfield describes the number déflemory Pools, and therefore, the
number of uniqgue G1SAM Address windows that can target this HA.
HAMemPoolCap, therefore, also indicates the number of HBAT entr
BecauséMemory Pool entry capabilities include the Memory Type
attribute (MemPoolEntryCapStat0.MemPoolGenMemTypeCap) for ¢
Memory Pool, the minimum number of Memory Pooisist match the
number of unigue Memory Types attached to this HA.
BecauseMemory Pool atry capabilities include the Memory Expansig
Pool attribute (MemPoolEntryCapStat0.MemPoolGenMemTypeCap
value of 1h), at least one Memory Pool entry must claim that attribut
the HA indicates this capability via the HACapStat. HAMemExpnCap
capability bi.

00h: Reserved

01h: Structures have 1 HA Mem Pool Entry

Nh: Structures have N HA Mem Pool Entries
An HA can have a maximum 63 Mem PooliEgitr
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Bit Location | Register Description Attributes

14 HAQACK RO
¢tKAa FTASEtR RSaONRoSa GKS //L-
Ob: CCIX HA nqguiesced

1b: CCIX HA quiesced

If the HA has Hardware Quiesce Acknowledgement (HW QACK)
capability, as indicated by a HACapStat. HAHWQACKCap value of 1
HACapStat. HAQA®Kset by implementation specific methods.
Software can choose to poll HACapStat. HAQ#Stead of waiting for
the <HA Quiesce Time> value to check HAQACK if

HACapStat. HAHWQACKCap has a value of 1b.

If the HA does not have HW QACK capability as indicated in
HACapStat. HAHWQACKCap value of Ob, the following sequence is
followed:

The HA setthe HAQACKit to a value 1b after completing or

detecting the following actions in this order:

1. The HA detects that the Hauiesce Request (HACntl.HAQRH
Control bit is set.

2. The HA has not issued any Requests and sent and receiveq
relevant outstandig Responses, for the duration of <HA
Quiesce Time>. <HA Quiesce Time> is based on the value
ComnCntl2.QACKTimeScale and ComnCntl2.QACKTimeV4
described further inrable6-12.

3. Following the transition of the HA Request (HACntl.HAQRE
Table6-46) control bit from Ob to 1b, the HA must take no
longer than 2 * <HA Quiesce Time> to set HAQACK.

After 2 * <HA Quiesce Time>, CCIX Software detecting a zero retur
for the HAQACKeld indcates an error condition such that the HA wa
unable to reach a quiescent state.

Following the transition of th&lACntl. HAQRE€nNtrol bit from 1b to

Ob, the HA must transition the HAQARIKfrom 1b to Ob.

15 HAHWQACKCap RO

This field describesthe! Q& | | NRgI NB vdzAi S&ao

Capability.

Ob:

1 The HA does not have a hardware mechanism to achieve a
quiescent state.

1b:

1 The HA has a hardware mechanism to achieve a quiescent stat

(N
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Bit Location | Register Description Attributes

16 HAMemExpnCap RO

This field controls enabling the HA for Niekmory Expansion.

0Ob:

f LYRAOFGSa (GKA& |I! R2SayQi adz
Slave Agents

1b:

1 Indicates this HA supports Memory Expansion via accessing SI
Agents

17 HAEvictHintCap RO

CKA&d FASER AYRAOLI (Sa Eilidianshctiofsianc

Y AyTFtdsSyOS GKS wSljdzSad ! 3Sy

0Ob:

1 Sending Evict transactions from the RA is not recommended for
best system performance. However, it is permitted to send the
transaction.

1b:

1 Sending Evict transactions fraime RA is recommended for best
system performance. However, it is permitted not to send the

transaction.
18 HAWriteEvictFullHintCap RO
¢CKA&d FASER AYyRAOF(GSa GKS 1! Qa
OGN yalrOidAzya FyR YI & AefvictFrdiSefid S
behavior.

0Ob:

1 Sending WriteEvictFull transactions from the RA is not
recommended for best system performance. However, it is
permitted to send the transaction.

1b:

1 Sending WriteEvictFull transactions from the RA is recommends
for best system performance. However, it is permitted not to ser
the transaction.
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Bit Location | Register Description Attributes
27:19 HAMemPoolRdyTimeValue RO
tKAa FTASEtR RSaONXoSa GKS 1! Qa

Encoding wheré¢he overall <HA Mem Pool Readiness Time Reporte(
HAMemPoolRdyTimeValue*<HA Mem Pool Readiness Time Multipl
<HA Mem Pool Readiness Time Multiplier> {§8gnPoclRdyTimeScajg,
000h¢ 1FFh: Encodings for HAMemPoolRdyTimeValue of 0 through
AHAMemPoolRdyTimeValue value of 000h indicates the Memory P
are always ready to be discovered and configured, i.e.
HAMemPoolRdyTimeScale is always 1b.

The <HA Mem Pool Readiness Time Reported> must be the longer
the following two readiness times:

1. The readiness time following a Conventional Reset and

2. The readiness time following a Function Level Reset.

The validity of the HAMemPoolRdyTimeValue field is not subject to
values of the HADiscRdyStat or HAMemPoolRdyTimeScale fields. T
HAMemPoolRgTimeValue field is valid at the same time the CCIX
Protocol Layer DVSEC Header is valid.

30:28 HAMemPoolRdyTimeScale RO
¢tKAa FTASEtR RSaONRo0Sa UGUKS 1! Qa
Encoding in order to generate thktReadiness Timdultiplier>where:
<HA Mem PodReadiness TimBlultiplier>is 32AMemPoolRdyTimeScpje;
0h ¢ 7h: Encodings for HAMemPoolRdyTimeScale of O through 7 wH
allows for <HA Mem Po8leadiness TimElultiplier>values of 32ns
through 34359738368ns.

The validity othe HAMemPoolRglrimeScaléeld is not subject to the
value of theHADiscRdyStair HAMemPoolRdyTimeScdields The
HAMemPoolRdyTimeScdield is valid at the same time theCIX
Protocol Layer DVSEC Header is valid.

During initialization, should an HA determine that@ & O LJ- 6 f
readiness time for its MemPools, the HA is permitted to reduce its <
Mem Pool Readiness Time Reported> by either reducing its
HAMemPoolRdyTimeValpidAMemPoolRdyTimeScatar both.
However, CCIX Configuration Software may use eitteoriginal or
reduced <HA Mem Pool Readiness Time Reported>. An HA is not
permitted to increase its <HA Mem Pool Readiness Time Reported>
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Bit Location | Register Description Attributes
31 HAMemPoolRdyStat RO
tKAa FASEtR RSaONAROSa GKS 12YS
Ob:

f Indicatesthd 2 YS | 3SyiQa aSY2NER t 22
to be discovered.

1b:

f LYRAOFGSa GKS 12YS 1 3SyiQa a
be discovered, e.g. the Memory Pool Size(s) have been determi
but the Memory Pool(s) may not be trained atiérefore, the final
determination for Memory Pool Size(s) may not have occured.

A HA indicates a HAemPoolRdyStatalue of 1b and ADiscRdyStat

value of Ob when the Memory Pool size(s) and other attributes have

been determined, but memory training has rm¢en completed. When
memory training has been completed and the final, pinaining,

Memory Pool size(s) have been accurately indicated, then the HA

indicates a value of 1b for both WEemPoolRdyStaand HADiscRdyStat

A HA must take no longer than <HAM&ool Readiness Time

Reported> to set HlemPoolRdyStatAfter <HA Mem Pool Readiness

Time Reported>CCIXSoftware detecting a zero returned for the

HAMemPoolRdyStdield indicates that the HA cannot be

configured/enumerated.

The HA Capabilities &#bus Register at Byte Offs@8h contains the HA Error Log Offset which is described in
Chapter 7CCIX RAS OvervieWhe remaining bits in this register are Reserved and Zero.

6.2.2.7.2 Home Agent Control Structure

Figure6-55 showsthe overall layout of the Home Agent Control structure. The HA BAT Entry structure is
described irSection6.2.2.4.2
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31
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Protocol Layer DVSEC

NextControDffset

Rsvd CCIX Component EHome Agent

31

HAControl

31

HAControl Present RAID Vector

31

HAControl Present RAID Vectbr

31

HA ErrorControl& Status Registed

31

HA ErrorControl& Status Registet

31

HAID Table Entl§y

31

HAID Table Entry N

31

HBAT Entrp

31

HBAT Entry N

Figure6-55: HomeAgent Control Registers
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Figure6-56 shows the layout of the Home Agent Control (HACntl) Register at Byte O#bet

31 19 18 17 16 15 14 13 8 7 1 0

RsvdP RsvdP
A A A

T— Home Agent Enable

HA Precise Snp Resp Contrel

HBAT Entry Enable

HA QREQ

RsvdP

HA Mem Expansion Enable

Figure6-56: HACntl Registeat Byte Offset04h

Table6-46 describes the HACregister fieldsit Byte Offse04h.

Table6-46. HACntIRegisterFieldsat Byte Offset04h

Bit Location | Register Description Attributes
0 HAEnable RW
This field controls enabling the Home Agent.
Ob:

1 Indicates either the HA has not been configured, o
the previously configured HA has been taken offlin

1b:

1 Indicates the HA is enabled. The HA has been
configured, must service Requests from RAs, and
send Snoops to RAs. The HA can also sent Reque
to SAs if Memory Expansion has been enabled.

CCIX Device initializes to Ob after reset (except FLR)

7:1 Reserved and Preserved RsvdP

13:8 HBAEnNtryEnable RW
This field describes the number of Memory Pools
enabled and therefore the number of uniqueHEsAM
Address windows that have been allocated to this HA.
HBAENtryEnabletherefore also indicates the
corresponding number of HBAT Control entries.

00h: Control Structures do not have any HBAT Entries
enabled

01h: Control Structures have 1 HBAT Entry

X

Nh: Control Structures have N HBAT Entries

A HA can have a maximum 63 HBAT Entries enabled.
CCIX Dewcinitializes to 00h after reset (except FLR)
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Bit Location | Register Description Attributes
14 HAQREQ RW
HA Quiesce Request controls when Hhawill act to
achieve a quiesced stat€here can only be a change in
the value, Ob or 1b, of the corresponding
HACapStat. HAQACK bit after CCIX configuratifiware
changes the value, Ob or 1b, of this HAQREQ control K
Ob:
1 HAis not required to be quiesced.
1b:
1 HA must be quiesced.
CCIX Confguration software must set the bit to a value|
after first quiescing the RAs that can accesshifis
CCIX Devidaitializes to Ob after reset (except FLR).
15 Reserved and Preserved RsvdP
16 HAMemExpnEnable RW
This field enables memory expansion in a Home Agen
Ob:
91 Indicates this HA is not enabled for HA Memory
Expansiorvia accessing Slave Agents
1b:
1 Indicates this HA is enabled for HA Memory
Expansioria accessing Slave Agents
If this HA is enabled for HA Memory Expansion, then a
least one Memory Expansi@apable
(MemPoolEntryCapStat0.MemPoolGenMemTypeCap
value of 1h) Memory Pool Entry must be valid in order
indicate the 4GB a2" sizealigned Base Address for the
mapped Memory Expansidpool.
CCIX Device initializes to @fter reset (except FLR)
17 Reserved and Preserved RsvdP
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Bit Location | Register Description Attributes

18 HAPreciseSnpRespCntl RW
This field controls whether the HA is allowed to preciseg
track UC and UD state for SnpRespData type Snoop
Response from an RA.

HAs must allow for an imprecise SnpRespData type Si

Response froman RA, i.e. HAs must support a

HAPreciseSnpRespCntl value of Ob.

HAs are permitted to support behavior consistent with |

HAPreciseSnpRespCntl value of Ob even if

HAPreciseSnpRespCntl is programmed with a value ol

Ob:

1 Indicates at least one RA is nopedle of
communicating a precise UC or UD state when
providing either a SnpRespData_UC or
SnpRespData_UD type Snoop Response.

1b:

1 Indicates all RAs are capable of communicating a
precise UC or UD state when providing
SnpRespData_UC or SnpRespData_UDSypep
Response.

CCIX Device initializes to Ob after reset (except FLR).

31:19 Reserved and Preserved RsvdP

Figure6-57 shows the layout of the Home Agent Control Present RAID Vector 0 (HACntlPresentRAIDVctr0)
Register at Byte Offs€i8h.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

A A T
RAID Present

RAILD Present

RAIB0 Present
RAIB31 Present

Figure6-57: HACntIPresentRAIDVctrO Register

Table6-47 describes the HACntIPresentRAIDVctrO Register ftlBgte Offsefd8h.
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Table6-47: HACntlPresentRAIDVctrO Registgelds

Bit Location | Register Description Attributes

31:0 PresentRAIDVctrO RW
PresentRAIDVctrO[0] to PresentRAIDVctrO[Bdicate the Request
AgentlD is present fdRAIDO to RAID31 respectively:

Ob: Indicates that the RAID associated with thigpoisition is not
present.

1b: Indicates that the RAID associated with thispoisition is
present.

A 1b setting is permitted for an RA that is present and enumerat
with an RAID, but not enabled to send traffic. The opposite,
however, is not permitted, i.e. a Ob setting is not allowed if an R/
present and enumerated.

CCIX Device initializes tBah after reset (except FLR)

Figure6-58 shows the layout of the Home Agent Control Present RAID Vector 1 (HACntIPresentRAIDVctrl)
Register at Byte Offs€tCh.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

A A T
RAID32 Present

RAI33 Present

LI B |
RAIB2 Present
RAIB3 Present

Figure6-58: HACntIPresentRAIDVctrl Register
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Table6-48 describes the HACntlIPresentRAIDVctrl Register ftlBgte Offse0Ch

Table6-48: HACntIPresentRAIDVctrl Registeelds

Bit Location | Register Description Attributes

31:0 PresentRAIDVctrl RW
PresentRAIDVctrl[0] to PresentRAIDVctrl[Bdicate the Request
AgentID is present fdRAID32 to RAID63 respectively:

Ob: Indicates that the RAID associated with thisgoisition is not
present.

1b: Indicates that the RAID associated with thispoisition is present.
Alb setting is permitted for aRAthat ispresent and enumerated
with an RAID, but not enabled to send traffic. The opposite, howevg
is not permitted, i.e. a Ob setting is not allowed ifRAis present and
enumerated

CCIX Device initializes tB@h after reset (except FLR)

The HA Error Control & StatusRegisters, HAErrCntIStatO and HAErCntlStatl, at Byl®ODtiget Byte Offset
14h respectively, are described@hapter7, GCIX RAS Overview

Figure6-59 shows the layout of the Home AgentID Table Entry 0 (HAIDTbIEntry0Q) Control Register at Byte Offset
18h. The Home AgentID Table is AgentID indexed and CCIX Configuration Software can peoGr@aiX t

AgentlD of up to 4 CCIX Agents per entry. The total number of entries in the Home AgentID Table is the quotient
of HACapStat.NuHAID divided by 4, rounded to the next higher DW boundary. Unused entries in a DW are
Reserved and Preservetihus the rmximum number of Home AgentID Table entries is 16.

31 30 29 24 23 22 21 16 15 14 13 8 7 6 5 0

Rsvd Rsvd Rsvd Rsvd

A
L AgentID for HA

AgentID for HA#2

AgentID for HA3

AgentID for HA4

Figure6-59: HAIDTbIEntry0 Register at Byte Offsigh

Table6-49 describes an individual HAIDTbIEntry Regisi¢he Home AgentID Table.
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Table6-49: HAIDTbIEntry Registételds
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Bit Location

Register Descrifon

Attributes

5:0

AgentIDforHAN

This field contains the CCIX AgentID to be expressed for Home Ag
number N where N ranges from @p to the number indicated by the
HACapStat.NumHAKNhcodingdescribed inTable6-45.
AgentIDforHArns required to be unique across all Home Agents in &
CCIX system. Also, an CCIX AgentlD is unique to a CCIX Device a
cannot be reused to enumerate a CCIX Agent on ather CCIX
Device An HA and RA on the same CCIX Device is permitted to shs
CCIX AgentlD.

00h¢ 3Fh: Encodings for HAIDO through HAID63

RwW

7.6

Reserved and Preserved

RsvdP

The HBAT Controlracture, located after the HAID Table, aitidstrated inFigure6-55, hasthe structure and
definition of BAT Control structures described in detafpattion6.2.2.4.2

6.2.2.8 Request Agent Structures

6.2.2.8.1 Request Agent Capabilities & Status Structure

Figure6-60 shows the overall layout of the RA Capabilities & Status Structure.

31 20 19 16 15 0
+00 Next Capabilities StatusOffset C\c‘/:lgg?g:y CCIX Component EERequest Agent

31 0
+04 RACapabilities Status

31 20 19 0
+08 RA Error Log Offset Reserved

Figure6-60: RA Capabilities & Status Structure
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Figure6-61 shows the layout of the RA Capabilities & Status (RACapStat) Register at Byt@4Difset

Cache Flush Completion Time Scale

—— Cache Flush Completion Time Value

31 30 y 2827 \ 19 18 17 5 4 3 2 1 0

RsvdzZ Rsvdz
T A
Cache Flush Status

A
L Request Agent Discovery Stat
RA QACK

RA HW QACK Capability

A A

RA Precise Snp Resp Capability

Figure6-61: RACap$tt Register at Byte Offse®4h

Table6-50describes the RACapSRegister fieldat Byte Offsef04h.

Table6-50: RACapStat Regist€ieldsat Byte Offset04h

Bit Location | Register Desdption Attributes
0 RADiscRdyStat RO
tKAada FASEtR RSaONRO6Sa GKS wSldzSada ! 3S
0Ob:

1 Indicates the Request Agent and its capabilities and control are not ready to
discovered and configured.

1b:

1 Indicates the Request Agent andéepabilities and control are ready to be
discovered and configured.

2:1 Reservedind Zero Rsvdz
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Bit Location | Register Desdption Attributes

3 RAQACK RO
tKAad FAStR RSaONRO6Sa GKS //L- w!Qa v
Ob: CCIX RA not quiesced

1b: CCIX RA quiesced

If the RA has Hardware Quiesce Acknowledgement (HW QACK) capability, as in(
by a RACapStat. RAHWQACKCap value BfARapStat. RAQABKset by
implementation specific methods. Software can choose to poll RACapStat. RAQA
instead of waiting for the /R Quiesce Time> value to check RAQACK if
RACapStat. RAHWQACKCap has a value of 1b.

If the RA does not have HW QACK capability as indicated in RACapStat. RAHW({
value of Ob, the following sequence is followed:
The RA sets the RAQAKto a value 1b fier completing or detecting the
following actions in this order:
1. The RA detects that the Rguiesce Request (RACntl.RAQREQ) Control bi
set.
2. The RA has not issued any Requests and sent and received all relevant
outstanding Responses, for the duratioh<RA Quiesce Time>. <RA Quies
Time> is based on the value of ComnCntl2.QACKTimeScale and
ComnCntl2.QACKTimeValue, described furthdiainle6-12.
3. Following the transition of the RA Request (RACntl. RAQREADI#6-48)
control bit from Ob to 1b, the RA must take no longer than 2 * <RA Quies
Time> to set RAQACK

After 2 * <RA Quiesce Time>, CCIX Software detecting a zero returned for the RA
field indicates an error condition such that the RA was unable to reach a quiescer
state.

Following the transition of th@ACntl.RAQRE®nNtrol bit from 1b to Ob, théRA must
transition the RAQAQHKt from 1b to Ob.

4 RAHWQACKCap RO
¢tKAa FASER RSAONAOGSaAa GKS w! Qa | NRgI
Ob: The RA does not have a hardware mechanism to achieve a quiescent state.
1b: The RA has a hardware mechanisradhieve a quiescent state.

17:5 Reserved and Zero Rsvdz
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Bit Location | Register Desdption Attributes

18 RAPreciseSnpRespCap RO
¢tKAad FASER AYyRAOF(GSa GKS w! Qa OF LI oGA
SnpRespData type Snoop Response.

Ob:

1 Indicates the RA is not capable of communicatimyecise UC or UD state when
providing either a SnpRespData_UC or SnpRespData_UD type Snoop Respq

1b:

1 Indicates the RA is capable of communicating a precise UC or UD state wher
providing SnpRespData_UC or SnpRespData_UD type Snoop Response.
27:19 CacheFlushTimeValue RO
¢tKAa FASEtR RSaAONAOSa (KS w! Qa /I OKS
<Cache Flusfiime Reportedis CacheFlushTimeValtieCache FlusiimeMultiplier>.

<Cache FlusfiimeMultiplier>is 3ZacheFlushTimeScpje;

000h¢ 1FFh: Eoodings for CacheFlushTimeVati® through 511.

1 The validity ofCacheFlushTimeValignot subject to the
RACapStat.RADiscRdy$tdicator. CacheFlushTimeValigvalid at the same
time the CCDProtocol Layer DVSEC Header is valid.

30:28 CacheFlusTimeScale RO

¢tKAa FASER RSaAONAOSa GKS w! Qa /I OKS

<Cache Flush TimMdultiplier>where

<Cache FlusfiimeMultiplier>is 3ZacheFlushTimeScpje;

Oh¢ 7h: Encodings for CacheFlushTimeScale of 0 through 7 which allov@afdre

FlushTimeMultiplier>values of 32ns through 34359738368ns.

The validity ofCacheFlushTimeScadenot subject to thd(RACapStat.RADiscRdyStat

indicator.CacheFlushTimeScadevalid at the same time théCI>Protocol Layer

DVSEC Header is valid.

31 RACacheFlushStat RO

Ob: Cache Flush operation not completed

1b: Cache Flush operation completed.

Following the transition of the Request Agent Flush Enable

(RACntl.RACacheFlushEnabl&able6-51) control bit from Ob to 1b, the RA must tak

no longer than <Cache Flush Time Reported> tiRge&tacheFlushStakfter <Cache

Flush Time Reported€CDSoftware detecting a zero returned for the

RACacheFlushStild indicates that an error has occurred in the RA during the cal

flush operation.

Following the transition of thRACntl.RACacheFlushEnatdatrol bt from 1b to M,

the RA must transition the RACacheFlushBitsfrom 1b to Ob.

CCIX Device initializes to Ob after reset (except. FLR)
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The RA Capabilities & Status Error Log Pointer (RAErrLogPtr) Register at By@80itsatains the RA Error
Log Offset which islescribed irChapter 7QCIX RAS OvervieWhe remaining bits in this register are Reserved
and Zero.

6.2.2.8.2 Request Agent Control Structure

Figure6-62 shows the overall layout of the Request Agent Control structure.

31 20 19 16 15 0
+00 Next ControDffset RsvdP CCIX Component ERequest Agent

31 0
+04 RAControl

31 0
+08 RA ErroControl& Status Registed

31 0
+0C RA ErroControl& Status Registet

Figure6-62: RequestAgent Control Registers

Figure6-63 shows the layout of the Request Agent Control (RACntl) Register at Byte @fifset

31 26 25 19 18 17 16 15 14 13 4 3 2 1 0
RsvdP RsvdP
A A A A A A 4
RA WriteEvictFull Hint Contret—— Cache Enable L Request Agent Enable
RA Evict Hint Contret Cache Flush Enable RA Snoop Response Enal
R t Agent ID L RsvdP RsvdP
equest Agen RA OREQ

Figure6-63: RACntl Regter at Byte OffsetD4h

Table6-51 describes the RACrRRegister fields at Byte Offsééh.
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Table6-51: RACnhtl Registdfieldsat Byte Offset04h

Bit Location | Register Description Attributes

0 RAEnable RW
This field controls enabling the Request Agent.

Ob: Indicates either the RA has not been configured, or the previous
configured RA has been taken offline.

1b: Indicates the RA is enabled.

A 0to-1 transition indicates the RA hheen configured, and can send
Requests to HAs.

CCIX Device initializes to Ob after reset (except FLR)

1 RASnpRspEnable RwW
This field controls enabling Snoop Responses from the Request Agg
Ob: Indicates the RA has not been enabled to send Snoop Respons
1b:Indicates the RA is enabled to send Snoop Responses. The RA
receive Snoop Requests and must send a protocol compliant Snoof
Response.

RASnpRspEnahieust be set to 1b along with, or prior to, RAEnable
being set to 1b.

CCIX Device initializees Ob after reset (except FLR)

Reserved and Preserved RsvdP
RAQREQ RW
RA Quiesce Request controls when R¥swill act to achieve a quiesceq
state. There can only be a change in the valuep® 1b, of the
correspondingRACapStat. RAQACK bit aff€IX configuration software
changes the value, Ob or 1b, of this RAQREQ control bit.

Ob: RAis not required to be quiesced.

1b: RAmust be quiesced.

CCIX Confguration software must set the bit to a value 1b after first
quiescing the AFs being servicedtiig RA

CCIX Device initializes to Ob after reset (except FLR).

134 Reserved and Preserved RsvdP
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Bit Location | Register Description Attributes
14 RACacheFlushEnable RW
This field controls initiating a Flush and Invalidate operation of the
Request Agent Cache.

Ob: Indicates Cache Flush disahled

1b: Indicates Cache Flush enabled.

The RA must flush all Dirty copies back to the HA and invalidate all

entries. Upon completion of the Cache Flush operation, the RA sets

RACapStat.RACacheFlushStat bit.

The RA must continue to service Snoops from tAaddring the Cache

Flush operation.

CCIX Configuration Software must clear RACacheFlushienable

detecting that the Request Agent Cache Flush Status,

RACapStat.RACacheFlushStat, indicates completion of the Cache H

operation.

CCIX Device initializes@b after reset (except FLR)

15 RACacheEnable RW

This field enables the Request Agent Cache.

Ob:

91 Disable allocation of Home Agent Cachelines into the RA cache

1 The RA must continue to service Snoops from thevHén
RASnpRspEnalikset to 1h evenif the RACacheEnable bit
indicates caching is disabled.

1b:

1 Enable Caching of Home Agent Cachelines.

CCIX Device initializes to Ob after reset (except FLR)

16 Reserved and Preserved RsvdP

17 RAEvictHintCntl RW
This field indicates the preferred behavifrEvict transactions in the
d2aGSYX FYR 2LJiAz2ylfte O2yiNRf
Ob:

I Sending Evict transactions from the RA is not recommended for
best system performance. However, it is permitted to send the
transaction.

1b:

1 Sendingtvict transactions from the RA is recommended for best
system performance. However, it is permitted not to send the
transaction.

CCIX Device initializes to Ob after reset (except FLR).
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Bit Location | Register Description Attributes

18 RAWriteEvictFullHintCntl RW
This field indicates the preferred bavior of WriteEvictFull transaction
Ay GKS deadSyz FyR 2LWGA2yFTEfe
WriteEvictFull send behavior.

Ob:

1 Sending WriteEvictFull transactions from the RA is not
recommended for best system performance. However, it is
permitted tosend the transaction.

1b:

1 Sending WriteEvictFull transactions from the RA is recommends
for best system performance. However, it is permitted not to ser
the transaction.

CCIX Device initializes to Ob after reset (except FLR).

25:19 Reserved an®reserved RsvdP

31:26 RAID RW
The Request AgentID (RAID) is required to be unique across across
Request Agents in a CCIX system. Also, a CCIX AgentlD is unique
CCIX Device and cannot beused to enumerate a CCIX Agent on any
other CCIX Device. AA and RA on the same COBVice is permitted
to share aCCIX AgentID.

00h¢ 3Fh: Encodings for RAIDO through RAID63

RAID must be programmed along with, or prior to, RASnpRspEnabl
being set to 1b.

CCIX Device initializes to Ob after reset (except. FLR)
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6.2.2.9 Slave AgentS tructure s

Slave Agent structures, as indicated by the Slave Agent Component ID, contain attributes that describe the Slave
Agent. These structures include SBAT entries as descrilsstiion6.2.2.4.2

6.2.2.9.1 Slave Agent Capabilities & Status Structure

Figure6-64 shows the overall layout of the Slave Ag@atpabilities & Statustructure.

31 20 19 16 15 0
+00 NextCapabilitiest StatusOffset C\‘?gras?gr':y CCIX Component ESlave Agent
31 0
+04 SACapabilitiest Status- |
31 20 19 0
+08 SA Error Log Offset Reserved
31 0
+0C SA Mem Pod) Capabilitiest Status
31 L B O
NJ:)(? SA Mem Pool n Capabiliti@sStatus

Figure6-64: Slave AgenCapabilities& StatusStructure

Figure6-65 shows the layout of the Slave Agent Capabilities & Status (SACapStat) Register at By@lQffset

—— Mem Pool Readiness Time Scale

31 30 y 2827 19 18 16 15 1413 10 9 4 3 2 1 0
RsvdZ Rsvdz
A A A A A A A
L I\R/Ieeg(; il;zgls —— Slave Agent Discovery Statt
Status —— Atomic Support Capability

Mem Pool CMO Support Capability

Readines Rsvdz

Time Value SA Mem Pool Capability

SA QACK

SA HW QACK Capability

Figure6-65: SACapStat Register at Byte Offs®th
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Table6-52 describes the SACapSiqister fields at Byte Offsédh.

Table6-52: SACapStat Registéieldsat Byte Offset04h

Bit Register Description Attributes
Location

0 SADiscRdyStat RO
¢tKAa FTASEtR RSAONXO S ReailifeSs Stathis: @S ! 3

Ob: Indicates the Slave Agent and its capabilities and control are not read
be discovered and configured.

1b: Indicates the Slave Agent and its capabilities and control are ready to
discovered and configured. This also indicatesiumber of Memory Pools
and the Pool Sizes are ready to be discovered and configured, i.e. Memo
training is completed and the Memory Sizes are accurately reflected.

1 SAAtomicSupportCap RO
¢tKAa FASEtR RSAONAROGSa GKS .t @S ! 3

0b: Indicates the Slave Agent is not capable of supporting Atomic
transactions.
1b: Indicates the Slave Agent is capable of supporting Atomic transaction

2 SACMOSupportCap RO
¢tKAa FASEtR RSAONAROGSa GKS {ftlI @S 3

Ob: Indicates the Slave Agent is not capable of supporting CMO transacti
1b: Indicates the Slave Agent is capable of supporting CMO transactions

3 Reserved and Zero Rsvdz
9:4 SAMemPoolCap RO
Thisfield describes the number of Memory Pools, dhdrefore, the number
of unigue GHSAM Address windows that can target this SA. SAMemPool
therefore, also indicates the corresponding number of SBAT entries.

BecauseMemory Pool entry capabilities include the Memory Type attributé
(MemPoolEntryCapStatMemPoolGenMemTypeCap) for each Memory Pg
the minimum number of Memory Poofsust match the number of unique
Memory Types attached to this SA.

00h: Reserved

01h: Structure hag SA Mem Pool Entry

X

Nh: Structures have N SA Mem Pool Entries

An SAcan have a maximum 63 SA Mem Pool Entries.
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Bit Register Description Attributes
Location
10:13 Reserved and Zero Rsvdz
14 SAQACK RO

¢tKAad FASER RSaAONROSaAa GKS //L- {!¢
Ob: CCIX SA not quiesced
1b: CCIX SA quiesced

If the SA has Hardware Quiesce Acknowledgement (HW QACK) capabilif
indicated by a SACapStat. SAHWQACKCap valueAChpStat. SAQABK
set by implementation specific methods. Software can choose to poll
SACapStat. SAQACK instead of waiting for theQuBesce Time> value to
check SAQACK if SACapStat. SAHWQACKCap has a value of 1b.

If the SA does not have HW QACK capability as indicated in
SACapStat. SAHWQACKCap value of Ob, the following sequence is folloy
The SA sets the SAQAKo a value 1b #ier completing or detecting
the following actions in this order:
1. The SA detects that the SAuiesce Request (SACntl.SAQREQ)
Control bit is set.
2. The SA has not issued any Requests and sent and received all
relevant outstanding Responses, for the duratidi8A Quiesce
Time>. <SA Quiesce Time> is based on the value of
ComnCntl2.QACKTimeScale and ComnCntl2.QACKTimeValue,
described further inrable6-12.
3. Following the transition of the SA Request (SACntl. SAQRERI
6-50) control bit from Ob to 1b, the SA must take no longer than 2
<SA Quiesce Time> to set SAQACK.

After 2 * <SA Quiesce Time>, CCIX Software detecting a zero returned fq
SAQACKeld indcates an error condition such that the SA was unable to
reach a quiescent state.

Following the transition of th&ACntl. SAQRE@nNtrol bit from 1b to Ob, the
SA must transition the SAQABIKfrom 1b to Ob.

15 SAHWQACKCap RO
¢tKAa FTAStR Radvanexodsdce Addosledgement Capabili
0b: The SA does not have a hardware mechanism to achieve a quiescen

state.

1b: The SA has a hardware mechanism to achieve a quiescent state.
18:16 Reserved and Zero Rsvdz
27:19 SAMemPoolRdyTimeValue RO
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Bit Register Description Attributes
Location

ThsFASTt R RSaAONAOGSa GKS {! Qa aSY2NE
where the overall <SA Mem Pool Readiness Time Reported> is
SAMemPoolRdyTimeValue*<SA Mem Pool Readiness Time Multiplier>.
<SA Mem Pool Readiness Time Multiplier> #&"gzPoolRdyTimeScajg,

000h¢ 1FFh: Encodings for SAMemPoolRdyTimeValue of 0 through 511
A SAMemPoolRdyTimeValue value of 000h indicates the Memory Pools
always ready to be discovered and configured, i.e. SAMemPoolRdyStat i
always 1b.

The <SA Mem Pool Readiness TimeoRed> must be the longer of the
following two readiness times:

1. The readiness time following a Conventional Reset.

2. The readiness time following a Function Level Reset.

The validity of SAMemPoolRdyTimeValue is not subject to the SADiscRd
or SAMenPoolRdyStat indicators. SAMemPoolRdyTimeValue is valid at ti
same time the CCIX Protocol Layer DVSEC Header is valid.
30:28 SAMemPoolRdyTimeScale RO
tKAad FASEtR RSaONRO6Sa GKS {!Qa a$
order to generate the <SA MeRpol Readiness Time Multiplier> where <S/
Mem Pool Readiness Time Multiplier> i§/3®mPoolRdyTimeScag

Oh¢ 7h: Encodings for SAMemPoolRdyTimeScale of 0 through 7 which a
for <SA Mem Pool Readiness Time Multiplier> values of 32ns through
3435973868ns

The validity of SAMemPoolRdyTimeScale is not subject to the SADiscRd
or SAMemPoolRdyStat indicators. SAMemPoolRdyTimeScale is valid at
same time the CCIX Protocol Layer DVSEC Header is valid.
S5dzNAY 3 AYAGAFEATFGA2YS &aK2dzZ R |y
readiness time for its MemPools, the SA is permitted to reduce its <SA M
Pool Readiness Time Reported> by either reducing its
SAMemPoolRdyTimeValue, SAMemPoolRdyTimeScale, or both
However, CCIX Configuration Software may use either the original or red
<SA Mem Pool Readiness Time Reported>.

An SA is not permitted to increase its <SA Mem Pool Readiness Time
Reported>.

31 SAMemPoolRdyStat RO
This field describes the Slave Ajlena SY2 NBE t 22f Q& wS|
noY LYRAOF(GSa GKS {tIF @S 1 3SyiQa g
discovered.
MOY LYRAOFGSa GKS {ftF@S ! 3SyiQa ¢
discovered, e.g. the Memory Pool Size(s) have been determingdhe
Memory Pool(s) may not be trained and therefore, the final determination
Memory Pool Size(s) may not have occured.
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Bit Register Description Attributes
Location

A SA indicates a SAMemPoolRdyStat value of 1b and SADiscRdyStat va
Ob when the Memory Pool size(s) and other attributeséhbeen determined
but memory training has not been completed. When memory training has
been completed and the final, pestaining, Memory Pool size(s) have beer
accurately indicated, then the SA indicates a value of 1b for both
SAMemPoolRdyStat and S#dRdyStat.

A SA must take no longer than <SA Mem Pool Readiness Time Reported
set SAMemPoolRdyStat. After <SA Mem Pool Readiness Time Reported
Software detecting a zero returned for the SAMemPoolRdyStat field indic
that the SA cannot be cogired/enumerated.

TheCapabilities & StatuRegister at Byte Offs€i8h contains the SA Error L&dfset which is described in
Chapter 7CCIX RAS Overvieivhe remaining bits in this register are Reseraed Zero

6.2.2.9.2 Slave Agent Control Structur e

Figure6-66 shows the overall layout of the Slave Agent Control structure. The SA BAT Entry structure is
described irSection6.2.2.4.2.1

31 20 19 16 15 0
+00 Next Control Offset Rsvd CCIX Component ID = Slave Agent

31 0
+04 SA Control

31 0
+08 SA Error Control & Status Register 0

31 0
+0C SA Error Control & Status Register 1

31 0
+10 SBAT Entry 0

31 o 0
Ry SBAT Entry N

Figure6-66: Slave Agent Control Structure

Figure6-67 shaws the layout of the Slave Agent ContfBACnhtIRegister at Byte Offs€t4h.
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31 26 25 15 14 13 10 9 4 3 1 0

RsvdP RsvdP Reserved

L A
Slave Agent ID

Slave Agent Enable

SBAT Entry Enable

SA QREQ

Figure6-67: SACntRegister at Byte Offsed4h

Table6-53 describes the SACntl Register fields at Byte Offidht

Table6-53: SACntl Register Fields at Byte Off§eth

Bit Regiser Description Attributes
Location

0 SAEnable RW
This field controls enabling the Slave Agent.

Ob: Indicates either the SA has not been configured, or the previously configured
has been taken offline.

1b: Indicates theSAis enabledTheSA has been configured antlist service Request
from an HA.

CCIX Device initializes to Ob after reset (except FLR)

3:1 Reserved and Preserved RsvdP
9:4 SBATDepthEnable RwW
Thisfield describes the number of Memory Pools enabled and therefore the numi
of unique GHSAM Addreswindows that have been allocated to this SA.
SBATDepthEnable therefore also indicates the corresponding number of SBAT G
entries.

00h: Control Structures do not have any SBAT Entries enabled.
01h: Control Structures have 1 SBAT Entry.

X

Nh: Control Buctures have N SBAT Entries.

An SA can have a maximum 63 SBAT Entries enabled.

CCIX Device initializes to 00h after reset (except FLR)

1310 Reserved and Preserved RsvdP
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Bit Regiser Description Attributes
Location

14 SAQREQ RW
SA Quiesce Request controls when 8#will act to achieve a quiesced state.

0b: SAis not required to be quiescedhere can only be a change in the value p®
1b, of the correspondingsACapStat. SAQACK bit after CCIX configuration softwarg
changes the value, Ob or 1b, of this SAQREQ ddritro

1b: SAmust be quiesced.

CCIX Confguration software must set the bit to a value 1b after first quiescing the
being serviced by this SA

CCIX Device initializes to Ob after reset (except FLR).

25:15 Reserved and Preserved RsvdP
31:26 SAID RW
The Slave AgentID (SAID) is required to be unique across all Slave Agents in a G
system. Also, a CCIX AgentID is unique to a CCIX Device and canngtdukbtoe
enumerate a CCIX Agent on any other CCIX Device

00h ¢ 3Fh: Encodings for SAIDO througilD63.

The SA Error Control & Status Registers, SAErrCntlStatO and SAErrCntIStatl, at B@hGifskByte Offset
0Ch respectively, are describedGhapter 7CCIX RAS Overview

TheBAT Control structurdocated after the SA Error Control & Status Registerslstrated inFigure6-66,
hasthe structure and definition of BAT Control structures described in det&iéation6.2.2.4.2

6.2.2.10 AF Properties Stuctures

CCIX Acceleration Function (AF) Properties Structures provide the ability to identify the binding between
Acceleration Functions and the Request Agents servibivge Acceleration Functions, and the optional ability

to control that binding. The AF Properties Structures must be located in Function 0 of the Primary CCIX Port.
Secondary CCIX Ports do not have AF Properties Structures

6.2.2.10.1 AF Properties Capabilities & Stat us Structure

Figure6-68 shows the overall layout of the AF Properties Capabilities & Status Structure. There are pointers to
three data structures contained withitné AF Properties Capabilities & Status Structure. Two of the pointers are
the RA Reference Index data structure, and the AFtoRA Binding Capability data structure.

The third pointer is to an optional AF Reference Index data strucBeetion6.2.2.10.1.2escribes the
conditions under which this optional structure is declared.
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31 20 19 16 15 0
+00 Next Capabilityg Status Offset C(\)/rgrpsci)gﬁnt CCIX Component FDAF Properties

31 20 19 12 11 0
+04 RA Reference Index Offset Rsvdz RA Reference Index Size

31 20 19 12 11 0
+08 AF Reference Index Offset Rsvdz AF Reference Index Size

31 20 19 12 11 0
+HC AFtoRA Binding Capability Offset Rsvdz AFtoRA Binding Capability Size

Figure6-68: AF Properties Capabilities & Status Structure

Table6-54 describes the fields of the RA Reference Index Pointer (RAReflndexPtr) Register at Byte Offset 04h of
the AFProperties Capabilities & Status Structure.

Table6-54: RAReflndexPtr Register fields

Bit Location | Register Description Attributes
11:0 RARefIndexSize RO
This field indicates the RA Reference Index struciize in number of DW.
19:12 Reserved and Zero RsvdzZ
31:20 RARefIndexOffset RO

This field indicates the RA Reference Index structure Offset in number of
bytes. The offset must be in integer multiples of DW.
The offset + size must remain within the siz&€@afIX Protocol Layer DVSEC

Table6-55 describes the fields adhe AF Reference Index Pointer (AFReflndexPtr) Register at Byte Offset 08h of
the AF Properties Capilities & Status Structure.

Table6-55: AFReflndexPtr Register fields

Bit Location | Register Description Attributes

11:0 AFReflndexSize RO
This field indicates the AF Reference Index structure size in numbat/ of
An AFReflndexSize value of 000h and an AFReflndexOffset value of 000
a null AFReflndexPtr, indicates that this CCIX Device does not have the
optional AF Reference Index data structure.

19:12 Reserved and Zero RsvdZ
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Bit Location | Register Description Attributes

31:20 AFReflndexOffset RO
This field indicates the AF Reference Index structure Offset in number of
bytes. The offset must be in integer multiples of DW.

The offset + size must remain within the size of CCIX Protocol Layer DV
An AFReflndexSize value of 000h and an AFReflndek@dfue of 000h, i.e.
a null AFRefindexPtr, indicates that this CCIX Device does not have the
optional AF Reference Index data structure.

Table6-56 describes e fields ofthe AFtoRA Binding Capability Pointer (AFtoRABiIndingCapPtr) Register at Byte
Offset OCh of the AF Properties Capabilities & Status Structure.

Table6-56: AFtoRABIndingCapPtr Register fields

Bit Location | Register Description Attributes

11:0 AFtoRABIndingCapSize RO
This field indicates the AFtoRA Binding Capability structure size in numbg
Dw.

19:12 Reserved and Zero Rsvdz

31:20 AFtoRABIndingCapOffset RO
This field indicates the AFtoRA Bind®apability structure Offset in number
of bytes. The offset must be in integer multiples of DW.

The offset + size must remain within the size of CCIX Protocol Layer DV

6.2.2.10.1.1 RA Reference Index Structure

Figure6-69 shows the overall layout of the RA Reference Index Structure. The RA Reference Index Structure
contains at least one RA Reference Index Entry, and the number of entries is based on the number of RAs in the
CCIX Device, with a maximum of 32 RAs per CCieeDeach RA Reference Index Entry indicates the location of

a RA DVSEC on that Device. Each RA Reference Index Entry must be unique, i.e. the location of a RA DVSEC on
that Device is not repeated within the RA Reference Index Structure. The RA RefedexcBumber, starting

with RA Reference Index 0, is based on the position of the RA Reference Index Entry within the RA Reference
Index Structure. Thus, RA Reference Index Entries 0 to n in the RA Reference Index Structure are associated with
RA Referencindex Number 0 to n. The RA Reference Index Number is used as a reference pointer to the RA
indicated in the RA Reference Index Structure in both the AFtoRA Binding Capability structure described in
Section6.2.2.10.1.3as well as the AF Binding Contoltriesdescribed irSection6.2.2.10.2.1
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31 0
+00 RA Reference IndéxEntry
31 0
+04 RA Reference IndexEntry
31 L B B | 0
+n*04 RA Reference Index n Entry

Figure6-69: RA Reference Index Structure

Figure6-70illustrates the layout of an RA Reference Index Entry.

31 20 19 12 11 8 7 0
RACapOffset RAFunction | RAPortIO RsvdZ

Figure6-70: RA Reference Index Entry

Table6-57 describes the register fields of th®A Reference Index Entry.

Table6-57: RA Reference Index Entry Regishkedex fields

Bit Location | Register Description Attributes
7.0 Reserved and Preserved Rsvdz
11:8 RAPortID RO

Indicates the CCIX PortID of the RA to which an AF to RA binding exists.
Oh ¢ Fh: Encodings for RAPortID values from O to 15.

19:12 RAFunction RO
Indicates the PCle Function number of the RA to which an AF to RA bind
exists, the function being located at the RAPodH2lared in this entry

00h¢ FFh: Encodings f®AFunctiorvalues from 0 to 255.

To accommodate PCle ARAFunctiorsupports 2568-unctions.

31:20 RACapOffset RO
Indicates the DVSEC Capability Offset of the RA to which an AF to RA bi
exists, theRACapOffsetding relative to the RAPortID afmAFunction
declared in this entry
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6.2.2.10.1.2 AF Reference Index Structure

The AF Referendadex Structure is an optional structure for identifying Acceleration Functions using a PCle
framework. The AF Reference Index Structure mechanism relies on the PCle Device and Function number (or
PCle Function number if ARI is supported), and the PCiefRbe AF being sufficient to uniquely distinguish

one Acceleration Function from another.

However, alternate frameworks that do not rely on PCle Bus, Device, and Function number as the sole
mechanism to delineate a unique Acceleration Function are emptired to define the AF Reference Index
Structure, and indicate that by providing a null AF Reference Index Pointer.

Figure6-71 shows the overall layut of the AF Reference Index Structure. The number of entries in the AF

Reference Index Structure is based on the number of AFs in the CCIX Device. Each AF Reference Index Entry
indicates the Port and Physical Function of the AF on that Device. Eacfepdn&eIndex Entry must be

unique, i.e. the Port and Physical Function of the AF on that Device is not repeated within the AF Reference

Index Structure. The AF Reference Index Number, starting with AF Reference Index 0, is based on the position of
the AFReference Index Entry within the AF Reference Index Structure. Thus, AF Reference Index Entries O to n in
the AF Reference Index Structure result in AF Reference Index Number 0 to n. The AF Reference Index Number is
subsequently used in both the AFtoRAdY Capability structure, described$ection6.2.2.10.1.3as well as

the AF Binding Contr&ntries described irSection6.2.2.10.2.1as a reference pointer to the AF described in

the AF Reference Index Structure.

31 0
+00 AF Reference IndéxEntry
31 0
+04 AF Reference IndeixEntry
[ B B ]
31 0
+H*04 AF Reference Index n Entry

Figure6-71: AF Reference IndeStructure

Figure6-72illustrates the layout of an AF Reference Index Entry.

31 24 23 20 19 0
AFFunctio# | AFPortlD Rsvdz

Figure6-72: AF Reference Index Entry
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Table6-58 describes the register fields of thg= Reference Index Entry.

Table6-58: AF Reference Index Entry Register fields

Bit Location | Register Descption Attributes
19:0 Reserved and Preserved Rsvdz
23:20 AFPortID RO

Indicates the CCIX PortID of the AF.

Oh¢ Fh: Encodings for AFPortID values from O to 15.
31:24 AFFunctionNumber RO
Indicates the PCle Function number of the AF.

00h¢ FFh: Encodings fadFunctionNumberalues from 0 to 255.

To accommodate PCle AREFunctionNumbesupports 256 Functions.

6.2.2.10.1.3 AF to RA Binding Capability Structure

The AF to RA Binding Capability Structure provides binding information betweéfrshend RAs on a CCIX

Device. An RA having binding to an AF means that RA is capable of servicing CCIX traffic on behalf of that AF. The
AF to RA Binding Capability Structure comprehends that an RA is capable of concurrently servicing CCIX traffic on
behaf of multiple AFs. The AF to RA Binding Structure also comprehends that an AF may have a binding to
multiple RAs.

Figure6-73shows the overall layoudf the AF to RA Binding Capability Structure, indexed by the Acceleration
Function Reference Index. The AF to RA Binding Capability Structure contains at least one AF to RA Binding
Capability Entry, and the number of entries is based on the number ohAlks CCIX Device. The AF Reference
Indices in the AF to RA Binding Capability Structure are linearly enumerated with AF Reference Indices starting
with an index value of 0. Thus, AF to RA Binding Capability Entries 0 to n describe the binding caplAHities
Reference Indices 0 to n.

The AF Reference Index, used to index into the AF to RA Binding Capability Structure, uniquely identifies the
CCIX AF on the CCIX Device. An AF Reference Index is either derived using the PCle based framework described
in Sction6.2.2.10.1.20r an AF Reference Index is derived using alternative frameworks outside the scope of

this specification. However, alternative frameworks must be consistent with respect to the AF assadited

the AF Reference Index and the associated binding of that AF to the RA described in the AF to RA Binding
Capability Structure.

31 0

AF Reference Indéx +00 ’ AFtoRA Binding Capability Erry ‘
31 0

AF Reference Indeix 104 ’ AFtoRA Binding Capability Entry ‘
2 LI I} 0

AF Reference Index an*04 ’ AFtoRA Binding Capability Entry n ‘

Figure6-73: AF to RA Binding Capability Sttuce
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Figure6-74illustrates the layout of the AF to RA Binding Capability Entry.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

NNNERENEERERERENENRNRERENEREEEER

A A

A t
ARR Binding Cap with RA at RA Ref Ir@lex
AR Binding Cap with RA at RA Ref Intlex

ARR Binding Cap with RA at RA Ref Irg@:
AR Binding Cap with RA at RA Ref Irgie;

Figure6-74: AF to RA Binding Capability Entry

Table6-59 describes the register fields of thg- to RA Binding Capability Entry.

Table6-59: AF to RA Binding Capability Entry Register fields

Bit Location

Register Description Attributes

31:0

AFtoRABIndingCapVctr RO
AFtoRABIndingCapVatdicates the RAs that have a binding to th
AF with the AReference Index associated with this entry.
AFtoRABIndingCapVctr[0] to AFtoRABiIndingCapVctr[31] providyf
binding capabilities of the RAs located at RA Reference Index E
0 to 31 described i®ection6.2.2.10.1.1

Ob:

1 Indicates that the RA associated with thispitsition does not
have binding to this AF, i.e. the RA cannot service CCIX tral
on behalf of this AF.

1b:

1 Indicates that the RA associated withgtvitposition has
binding to this AF, i.e. the RA can service CCIX traffic on be
of this AF.

At least one bit position of th&FtoRABiIndingCapVctr must be se

i.e. at least ondRA must have a binding to the AF with the AF

Reference Index associatedth this entry.

It is permitted for multiple bit positions of the

AFtoRABIndingCapVctr to be set, i.e. multiphess may have binding

to the AF with the AF Reference Index associated with this entry

It is also permitted for multiple AF to RA Bind®@apability entries

to have the same AFtoRABIndingCapVctpbiition set, i.e. a RA

can service CCIX traffic on behalf of multiple AFs.
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6.2.2.10.2 AF to RA Properties Control Structure

Figure6-75 shows the overall layout of the AF Properties Control Structure. Following the AF Properties Control
Structure header are the AF to RA Binding Control Entries, described furthection6.2.2.10.2.1

31 20 19 16 15 0

+00 Next Control Offset RsvdZ CCIX Component F2AF Properties
31 0
AF Reference Indéx 104 AFtoRA Binding Control Eny
31 0
AF Reference Index +08 AFtoRA Binding Control Enfty
31 e 0
AF Reference Index #04 +n*04 AFtoRA Binding Control Entry n

Figure6-75: AF Properties Control Structure

6.2.2.10.2.1 AF to RA Binding Control Entries

AF to RA Binding Control Entries provide the optional ability to control binding between the AFs and RAs on a
CCIX Device. This means that an AF to RA Binding Control Entry optionally controls whether a RA can service
CCIX trafficon behalfofalCAd ! C (2 w! . AYRAYy3 [/ 2yGNRf 9YyGNRSA | ff:
Ydzf GALX S 1 cad 'y 1'C (2 w! . AYRAYy3 9yiNR faz2 lftt26a

Figure6-75shows the overall layout of the AF to RA Binding Control Entries, indexed by the AF Reference Index.
There must be at least one AF to RA Binding Control Entry, located at Byte Offset 04h of the Ale®roper
Control Structure. The number of AF to RA Binding Control Entries is based on the number of AFs in the CCIX

Device. The AF to RA Binding Control Entries O to n control the binding of AFs associated with AF Reference
Index O to n.

Figure6-76illustrates the layout of an AF to RA Binding Control Entry.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

ANIEENERENEENENENEERERENENEEREEE

A A [

1
AR3 Binding Cntl of RA at RA Ref Index
ARR Binding Cntl of RA at RA Ref Intlex

AR Binding Cntl of RA at RA Ref Ingiex
AR3 Binding Cntl of RA at RA Ref Ingtex

Figure6-76: AF to RAinding Control Entry
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Table6-60 describes the register fields of &¥ to RA Binding Control Entry.

Table6-60: AF to RA Binding Control Entry Register fields

Bit Location | Register Description Attributes

31:.0 AFtoRABiIndingCntlVctr RW
AFtoRABIndingCntlVadptionallycontrols whether a RA has a
binding to the AF with the AF Reference Index associated with t|
entry.

AFtoRABIndingt@lVctr[0] to AFtoRABInding@Vctr[31] control the
binding of the RAs associated with RA Reference Index 0 to 31
described irSection6.2.2.10.1.1

The initial value out of reset &FtoRABiIndingCntlVctr must be th¢
same as the value of AFtoRABIndingCapVctr, descrildgelction
6.2.2.10.1.3This means that the initial value of the control vecto|
reflects the AF to RA binding capabilitieshaf AF with the AF
Reference Index associated with this entry.

If a Ob value is written to a bit positi in the
AFtoRABiIndingCntlVctr, different from the 1b value of that same
position in the AFtoRABIndingCapVctr, and a subsequent read ¢
the AFtoRABIndingCntlVctr indicates that the value has not chai
and remains 1b, then the CCIX Device does @ disabling of
the bindingof the RA associated with that kgbsition.

Ob:

1 Indicates that the binding of the RA associated with this bit
position is disabled to this AF, i.e. the RA cannot service CC
traffic on behalf of this AF.

1 Acceleration Framgorks may choose to quiesce an AF with
respect to its interactions with an RA prior to atb0b
transition of the bitposition of the AFtoRABIndingVctr
associated with that RA. Acceleration Frameworks based or
PCle may choose to quiesce an AF usCig PLR. Other
methods to queiesce an AF is outside the scope of this
specification.

1b:

1 Indicates that the binding of the RA associated with this bit
position is enabled to this AF, i.e. the RA can service CCIX t
on behalf of this AF.
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Bit Location | Register Description Attributes

A bit position of theAFtoRABIndingCntlVctr must not be written
with value 1b if the same bit position in the AFtoRABindingCap\
is a value Ob

SettingAFtoRABiIndingCntlVctr @00h disables the servicing of g
CCIX traffic on behalf of the AF with the AFID associated with th
entry, if a subsequent read of theFtoRABIndingCntlVctr indicates
a value 00000h. Acceleration Frameworks may choose to reset
AF with respect ta$ interactions with an RA following a successi
1b-to-0b transition of the biposition in the AFtoRABIndingtDv/ctr
associated with that RA.

6.3 Transport DVSEC

Figure6-77 shows the Transport DVSEC supported by CCIX devices.

The ESMMandatoryDataRateCapabilities, ESMOptionalDataRateCapabilities, ESMControl, ESMStatus, and
ESMLaneEqualizationControl registers must only be implemented if the

CCIXTransptCapabilities. ESMModeSupported bit is Set (Seetiord.3.2). The rest of the registers in the
Transport DVSEfQe at the same address offsets regardless of whether the ESM registers are implemented or
not.
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PCI Express Extended Capability Header

Designated Vendor Specific Headler

CCIXTransportCapabilities Registe Designated Vendor Specific Header

ESMMandatoryDataRate Capability Register

ESMOptionalDataRateCapability Register

ESMStatus Register

ESMControl Register

ESMLang:0)EqualizationControl Register for
20G7s

ESMLang@:4)EqualizationControl Register for
20G7s

ESMLang 1:8)EqualizationControl Register for
20GTs

ESMLan@5:12)EqualizationControl Register for
20GTs

ESMLan@:0)EqualizationControl Register for
25GTs

ESMLan@:4)EqualizationControl Register for
25GTs

ESMLang1:8)EqualizationControl Register for
25GTs

ESMLan@5:12)EqualizationControl Register for
25GTs

TransactionLayerCapabilities Register

TransactionLayerControl Register

Figure6-77: CCIX Transport DVSEC
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6.3.1 CCIX TransportCapabilities Register

Transport DVSEC

The CCIXTrapertCapabilitiesegister identifies ESM specific capabilitiEgure6-78 details allocation of fields
in this register and able6-61 provides the respective field definitions.

15 11 10 8 7 6 4 3 2 1 0
RsvdP R
A A A A t
ESMModeSupported
ESMPHY ReachLengthCapability
ESMReCalibrationNeededOnESMDa
taRateUpdate
ESMCalibrationTime
ESMQuickEqualizationTimeout
Figure6-78: CCIXTransportCapabilitiézegister
Table6-61: CCIXTransportCapabilities Register
Bit Location | Register Description Attributes
0 ESMModeSupported. Hwilnit
Set if Physical Layer supports ESM Mode, otherwise Clear.
2:1 ESMPHYReachLengthCapability. Hwinit

Indicates the Reach Length Capability at ESM Data Ratel only.
Defined encodings are:

00b = PHY is Short Reach Capable

01b = PHY is Long Reach Capable

10b = PHY is Short Reach and Long Reach Capable

11b = Reserved

If ESMMod8&8upported is Clear, this field is RsvdP.

At 20.0 GT/s and 25.0 GT/s data rates, Long Reach Capable PHY mug
be capable of driving short channels.

11b encoding is reserved for future use.
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Transport DVSEC

Bit Location | Register Description Attributes
3 ESMREalibrationNeededOnESMDataRateUpdate. Hwlnit
Set ifthe Physical Layer requires-calibration if
ESMControl. ESMDa&ate0 olESMDatRatelfields are modified (to
change Data Rate(s)), after initial or subsequent calibration and entry ir
LTSSM state LO at the Data Rate(s) programmed in ESMDataRatel.
Clearif the Physical Layer does not requireaaibration, after the initial
calibration and if ESMControl. ESMDataRate0O or ESNRa#éfields are
subsequently modified (to change Data Rate(s)).
PHYs that do not need to be-calibrated are permitted to hardire this bit
to Ob.
If ESMModeSupported is Clear, this field is RsvdP.

6:4 ESMCalibrationTime. Hwinit
Indicates the maximum time taken by the Physical Layer to complete th
Calibration step.

Defined encodings are:

000b =10 us

001b =50 us

010b = 10Qus

011b =500 us

100b =1 ms

101b =5ms

110b =10 ms

111b =50 ms

If ESMModeSupported is Clear, this field is RsvdP.
7 Reservedind Preserved RsvdP
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Transport DVSEC

Bit Location

Register Description

Attributes

10:8

ESMQuickEqualizatiorimeout.

Minimum Equalization Phase 2 and Phase 3 to Recovery Spaedut
supported for Data Rates greater than 16.0 GTs/, when
ESMControl.QuigkqualizatioffimeouSelectis programmed to a value
greater than 000b.

Defined encodings are:

000b = Quick Equalization is not supported by the device

001lb =8 ms /16 ms

010b =24 ms /32 ms

011b =50 ms / 58 ms

100b =100 ms / 108 ms

101b =200 ms / 208 ms

All other encodingsare Reserved

If supported, devices must advertise ESM Quick Equalization Timeout {
is less than or equal to

ESMControl. ESMExtendedEqualizationPhase@outon the USP or
ESMControl. ESMExtendegializationPhaseBimeouton the DSP.

If ESMModeSupported is Clear, this field is RsvdP.

Hwinit

15:11

Reservedind Preserved

RsvdP

6.3.2 ESMMandatoryDataRateCapability Register

The ESMMandatoryDataR&apabilityregster advertisegshe ESM data rates supported.

Figure6-79 details allocation of fields in this register afdble6-62: provides the respectivéeld definitions.
This register is only implemented if ESMModeSupported is Set.

31

16 0

Figure6-79: ESMMandatoryDataRateCapability Register

Byte
A\ 2 Offset

R | R R R R|R|R|R|R|R 1 R R| R|R| 1 R| R| R 1 R R 1 1 1| ooH

ESN25GTSupport
ESMOGTSupport
ESM6GTSupport
ESMBGTSupport
ESNSGTSupport

ESM_5GTSupport
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Transport DVSEC

Table6-62: ESMMandatoryDataRateCapability Register

Bit Location | Register Description Attributes
0 ESM2_5GSupport Must be Set. Hwinit
ESM5GTighport. Must be Set. Hwlnit
2 ESM8GTSupporMust be Set. Hwlnit
4:3 Reserved RsvdP
5 ESM16GTSuppontlust be Set. Hwlnit
8:6 Reserved RsvdP
9 ESM20GTSupportiust be Set. Hwinit
13:10 Reserved RsvdP
14 ESM25GTSupportlust be Set. Hwinit
31:15 Reserved RsvdP

6.3.3 ESMOptionalDataRateCapability Register

The ESMOptionalDataR&epabilityregister enables a device to advertise optional ESM data rates supported.
Currently, there are no optional data rates defined; future releases of the specification may define optional data

rates.

Table6-63 provides the respective field definition§his register is only implemented if ESMModeSupported is

Set.

Table6-63: ESMOptionalDataRateCapdity Register

Bit Location

Register Description

Attributes

31:0

Reserved

RsvdP

6.3.4 ESMStatus Register

The ESMStatus register provides information about ESM specific paranmtetgne6-80 details allocation of
fields in this register andliable6-64 provides the respective field fiaitions. This register is only implemented if
ESMModeSupported is Set.

31

RsvdP

ESMCurrentDataRate

Figure6-80: ESMStatus Register

ESMCalibrationCo

mplete
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Table6-64: ESMStatus Register

Bit Location | Register Description Attributes

6:0 ESMCurrentDataRate. RO
Hardware indicates theegotiated ESM data rate.
Defined encodings are:

0000000b=ESM Inactive

000 0001b=2.5 GT/s

000 0010b=5.0 GT5

000 0011b =8.0 GT/s

000 0110b 6.0 GT/s

000 1010b = 20 GT/s

000 1111b =28 GT/s

All other encodings arBeserved

Default value of this field 30 0000h

7 ESMCalibrationComplete. RO
Set after ESM physical layer calibration is complete. Physical layer
calibration is initiated by Setting ESMControl.ESMPerformCalibration.
Default value of this bit igb.

31:8 Reservedand Preserved RsvdP

6.3.5 ESMControl Register

The ESMControl registeontrols ESM specific parameters.

Figure6-81 details allocation of fields in this register afdble6-65 provides the respective fieldafinitions.
This register is only implemented if ESMModeSupported is Set.

31 | 29 28 27 26 25 24 23 22 20 19 18 16 15 14 8 7 6 Y

RsvdP R R ESMDataRate ESMDataRate

ESMPerformCalibration

ESMEnable

ESMExtendedEqualizationPhaeneout

ESMCompliance

ESMExtendedEqualizationPha$eneout

LinkReachTarget

QuickEqualizationTimeoutSelect

Figure6-81: ESMControl Register
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Table6-65: ESMControl Register

Bit Register Description Attributes
Location

6:0 ESMDataRateO. RWS/RW
Sets the ESM Data Rate to be used in place of normal 8.0 GT/s. Programmed by SS
beforeentering ESM. The programmed data rate must be a supported data rate in ei
the ESMMandatoryDataRateCapability or ESMOptionalDataRateCapability registers
otherwise the result is undefined.

Defined encodings are:

000 0000b = No Speed

000 0011b = 8.0 G3/

000 0110b =16.0 GT/s

All other encodings are Reserved.

When ESMCompliance is Set, this field is RWS, else it is RW.

Default value of this field is 000 0000b.

7 ESMPerfornCalibration. RWS/RW
A write of 1b initiates the start of physical layelibration before transition to ESM.
Physical layer calibration is performed after the Link has transitioned to @0state
through Programmed Power Management (Link enters the LTSSM L1 state when idl
Hardware sets ESMStatus.ESMCalibrationCompdetedicate that physical layer
calibration is complete.

When ESMCompliance is Set, this field is RWS, else it is RW.This bit always returns
when read.
14:8 ESMDataRatel. RWS/RW
Sets the ESM Data Rate to be used instead of normal 16.0R3dgsammedy SSW
before entering ESMIhe pogrammed data rate must be a supported data rateither
the ESMMandatoryDataRa&@apabilityor ESMOptionalDataRalapabilityregistess,
otherwise the result is undefined

Defined encodings are:

0000000b = No Speed

0000110b =16.0 GT/s

0001010b =20.0 GT/s

0001111b =25.0 GT/s

All other encodings arBeserved

When ESMCompliance is Set, this field is RWS, else it is RW.

Default valueof this fieldis 0000000b.
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Bit Register Description Attributes
Location

15 ESMEnable RWS/RW
When the bit is Ob, arite of 1b initiates the transition to ESM, when the Link is operat
at 2.5 GT/s or 5.0 GT/s, and the Link is operating in PCI ExpressWiwatethe bit is Ob,
writing this bit to 1b when the Data Ratenst 2.5 GT/s anahot 5 GT/s, onot operating
in PCI Express Mode, produces undefined results.

When ESMCompliance is Set, this field is RWS, else it is RW.

Default value i®f this bit isOb.

18:16 ESMExtendedEqualizationPhasggeout. RWRO
LTSSM Equalization Phase2 Timeout For Upstream Port / Downstream Pothehen
current data rateis higher than 16.GT/s.

Defined encodings are:

000b =24 ms/32ms

001b =50 ms /58 ms

010b =100 ms /108 ms

011b =200 ms / 208 ms

100b = 400 ms /@ ms

101b = 600 ms / 608 ms

All other encodings arBeserved

1. For an USRf CCIXTranspdtapabilitieEESMPHYReachLenGtpabilityis a defined
value other tharDOb, hardware must initialize this field to indicate its Equalization Pha
Timeoutrequirementfor a Long Reach Link during ESM Data Rate1 link initialization.
2. For an USP, if CCIXTransportCapabilities. ESMPHYReachLengthCapability is 00b
only Short Reach Capable) hardware must initialize this field to 000b.

3. Fora DSPSSWmust program this fieldtaking into account thealue of the
LinkReacharget bit and the requested value thie
ESMExtenddiqualzationrPhas@Timeout field fronthe USP

19 ESMCompliance. RWS
This bit must be Set when performing certain compliance tesiReguirements related tc
the ESMCompliance bit will be called out by individual compliance procedures.
Default value isf this bit isOb.
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Bit Register Description Attributes
Location
22:20 ESMExtendedEqualizationPhasafeout. RWRO

LTSSM Equalization Phase3 Timeout For Downstream Port / Upstream Port when tH
current data rateis higher than 16.GT/s.

Defined encodings are:

000b =24 ms/32ms

001b =50 ms /58 ms

010b =100 ms /108 ms

011b =200 ms /208 ms

100b = 400 ms /@ ms

101b = 600 ms / 608 ms

All other encodings arBeserved

1. For a DSRf CCIXTranspdapabilitiesESMPHYReachLen@tpabilityis a defined
value other tharO0b, hardware must initialize this field to indicate its Equalization Phé
Timeout requirement, forLong Reach Link during ESM Data Ratel link initialization.
2.For a DSP, if CCIXTrans@agabilitiesESMPHYReachLen@tpability is 00b (PHY is
only Short Reach Capable), hardware must initialize this field to 000b

3. For an USP, SSW must program this field taking into account the value of the
LinkReachTarget bit and the requested value of ESM Extended Equalization Phase3
Timeout value from the DSP.

23 Reservedind Preserved RsvdP

24 LinkReacharget RWS/RW
This bit indicates the Reach Length Target of current link.

Defined encodings are:

Ob=Reach Length Targef current link is Short Reach (SR

1b=Reach Length Targef current link is Lon&each (LR

When ESMCompliance is Set, this field is RWS, else it is RW.
Thedefaultvalueof this bitis Ob.

SSWshould configure thiit to indicate the target reach length of thénk before
initiating the ESMphysical layecalibration, based othe platform channelcapability
(Compliancego SR ot R) andESMPHYReachLenGtpability othe DSP and USP

25 Reservedand Preserved RsvdP
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Bit Register Description Attributes
Location
28:26 QuickEqualizationTimeoBelect. RW

Defined encodings are:

000b = Quick Equalization is Disabled

001b =8ns/ 16 ms

010b =24 ms/32ms

011b =50 ms /58 ms

100b = 100 ms / 108 ms

101b = 200 ms / 208 ms

All other encodings are Reserved.

The default value of this field is equalavalue in
CCIXLinkTransportCapabilities. ESMQuickEqualizationTimeout.
For Data Rates higher than 16.0 GT/s, if
CCIXTransportCapabilities. ESMQuickEqualizationTimeout is greater than 000b, sett
QuickEqualizationTimeoutSelect to value greater than 000b causes the correspondis
QuickEqualizationTimeout value to be used duthgyRecovery Equalization
Phase2/Phase3 to Recovery Speed transition in place of the Timeouts specified in tH
ESMControl. ESMExtendedEqualizationPhase2Timeout and

ESMControl. ESMExtendedEqualizationPhase3Timeout fields.

Setting QuickEqualizationTimeout&atlto 000b disables the Quick Equalization
mechanism.

If the QuickEqualizationTimeoutSelect field is to be programmed to &zemmvalue, it
must be programmed to an encoding corresponding to a Timeout equal to or greater
that advertised in CCIXTsportCapabilities. ESMQuickEqualizationTimeout, otherwise
the resulting behaviour is undefined.

Setting ESMControl.QuickEqualizationTimeoutSelect to a value other than 000b has
effect on behaviour if CCIXTransportCapabilities. ESMQuickEqualization Tisn@o0b.
{SS LYLX SYSy(dladA2y b2GS a9{a /2yiNRt
for usage guidelines.

31:29 Reservednd Preserved RsvdP

6.3.5.1 Rules for Programming ESM Fields

Rules for programminthe ESMControlESMDatRate0 andESMDatRate Ifields.

1 BeforeSetting ESMControl. ESMEnable, ESMBata0 must be programmed to either 8.0 GT/s or 16.0 GT/s,
if electrical Retimer(s) are not present on the link. In the presearideetimer(s), ESMDdRate0 must be
programmed to 8.0 GT/s only.

2 Before&etting ESMControl. ESMEnable, ESMDataRatel must be programmed to 16.0 GT/s, 20.0 GT/s, or
25.0 GTl/s, if electrical Retimer(s) are not present on the link. In the presence of Retimer(s), ESM Data Ratel
must be programmed to 16.0 GT/s only.
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3 When the D.0 GT/s ESM data rate operation is desired, ESMDataRatel must be programmed to 20.0 GT/s,
ESMDataRate0 may be programmed to either 8.0 GT/s or 16.0 GT/s. In this case, link equalization shall be
first performed at ESM Data Rate0, followed by link equitinaat ESM Data Ratel.

4 When the 25.0 GT/s ESM data rate operation is desired, ESMDataRatel must be programmed to 25.0 GT/s,
ESMDataRate0 may be programmed to either 8.0 GT/s or 16.0 GT/s. In this case, link equalization shall be
first performed at ESM DatRate0, followed by link equalization at ESM Data Ratel.

5 After the initial transitions to both data rates programmed in the ESMDataRate0 or ESMDataRatel fields,
link speed transitions are performed to either ESM Data RateO or ESM Data Ratel withouhjmeyiork
equalization, as long as LinkUp=1 and neither side rdqubat link equalization be done. These link
speed transitionsre permittedtobeSy § SNER dzaAy 3 GKS 52gyadNBIY t 2N
defined in thePCIl Express Base Speatfon, Link Control 2 register, where ESM Data Rate0O corresponds to
8.0 GT/s operation, and ESM Data Ratel corresponds to 16.0 GT/s opdratiospeed transitions are
permitted to be initiated by implementation specific mechanisms.

6 Alink speed trantibn to 2.5 GT/s or 5.0 GT/s from the data rates programmed in ESMDataRate0 or
ESMDataRateispermitedtobeA YA GA I G SR o0& dzaAy3d G(KS 52gyaiaNBFY t 3
defined in thePCIl Express Base Specificationk Control 2egister or arimplementation specific
mechanism

7 When operating in ESM mode, if link operation is desired at a data rate that differs from those currently
programmed in the ESMControl. ESMDataRate0 or ESMDataRatel fields, then the Link speed baist first
transitionedt2 H ®p D¢ka dzAAYy3d (GKS 52yaAGNBFY t2NBCIac¢l NBSG
Express Base Specificatidink Control 2egister or an implementation specific mechanisasW Clears
ESMControl.ESMEnable on both the DSP and USP. SSYéadLsie
CQXCapabilities.ESMRalibrationNeededonESMDataRateUpdate bit on both the DSP andft&P
CClIXCapabilities.ESMEFibrationNeededonESMDataRateUpdate bit is Clear on both the DSP and USP,
Sectiond.4.2.3, Step2c), 2d), 2e) and2m) are perfamed, followed by, Step 3. If the
CCIXCapabilities. ESMReCalibrationNeededonESMDataRateUpdate bit is Set on the DSP @&eabgodSP,
4.4.2.3Step2c), 2d), 2e), 2f), 29), 219)), 2)), 2K), 2I), and2m) are performed, followed by, Step 3.

8 SinceRule 7is a reentry into ESM mode with differemalues programmed into
ESMControESMDataRate0/1 entry into LTSSM Equalization states (with
ESMControl. ESMExtendedEqualizationPhase2/3Timeout) is required. Time taken to perform a data rate
change by link partner devices with the CCIXCapabiESMREalibrationNeededonESMDataRateUpdate
bit Set, or those advertising greater thad ms / 32 ms settings in the
ESMControl. ESMExtendedEqualizationPhase2/3Timeout fields, may not meet the timeout requirements in
Equalization Phases of tiCI| Express Base Specificatibis strongly recommendetthat SSW ensures that
the link is in a quiescent state.{., stop application traffic), before performing data rate chartpas
require equalization
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£§ IMPLEMENTATION NOTE
ESMControl.QuickEqualizationTimeoutSelect field

Link partner devices thatdvertise greater than 24 ms / 32 ms settings in the

ESMControl. ESMExtendedBtimationPhase2/3Timeout fieladsay take longer tha?Cl Express Base
Fecificationcompliant deviceso completelink training to ESM Data Ratel after a hot reset adlore
equalzation event. For these evergsich devices may not meet requirements specifieB@ Express Base
SpecificatiorSection 6.6.1 that could result in failure to enumerate the device or other issues on platforms
running legacy operating systems (OS).

The EBIControl.QuickEqualizationTimeoutSelect field has been defined to avoid the above issue. SSW may
optionally Set QuickEqualizationTimeoutSelect to ae/gheater than 000b during Liblp as specified iBection
4.4.2.3Step 2to effectively reduce the Timeouts used in EMSEqualization Phase2/3 stags compared to the
default, effectively achieving faster equalization. When the ESMControl.QuickEqualizet@mutSelect field is
set to a value greater #im 000Oball of the following apply:

e The ESMControl. ESMExtendedEqualizationPhase2/3Timeout field programming must be ignored and
ESM Equalization Phase2/3 Timeouts in the device will use values correspmonidiegncoding
programmed in the ESMControl.QuickEqualizationTimeoutSelect field.

e Setting the ESMControl.QuickEqualizationTimeoutSelect field to a value greater than 000D, is permitted
to be used to restore previously stored implementation specific Rekfrizal design parameters,
including (but not limited to) transmitter FFE and receiver equalization, that will lead to faster
bit/symbol lock and achieve BER better thafi=40 at the data rate programmed in the
ESMControl. ESMDataRatel field, considettiagy Equalization timeout is limited to encoded values
programmed in ESMControl.QuickEqualizationTimeoutSddasigns may use implementation specific
mechanisms to save and restore PHY Electrical parameters. The number and type of bits saved and
restored are implementation specific. SSW must Clear the ESMControl.QuickEqualizationTimeoutSelect
field after LinkUp at ESM Data Ratel has been achieved.

6.3.6 ESMLaneEqualizationControl Registers

SeparateESMLaneEqualizationContrebisters are specified for 20.0G and 25.0 GT/s data rates. The 20.0
GT/s registers precede the 25.0 GT/s registers in the Transport DVSEC register space.
ESMLaneEqualizationContrebisters are specified for all implemented lanes, starting with Lane 0, and must be
implemented in what DW increments, with entries for unimplemented lanes being RsvdP. Each
ESMLaneEqualizationContrepister holds information for up to 4 Lanes ($égure6-82). These regists are

only implemented if ESMMo@&upported fit is 1b.

31 28 27 24 23 20 19 16 15 12 11 8 7 4 3 0
ESMLaneEqualizationControl ESMLaneEqualizationControl ESMLaneEqualizationControl ESMLaneEqualizationControl
Register EntryLane(x+3) Register EntryLane(x+2) Register EntryLane(x+1) Register EntryLane(x)

Figure6-82: ESMLaneEqualizationControl Registers
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Each entry contains the value for the Laméth the corresponding Lane number which is invariant to Link width
and Lane reversal negotiation that occurs during Link training.

Figure6-83 details allocation of fields in this register aihdble6-66 provides the respective fieldedinitions.

7 4 3 o
UpstreamPortTrans DownstreamPortT
mitterPreset ansmitterPreset
Lane(x) Lane(x)

Figure6-83: ESMLaneEqualizati@ontrol Register Entry

Table6-66: ESMLaneEqualizati@ontrol Register Entry

Bit Register Description Attributes

Locat

ion

3:0 | DownstreamPortESMTransmitt@rese Hwinit/

Transmitter Preset used for ESM equalization by this Port when the Port is operating ag§ ~ RsvdP
Downstream Port. This field is ignored when the Port is operating as an Upstream Port. (see
the PCI Express Base Specificat®mtion 4.2.3.2for encodings. description)
For an Upstream Port if Crosslink Supported is Ob, this field is RsvdP. Otherwise, this fil
HwiInit.
The default value of this field is 1111b.
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Bit Register Description Attributes
Locat
ion
7:4 | UpstreamPortESMTransmitterPreset HwInit/RO
Fieldcontains the Transmit Preset value sent or received during ESM Link Equalization. (see
usage varies as follows: description)
Operating Port Crosslink Usage
Direction Suppored
A Downstream Any Field contains the value sent on the associated Lane
Port during LinkEqualization.
Field is HwInit.
B Upstream Port | Ob Field is intended for debug and diagnostics. It contains
value captured from the associated Link during Link
Equalization.
Field is RO.
When crosslinks are supported, case C (below) applies|
this captured information is not visible to software.
Vendors are encouraged to provide an alternate
mechanism to obtain this information.
C Upstream Port | 1b Field is not used or affected by the current Link
Equalization.
Field value will be used if a futuoeosslink negotiation
switches the Operating Port Direction so that case A
(above) applies.
Field is HwiInit.

SeePCl Express Base Specificati®erction 4.2.3.2 for encodings.
The default value of this field is 1111b.

6.3.7 TransportLayerCapabilities Register

TheTranadionLayeCapabilities register identifieSCIX transactiospecific capabilitiedrigure6-84 details
allocation of fields in this register afthble6-67 provides the repective field definitions.

31

1 10 8 7 1 0

RO R ‘

A A

L OptimizedTLPForm&upport

CCIXVCResourceCapabilitylndex

Figure6-84: TransactionLaye&®apabilities Register
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Table6-67: TransactionLayeCapabilities Register

Bit Location | Register Description Attributes

0 OptimizedTLPForm&upport Hwinit
When Set Generation Reeption, and Routing are supported.

When Clear Generation, Reception, and Routing are not supparted
71 Reservedind Preserved RsvdP

10:8 CCIXVCResourceCapabilitylndex Hwinit
With referencetothed / LS &+ ANJidz2 £ / KI yySt
used to identify the VC Resource Capability Register corresponding
the VC to be used for CCIX traffic. The valid range is 1 <= index <
66KSNB y A& (KS G9EGSYRSRCER/ |/
ALISOAFAOIGARZ2Ya0d ¢KS +/ wSaz2dzN
GamMmnK b AYRSEFNn/ K¢

31:11 Reservedind Preserved RsvdP

6.3.8 TransportLayerControl Register

31 10

OptimizedTLPGeneration
ReceptionRoutingEnable

Figure6-85: TransactionLayeZontrol Register
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Table6-68: TransactionLayéZontrol Register

Bit Location | Register Description

Attributes

0 OptimizedTLPGenerationReceptionRoutingEnable
SeeSection4.2.4for the behavio controlled by this bit.
SeeSectiond.2.1for system software requirements regarding the
changing of this bit

Functions that do not generate, receive, or forward Optimized TLP
permitted to hardwire this bit to Ob.

Default vale of this bit is Ob.

RwW

1 OptionalLengthCheckEnable.

When Set, enables the optional check of the Length field. §&e&on
4.2.2.1.1and Sectior4.2.2.1.2.

SeeSectiord.2.1for system software requirements regarding the
changing of this bit

Functions that do not implement this check are permitted to hardwi
this bit to Ob.

Default value of this bit is Ob.

RW

31:2 Reservedind Preserved

RsvdP

6.4 DVSEC Discovery and Configuration

This section provides an overview of the CCIX Protocol Layer DVSEC Discovery and Configuration Sequence. The

detailed sequence is documented in the CEdRwareGuide.
1 CCIX Devideower Up

2 PCle Discoveignd Enumeration

3 PCle topology or PCle Device Tree is handed to the CCIX Configuration Software.

4 CCIX Configuration Software then performs CCIX Device Diseoxésjting PCle Device Tree and

identifyingCCI>Components via CCIRX identifiers within the PCE S @A OS Q&

5+{9/

/ 2y FA3d:

The Discovery Sequence follows the order in which the CCIX DVSEC Register Structures are arranged as

shown in Figure6-1.

a Discovery of Transport Layer DVSEC attributes, including whether Extended Speed Mode (ESM) and

Optimized TLP Headers are supported by each CCIX Device.
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b Discovery of Protocol Layer DVSEGhaites:

i. If aCCIX Component indicates fiReady status, the discovery is postponed until past the
Readiness Time Reported by the CCIX Device. Hov@®BX, Configuration Softwase
permitted to consider Capabilities & Status declared within theReady state as transient
Capabilities & Status and compare them against the final Capabilities & Seafased
when the CCIX Device is ready.

. Software must not set CCIX Componentl#@antil it gets a CCIX Component Ready Status
indication.

Create and Configure-BSAMand GHSAMallocation acros€CIX Agent

a Recommend coalescirgSAM to hierarchy of HA to allow for Address Range based routing. For
example, one RA accessing multiple HAs via one RSAM entry that spans addresses allocated to the
multiple HAs.

b Recommend coalescitgHSAM to hierarchy dfAto allowfor Address Rangeased routing For
example, onéHA accessing multiple SAs via one HSAM entry that spans addresses allocated to the
multiple SAs.

Create and Configure CCIX Agemiap.

a Recommend coalescingCIX Ageli to hierarchy of SA/H# allow CCIX Agentiiange basd routingif
needed.

DetermineCCIX PortiMap.
ConfigureHBAT/HA IDM an8BAT/SA IDM attributes
ConfigureHSAM and RA IDM attributes

If aCCIX Switcls present, setup itsSAM/IDMand other Common, Port and Link dataucturessuch that
the data strictures reflectthe topologyof CCIX Devices that ameound that CCIX switch (s8ection6.5).

EnableSA
EnableHA
EnableRA.

6.5 CCIX Switch Referenced Data Structures

A CCIX Switch is a multiport CCIX Device with CChofRatt forwarding capabilities on all CCIX Ports, and

without necessarily havinGCIX Agent Capabilities. As a result, CCIX Switch DVSEC data structures include all the
Transport Layer, and relevant Protocol Layer DVSEC data structures. The Protocol Layer DVSEC data structures
describing thdorwardingpropertiesand configuratiorof the CCIX Switch are ti@ommon, CCIX Port and CCIX

Link data structures described $ection6.2.
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6.6 Examplesto lllustrate Protocol Layer DVSEC Usage

This section contains examples that illustrate the usage of BGt¥col LayeComponentdata structures to
achieve CCIX Devite-Device and CCIX AgdntAgent Packet flow.

CCDhProtocol LayeComponent data structures are part of PCle DVSEC .<p@t¥ Protml Layer DVSEC data
structures,or fields or field encodings within those data sttures, described in this section are in italics.

Each example focuses on particular aspects of data structure usage and as such, may not include all the data
structures necessary, or an exhaustive description of the usage of all fields within a haghtigha structure.

The description of the usage of a data structure or data structure field in a latter part of the section is inferred,
and therefore not repeated, if the data structure or data structure field usage is in the same manner as in a
former pat of this section.
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6.6.1 Simple CCIX Topology and Relevant Data Structures

Figure6-86 describes a simple CCIX tépgy connecting three CCIX Devices, each with a unique CCIX Agent
type. Figure6-86 alsoillustrates how theSAM is mapped to @CIX Ageftd @dm® dfthie data structuregor

a CCIX Agef@@apabilities and controls, and the setup of those structures to enable a CGP{iA@eessibility

and routing attributesas part of the CCIX system. A PCle Switch is shown as the transport switch between the
/1 L- 5S@A0Sa o0dzi AGQa OCNIPrgtachllayds PUBEDskiictitesdssdna CCHAink (i 2
Destination TansportIDgLinkTransportiDMapEntry.DestTranspojtéde programmed with the PCle BDFs of

the three CCIX Devices.

2 HBAT
DeVICeI [D Device ID Map
BaseA DDR
BaseB | Mem Exp 1D0 ALI =Local
ID1 P [ 1
HSAM D2 P |
®C | R Home Agen{HA0)
Port0 -
LinkL ‘ Linl0 I Link TransportiD Map |
0] DeviO's P TransportiD |
<BC | LO | Port0 [ Devi®'s O TransportiD___|
r .
/ \
¢ Transport \
Switch /
\ /
Port0 Port0 | Link | Port0 Port0 | Link
" Link TransportID Map q N Link TransportID Map
\w LinlO 0 DevI's A TransportiD SO WEWEREE Linl0 | |0 T Devi's R TransportiD |
Slave AgenfSAL) Request AgentRA?)
ID Map
ID Map
H 1D0 PO LO SBAT 1D0 PO L0 RSAM .
DevicelDl o Tatig=coc [ Basss [nvram b2 | Aue=local | e [ w0 | Devicel2

Figure6-86: Example simple CCIX Topology with relevant dataistores
e Reguest Agent (RA):

0 The Request Agent is on a CCIX Device programmed @dmaCntl1.DevIDCnthlue of 2 in its
Common Contrdtructure The CCIX Device is thus enumerated as CCIX DevicelD2.

0 The Request Agent is programmed witRAlIDvalue of 2 in it)RAControlstructure(RACntl.RAID
field). The RA is thus enumerated as RAID2. There is no requirement that the CCIX Device ID and
CCIX AgentID match, and a common value of 2 is for illustration purposes only.
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0 Address Routed CCIX PacKetsn the RA:

- Therouting properties ofthe GRSAMfor address routed CCIX Packets from Request Agaets,
describedh Yy / / L - Ednhan@Sntr&trucide the RSAMIable

- TheRSAMrablecontains the routing propertiesf SAM window. The SAM wiralvs are
described by thé&:<SAM Entry Start/End Registers
(SAMEnNtryAddr0.StartAddr/SAMEntryAddr1.EndAddr). RBAM Entrglso contain theCCIX
PortID(SAMEntryAttr.PortIdestinationfor thoseSAM Whdows.

A The Request Agent accesses the routing propediebe GRSAM<A:C>, with the
RSAMENtry SAMEnNtryAddrO.StartAddield programmed with 4GB aligned Start
AddressA, and the RSAMntry SAMEntryAddrl.EndAdfield programmed with
4GB aligned End Addre€s

A G-SAM<A:C> programmed in the RSAMtryhas been mapped to CCIX Port0,
indicated by theSAMEntryAttr.Portlfield being programmed with a value of 0.

- Thenumber ofRSAMTable entriess a perCClXDevicecapability advertised ithe RSAMVIax
Table Sig RSAMPtRSAMMaxThblSizégld of the Primay CCIX PotExtended Common
Capabilities & Statustructure. Thenumber ofRSAMTable entriesndicates the number of
unique SAMVindowsthe RA is capable of accessing

o ID Map data structures

- The AgentlD Map or IDBtructuremaps thedestinationCCIX PoiD (IDMEntry.AgentiDnPortID)
and CCIX LinkID (IDMEntry.AgentIDnLinkID) for ID routed packets from the RA:

A The IDM entry for AgentlDO is mapped to CCIX Port0, CCIX LinkO

0 CCIX Packets from RA2 are sent with the value iSthece Transportibeld
(PortSrcIDCntl.SrcTransportiD 2 ¥/ / L -t GoNtiolstiQdiure/andlthe vatu@imtkie
Destination Transportlleld (LinkTransportiIDMapEntry.DestTranspoitiDthe CCIX LiGkentryof
the CCIX LinkransportID Mapvhich is part of the CCIX Li@kntrolstructure.

« Home Agent (HA) on CCIX Device O:
0 ¢CKS 12YS 1 3SyidQa OF LI oAt AlASHomeAgehtd@Rsyfuctv® f & | NS

- TheHome AgenCapabilities & Status structuos CCIX Device 0 has declared a
HACapStat.NumHAIfi2Id valueof 1, indicating the Home Agent only requires one AgentID value
programmed.

- ¢ KS | 2 Y SAgendDBas be@riiprogrammed with 1DO in theentIDforHAGield of
HAIDTbIEntryOwhich is part of thedome Agent Contratructure

- TheHome Agent Capabilities Status structur@eclares thenumber of memory pools
(HACapStat.HAMemPoolQagsize and type of those memory poabthe HA
(MemPooEntryCapStat®Registey.
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- The HA has also indicatetemoryexpansiorcapabilityvia theHACapStat. HAMemExpnCiagd
and memory expansion has been enabled for this HA via the HACntl. HAMemExpritefthble
the Home Agent Gntrol structure.

0 Address data structures:

- Therearetwotypes of Tabl&&S a ONA 0 AY I G KS | ! QEAMMErdalsthg 3 LINE L
HSAMor Home Agnt System Address Map Talded theHBAT orHome Agent Base Address
Table

- The properties of the &RSAMwindowsmapped to this HA are describedtive HBATdata
structure

A TheHAMemory Pool CapabilitfHACapStat. HAMemPoolQdyas declared
capabilitiesof two Memory Pool EntriedAs a result, the HA has also implicitly
declared capability of twdiBAT Entrigswith eachHBAT Entrgonforming to the
structure declared in thélemory PoolGeneraMemoryType
(MemPoolEntryCapStat0.MemPoolGenMemTypég@eald of its corresponding
Memory Pool Eny

A The HA has also declarbtemory Expansion Capability
(HACapStat. HAMemExpnGaPince the HA only has twemory Pool Entriesf
the first Memory Pool Enyr does not declardemory Expansion Capabilitiy
means thesecondMemory Pool Enyr must declaréMemory Expansion Capability
its Memory PoolGeneralMemory Type
(MemPoolEntryCapStat0.MemPoolGenMemTypéeQiafu.

A 1 | n\Me@ory Pool EnyrO has declared local, direattached DDR Memorip the
MemPoolEntryCapStatMemPoolSpcificMemTypeCligld, and the corresponding
BAT Entry @as been mapped to 4GB aligned Base Addtesbthe Gw{ ! a ® | ! nQa
Memory Pool Enyr0, in theMemPoolEntryCapStat0.MemPoolAddrdiefd, has
indicated addressing capability to 4GB aligBede Addresses.

A HAOQ Blemory ExpansioBAT Entryl has been mapped to 4GB aligned Base
AddressBoftheGw { ! a ® { A y OMEmdnKPbal Enyrhiasideciaredlemory
Expansion Capabilitthe MemPoolEntryCapStat0.MemPoolAddr@efd must
indicate addressing capability to 4GB aligned Base Addresses.

- TheHSAM Tabldescribes theouting propertiesof the GHSAMWindows mapped to Slave
Agents for address routed CCIX Packets frihiis Home AgeniThis is optional capabilitg
Home Agenis not required to have aRlSAMstructureif the HA has not declarddemory
Expansion CapabilitHACapStat. HAMemExpnQGap

A The Home Agent has been provided memory expansiontsaM Window <B:C>
mapped to a destination Slave Agent, with tH8AM Entr9
SAMEnNtryAddr0.StartAddield programmed with 4GB aligned Start Addr&sand
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the HSAM Entn5AMEntryAddrEndAddrfield programmed with 4GB aligned End
AddressC.

- GHSAM Window <B:C> programmedBAMENtr0 has been routed to CCIX Port0 with the
SAMETfryAttr.PortIDfield set to Oh.

o ID Map data structure

- The AgentID Map or IDBtructuremaps thedestinationCCIX PortID and CCIX LinkID for ID
routed packets from the Home Agent.

A The IDM entry for AgentlD1 has SA1 destined packets routed to CCIX Pbft0, CC
Link1.

A The IDM entry for AgentID2 has RA2 destined packets routed to CCIX Port0 CCIX
LinkO.

s Slave Agent:
o ¢KS {fF@S 138SyiQa OF LI oAf Al ASaeAdenyfdata @racgiieNR £ & | N.
0 General SA capabilities and control attributes:

- ¢KS {f I @8entlDERSheeénPrdgrammed with 1Dd the SACntBAIDield of the Slave
Agent Controstructure

- The SlavégentCapabilities & Status structure declares thenber of memory poolssize and
type of those memory poojof the SA.

0 Address data structures:

- The propertés of the GHSAM window mapped to thiASare described in thEBATdata
structure

A {1 MmQa bzxzw!a aSY2NE t BAETENtKtodAGBaBtey Ba¥e: LILIS R
AddressB of the GHSAM.

- TheSBAEntries areprogrammed irthe SA Controktructure
o ID Map data structure

- The AgentlD Map or IDBtructuremaps thedestinationCCIX PortID and CCIX LinkID for ID
routed packets from the Slave Agent.

A The IDM entry for AgentIDO has HAO destined packets routed to CCIX Port0 CCIX
LinkO.

e CCIX Link

0 A CCIX Device can have one or more CCIX Links for a given CCIX Port on that CCIX Device. The CCIX
[AYy1 Q& OFLIoAftAGASE |y RCORLatBuckures NBE O2y (i Ay SR

0 General CCIX Link capabilities and control attributes:
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- The capbilities and control attributes determinne CCIX Link, max credit capability
(LinkSendCap and LinkRcvCap Registadenax and min credit contrdLinkMaxCreditCntl and
LinkMinCreditCntRegistery of the CCIX Link.

A Request Agent CCIX Link:

0 The singt LinkControlstructureshave been programmed for CCIX Link IDO with
the Link Control Attributefor the single CCIX Pgotir transport between RA2
and HAO.

- LinkO Attribute Control structure contains the values for the Min and Max
Send Credit as well #se Max CCIX Packet Send Control for the single CCIX
Port-pair transport between RA2 and HAO.

- [Ay1ln al Ll 9yGNE /2y (iNRft &iNHzOGdzZNE 02
Port0 Destination TransportID (LinkTransportiDMapEntry.DestTransportID),
which in the cae of the PCle transport, contains the value of the PCle BDF
of CCIX Device 0, PortO.

A Home Agent CCIX Link:

o0 The twoCCIX Linkontrolstructureshave been programmed with tHeink
Control Attributedor CCIX Link IDO and CCIX Link ID1, for the twdPGG&ir
transports, one CCIX Pgrair between HAO and RA2 and the other CCIX- Port
pair between HAO and SAL.

A Slave Agent CCIX Link:

0 The singleCCIX Linkontrolstructureshave been programmed for CCIX Link IDO
with the Link Control Attributefor the shgle CCIX Popair transport between
SA1 and HAO.

o CCIX Port:

o! //L- 580A0S Oly KI@S 2yS 2NJ Y2NB //L- t2NIa
controls are contained within th€CIX Podata structure

0 General CCIX Port capabilities and carattributes:

- The capabilities and control fields in CCIX Bwucturesdeterminethe CCIX PolD
(PortCapStatl.@tID), Optimized HeaderdPprtCapStatl.PktHdrTypeCap and
PortCntl.PktHdrTypeEnable@umber of CCIX LinkoftCapStatNumLink€ap and
PortCntINumLink&nablg, and PSAM entrie®¢rtCapStatl.NuRSAMENtrgap and
PortCntl.Nur®SAMEntrignablg, amongst others:
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A Request, Home and Slave Agent CCIX Port:

o //L- t2NIL5nQ4a / 2PfimaNECIX Roit SaintolistzdBre A S ¢
has theSourceTrangortlD PortSrcIDCntl.SrcTranspoitipogrammed with the
O2ZNNBALRYRAYI t/ LS LIKeaAOlf (NI yaL}RNIQ

0 CCIX Port Outbound characteristics:

- PSAMs referenced to determine th&-SAM window taCCIX Linklap for address routed CCIX
Packets.

- BecauseCChDevice 1 and CCIX Device2 each have a single CCIX Port with a single CCIX Link, the
two CCIX Devices are not required to have@eiX PoSAMstructures All CCIX Packets from
w!H FNB AaadzSR 2y [/ / L- 58S @AadlSeHQakkets ffomn SAltard NI n /
AaadsSR 2y //L- 5S@A0OSwmQa //L- t2NIn //L- [AYy]

- BecauseCCIX Device 0 has a single CCIX Port0 with two CCIX Links, and only HAO to SA1 CCIX
Packets are address routed, a singtetPSAMENtryis referenced to determine the CCIX Link:

A PortPSAMENtryQ SAM Window <B:C> Mapped to CCIX Link1 with the
PSAMEnNtryAttr.LinkNufreld programmed with value 01h, the
PSAMEnNtryAddrO.StartAdfield programmed with 4GB aligned Start Addr&sand
the PSAMEnNtryAddrl.EndAdikld programmed with 4GRligned End Address.
ThePSAMEnNtryAttr. PSAMEntryAddrTyiedd is set to 1b to indicate this PSAM
Entry contains HA0-SA address routing information

0 CCIX Port Inbound characteristics:

- Either theRSAMor HSAMstructureis referenced to determine th&SAM window td_ocal CCIX
Agent orCCIX Pottlap for the case of CCIX Devices withlti-Port Device Capability
(ComnCapsStatl.MultiPortDevQapndCCIX Pottio-Port Forwarding Capability
(PortCapStatPortToPortFwdingCapFor the simple topology exampleFigure6-86, all
inbound address routed CCIX Packets from a CCIX Port, are routed to local destinations with the
addresses falling within a SAM Wow programmed in th&8AT Entryf the CCIX Agent on that
CCIX Devicéence theRSAMr HSAMstructureis not referenced

A Device0: SAM Window <A:C> Mapped to HBAT Entries
A Devicel: SAM Window <B:C> Mapped to SBAT Entry.

0 ThelD Mapstructureis referenced to determine thAgentDto CCIX Poiap for ID routed CCIX
Packets from a CCIX Agent:

- Dueto the simple topology ifrigure6-86, there is only one destination which is tiCIX Agent
on that CCIX Device and as suchD Tabledn Figure6-86 have an IDM Entrypointing to an
on-chip Local destinationwith the IDMEntry.AgentiDnDestTyfield set to Ob for thatDM

Entry.
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A Device0: IDM entry for AgentlDO hEBMEntry.AgentIDnDestTygetto Ob.
A Devicel: IDM entry for AgentlD1 has IDMEntry.AgentIDnDestatie Ob.
A Device2: IDM entry for AgentID2 h@MEntry.AgentiDnDestTygetto Ob.

e CCIX Common Structure

o Although not illustrated ifFigure6-86, a CClXevicecan have one or more CCIX Agents as well as
one or more CCIX Ports. Therefore, properties that span all CCIX HA/SA/RA/Ports resident within
that CCIX Device are located in tB€Protocol Layer Commatructure Attributes such a€CIX
Device Enable€;CIX Device Errand CCIX Porggregation Suppomre described within that
structure.

0 ThelDM and SAMablesreferenced throughouBectiors 6.2.2.2and6.2.2.3 are located in the
Primary CCIX Pdg@ommon Control Structure

6.6.1.1 Simple CCIXT opology and Associated SAM and BAT Data Structures

G-RSAM RSAM HBAT HSAM SBAT
HAO AddrG AddrG AddrG AddrG AddrG SAL
MemPool
Entryl SAM H-BAT H-SAM SBAT MemPool
“ Windowl “ Entryl “ Entry0 “ Entny0 “ Errmntrygo
Mem Exp
RSAM
AddrB @ | AddrB; AddrB AddrB
CCIX Devide
MemPool SAM H-BAT
Entny0 “ Window0 “ Entny0
AddrA AddrA AddrA
CCIX Devi€e

Figure6-87: SAM Windows and associated data structures simple CCIX Topology example

Figure6-87is an ilustration of theG-RSAMor the simple CCIX topology exampled their association with CCIX

Device and CCIX Agent dateustures.CCIX Configuration Software has enabled the HA to access the Slave

I 3 S yWiértbdy Pooimapped intheSBAT 2 NJ 1 KS { ! = [HSARVfof thelHA. Tié BIFReqQuest Q &

Agent has access to the aggregate of the Slave &janf R |1 2YS | 3Sy i Qa aSY2NR t22f 3
/1 L. 5 KEWGiS Hhe dggregate region, i.e. theRBAM, also being mappedirkK S | 2YS 1 3SydQ
HBAT
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6.6.2 Complex CCIX Topology and Relevant Data Structures

Figure6-88 describes a complex CCIX topology, including CCIX Devices with multiple CCIX Agents.

CCIX Devi€e HA DVSEC
HBAT HAO
BaseA | DDR .
Basel | Mem Exp CCIX DeVlm
D0 Local
[ [P [ [ D0 [ P5 [ 1O |
2 [m o (D4 [ Tocal |
\ D3 P1 LO Port4 DVSEC Port-5 DVSEC
[b4 [ P[0 <Ak | m
<A:B> Local
< | # -4 | «—> Port5 | Linko|
<l:K> Local Port 4
Port1 DVSEC LinkO Link DVSEC
0l 's Link p
RAO
ot s | SA4
o 0]
Port1's Link DVSEC - i SA DVSEC
Link TransportiDviap LinkO | Linkl SBAT
1) P6 TransportiD Basel NVDIMMF
m Port-1 ‘ Base] | o
= -
\
CCIXDeviGe " [ mlw]|| < \ ide
/ CCIX Devide
D3
Port-6 DVSEC \ Port-2 DVSEC
- Port2
Link DVSEC Port-6 or a Link DVSEC
Link Transportiv i Link0
Link0
HA DVSEC
[ 100 [ P [ 0]
GERT HA3 Local
BaseG DDR o2 [ [ 0]
BaseH | NVDIMMF HA_l
CCIX Devige | _mov= <o
T <€G | P | HA DVSEC
BaseE | DDR HBAT
HA_2 BaseF | DDR BaseC | NVDIMMFE
BaseD | NVDIMME
[ 10 [ P7 [ 10 ]
Port-7 DVSEC
[ Tocal | 2
Link DVSEC P 0 rt_7 < > P (0] rt—3 Link DVSEC
- -
[io [ o Tanspon' | Link0 Link0 |0 [ o hareponi

Note
CCIX Ports are uniquely enumerated across CCIX Devices only for illustration purposes
i.e. PortD can simultaneously be on CCIX Devieélénd Device Y
Alsag CCIX Ports must be sequentially enumerated on the same CCIX, Berioeg with CCIX Pdit

Figure6-88: Example complexCIX Topology with relevant data structures

Request Agent O:

* RAO routing information to the - ®SAM is described in/ L -
CCIX Packets:

5 KEMMVIABIgf@® address routed

0 Accesses to RSAM Window <A:B> routed to HAO sinceAMENtryAttr.DestTydeeld of the RSAM
EntryindicatesLocal Destination

Protocol Layer and Transport Layer DV&EQ16-2019 CCIX Consortium, Inc. ALL RIGHTS RESER®UEBDI00
February 15, 2019



Hardware Specification Examples to lllustrate Protocol Layer DVSEC Usage

0 Accesses to RSAM Window <C:I> routed to CCIX Portl.

0 Accesses to RSAM Window <I:K> also routed to HAQ, witBAMENtryAttr.DestTydeld of the
RSAMEnNtryindicatingLocal DestinationThis also illustrates case where other considerations, such
asHA Memory Expansion capabiljtyouldresult in accesses to nezontiguous SAM Windows being
routed to the same HA.

e ThelDMTableis referenced for the CCIX Port destination for ID routed CCIX Packethé& A
o L 5 ADMEntryhas thelLocal fieldset, indicating a local CCIX Device destination.

o ID1,ID2, IDEDM Entresindicate a routedestination of CCIX Portl, indicating remote CCIX Device
destinations.

CChfort1:

s ThePSAMTrablehighlights how CCIX relies on hierarchical decode for routing information. Even though
oneRSAMENtryintheRSAMIableK & { ! a 2AyR2¢ f/YLPH NRIRSEMR (2 //
Tableprovides further routing information at a CCIX Plestel. These adéss routed CCIX Requests are
routed to different CCIX Links representing differentatfip CCIX Port destinations:

0 Accesses to RSAM Window <C:G> routed to CCIX Link1.
0 Accesses to RSAM Window <G:I> routed to CCIX LinkO.
HomeAgent O:
e HAO hasDirect Attacled Memory andts HBATEntrnyO maps those resources

0 Base Addressé is mapped to Memory Pool0 whekéemory Pool Entry@as declaredDR Memory
Typein its Specific Memory Type CapabiliémPoolSpcificMemTypeCgfield.

¢ HAO has also declarédemory Expansin Capabilityn Memory Pool Enttly This capability is enabled in
the correspondinddBATENtryl for address routed CCIX Packets from RAs to HAO:

0 4GB aligned Base Addrdss programmed itHBATENtryl.

s Address routed CCIX Packets initiated by HAO to SAs, referend8AMTablein the Common Control
structureof CCIX DeviceO, in order to resolve the destination CCIX Port:

0 Accesses to HSAM Window <I:K> routed to Port4.
Slave Agent4
s SAdhas itsSBATENtiesconfigured tomatch theMemory Expansion SAM Window configured #OH

0 4GB aligned Base Addrdsis mapped in SBAntry0 to Memory Pool0 wher&emory Pool EntryQ
has declared NVDIMMMemory Typén its Specific Memory Type Capability
(MemPoolSpciiMemTypeCayfield Since this iMQa aSY2NE t22f 9y GNEB nz
MemPoolEntryCapStat0.MemPoolAddrGimbd must indicate addressing capability to 4GB aligned
Base Addresses.
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0 4GB aligned Base Addresss mapped in SBARtryl to Memory Pooll wher&lemoryPool Entri
has declared NVDIMMMemory Typén its Specific Memory Type Capability
(MemPoolSpcificMemTypeChafield. SMQ & a S Y 2 NB m IMERROORAPDRCEE has
indicated addressing capability to 4GB aligned Base Addresses.

CCIX Devicel

e CCIX Device 1 declarktllti-Port CCIX Device Capability (MPID@e CommonCapabilities & Status
structure, discovered on CCIX Port2 and Port3.

s CCIX Port2 and Port3 were both determined to be part of CCIX Devicel wHeibdield/alue
programmed ini KS / / L - Prim&y@PoroCdmrna Control structunas reflected in thédIDS
field2 ¥ GKS // L- tGoMiionCapabilltigs R StatdstNiEtureQ &

s CCIX Port2 and Port3 also decla@@iX Potto-Port Forwarding Capability
(PortCapsStatl.PortRortFwdingCapin the PortCapabilities & Statustructure. Since CCIX Device 1 has
only two CCIX Ports, afmbrtCapStatl.PortToPortFwdingQaa bidirectional capability, both CCIX
Port2 and Port3 must decla@CIX Poito-Port Forwarding Capability

s Shce CCIBevice 1 has only two CCIX Ports, BodCapStatl.PortToPortFwdingQsa bidirectional
capability, thePort Forwarding VectoPprtCapStat3.PortFwdingVEfield, in each PorCapabilities &
Statusstructure, must reference the other port, i.®ortCapStat3.PortFwdingVétry / / L - t 2 NIl H Q:
Capabilities & Statustructuremust have the bit position for CCIX Port3 set, and
PortCapStat3.PortFwdingVétry / / L -  Capakiitie®aStatug shicturaust have the bit
position for CCIX Port&t.

0 Asindicated inFigure6-88, GCIXDevice 1 has been enumerated with CCIX Port2 and Port3
designations for illustration purposes only. A CCIX Device with two CCIX Ports, must have those CCIX
Ports linearly enumerated, and must have dfrémaryPort Capabilities & Status structuvéth
PortiDO declared in th@ID field Since CCIX Device 1 has only two CCIX Ports, the CCIX Ports would
be required to be enumerated as CCIX Port0 and Portl, anddi€apStat3.PortFwdingVdield
bit position descriptions above must be adjusted accordingly.

e RAO address routed CCIX Packets, that ingre<3QiX &t 2, have their routing information in CCIX
5 S g A @SAWMBle TheRSAMENtrieshave routing information for two RSAM Windows, where
packets addressed to one RSAM Window are routed to a Home Agahto the CCIX Device, and
packets addressed to the other RSAM Window are routed to an egress Port destined to a Home Agent
on a remote CCIX device:

0 Accesses to RSAM Window <C:E> routed to HAL sinGAMENtryAttr.DestTydeld of theRSAM
EntryindicatesLocal Destination

0 Accesses to RSAM Window <E:G> routed to CCIX Port3.

Configuration and usage of data structures-igure6-88, that are not pecifically covered in the descriptions
above, can be inferred from other equivalent data structures described thus far.
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6.6.2.1 Complex Topology and Associated Number of SAM Entries

In Figure6-88, the number of RSAM Entries that are enabled in CCIX Device 0 and Device 1 differs from the (P +
1 + Local) minimum number of SAM Entry Capability requirement, as staiedbliec-10.

As noted inTable6-10, particular CCIX trempologiesmayachieve their necessary SAM Window routing
attributes by utilizindessthan (P + 1 + Local) SAM Entrié€1X Device 0 and Devica Eigure6-88illustrates
such a utilization

s RSAMEnNtries utilized
o0 CCIX Device 0:

- Becausenly PorD has RAo-HA trafic and Pord does not, Device 0 requires onlRSAM
Entries far Port routing

- For Leal RSAM Windows, it is possible to optimize tHRR&AM Window allocation such that the
two Local RSAM Windowvean be optimized taitilize only oneRSAMentry for routingto a Local
destination However, the RSAM on CCIX Device 0 illustrates unoptimiBR8IA® allocation
such that two RSAMniiries are utilizedfor routingto a Local destination.

- ¢ K dza = ssibléfd@RSIAM Window allocation such that tR&AMTableon CCIX Device 0
utilizesa total of 2 Entrieseven thoughthe minimum requirement ofP+ 1 + Local) SAM Entries
for CCIX Deviceif3.

o CCIX Device 1:

- RAto-HA traffic arriving on Port2 gets forward to onlyeobranch of the tree, i.e. P@t So only
one RSAMentry isutilized for routing to CCIX Port 3.

- One entry iautilized for routing toa Local destination

- ThusA G Qa & ddaReiRBAMTdbigoth CAlX2DéVice 1 to havilized2 Entrieseven though
the minimum requirement ofP + 1 + Local) SAM Entries CCIX Devicei43.

e HSAMEntries utilized
o0 CCIX Device0

- Becaus®nly Port4has HAto-SA trafficand Pot R2 S & y 2 (i = thelHSAMTablea® T A OA S
Device 0 tautilize only 1 entry.

- Becausehere is an HA on CCIX Devica®SA cannot be on the same CCIX Device. Therefore,
there is no requirement o€CIX Devicefor an H&M Entry to have a Local routing destination.

- Thug A fliciedt foH&AMIableon Device 0 to havatilized 1 Entry,even thoughthe
minimum requirement of P + 1 + Local) SAM Entries CCIX Devicei3.
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Chapter 7. CCIX RAS Overview

This section introduces C@IReliability Availability Serviceability (RAS) framework overview.

7.1 Classification of Hardware Faults

There are three categories of hardware faults (from the perspective of iitee eonsumer) that host system
software typically deals with:

1 Synchronous and Precise CPU Exceptions

s Theseexceptiors may be due tdataAbort, InstructionPrefetch Adort, or some form of bus erratue
to a hardware fault ormn access tsomefaultingaddress. May be triggered by CPU load synchronous
encountering an uncorrected error (UE) and/or external bus errors

s For example:
0 Synchronous External Abort (SEA) on ARMv8 Systems
0 Machine Check Exception (MCE) on x86 Systems
2 Asynchronous and Impreci§&#PU Exceptions

s Triggers an exception to a dedicated CPU vector. May be triggered by CPU internal UEs, corrected errors
(CEs), and/or external bus errors

e For example:
0 System Error Interrupt (SEI) on ARMv8 Systems
0 Machine Check Exception (MCE) and/orr€ced Machine Check (CMC) on x86 Systems
0 Some systems may rely on normal interrupts for asynchronous hardware error notification
3 Asynchronous and Imprecise System Exceptions or Interrupts

e These are exceptions that happen outside of the CPU subsystpitally reported to the CPU via wired
interrupt and/or message signaled interrupt (MSI), which would notify the CPU that a hardware fault has
occurred. May be triggered by UEs/CEs from system cache, memory, PCle (e.g. AER or ATS) errors

The handling o€CIX erroraiill bethe focus of this documentCCIX errors may fall into any of the above
categories depending on the specifics of the error manifests. CCIX errors that are consumed inside the CPU
subsystem will typically fall into either the first drat second categories. CCIX errors that are consumed outside
of the CPU subsystem will typically fall into the third category.
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7.2 Hardware Error Propagation

The host system and the CCIX degiaehave similar sets of components:
s Various Types of Memory
e Varbbus Types of Caches and Register Files
s Processing Elements
e Coherent Interconnects

Each of the above components may consume, produce, or simply detect a hardware error. These hardware
errors may be related to ECC, command failure, transport errors,dgeeoors, logic errors,
timeouts/watchdog, etc.

The following example illustrates how poisoned data may flow through a host system that is attached to a CCIX
device. When data is poisoned, an error may propagate throughout the system from one entitytheia

which may be triggered by a transaction initiated by a processing element and/or cache/snoop logic. The
expectation would be that while the error propagates, it is still contained to the particular granule size (e.g.
cache line).

Memory Memory
Device Host \
M M Controll
Memory Controller |~ | | eeeees » emory sontrotier ¢---
(Scrub Engine) < (Scrub Engine) _ _

H ES - Poisoned data error propagation
: v (producer to consumer)

A : .

’ ::"} Pg)e < Ps:e < hared Cache [ ] Processing Hement (PB)
Cache -t

H ES D Error Resource (both producer

S : \ 4 and consumer)

A 4 Coherent

Coherent : < Interconnect
Interconnect | < < £ S
: v
\4 Processor
Subsystem
Device Logic :
______ » | PrivateCache | | ..

Figure7-1: Example Error Propagation Flow on CCIX devices

The specifics of how errors are handled on the host side are either in an implementation defined manner or via
a standardized mechanism per the CPU host architecture. These detdiibe silicorvendorspecific or
compliant with some architecture defed outside of the scope of this specification.

The specifics of how CCIX errors are reported and handled will be described in this document.
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7.3 CCIX Protocol Error Reporting (PER)

There are two categories of hardware faults that can cause CCIX hareliairs
e« PCle Transport Errars
0 These are reported via standard PCle mechanisms (e.g. Advanced Error Reporting (AER)).
e CCIX Protocol Errors (PER)

o0 On the device side, protocol errors are reported via CCIX PER MeSsatjer(7.3.1) and logged to
CCIX DVSEC sp&seqtion6.2).

o On the host side, these errors are reportiedthe error agent and the way the error agent reports
the error to the CPU isither in an implementation defined manner or via standardized ma@ism
per the CPU host architecture, which is outside the scope of this specification.

CCIX devices must comply with the following requirements when it comes to reporting and logging protocol
errors:

e Anerror producer or consumeof a CCIX protocol erronust

o Always log the error in the appropriate DVSEC structure (depending on the source
agent/component).

o0 Send &PER message to the "Error Agefduted by Error AgentlD described@mapter 6.
- The Error AgentlID provides the path to the host and is described in more defdibpter 3

e In addition to the above rules, arror producerof a CCIX protocol error (e.g. SA, CCIX port, CCIX Link,
RA, or HA) musdttempt to poison dateon uncorrected data errors whenever possibl€his applies to
both ECC errors as well as general bus or address decode errors that may result in loss or corruption of
data.

o If poisoning is not possible and CCIX communication becomes unsafe, the error severity bit
SevNocomnmust be se(seeTable7-1).

e If the error produceiis also the consumeof that error(e.g. RA wathe first to detect an ECC error on
data that it is about to operate on), it must also follow the error consumer rules described below.

£§ IMPLEMENTATION NOTE

It is an implementation choice for the device to either provide two separate PER messages for
detection and onsumption, or whether to consolidate that error syndrome in a single PER mess:
If two PER messages are sent, this will result in a multiple error scenario as descBketdan
7.3.2.2. The actual consumption of an error is considered to be of higher severity, and so it wou
expected that the error log reflesthe details around the error consumption, overriding ang &
the error production/detection.

* |n addition to the above rules, arror consumeinf a CCIX protocol error (e RA HA switch)mustnot

operate on the erroneous data
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o If possible, make an attempt to avoid further actions/operations that will cre@ie errors

* PER messageay be maskedyy the host
0 Section7.4describes the mechanism for masking CCIX protocol errors for a particular device.

o PER message is always routed from CCIX device to the host via the Error AgentID as specifi€ilih the
DVSE specification.

CCIX RAS introduces a new CCIX message for reporting CCIX protocol errors to the host. This section also
describes examples of potential software actions when the host software becomes notified of a CCIX protocol
error.

7.3.1 CCIX PER Message  Format

This section describes the CCIX PER message.détml€CIRER message an ID routed message type (as
described irChapter itisad a A 8 OSt f | yS2 dz&a aaBiasarinBabmatdatbdSeéras inforatiain
needed for the host to handle the erroPER message is sent over the crlis message classes of CCIX
protocol link. At PCle transport level, this message,dikeCIX mtocol messagg will besent over PCle CCIX
VC.

ThePER message is sent by the error reporting devitkeaprogrammed CCIX Pddetermined by the Error

AgentID peChapter 3. Figure7-2 describes the format of the CCIX PER message. The field definitibis of t
message will have the same field definitions as the CCIX PER Log Common Header Structure, which is described
in more detail inSection7.3.2.1

+0 +1 +2 +3

7 6 5 4 3 2 1 0|7 6 5 4 3 2 1 0(7 6 5 4 3 2 1 0|7 6 5 4 3 2 1 0
+00| Ext MsgType MsgLen MiscCredit MiscOp Rsvdz
+04 PER Revision ME Rsvdz RsvdzZ
+08 Source ID Component Typd Source Port ID RsvdzZ B 2| S| D |VENARY RsvdZ PER Type
+0C Fault Addres$63:32]
+10 Fault Addres$31:2] RsvdZ|
+14 Rsvdz FauLIteﬁg ?hrf Ss:(s)] Mask
+18 RsvdZ
+1C RsvdZ
+20 RsvdZ

Figure7-2: CCIX Protocol Error Reporting (PER) Message Format

The details of the éilds in DWO are described @hapter 3 The details of the fields in DW1 and DW2 are
described inTable7-1 and Table7-2, respectively. The fault address is provided in DW3 and DW4.
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The fault address mask length is provided in DW5. When the fault address is valid, the faids adds& length
indicates the number of contiguous mask bits, used to specify the granularity of an error. For example: an error
that is detected on a 64 byte cache line granularity would report a value of 6.

The remainindW6, DW7, and DW8 areserved fo future use.

Table7-1: CCIX PER Message DW 1

Bit FieldDescription Attibutes
Location

7:0 PER Revision (PerRev RO
This field indicates the revision of the PER message.
0x01: Revision 1 (the currergvision)

All other values are reserved

14:8 Reserved and Zero Rsvdz
15 Multiple Errors (MultiErr) RO
This field indicates that multiple errors were detected at that CCIX agent
component.

0: Single error

1 Asingle error was detected and loggethe PER log will hold the
syndrome information of this error.

1: Multiple errors

1 Multiple errors were detected, the only error that is logged was the fi
error detected at this severity (i.e. CE vs. UESmUebit described in
the next DW). Subsequeatrors of the same or lower severity will no
be reported or logged.

31:16 Reserved and Zero Rsvdz

Table7-2: CCIX PER Message DW 2

Bit Location | FieldDescription Attributes

7:0 Error Source IDErrSrcld) RO
If the agent type is an HA, SA, or RA: This field indicates the CQ
AgentID of the component that reported this error. In this case b|
7:6 must be zero, since AgentID is only 6 bits.

The AgentID should be used to derive the BDF

Otherwise: Tis specifies the CCIX Device ID (i.e. in the case of
CCIX Link, or device errors).

CCIX RAS Overview © 2016-2019 CCIX Consortium, Inc. ALL RIGHTERRED. CONFIDENTIAL3680f 400
February 15, 2019



Hardware Specification CCIX Protocol Error Reporting (PER)

Bit Location | FieldDescription Attributes

11:8 Error Source Port IEErrPortld) RO
If the CCIX protocol component type is a Port or CCIX Link: Thig
indicates the CCIX Port ID that reported this error.

The combinatiorErrSrcldand ErrPortldshould be used to derive
the BDF

Otherwise: This field is not valid

15:12 Error Component Typ€ErrCompType) RO
This field indicates the type of CCIX protocol component that
reported this error.

0x0: RA

Ox1:HA

0x2:SA

0x3:Port

0x4: CCIXink

All other values are reserved

16 Uncorrected Error $evUe RO

When this bit is set, hardware is indicating that it was unable to

correct or recover from the error.

0: Corrected / Informational

1 Recommend System Action: RefeSevDegradetb
determine if a CE threshold has been reached. Refer to
SevDeferredo determine if this is an unconsumed error that
may have triggered poison creation. RefeMaltiErr to
determine if multiple errors haveccurred. Log the error.

1: Unorrected

1 Recommend System ActioRRefer to SevNocomm,
SevDegraded, and SevDeferred to determine action.
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Bit Location | FieldDescription Attributes

17 CCIX Protocol Communication Broke®ef¢Nocomn RO

This field is invalid/ignored 8evUe is zero

When this bit iset, hardware indicates that CCIX protocol

communication is broken, and is unsafe to proceed with CCIX

protocol communication.

0: CCIX protocol Communication is safe

1 Recommend System ActioRefer toremaining syndrome info
for details (e.g. addresdylultiErr, and SevDegraded

1 Action depends on system/software configuration details wh
it comes to that particular CCIX endpoifithe system action
here will be platform specific.

1 For exampletUncorrected memory errors may be attributed t
an address naddress mask (i.e. address rang&here may be
software knowledge about that particular CCIX device to
determine whether the error may be isolated or contained.

o If Address availablgdddrValid is 1) Software may
attempt to recover without restartingdepending on the
criticality of the data that was lost/corruptedja page
offlining mechanisms.

o If Address is not availab{@ddrValid is Q)Dependngon
how isolated the CCIX endpoint is, it may involve tasgpt
the CCIX end poirindrestarting applications/VMs
associated with that endpoint, oriie CCIX endpoint is
critical to system operation, this magquire a full system
reboot.

1: CCIX Protocol Communication is unsafe

1 In cases where an uncorrected error is lost, this bit must be

1 Recommend System Actioiction is implementation
dependent, which mayepend on how isolated the CCIX
endpoint is

1 For example:he actionmay involve reseing the CChéagent
restarting applications/VMsassociated with thaagent or (if
the CClXagentis critical tosystem operatiohmay require a full
system reboot.

I Parameters to make these decisions could vary between
platforms due to differences igystem RAS policies

1 In case of multiple error scenarios, loss of UEs must result i
broken CCIX protml communication. If so, this must be
reflected by setting this bit.
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Bit Location | FieldDescription Attributes

18 Degraded / ThresholdSevDegradeq RO
When this bit iset, the CCIX device is operating in a degraded
reliability mode and device failure is more likeldardware may set
this bit when it has reached some type of error threshmiatritical
error condition(e.g. CE threshold or unlikely/unexpected UES).
The setting of thresholdare deviceendorspecific. It may be har
coded by hardware or programmaVia device driver or firmware
The specifics of setting thresholds is outside the scope of this
specification.

19 Deferrable GevDeferredl RO
When this bit is set, the error was detected by the agent or deviq
but has not yet been consumedin the cae of a data error, this bit
may be used to indicate poison creation.

Action is implementatiordependent.

This field is only valid if SevUe=0. The act of poison creation is
typically informational and must be reported from the data sourc
that detected tte error.

If the error is eventually consumed by the target/destination age
that agent will report the error as an uncorrected error (i.e.
SevUe=1).

It is possible for the poisoned data to be consumed by multiple
agents on a data path and therefore ped multiple times.

It is implementationdependent whether or not intermediate
agents/components that are passing along poisoned data send
PER message or log the poison. Some system/device
implementations may choose to refrain from reporting theaarr
until the poisoned data arrives at its final destination (if possible
and therefore limit reporting of the error to the source and
destination.

23:20 Reserved and Zero Rsvdz
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Bit Location | FieldDescription Attributes

27:24 PER TypéPerType) RO
This field indicates the PER type. When VENifield selects ong
of the following architectural PER types:

0x0: Memory Error Type Structure (valid only if ErrCompType is
or SA)X, described irSection7.3.3

0x1: Cache Error Type Structure (valid only if ErrCompType is R
HA, or SA} described irSection7.3.4

0x2: ATC Error Type Structure (valid only if ErrCompType @s RA|
described irSection7.3.5

0x3: Port Error Type Struge (valid only if ErrCompType is Part)
described irSection7.3.6

0x4: CCIX Link Error Type Structure (valid only if ErrCompType
CCIX Link) described irSection7.3.7.

0x5: Agent Internal (valid for atf)described irSection7.3.8

All other values are reserved.

29:28 Reserved and Zero Rsvdz

30 Address Valid FlagAddrValid) RO
This field is set when the fault base address fields in the CCIX H
message is valid.

0: FaultAddress is unknown

1 For Error Agent types of HA or SA: Software may assume tH
the Fault Address Mask is based on the BAT.

1 For Error Agent Types of RA: Software may assume that th
Fault Address Mask is all of memory (any data in memory c
be corrupted.

1: Fault Address is known

1 The Fault Address fields (DW3 and DW4) in the PER mess{
provides a valid address.

1 The Fault Address Mask Length is only valid if this bit is set
one.

1 Itis assumed that the host hardware may only take action o
the cacheihe granularity due to lack of address mask in the
PER message. Errors with larger granularity will depend on
software action, since software will have access to the PER

31 VendorSpecific Error Type FlgyenErrTypeFlag) RO

This field is set for CCIX protocol errors that cannot be describe

PER Types. TRerTypdield will be implementation defined when

this field is set. All other fields in the PER message must still be

per this specification.
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7.3.2 CCIX PER Log Stru  ctures

The CCIX PER Log is intended for reporting hardware faults that will result in protocol errors. The protocol errors
will normally be associated with a particular CCIX protocol component (i.e. CCIX Link, Port, HA, SFher RA).
offset, in number dbytes, to the start of the PER log structure is indicated by the Error Log Offset of the various
capability structures, which are shown$ection6.2.2 TheError Log Offset must be in integer multiples of DW.

(:% IMPLEMENTATION NOTE

The Error Log location, indicated for each component in the Error Log Offset, may be unique per CCIX
component, or could also be shared across multiple CCIX protocglacemts (within the same PCle BDF).

Devices with a common Error Log location shared across ALL CCIX protocol components on thedibevice
indicate that common location in the Device Error Log Offset field.

Error log from a CCIX device is made availatheNR dz3 K | wh aLJ} OS A gthabdBaBAIOS Q& 5
iscaptured it cannot be overwritterby future errors with the same or lessseveity (seeSection7.3.2.2). The
error log must be sticky and the host must retain the error log even in scenarios where the link goes down.

Figure7-3 describes the CCIX PER Log Format. TheifjistDW of the PER log structure is a log header that is
based on the PER message format. The PER Log Header provides the fault addressaaitiidasiimask length
OAFT QL At o0ofSOd ¢KS NBYFAYAYy3a a0NUzOGdz2NE FASER RSTAY

The following subsections describe the error fiedd details. Eacherror log field may beclassified as Mandatory
(M) or Optional(O) Theclassidl A2y A& AYRAOFIGSR o0& GKS daakhé 0O2f dzy
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31 16 15 14 0
+00 Rsvdz ME Log Length PER Revision

31 30 29 28 27 24 23 20 19 18 17 16 15 12 11 0
+04|Ven| Adr| RsvdZ PER Type Rsvdz B | 2| Sl | D | Component Typg Rsvdz

31 0
+08 Fault Addres$63:32)]

31 0
+0C Fault Addres$31:2] RsvdZ

31 0

Fault Address Mask

+10 B2 Length[5:0]

31 0
+14 Rsvdz

31 0
+18 Rsvdz

31 0
+1C Rsvdz

31 0
+20 PER Yor Inéo

31 0
+X PER Log Error Info N

Figure7-3: CCIX PER Log Structure Format

7.3.2.1 CCIX PER Log Header

The PER Log Header consistg5ffbits. DW0 and DW1tepresent the error log attribute fieldsvhich are
described inTable7-3 and Table7-4. The third and fourth DWs provide the fault address of the error, as
described irSection7.3.1 The fifth DW provide the fault address mask length of the error, as described in
Section7.3.1 The sixth, seventh, and eighth DW are reserved for future use.
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Table7-3: CCIX PER Log Header DW 0

Bit Field Description Attribute M/O
Location
7:0 SeeTable7-1 for definition of this field, substituting RO M
Gt 9w [ 23 KSFRSNE F2NJ at 9
14:8 Log Lengti{LogLen) RO M

This field describes the number of DWs in the log
(including the log header).

For errors that do not have any additional error info, tf
field must be the size of the log header (0x18).

15 SeeTable7-1 for definition of his field. RO M
31:16 Reserved and Zero Rsvdz M
Table7-4: CCIX PER Log Header DW 1
Bit Field Description Attribute | M/O
Location
11:0 Reserved and Zero Rsvdz M
15:12 SeeTable7-2 for definition of this field. RO M
16 SeeTable7-2 for definition of this field. RO M
17 SeeTable7-2 for definition of this field. RO M
18 SeeTable7-2 for definition of this field. RO M
19 SeeTable7-2 for definition of this field. RO M
23:20 Reserved and Zero Rsvdz M
27:24 SeeTable7-2 for definition of this field. RO M
29:28 Reserved and Zero Rsvdz M
30 SeeTable7-2 for definition of this field, substituting RO M
Gt 9@3 KSFRSNE F2NJ atow Y

31 SeeTable7-2 or definition of this field. RO M

7.3.2.2 Overwrite / Overflow Rules in Multiple Error Scenarios

This subsection describes how a CCIX device/agent must handle multiple error scenarios. Whenoaoweso
while the PER log is still populated, due to not yet being acknowledged and cleared by software, the device will
send a PER message with the MultiErr bit set and update the PER log if the following actions apply:

« The MultiErr bit is not already s the PER log, update the PER log to set the MultiErr bit.

o If the error is of the same or lower severity, PER log is maintained except for setting of the MultiErr
bit.
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o If the error is of higher severity (e.g. first error was a CE, second error wasta&sEER log will be
updated with the new syndrome information in addition to setting of the MultiErr bit.

« The MultiErr bit is already set, but the new error is of higher severity. In this case, the PER log will be
updated with the new syndrome informiain.

The severity priority from lowest to highest is enumerated @ble7-5.

Table7-5: CCIX Error Severity Priorities (lowest to highest)

Severity SEVO SEV1 SEV2 SEV3
Priority (SevUe (SevNocon (SevDegradey (SevDeferred

1 0 0 0 0

2 0 0 1 0

3 0 0 0 1

4 0 0 1 1

5 1 0 X 0

6 1 1 X 0

Each time the PER log is a#tdrdue to one of the above scenarjdbis must also result in a PER message
reflecting this change in the lodn the below example, the host may have received four PER messages, but the
PER log only retains the final state.

For example:
e A multierror scenario on the same agewtll result in multiple PER messages.

« Aninitial single corrected error is logged andgers a PER message to be sent WthitiErr=0 and
SevUeO0.

e On a second corrected error, the log is updated/witiErr=1, maintaining the existing syndrome
information of the first error, followed by a PER message to reflect the new state of the PER log.

s An uncorrected error is then detectd@evUel) the log is updated to capture the syndrome of the
uncorrected erroi(since the new error is of higher severjtfgllowed by a PER meggato reflect the
new state of the PER log.

s« On a second uncorrected error, the Isigouldbe updated to upgrad&evNocomml, followed by a PER
message to reflect the new state of the PER IDge to the loss of the syndrome of the second UE, the
addressof the data that has been corrupted is unknown, rendering further communication unsafe.

The loss of UEs iypicallyconsideredmore severe than loss of CEs.
For example:

e In cases wher&evUelandMultiErr=1, the host must also refer t8evNocomnto determine whether
a CE or UE is lost.

s [|f CE is losthe device may sesevNocommO: Software may just handike UEin the PER lgagand log
that multiple CEs have occurrédot having syndrome of the CE that was lost)
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s [f UE is lostthe device must seésevNocomml (due to not having the syndrome of the UE that was
lost). See recommended actions describe&evNocomm

(5 IMPLEMENTATION NOTE

Host side hardware may implement PER queues and hardware counters to handle and store multiple €
How hardwae advertises these featas is implementation dependent.

7.3.3 Memory Error Type Structure

Table7-6 describes the CCIX PER Memory Error Type Structure. This structure is variable length and starts at
sixth DW of the PER log.

Some field definitions in this structure are based on existingctures/fields defined in th&JEFSpecification
Version2.7 Appendix NCommon Platform Error Record (CPERgReference Documents

Table7-6: CCIX PER Memory Error Type Structure

Byte Size (Bytes)| Register Description Attribute M/O
Location
0 4 Validation Bits RO M

All subsequent fields will have a validation bit

indicate whether that field hagalid data

Bit 0:GeneridMemory Type

Bit 1: Operation

Bit 2: Memory Error Type

Bit 3: CardChannel)

Bit 4: Bank

Bit 5: Device

Bit 6: Row

Bit 7: Column

Bit 8: Rank

Bit 9: Bit Position

Bit 10: Chip Identification

Bit 11:VendorSpecific Log Info
Bit 11is intended to indicate that there is
vendorspecific log info provided with this
error log.

Bit 12: Module

Bit 13: Specific Memory Type

All other bits are reserved.

Note: The order of the Validation BitsTable
7-6 does not, in all cases, follow the order of
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Byte Size (Bytes)| Register Description Attribute M/O
Location

fields in that same table. This is unlikeble7-7

and Table7-8 for example, where the order of
the Validation Bits follow the order of fields in
that same table.

4 1 FRU ID RO M
This field indicates a generic instance ID for
identifying the location of the field replaceable
unit (FRU).

The value of OXFF is reserved for errors that a
RSGSOGSRK MY YW2W2 NE ¢
to software. In this case, it is assumed the FR
is the actual CCIX device itself.

For exampleOn a device that supports up to 4
channels and 2 DIMMs per channel, that devig
supports up to 8 DIMMs populated. The value
this field will indicate which of the 8 possible
DIMM slots raised the error cortiin.

<

5 1 Reserved and Zero Rsvdz
Length RO M
This field indicates the length of this memory
error type structure in bytes (includirtge
VendorSpecific Log Info).

8 1 Memory Pool Generic Memory Type Capabilit RO 0]
This field indicates one tifie following memory
types.

0x00: Other, Notspecified

0x01: ROM

0x02: Volatile Memory

0x03: NonVolatile Memory

0x04: Device/Register Memory

0x800xFF: Values arendorspecific

All other values are reserved

9 1 Operation Type RO 0]
This fieldindicates one of the following
operation types.

0: Generic

1:Read

2: Write

4: Scrub

All other values are reserved

10 1 Memory Error Type RO o
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Byte

Location

Size (Bytes)

Register Description

Attribute M/O

This field indicates the type of error that
occurred

0: Unknown

1: No error

2: Singlebit ECC

3: Multi-bit ECC

4: Singlesymbol ChipKill ECC

5: Multi-symbol ChipKill ECC

6: Master abort

7: Target abort

8: Parity Error

9: Watchdog timeout

10: Invalid address

11: Mirror Broken

12: Memory Sparing

13: Scrub

14: Physical Memory Maput event
All other values areeserved

11 1

Card or Channel NumbégChan)
This field indicates the card or channel numbe
(in hex) of the error location.

For exampleOn a device that supports up to 4
channels, this field indicates which channel
raised the error.

RO

12 2

Module (Mod)

This field indicates thmodule number(in hex)
of the memory error location.Ghannel Number
andModule should provide the informatio
necessary to identify the failing FRU).

For exampleOn a device that supports up to 4
channels and 2 DIMMs per channel, the value
this field may be between zero or one, to
indicate which on the two DIMMSs raised an
error.

RO

14 2

Bank

This field mdicates thebank numbel(in hex)of
the memory associated with the error. When
Bank is addressed via group/address (e.g.,
DDRA4)

Bit 7:0¢ Bank Address

Bit 15:8¢ Bank Group Device

RO
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Byte Size (Bytes)| Register Description Attribute M/O
Location
16 4 Device RO O

This field indicates thdevice numbe(in hex)
of the memory associated with the error.
20 4 Row RO @)
This field indicates theow number(in hex) of
the memory error location.

24 4 Column RO @)
This field indicates theolumn numbel(in hex)
of the memory error location.

28 4 Rank RO @]
Thisfield indicates theank number(in hex) of
the memory error location.

32 1 Bit Position RO 0]
This field indicates thbit position(in hex) at
which the memory error occurred.

33 1 Chip Identification RO 0]
This is an encoded field used to addréiss die
in 3DS packages.

34 1 Memory Pool Specific Memory Type Capabilit RO 0]
This field indicates one of the following memo
types.

0x00: Other, NotBpecified

0x01: SRAM

0x02: DDR

0x03: NVDIMMF

0x04: NVDIMIWN

0x05: HBM

0x06: Flash

0x800xFF: Valueare vendorspecific

All other values are reserved

35 (indicated by | VendorSpecific Log Info RO 0]
VenLen) | This is a variable length field that may be useq
by vendors for additional error information.
This structure is described 8ection7.3.9

7.3.4 Cache Error Type Structure

Table7-7 describes the CCIX PER Cache Error Type Structure. This structure is variable length and starts at sixth
DW of the PER log.

Some field definitions in this structure are based on existingcstires/fields defined in the UEFI72Appendix N
Common Platform Error Record (CPE&REReference Documenis
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Table7-7: CCIX PER Cache Error Type Structure

Byte Size Register Description Attributes M/O
Location | (Bytes)

0 4 Validation Bits RO M
All subsequent fields will have a validation bit to indicate
whetherthe field has valid data
Bit 0:Cache Type
Bit 1: Operation
Bit 2: Cache Error Type
Bit 3: Cache Level
Bit4: Set
Bit5: Way
Bit6: Cache Instance ID
Bit 7: VendoiSpecific Log Info

Bit 7is intended to indicate that there is vendepecific

log info provided with this error log.
All other bits are reserved
4 2 Length RO M
This field indicates the length of this cache error type
structure in bytes (including théendorSpecifid_og Info).
6 1 Cache Type RO @]
This field indicates one of the following cache types.
0x0: Instruction Cache
0x1: Data Cache
0x2: Generic / Unified Cache
0x3: Snoop Filter Directory
All other values are reserved
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Byte Size Register Description Attributes M/O
Location | (Bytes)

7 1 Operation Type RO @)
This field indicates one of the following operation types.
0: GenericHror (type of error cannot be determined)

1: GenericRead(type of instruction or data request cannot
be determined)

2: Cenerickite (type of instruction or data request cannot
be determined)

3: DataRead

4: Data Write

5: InstructionFetch

6: Prefetch

7: Bviction

8: Shooping(the masterdescribed irthis loginitiated a
cache snoop that resulted in an error)

9: Shooped(the masterdescribed irthis lograised a cache
error caused by another processor or device snooping in
its cache)

10: Managementor Command Error

All other values are reserved

8 1 Cache Error Type RO @]
This field indicates the type of error that occurred
0: Data

1:Tag

2: Timeout

3: Hang

4: Data Lost

5:InvalidAddress

All other values areaserved

9 1 Cache Level RO O
This field indicates the level of the cache where ¢hner
was detected (relative to the agent).

10 4 Set RO O
This field indicates the set number (in hex) where the err
was detected.

14 4 Way RO (@]
This field indicates the way number (in hex) where the er
was detected.
18 1 Cache Instance ID RO 0]
This field indicates the instance number (in hex) or ID of
cache where the error was detected (relative to the agen
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in Section7.3.9

Byte Size Register Description Attributes M/O
Location | (Bytes)
19 1 Reserved and Zero Rsvdz
20 (indicated | VendorSpecificLog Info RO
by This is a variable length field that may be used by vendo
VenLen) | for additional error information. This structure is describe

7.3.5 ATC Error Type

Table7-8 describes the CCIX PER ATC Error Type Structure. This structure is variable length and starts at sixth

DW of the PER log.

Structure

Table7-8: CCIX PER ATC Error Type Structure

Byte Size Register Description Attributes M/O
Location | (Bytes)
0 4 Validation Bits RO
All subsequent fields will have a validation bit to indicate
whetherthe field has valid data
Bit 0: OperationType
Bit1: ATGnstance ID
Bit 2:VendorSpecifid.og Info
Bit 2is intended to indicate that there i&ndorspecific
log info provided with this error log.
All other bits are reserved
4 2 Length RO

This field indicates the length of this ATC error type struct
in bytes (including th&endorSpecifid_og Info).

CCIX RAS Overview © 2016-2019 CCIX Consortium, Inc. ALL RIGHTERRED. CONFIDENTIAL3830f 400

February 15, 2019




Hardware Specification

CCIX Protocol Error Reporting (PER)

Byte

Location

Size
(Bytes)

Register Description

Attributes

M/O

6

1

Operation Type

This field indicates one of the following operation types.
0: generic error (type of error cannot be determined)

1: GenericRead(type of instruction or data request cannot
be determined)

2: GenericWrite (type of instruction or data request cannot
be determined)

3: DataRead

4: Data Write

5: Instruction Fetch

6: Prefetch

7: Bviction

8: Shooping(the masterdescribed inthis loginitiated a cache
snoop that resulted in an error)

9: Shooped(Themasterdescribed irthis lograised a cache
error caused by another processor or device snooping int
cache)

10: Managemenbor Command

All other values are reserde

RO

ATC Instance ID

This field indicates the instance number (in hex) or ID of t
cache where the error was detected (relative to the agent

RO

4

Reserved and Zero

Rsvdz

12

(indicated
by VenLen)

Vendor-SpecificLog Info
This is a variable length field that may be used by vendory
additional error information. This structure is described in

Section7.3.9

RO

7.3.6 Port Error Type

Table7-9 describes the CCIX PER Port Error Type Structure. This structure is variable length and starts at sixth

DW of the PER log.
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Table7-9: CCIX PER Port Error Type Structure

Byte Size Register Description Attributes M/O
Location | (Bytes)

0 4 Validation Bits RO M

All subsequent fields will have a validation bit

indicate whether the field hagalid data

Bit 0: Operation

Bit 1: Port Error Type

Bit 2: CCIX Message

Bit 3:VendorSpecifid_og Info
Bit 3is intended to indicate that there is
vendorspecificlog info provided with this
error log.

All other bits are reserved

4 2 Length RO M
This field indicates the length of this port errol
type structure in bytes (including théendor
Specifid.og Info).

6 1 Operation Type RO 0]
This field indicates one of the following
operation types.

0: Command Error

1: Read
2: Write
All other valuesre reserved
7 1 Port Error Type RO @]
This field indicates the type of error that
occurred
0: Generic Bus Slave Error
1: Bus Parity ECC error (in transit to agent)
2: Decode Erro(BDF not present)
3: Decode Erroflnvalid Address)
4: Decode Errofinvalid AgentID)
5:Bus Timeout
6: Hang
7: Egress Blocked

All other values areaserved

8 32 CCIX Message RO 0]

This field indicates the raw CCIX message th;
resulted in an error.
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by vendors for additional error information.
This structure is described 8ection7.3.9

Byte Size Register Description Attributes M/O
Location | (Bytes)
40 (indicated | Vendor-SpecificLog Info RO (0]
by VenLen)| This is avariable length field that may be used

7.3.7 CCIX Link Error Type Structure

Table7-10describes the CCIX Link Error T@picture. This structure is variable length and starts at sixth DW

of the PER log.

Table7-10: CCIX Link Error Type Structure

Byte Size Register Description Attributes M/O
Location (Bytes)
0 4 Validation Bits RO M
All subsequent fields will have a validation bit
indicate whether the field has valid data
Bit 0: Operation
Bit 1: Link Error Type
Bit 2: Link ID
Bit 3: Credit Type
Bit 4: CCIX Message
Bit 5:VendorSpecifid.og Info
Bit 5is intended to indicate that there is
vendorspecificlog info provided with this
error log.
All other bits are reserved
4 2 Length RO M
This field indicates the length of this port errol
type structure in bytes (including théendor
Specifid_og Infg.
6 1 Operation Type RO 0]
This field indicates one of the following
operation types.
0: CommandE&tror
1: Read
2: Write
All other values are reserved
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Byte Size Register Description Attributes M/O
Location (Bytes)
7 1 Link Error Type RO (0]
This field indicates the type of error that
occurred

0: Generic Link Error

1: Link Credit Underflow

2: Link Credit Overflow

3: Unusable Credit Received
4: Link Credit Timeout

All other values areaserved

8 1 Link ID RO O
This field indicates ID of the link associated w
this error.

9 1 LinkErrorCredit Type RO 0]

Thisfield indicates the Credit Type associated
with this error.

0: Memory Credit

1: Snoop Credit

2: Data Credit

3: Misc Credit

All other values are reserved.
10 2 Reserved and Zero Rsvdz M
12 32 CCIX Message RO 0]

This field indicates the raw CCIX mesghgée
resulted in an error.

44 (indicated | Vendor-SpecificLog Info RO 0]
by VenLen)| This is a variable length field that may be use|
by vendors for additional error information.
This structure is described 8ection7.3.9

7.3.8 Agent Internal Error Type Structure

Table7-11 describes the CCIX PER Agent Internal Error Type Structure. This structure is variable length and
starts at sixth DW of the PER log.
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Table7-11: CCIX PER Agent Internal Error Type Structure

vendors for additional error information. This

structure is described i8ection7.3.9

Byte Size Register Description Attributes | M/O
Location (Bytes)
0 4 Validation Bits RO M
All subsequent fields will have a validation bit tg
indicate whether the field has valid data
Bit 0:VendorSpecifid_og Info
Bit Ois intended to indicate that there is
vendorspecificlog info provided with this
error log.
All other bits are reserved
4 2 Length RO M
This field indicates the length of this agent
internal error type structure in bytes (including
the VendorSpecifid.og Info).
2 Reserved and Zero Rsvdz 0]
(indicated | VendorSpecificLog Info RO 0]
by VenLen)| This is a variable length field that may be used |

7.3.9 Vendor -Specific

Table7-12 describes the format of th&¥endorSpecifid.og Info. This structure is variable length.

Log Info

Table7-12: Vendor-SpecificLog Info

Byte Siz Register Description Attributes | M/O
Location | (Bytes)
0 2 Vendor Info Length (VenLen) RO M
This field indicates the length of this structure in
bytes.
6 Reserved and Zero Rsvdz M
(indicated | VendorSpecificinfo Structure RO (0]
by This is avariable length structure. This structure is
VenLenVen implementation defined.
Len-4)
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7.4 CCIX Error Control & Status Structures

CCIX provides error control mechanisms at two levels:
s Level 1.CCIX Device Error Control & Staper (CCIX devige
o /2YY2y RSQOAOS SNNRNJ O2yiNBf A& LINRPDARSR @Al GK

4

(seeSection6.2.2.1.2.¢ KS a5SPAOS ONNRBNI / 2yésNRf 3 { G Gdz& w
- Bit to enable PER reporting from the CCIX device
0 The layout of this register is described in more detaBéction7.4.1and Table7-13.
s« Level 2Component Error Control & Statysef CCIX protocol compongnt

0 9FOK //L- LINRBG202t O2YLRYSYil gAft KEBS da/2YLRY
(*ErCntISta® and *ErrCntlStafifor local error status. The following registers include:

- Port Error Control & Status RegistéPortErrCntIStdt and PortErrCntIStajl

- CCIX Link Error Control & Status ReggtenkErrCntlSt&and LinkErrCntIStayl
- HA Eror Control & Status RegistefHAErrCntlSted and HAErrCntlStatl

- RA Error Control & Status Regist@RAErrCntISted and RAErrCntlStgtl

- SA Error Control & Status RegistSAErrCntlSted and SAErrCntlStgtl

o The layout of each of these registers esdribed inSection7.4.1, Table7-14, Table7-15, and
Section6.2.2

The reset value of all error control and status registers in a CCIX device must be disabled. Host software must
explicitly enable error reporting of the CCIX device and each CCIX praiogmment. Once enabled, errors are
unmasked by default unless mask bits are set by software.
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7.4.1 Error Control Register Definitions

31 1 0

RsvdP En

Figure7-4: Device Error Control & Status Regst{DevErrCntlStat

31 43 21 0

+00 RsvdP Dis Sta

31 26 25 16 15 14 13 87 65 0

+04 RsvdP PerTypeMask RsvdP SevReportMask RsvdP SevLogMask

Figure7-5: Component Error Control & Status RegistetEifCntlStatOand *ErrCntlStat)

Table7-13 describes the bit definitions of the Device Error Control & Status Register.

Table7-13: Device Error Control & Status Regist®e{/ErrCntIStatFields

Bit Location | Field Description Attributes M/O

0 Error Reporting EnabléEn) RW M
This field enables/disables both PER messages and lo
on this device

Ob: PER messages will not be reported from this devic
Protocol errors will not be reported once this field is
cleared (if previously set). Any pending component
protocol errors that have already been logged for a
particular component will remain pending in tistafield
and in the PER log area (i.e. cleatimg field does not
clear pending errors).

1b: PER messages will be reported from this device.

In the event of an unmasked protocol error, a PER log
enabled and unmasked) will be captured and a PER
message (if enabled and unmasked) will be reported ta
the host.

Reset value of this field must be zero

311 Reserved and Preserved RsvdP M
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Table7-14 describes the bit definitions of the Component Error Control & Status Re@iétErrCntlIStat0)

Table7-14: Component Error Control & Status RegisterBifCntlStat( Fields

Bit Location | Field Description Attributes | M/O
1:0 Error Status (Sta) RW1C M
This field indicates the error status of this CCIX protocol
component.

00b: PER log has been cleared and there igamaling error
01b: PER log is valid and an error is pending. A PER mess|
was not reported.

10b: Invalid

11b: PER log is valid, a PER message has been reported,
error is pending

Writing these bits with all ones will clear the status bazk t
zero and thereby clearing/invalidating the PER log (i.e. ong
status is cleared, the device is permitted to overwrite the lo
on a new error event).

Writing these bits with all zeros will have no effect.

Writing any other value to these bits is undefth
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Bit Location | Field Description Attributes | M/O

(Error Status description continued)

The following scenarios describe how th&abits would be

updated (or maintained) forraupgradedPER logas

described irSection7.3.2.2) without sending a PER messag
for aCCIX protocol component:

i 00b->01b: The PER log has been updated with a new
error without sending a PER message.

1 00b->11b: The PER log has beenatpd with a new
error and a PER message has been raised.

1 01b->00b : Software has cleared this error status and
PER log for the CCIX protocol component is no longer
valid.

I 01b->01b: The PER log has been upgraded (as desc
in Section7.3.2.2) without sending a PER message.

1 01b->11b: A higher priority error was detected after
software had enabled PER message reporting
(*ErrCntlStad.Dis cleared to zero when it was previousl|
set to 10b) or if PER message reporting was masked o
the previously logged error and unmasked on this high
priority error. The PER log has been upgraded (as
described irSection 7.3.2.2and a PER message hasib
raised.

1 11b->00b : Software has cleared this error status and
PER log for the CCIX protocol component is no longer
valid.

1 11b->01b: A higher priority error was received after
software had disabled PER message reporting
(*ErrCntlStat0.Disvritten to 10b when it was previously
zero), or if PER message reporting was unmasked on {
previously logged error and masked on this higher prio
error. PER log has been upgraded (as described in
Section7.3.2.2) without sending a PER message

I 11b->11b: The PER log has been upgraded (as desc
in Section7.3.2.2) and a PER message has been raised

This field will only log errors if PER is enabled for the devic

(i.e. DevErrCntiStat.En is also set to one).

Reset value of this field must be zero.
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Bit Location | Field Description Attributes | M/O

3:2 PER Disabl@_ogDis and Dis) RW M
This field enables/disables PBRBging and PER message
reporting for this CCIX protocol component.

00b: PER logging and PER message reporting for this
component is enabled.

In the event of a protocol error, this component will capture
log and set theStafield of this register to riéect that an error
is pending.

01b: Invalid

10b: PER message will n@ teported from this component.
This component will still capture a log and set Stafield of
this register to reflect that an error is pending. Subsequent
protocol errors will catinue to be logged, but not reported.
11b: PER logging and message reporting for this compone
disabled. Protocol errors will not be logged once this field i
set. Any pending error previously logged by this componer
will remain pending in th&tafield and in the PER log area (i
setting this field does not clear pending errors).

Clearing oDevErrCntlStaEnwill result in the device no
longer reporting subsequent protocol errors.

Reset value of this field must be 11b (i.e. once PER is enal
at the device, error reporting and logging remains disabled
the component by default, unless this bit is explicitly cleare
prior to enabling PER at the device)

314 Reserved and Preserved RsvdP M
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Table7-15describes the bit definitions of the Component Error Control & Status RegiétErrCntiStat).

Table7-15: Component Error Control & Status Registe(*ErrCntiStatl) Fields

Bit Location | Field Description Attributes | M/O

5:0 Severity Logging MasiSevLogMask) RW M
This field enables masking of error logging to PER log.
Bit O: If set, logging of severity priorityirl Table7-5 will be

masked
Bit 1: If set, logging of severity priority 2Tiable7-5 will be
masked
Bit 2: If set, logging of severity priority 3Tiable7-5 will be
maked
Bit 3: If set, logging of severity priority 4Tiable7-5will be
masked
Bit 4: If set, logging of severity priority STiable7-5 will be
masked
Bit 5: If set, logging of severity priority 6Tiable7-5 will be
masked

Reset value of this field must be zero (i.e. no errors are
masked unless explicitly set to be masked)

The rules and guidelines on how/when to set mask bits are
described irsection7.4.2
76 Reserved and Preserved RsvdP

13:8 Severity Reporting MaskSevReportMask) RW M
This field enables masking of error reporting via PER mess
Bit O: If set, reporting of severity priority 1 Trable7-5 will be
masked

Bit 1: Ifset, reporting of severity priority 2 ifiable7-5 will be
masked

Bit 2: If set, reporting of severity priority 3 Trable7-5 will be
masked

Bit 3: If set, reporting of severity priority 4 Trable7-5 will be
masked

Bit 4: If set, reporting of severity priority 5 Trable7-5 will be
masked

Bit 5: If set, reporting of severity priorityTable7-5 will be
masked

Reset value of this field must be zero (i.e. no errors are
masked unless explicitly set to be masked)

The rules and guidelines on how/when to set mask bits are
describedn Section7.4.2

15:14 Reserved and Preserved RsvdP M

<
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Bit Location | Field Description Attributes | M/O

25:16 PER Type MadqPerTypeMask) RW M
This field enables masking of errors by PER.Type

Bit O: If set, reporting of Memory errors will be masked

Bit 1: If set, logging of Memory errors will be masked

Bit 2: If set, reporting of Cache errors will be masked

Bit 3: If set, logging of Cache errors will be masked

Bit 4: If set, reporting of ATC errors will be masked

Bit 5: If set, logging of ATC ers will be masked

Bit 6: If set, reporting afink andPort errors will be masked
Bit 7: If set, logging dfink andPort errors will be masked

Bit 8: If set, reporting of Agent Internal errors will be maske
Bit 9: If set, logging of Agent Internaters will be masked
Reset value of this field must be zero (i.e. no errors are
masked unless explicitly set to be masked)

31:26 Reserved and Preserved RsvdP M

7.4.2 Device Error Control Flows

The following subsections describe the legal emmbmmended flows for enabling and disabling PER capabilities
of a CCIX device. CCIX compliant devices and systems must follow the rules and flows described below.

7.4.2.1 Error Masking Rules

If software setsmask prior toenabling of error reporting/logging ahe component or device levéle.
DevErrCntiStat.En=0 or DevErrCntiStat.En=1, *ErrCtiSist1, *ErrCntlStAtLogDis=1), and all pending errors
have been cleared (*ErrCntlS@abta=0):

Rule:Hardware must apply the mask by the time the enable takéscefi.e. setting of DevErrCntlStat.En=1,
*ErrCntlSta®.Dis=0, *ErrCntIStatlLogDis=0), ensuring that no errors of the masked severity and/or PER type
are logged/reported (depending on what is being masked).

For example Software may setbit 0 of *ErrCntIStal.SevReportMasknd *ErrCntlStdt.SevLogMasio
maskall CEsat the component. Hardware must guarantee that no subsequent error with severityrity 1
(per Section7.3.2.2is reported or logged in the future (or until this mask is cleared).

If software setsa maskafter error reporting/logging at the component or device lebels already been enabled
(e.g. DevErrCntlStat.En=1, *ErtiStat0.Dis=0, *ErrCntlStatLogDis=0), and all pending errors have been
cleared (*ErrCntlSt&tSta=0):

Rule:Hardware must apply the mask in a timely mannemsuring that no errors of the masked severity
and/or PER type are logged/reported (dependingadrat is being masked). This mask must take effect
prior to an immediate subsequent read thie same *ErrCntlSta@tand *ErrCntIStatl Registers

For example Software may setbit 0 of *ErrCntlStat.SevReportMasknd *ErrCntlStet. SevLogMasio
maskall CEsat the componen}, do asubsequent read ahe *ErrCntlIStad and *ErrCntlStatl Registers
CCIX RAS Overview © 20162019 CCIX Consortium, Inc. ALL RIGHTERRE®. CONFIDENTIAL395of 400

February 15, 2019



Hardware Specification CCIX Error Control & Status Structures

Software then reads *ErrCntlS@and *ErrCntlStatl Registemad finds thamno errors are pending
Hardware must guarantee that no subsequent error with seyapitority 1 (perSection 7.3.2.2) is reported
or logged in the future (or until this mask is cleared).

If software sets a mask and the immediatdsequent read of *ErrCntlStaSta finds that there is an error
pending, software may clear the status and follow up with another read. Since hardware must guarantee that
the mask was in effect by the first read, no masked error should be left penditig Isgcond read.

7.4.2.2 Recommended Flow for Enabling Errors at Boot

On UEFI compliant systems, it is recommended that UEFI must ensure that PER reporting and logging is disabled
at UEFI Core Exit Boot Services. It is required that boot firmware puts thdefeiXinto a known and stable

state prior to transitioning to the OS or Hypervisor control. This will be necessary because the OS/Hypervisor

will not be able to handle protocol errors until the CCIX PER driver has loaded and initialized PER cagabilities

the device (per the appropriate platform RAS policy).

CCIX PER driver will take the following steps for each CCIX device discovered. The driver will first ensure that
DevErrCntlStat.En is cleared. For each CCIX component on that device, it erith pleef following sequence.

1 Fetch user RAS policy for each device component

2 If RAS policy exists, and indicates to disable PER logging
a. Set *ErrCntlSté&tLogDis=1
b. Move on to next CCIX component

3 If RAS policy exists, and indicates to disable PER message
a. Set*ErrCntlSta0.Dis=1

4 If RAS policy exists, and indicates severity mask

a. Set *ErrCntiStdt SevReportMask‘ErrCntlStat.SevLogMaskand *ErrCntlStdtPerTypeMaskased on
device/component policy

After all components have been configured, set DevErrCntIStat.En

7.4.2.3 Guidelines for Dynamic Error Mask Updates

It is recommended that CCIX protocol errors for a component are disabled during updates to the *ErrCntIStat
mask fields. However, if dynamic mask updates are necessary while the component error logging is enabled (i.e.
DevErrCntiStat.En=1, *ErrCntl®taiogDis=0), software is required to query the *ErrCntlB&tt immediately

after updating the mask.

If *ErCntISta0.Sta=1, software must check if the error severity or PER type is intended to be masked. If itis an
error intended to be masked, software may clear the error and proceed assuming the mask has taken effect
from this point on. Otherwise, softwaraust handle the error that has been logged.

If *ErrCntIStad.Sta=0, no action is needed and software may proceed assuming the mask has taken effect from
this point on.
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Chapter 8. CCIX ATS Specification

8.1 Introduction

Memory requests issued by a C®Request AgenfRA)use physical addresseiccelerator Functions (AFs)
associated with an RA must present a Physical address to theHanded a virtual address by software must
perform address translation prior to usitige address. Request Agents must not issue memory requests with
untranslated virtual addresses onto a CCIX link as this may violate page table based security or virtualization
which is hidden from the RA and its controlling software.

There are two methosl an AFmay use to translate a virtual address. The first is to obtain address translations
from the host system using a variant of P@&fined Address Translation Services before performing translated
memory requests. The second method for obtaining slated addresses is for thg-to contain an MMU that
supports the native page table formats of the host system. The specific requirements for a native MMU are
specific to the host platform and outside the scope of this specification.

8.2 Address Translation Services

An AFmay use a variant of PGliefined ATS to obtain translated address and manage the state of translations
d02NBR Ay | t£20Ff !¢/ d ¢KS !¢/ A& t23A0rtfe f20F0SR
logic and the CChéquest agent The CCIX cache may only store data tagged using translated addresses.

PCle formatted ATS translation requests, translation completions, invalidation requests, page requests and page
responses are sent over VCO. Invalidation responses may bersamty VC except for the CCIX VC.

CCIX compatible root ports and their associated Translation Agents must support PASID prefix in conjunction
with PCle ATECIX Request Agents may optionally support PASID prefix.
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8.3 Invalidation Semantics

The ATS invaation completions semantics are modified when interacting with the CCIX VC. An Invalidation
Completion from a Acceleration Functiomay not be returned until the following conditions are met:

* Normal PCle ATS invalidation semantics are satisfied witeindh-CCIX VCs

s All translations derived from the invalidated address range have been removed from the Request
13SydiQa !¢/

e An ARwill not generate new requests using the invalidated translations

e All outstanding cacheable requests using invalidated translations have been completed to the cache. For
example, a cacheable write is completed after it is written into the cache. A cacheable read is completed
after the target data is loaded into the cache

« All outstanding device and nezacheable requests using invalidated translations have been completed
le¢{ AYyQlItARIFIGAZ2Ya R2 y23 OldzaS RIGlF gAGKAY GKS G NH

cache may contain lines in any statsaciated with translated addresses that were derived from the previously
valid translations.

8.4 Memory Type Information

In addition to obtaining translated page addresses, a CCIX Request Agent requires memory type information to
properly interact with the meory at the translated address. The memory type information determines the
types of operations that are supported on the CCIX link and whether data may be locally cached or not.

8.4.1 Memory Type

CCIX requires use of tAdS Memory AttributeECR proposed to REIG. This change to ATS allows for the
required memory type encoding to be returned in ATS Translation Completions. The format and definition of
these ATS Translation Completions with Memory Attributes is shown below. Reference approved ECN for final
details.

F

()]

+0 +1 +2 +3
7’6|5‘4|3|2|1|0 7|6‘5|4|3’2|1‘0 7‘6|5|4321076 4131210
Translated Address [63:32]

SIS s
Translated Address [31:12] SIN|2|§|§|5le|z|X|V|W|R
S[=|=|©

Figure8-1: ATS Translation Completion with Memory Attributes Format
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Table8-1: Memory Attributes

Mem[2:0] Memory attribute

000 DeviceNon-cacheableNo
reorderingNo Early write
acknowledgement (DevieeRnE)

001 DeviceNon-cacheableNo
reorderingEarly write
acknowledgement permitted
(DevicenRE)

010 DeviceNon-cacheableReording
permitted-Early write
acknowledgement permied
(DeviceRE)

011 NormatNoncacheable (Normal
NC)

100 NormalCacheabléNrite-backNo
allocate (NormaWBNA)

101 NormalCacheabldNrite-back
Allocate

(NormalWBA)

110111 Reserved
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