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Abstract

PCI Express Gen6 (PCle® 6.0/6.1) introduces significant complexity with new features such
as FLIT mode, 64GT/s PAM4 signaling, and enhanced protocols, making verification and
debug extremely challenging. This paper presents an efficient debug methodology for
complex PCle® Gen6 designs using Cadence's PCle Gen6 Verification IP (VIP). We focus
on two key aspects: leveraging the VIP’s built-in protocol checking capabilities and utilizing
trace file logs to streamline debug and analysis. The proposed approach embeds Cadence
VIP as a smart agent in the testbench to automatically flag specification violations across
transaction, data link, and physical layers. When issues arise, a user can utilize detailed
trace files generated by the VIP to quickly pinpoint protocol errors and timing mismatches.
We will demonstrate how this combination of proactive protocol checks and trace-driven
debugging accelerates root-cause analysis in a PCle Gen6 environment. Our strategy
enables faster identification of FLIT format errors and credit exhaustion, reducing debug
time by a significant margin. The results show improved verification efficiency, thorough
coverage of PCle 6.0 features, and insights that can be applied to other complex interface
protocols. Overall, the methodology benefits teams facing advanced PCle verification by
ensuring robust, compliance-checked designs with a streamlined debug cycle
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PCle Gen6 Update (Basic)

« All prior major revisions of PCle® doubled its bandwidth by doubling the
frequency with which bits were sent. For PCle 6.0, instead of trying to double the
signaling rate, it doubles the amount of data sent per unit interval with 1b/1b
encoding.

» Fixed-sized Flits (256B) were chosen to enable Forward Error Correction
(FEC) to be added without drastically increasing latency and complexity.

« One or more TLPs can be held within a Flit, and a single TLP may span across
multiple Flits (based on max payload size and start location within the Flit)

 The Ack/Nak protocol and retry mechanisms are on the Flit level and not the
TLP level.

* Flit Mode introduces the idea of dedicated receive buffers and shared receive
buffers

* When performing the Tx EQ process for the 64GT/s data rate, TS0 ordered sets
are used in Phase 0, Phase 1, and in the upstream direction during Phase 2
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FLIT Mode Representation

Description ne
,_‘3'__l_______________1“__________14__1_5_|
] - 2 (- s e |- 12 .
. R BE BR | 25 | 30 | .
:EEEEEEEEEE“ | 44 | 45 | a1 I . | Transaction layer adds TLP (236 E
ONE FLIT mm @ | @ Bytes). I
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l ____________________________ 1
98 | 5o [§88N 101 102 I
! s o | — — —
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Non-Flit Mode vs Flit Mode as per DL

Non-Flit Mode Flit Mode
* No LCRC
+ Data Link Layer adds CRC (4 bytes) and LCRC (2 bytes) + CRC generation/checking has moved to the physical layer with much
stronger protection and an 8-byte size. CRC covers TLP and DLP bytes
* Ack/Nak DLLPs are transmitted by DL as per Ack/Nak Frequency ECRC is still a part of each TLP
* DLLPs can be transmitted as part of Flit only
* Sequence number size is 12 bytes and is used to track TLPs » Ack/Nak DLLP encodings are not supported in FM. Rather, the information
is accommodated in 6 DLP bytes present in Flit Mode. The replay
* Framing symbols are present in front of each TLP and DLLP command (as part of DLP bytes) holds the Ack/Nak information, and the
sequence number is processed accordingly. The concept of Ack/Nak
Protocol is the same
* Apart from the Standard Nak, Selective Nak is new and requesting a

replay of Single Flit

+ Sequence number size is 10 bytes and is used to track Payload Flits only
(not tracking TLPs)

+ Traditional Flow credits are termed Dedicated Credits

* New Flow credits are introduced as Shared Credits

* No framing symbols

Shows NOP Flit shows Zero means No TLP is present, Replay command as ACK with ACK’s Sequence number and NEW DLLP
Optimized_Update FC

Snippet from VIP Trace Debug Print:

© H Debug: DL[port_©] : TX DLLP Optimized Update FC (vc:0, sharedNPH:72, sharedPH:12, sharedPD:112)

@ H Debug: [port_©] PL_TX end_packet P1Flit(Nop) Seq={usage : @, prior : @, cmd : Ack, num : 42} DllpPayload={Optimized Update FC vc:©
sharedNPH:72 sharedPH:12 sharedPD:112 bytes:0x0480c070} (256 bytes) (CRC=0x4234664e38781770 ECC_©=0xflac ECC_1=0x6abl ECC_2=0xe8fa ) {00 00
00 00 00 00 0O 0O PO 0O 0O PO 0O 0O 0O 0O PO 0O PO 0O 0O VO 0O 0O 0O 00 00 00 00 ...}
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Trace File Debug on FLIT Structure

FLIT type Sequence Number Info
A —

CRC

haN

2A H Debug: [port_0] PL_TX_end_packet PIFlit(Payload) Seqg={usage : 1, prior : O,ﬁwd : Ack, num :
6} DllpPayload={0x31000000} (256 bytes) (CRC=0xcc6d0f448b96c476 ECC_0=0x710c
ECC_1=0xb8ac ECC_2=0x8e25 ) {60 00 00 01 00 00 00 00 00 00 10 00 00 00 00 00 5A 5A5A5A 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0000
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00000000 000000000000000000
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00000000 000000000000000000
00 00 00 00 00 00 0000000000000000000000000000000000000000000000000

T TLP

|~ DLLP

18B 44 OF 6D CC[AC 25 0C B8 8E 71}

"""""" <

ECC
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DL FLIT and PL FLIT Debug Representation

2A H Debug: [port_0] DL_FLIT_TX_queue_enter DIFlit{Payload[242]=60 00 00 01 00 00 00 00 00 00 10 00 00 00
00 00 5A 5A 5A 5A 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 44 06 31 00 00 00}

P H Debug: [port_0] PL_TX_end_packet PIFlit(Nop) Seg={usage : 0, prior : 0, cmd : Ack, num : 27}
DlipPayload={0x31000000} (256 bytes) (CRC=0xaf1062222490796b ECC_0=0xef63 ECC_1=0xc30f ECC_2=0x5b9%e )
{00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0000 000000000000
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0000 0000000000
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00000000 0000000000
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0000 000000 000000000000
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 000000 0000000000000000
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0000 0000000000
00 00 00 00 00 000000 0000000000000004 1B310000006B 799024226210 AF OF 9E 63 C3 5B EF}
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IDLE FLIT (Logical Idle)

4 H Debug: [port_0] PL_TX_end_packet PlFlit(Logicalldle) Seg={usage : O, prior : 0, cmd : Explicit, num : 0}
DllpPayload={0x00000000} (256 bytes) (CRC=0x0000000000000000 ECC_0=0x0000 ECC_1=0x0000
ECC_2=0x0000){0000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000
00 00000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000

00 0000000000000000000000000OO0OCOOO0OOOOOO0OOOOOOOO0OO0OO0OO0OO0OO0OO0OO0OO0OO0OONONONOO
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00}

2025/9/9

SYSTEMS INITIATIVE




PCIE DUT Verification with VIP MON

EP MAC DUT

EP DUT

Register Interface

Register Interface l

VIP MON
[ Testbench | Mimic DUT .

Behavior | Lo

| I
RC DUT
RC DUT
Smart Agent Register Interface

Register Interface
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Efficient Error Messages for Debugging

To enable users to identify the root cause of errors unambiguously,
PCle® GENG6 VIP error messages should include the following
structured information:

* Error Context — What Happened? _
Clearly describe the event or condition that triggered the error

* Root Cause — Why Did It Happen? |
Provide a concise explanation of the underlying reason for the error

* Debug Guidance — How to Proceed?

Sugg?est actionable steps or a recommended approach to debug and
resolve the issue

» Specification Reference o
Include direct references to the PCle® Base Specification, along
with the version details, to support a deeper investigation
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Continued...

* Relevant Data Checks _
Highlight key data points to verify, such as:
« Configuration settings
* Register values
* Pin states

 Direction Details S _
Specify the data flow direction involved in the error:
Tx (Transmit) or Rx (Receive)

* Protocol Layer Information .
Indicate the relevant protocol layer, port, and lane involved, as
observed inside the checker

* Debug Hint _ o _
Provide a helpful hint or insight that can accelerate the debugging

process
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PCle Base Spec Reference on Error:

- 357464433825 fs —

C H Detected[cfg_ 0 0] [| PL_ LTSSM_STATE
[PCISIG]. [port_0] LTSSM state LO =>
Recovery.RcvrLock

PO~ - 357470575654 fs —

EXPRESS' C H Error: Detected[cfg_O_O] (TX) []

PCI Express® Base Specification Revision 6.0 PL_FLIT FEC ECC _SINGLE BYTE_ERROR
16 December 2021 [PCISIG-PCIE 6.0 Rev 0.9]. [Port_0] Detected
Copyrighte 20022021 P15 Tx single byte error on group ECC_0. Byte

PCI-SIG disclaims all warranties and liability for the use of this document and the information contained herein and

assumes no responsibility for any errors that may appear in this document, nor does PCI-SIG make a commitment to pOSition 51, error Value O, Corrected Value 225.

update the information contained herein.

6.0-1.0-PUB — PCI Express® Base Specification Revision 6.0

This PCI Specification is provided “as is” without any warranties of any kind, including any warranty of merchantability, M * D e n a I i* E rro r-

non-infringement, fitness for any particular purpose, or any warranty otherwise arising out of any proposal,
specification, or sample. PCI-SIG disclaims all liability for infringement of proprietary rights, relating to use of

‘mformation irAl this specification. This docume‘ntitselfmay notble mo.diﬂed\‘n any way, includin‘g by remm:ﬁng the <top_ pipe mon . phy mon>@357470575654 fS : :
copynght.not\ce‘or references ‘to PCI-SIG. No license, express or implied, by estoppel or oth-erwme,to any intellectual — _——
T e Pt Detected|cfg_0_0] (TX) []
PL_FLIT FEC ECC_SINGLE_BYTE_ERROR
[PCISIG-PCIE 6.0 Rev 0.9]. [Port 0] Detected
Tx single byte error on group ECC_0. Byte

position 51, error value 0, corrected value 225.
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Spec Reference Continued..

- 360647230375 fs —

6 H Error: Detected[cfg_0 0] (TX)

[l TL_FC_SHARED_CREDIT_OVERFLOW [PCI
SIG-PCIE 6.1 Section 2.6.1]. Port_0: When
advertising 128 allowed PH shared credits for VC
0, the sum of the shared credits across all VCs
(128) should not be greater than what the current
scale factor (0) can represent (127). Limiting
allowed credits for the current VC to 124

*Denali* Error:

<uvm_test top.m_env.rcep[0].pcie _agent.m_vip
agent>@15197.921 ns :: Detected[cfg 0 0] (TX)
[l TL_ FC_SHARED CREDIT INIT _CPLD
[PCISIG-PCIE 6.1 Section 2.6.1]. The sum of
the shared InitFC value across all VCs (2080) is
less than the minimum shared CPLD FC credit
requirement (UNLIMITED). The number of
enabled VCs: 1

2025/9/9
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6.1-1.0-PUB — PCI Express® Base Specification Revision 6.1

2.6.1 Flow Control (FC) Rules

In this and other sections of this specification, rules are described using conceptual “registers” that a device could use in
order to implement a compliant implementation. This description does not imply or require a particular implementation
and is used only to clarify the requirements.

« Flow Control (FC) information is transferred using Flow Control Packets (FCPs), which are a type of DLLP (see
§ Section 3.5 ), and, in some cases, the Optimized_Update_FC.
= FC Unit Size indicates the number of DW covered by one flow control credit:
= For Data, the FC Unit Size is 4 DW.
> For Headers in Non-Flit Mode:
= For Receivers that do not support TLP Prefixes, FC Unit Size is the sum of one
maximum-size Header and TLP Digest.

* For Receivers that support End-End TLP Prefixes, FC Unit Size is the sum of one
maximum-size Header, TLP Digest, and the maximum number of End-End TLP Prefixes
permitted in a TLP.

= The management of FC for Receivers that support Local TLP Prefixes is dependent on the
Local TLP Prefix type.
> For Headers in Flit Mode:
= For Switch Port Receivers, FC Unit Size is the sum of one maximum-size Base Header,
OHC-A, OHC-B, OHC-C, OHC-E if supported, and one maximum-size TLP Trailer.

* For Endpoint Upstream Port and Root Port Receivers, FC Unit Size is the sum of one Base
Header of the largest supported size, OHC-A, OHC-B, OHC-C, OHC-E if supported, and one
TLP Trailer of the largest size supported.

= For NFM and for dedicated credits in FM, each Virtual Channel has independent FC.




Spec Reference Continued...

3 H Error: Detected[cfg_0 0] (TX)

[] TL_IDE_INVALID LINK_STREAM _ID [PCISI 6.99.4 IDETLPs B | |
G-PCle IDE ECN Section 6.99.4]. [Port_O]: s pre st precede all other End-End TLP preixes T e T T,
Detected non-Selective IDE pkt TLP for TC 2 o !

3]2]1]¢ 312]1]0l716ls5|4l312]1]l0l716]5|4]3]2

with StreamID 0 which is associated with TC 0. yie0 . [ FILT ~Type TPR Sent Courter]  Steam 1D [sw-svesn PVIKT

lIelellele‘lllelllllllIIIIIIIIII

Discard incoming TLP, Figure 7-17 IDE TLP Prefix

The IDE Prefix includes:

* 1 * .
Den aI I E rror ] . e Mbir— \YI'Ihcn Set, indic_-.irus_ this TLP includes a MAC ] '
< uvm_test_to p ] Sve . | I n k_e nV. d ev—e nVO ] VI p_Wra p_ o When aggregation 1s not used, the M bit must be Set for all IDE TLPs.

o Rules for the use of aggregation are given below.

env pCIe_e p_e nv_ aCtlve_bfm >@207 . 1 1 2 uS : ' ¢ K bit — Indicates the key set used for this TLP

o After Transmitting a TLP with the K bit toggled for any Sub-5tream, subsequent TLP

D ete Cted [Cfg O O] ( RX) [] Transmissions for different Sub-Streams of the same Stream must also use the new

value for the K bit.

T L_I D E_I NVALI D_K_B IT_TOG G L I N G [PC I S I G- | o E\\t’rcr rJﬁLb'il1g fl 'l'll I,]" \!..-‘litlhlrhc ||{hll'x1it rrl—):‘s;rg.;lcd, [h:-]RlL;CCivur mus; rrf}r;sir}i:mgmbrl:;c new
. ey an set for [that TLP anc subsequent TLPs associated with the Sub-Stream,

PC I e I D E EC N SeCtI On 6 . 99 . 4] . [PO rt_O] : and must mark thci{{ld key and I1 'St__'t im':lid until reprogrammed. .

Detected Bit K toggled to 1 but KeySet 1 are . ::i‘::};:::mnom must not affect other Sub-Streams of the IDE Stream at the

. I d ¢ T bit — When Set, indicates the TLP ongnated from within a rrusted execution environment (see
Inva I . Section 6.99.1)
o Itis permitted for IDE TLPs to originate from both trusted and non-trusted execunion
environments, and the value of the T bit does not modify the handling of TLPs within

IDE per se; the rules for trusted execution environments are not defined in this
document.
o  The T bit must be Clear unless the use of the T bit has been explicity defined by TEE
management mechanisms outside the scope of this document.
® P bit = When Set, indicates the TLP includes PCRC.
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Efficient Debug Hint

 Error: Detected[cfg_0 0] (RX) [NONFATAL-
UnsupportedRequest] TL_ATS DEVID EN UR
[PCISIG].Translation Requests received as MWr_64 from
Device ID 0x301 are not supported by TA, as ATS is not
enabled for the device

« DEBUG_HINT: To avoid this error, set the ATS Control
Register’'s Enable Bit in the DUT’s PF. Test can do this by
sending CfgWr packet as a front-door or by a backdoor DUT
configuration on the ATS control register in config space. RC
VIP shadow space will get updated with the actual value after it
receives completion of the CfgRd packet from device ID 0x301

I DESIGN AND VI QQZQTISO‘N
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Robust Callbacks and Error Inject Approach

« Packet Manipulation and Error Injection
» Modify specific fields within a packet to simulate various scenarios
 Discard packets intentionally to test system resilience

. Ing]ect errors into packets after generation by the VIP but before transmission to the
physical link

 Data Synchronization and Verification
* Synchronize transaction data between the VIP and the DUT to ensure consistency
» Connect to scoreboards to compare DUT responses against expected results
* Synchronize with model events without relying on polling mechanisms

 Enhanced Callback Mechanism

 Extend callback capabilities within the PCle® Link environment to support advanced
verification needs

» Define a comprehensive set of UVM callbacks corresponding to each VIP callback
» Dynamically activate or deactivate callbacks during simulation
» Enable or disable callbacks at specific simulation points or stages in the packet flow

2025/9/9
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Additional Debug Info Support

Setting this in VIP simulation can add significant information to
the log that can ease the further debug process.

« CDN PCIE_PRINT AFTER SCRAMBLER: Data after
scrambler

« CDN_PCIE_PRINT _LANE_SYMCOUNT: Symbol Count on the
lanes

« CDN_PCIE_PRINT_RXMARGIN: RX Margin

« CDN_PCIE_PRINT_PIPE_PM: Pipe Power Management

« CDN PCIE _PRINT ACK NAK: Ack/Nak Timer information
« CDN _PCIE_PRINT_ SKEW: Skew data

Il DESIGN AND VI 29:2'”5;[\]
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Efficient Debugging With Waveforms

 Graphical Visualization of PCle® Protocol
View PCle protocol transactions and packets in a graphical waveform
format for intuitive debugging

* In-Waveform Protocol S(!oecification Error Displa
Protocol specification errors are directly visualized within the waveform,
enabling quick identification and resolution

- Layered Transaction View
Access a per-layer breakdown of PCle transactions and packets for
detailed protocol analysis

* ASCIl Representation of Values
Wherever applicable, values such as FSM states and enum variables are
displayed in ASCII for better readability

* Graphical PCle Register Representation
CIPCbIe registers are visualized graphically, simplifying register-level
ebugging

2025/9/9




Continued...

* Transaction Attribute Viewer
Inspect packet contents through a dedicated transaction attributes view to
streamline debugging

* Unified Debugger Window
Signals and transactions can be logged and viewed together in the same
waveform debugger window

 FSM State Transition Visualization
Finite State Machine (FSM) transitions are clearly visualized on the waveform for
easier state tracking

* Multi-Protocol Debugging Support

Simultaneously debug multiple protocols in a single SoC setup

« Smart Log Integration
Smart logging highlights UVYM_ERROR messages along with their corresponding
debug timestamps

2025/9/9




Ssmart Effective Debugging on Waveform

WAVEFORM X HIERARCHY x URCE
Design T Benct Packages LTSSM
View No objections - « [ Field Name Type Value « State [ | ossuoTIME: = 29,706.14805 » ns v B8 E] - v || [« Any Edge 4P EC2nQ Q Q Q
4 Hierar(hyName i WMy UL_ITA_FEAIURE rdnsdLuon nN/A x
4 PL_RX_BLOCK transaction N/A ) Physical e DEN_LTSSM_STATE
+ W uvm_test_top Registers & PL_RX_OS transaction N/A Layer Pkt i ' St ="L0"
a T:cu:i\::l;pEwﬂ b PL_RX_TS_OS transaction N/A - ggnal|Pc|eTT!lpMemDPacke!
) :E; PL_TX_BLOCK transaction N/A - P
“ W passivefp & PL_TX_OS transaction N/A
4 @ Inst A PL_TX_TS_0S transaction N/A
«u W‘“’Efc'”"DQJEEE'MO” & TL_RX_CFG_READ transaction N/A ) Transaction
B denaliPcieRegNumTWaveform 0 TL_RX_CFG_WRITE transaction N/A ‘ ver Pkt
W waveformDebugTxn T TL_RX_MEM transaction N/A
B TL_RX_MEM_withData transaction N/A )
o TL_TX_CPL transaction N/A ( ASC"
G TL_TX_CPL_withData transaction N/A___~ =
Protocol Pkt {0 denaliPcieRawDlpPacket transaction N/A Error representatlon
1 denaliPcieRawPacket transaction N/A Message
@; errMessage transaction N/A
rl mra
AvEr HIERARCH )
-« + W ~| Alopenpe B = =T suoTime: | 11,231 27 -1 B @ ~|%~|TAny Edge 4« » = H-

Transaction
attributes and
their values

- T\TphPr\esent 0

@ THasDigest = e
@ TIPoisoned =

' TIAttr ="ho

@ TladdrType = "ho

@ TiLength = 'ho19

@ TlEcrc ="

= TIPASID = 'h00000D

@ TIPASIDExePerm = 0

Label: denaliPciePIFlitPacket

Label: _EXP_LINK_ST . §I§I:§L’s§§£.'"-‘h%°" Label: denaliPcieTrainingSet
® PIFlitPriorFlitType = 0

Eﬂiﬁ‘?ﬁ%ﬂ%ﬁﬁ*zm & _LkSpd = 'hG @ PIFlitDlipPayloadType = 0 ® " PITsLinkNumber[0]" = 'h000
& TlideSubstream = 'hx - _Lkw‘dth ='h08g L] PIFIItRepIayCmq = "Ack @ " PITsLaneNumber(0]" = 'h000
peanlicieBac . ¢ @ PIFlitSegNum = 'h003 " pi ey
@& _TrainErr=0 ® PIFIitDIlpPayload = "h31000000 ® " PITSNFTS[0]" = 'h000
£ THSEPERE o & _LkTrain=0 ™ z:i:l:gptgpga:e:go_OrRFolltMarkerl -0 @ " PITsDataRate[0]" = 'hOEF
& TICx 00K - - itOptUpdateFCvc = " b "o
; - _SlCII:C“:: 1 @ PIFlitOptUpdateFCSharedNPH = 'h00 . " z:;zré::‘?tl?ifl%q’::qlfa%{ﬁ hooo
& TiRequesteraegment - e & DlActive =0 ® PIFitOptUpdateFCSharedPH = "h00 d ] i
i L e e & _mgmtWidth =0 @ PIFlitOptUpdateFCSharedPD = 'h000 . PktType = "OrderedSet
naliPciePIFlite 3 = Tlom=s = width = 0 ® PIFlit_FlitMarker_FlitStatus = 'h0 @ PktDelay = 'h00000000
S Toedicatediorsnaredo g & _autoWidth = ® PIFlit_FlitMarker_PTMcontained = 0 4 -
PTYP - ® PIType = "ts2_set
S Tragscuie~mo T ® PIFlitCrc = *h79AD8128B70FACE7 e A
o TiReqldBus g = 1o R — ® PIFlitEcct = 'hBF28 @ ErrString =

@ TIReqidDeviceNumber = "ho0

@ TIReqldFunctionNumber = 'ho

® TILastBE = 'hF

@ TIFirstBE ='h8

@ TlAddressUnTranslated = 'h4DABS

Label: _DEN_LTSSM_STATE oot S e

@ PktType = "PIFlit"

< TiAddress = hooo7egan & 5t = "RecoveryRevrCfg" @ PktDelay = 100000000
= TITranslationNoWr = 0 @ PiType = “flit"

@ TICxISrc = 0

=« TITph = 'ho
- T\TDhTag *h0000
aTlPv=

® ErrString = ™"

Label: _DEN_LTSSM_REASON
® Reason = "ALL_LANES_RX_8_MATCHING_TS1_OR_TS2_WITH_SPEED_CHANGE_BIT_EQUALS_DIRECTED_SPEED_CHANGE

» TType = "MRd_32'
I \TIPayloadAccumulated[o] = *hoo
 \TIPayloadAccumulated(1] = 'h00
& \TiPayloadAccumulated(z] - 'hoo
= \TIPayloadAccumulated[3] =
@\ =0
= \TiPrefix[0] = 'h8DE0000O
= \TIOhcPI[0] = 'h000000FS
@ PktType = \p

accellera) 5 B

CONFERENCE AND EXHIBITION




Enhancing Debugging by Tracking Packets

Enable VIP Packet Tracker

Legacy Packet tracker

111 Iel | Iviseq| 1| {rasio | At | address /| 111 | 1 Inl LI
. . In] lojal jel===1 ITlt |vdid | vdmsg | vdrouting /| status  |rjL| T | alalTie]
Is] ctime (na) [rls] command [/lshalreq |Ala |sntat | nosntat | routing /|empl / Islal » | lea IT[a|PlP]l =®cRe LCRC
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Summary and Best Practices

« Comprehensive PCle Gen6 Debug Strategy: The methodology addresses the
growing complexity of PCle® 6.0/6.T verificalion by combining protocol-aware VIP
monitoring with smart trace and efficient visual-driven debugging

« Smart Passive Monitoring Architecture: Embedding PCle Gen6 VIP as a
passive monitor enables non-intrusive, real-time protocol checks across TL, DL,
and PHY layers

* FLIT Mode and Protocol Awareness: The approach effectively handles FLIT
gmhde intricacies, ensuring accurate validation of transactions and data link layer
ehaviors

* Meaningful Error Messaging: Carefully designed error messages, backed by
real-world examples, enhance clarity and reduce time-to-debug

 Robust Callbacks and Error Injection: Callback mechanisms and targeted
error injection strategies validate corner cases and stress-test the DUT under
edge conditions

* Extensive Deb_u_g_l_nfqrmation: Rich trace logs and protocol event correlation
provide deep visibility into system behavior, aiding faster root-cause analysis
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Continued...

 Waveform-Based Debugging: Visual waveform techniques,
comllm?ed with traceabillity tools, accelerate issue localization and
resolution

* Packet-Level Tracking: Tracking packets across layers and
correlating them with protocol events improves traceability and
debugging accuracy

* Automated Debug Frameworks: Automation scripts reduce manual
effort, enabling scalable and repeatable debug cycles

* Improved Verification Efficiency: The combined strategy
significantly reduces debug time, improves coverage, and ensures
compliancé with PCle® Gen6 specifications

« Scalable to Other Protocols: The methodolo%y’s modular and
automation-friendly nature makes it adaptable 10 other high-speed
interface protocols
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