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Preface

This document was drafted in accordance with GB/T 1.1-2020 Directives for Standardization - Part
1: Rules for the Structure and Drafting of Standardizing Documents.

This document is Part 2 of T/SUCA 001 General Purpose Multimedia Interface Specification.
T/SUCA 001 includes the following parts proposed to be published:

—~Part 1: Architecture, specifying a general purpose multimedia interface (GPMI) architecture that
supports information transmission between consumer electronic devices.

—Part 2: Protocols, specifying the protocols of the electrical layer, logical layer, transport layer,
and adaptation layer of the GPMI.

—~Part 3: Connectors and Cables, specifying the technical requirements for connectors and cables
using GPMI Type-B.

—Part 4: Power Supply, describing the architecture of the power supply for GPMIs, and specifying
the electrical characteristics and timing requirements, physical layer, protocol layer, application
layer, and power input and output requirements.

—Part 5: Alternate Mode over Type-C, specifying the method of using GPMI signals via USB
Type-C ports.

This Standard was proposed by and is under the centralized management of Shenzhen 8K UHD
Video Industry Cooperation Alliance.

This standard is drafted by: Huawei Technologies Co., Ltd., HiSilicon Technologies Co., Ltd.,
China Electronics Standardization Institute, Shenzhen Skyworth-RGB Electronics Co., Ltd.,
Shenzhen Skyworth Digital Technology Co., Ltd., China Mobile (Hangzhou) Information
Technology Co., Ltd., National Engineering Laboratory for Digital TV (Beijing), Guilin University of
Electronic Science and Technology, Shenzhen CESI Information Technology Co., Ltd., Sinolink
Technologies (Beijing) Co., Ltd., Hisense Visual Technology Co.,Ltd., Konka Group Co., Ltd.,
Hangzhou Hikvision Digital Technology Co., Ltd., Shenzhen National Engineering Laboratory of
Digital Television Co., Ltd., Guangdong National UHD Video Innovation Center, Shenzhen
Bajiuling Optoelectronics Technology Co., Ltd., Shenzhen Wanliyan Technology Co., Ltd., Ceyear
Technologies Co., Ltd., Jiangsu Anlan-WK Electronics Co., Ltd., Malanshan Audio&Video
Laboratory, Guangdong Wire & Cable Association, and Shenzhen 8K UHD Video Industry
Cooperation Alliance.

Main drafters of this standard: Wei Jiayi, Fan Kefeng, Li Zhengbing, Sun Qifeng, He Jianhong,
Dong Guiguan, Zhao Xiaoying, Zhou Weiguang, Wu Dongxing, Zhang Ran, Xiao Kai, Shi Rujie,
Liu Yan, Chen Yangqin, Yang Bing, Fu Qiang, Ren Zhongyue, Shi Xuan, Zhao Gan, Xu Yaoling, Yu
Yang, Li Xinguo, Mao Ke, Xu Chuanpei, Zhang Manhua, Liang Jiyun, Feng Nanfei, Su Yi, Chen
Yijun, Liang Yutong, Li Siyuan, Fu Yuhong, Su Jinshui, Zhang Linyu, Ni Xin, Long Shigiang, Zheng
Lifang, Lin Zhigeng, Peng Hui, Yang Xin, Xu Hui, Qiao Houcai, Qi Jian, Li Yun, Long Hua, Chen
Yunzhou, Zhou Jun, Gong Shugiang, Yuan Guoping, Qiu Xiaoyong, Jin Hua, Zhang Junping, Li
Zaikuan, Meng Xiance, Gu Anwen, and Zhai Yonggqi.
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General Purpose Multimedia Interface Specification Part 2: The
Protocols

1 Scope

This document is applicable to the design and development of the general purpose multimedia
interface (GPMI). It may be used as a reference for devices using general purpose multimedia
interfaces.

This document specifies the protocols of the electrical layer, logical layer, transport layer, and
adaptation layer of the GPMI, and describes the packaging method of audio and video adapters
and management adapters.

This document is applicable to the design, development, test, and application of the GPMI, and
can also be used as a reference for information transmission between other electronic devices.

2 Normative References

The following documents constitute, through normative references in the text, indispensable
provisions of this document. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

T/SUCA 001.1-2024 General Purpose Multimedia Interface Specification Part 1: Architecture

T/SUCA 001.3-2024 General Purpose Multimedia Interface Specification Part 3: Connectors and
Cables

T/SUCA 001.4-2024 General Purpose Multimedia Interface Specification Part 4: Power Supply

T/SUCA 001.5-2024 General Purpose Multimedia Interface Specification Part 5: Alternate Mode
over Type-C

IEC 60958-1 Digital Audio Interface—Part 1: General
IEC 60958-3 Digital Audio Interface—Part 3: Consumer Applications
IEC 60958-4 Digital Audio Interface—Part 4: Professional Applications

IEC 61937 Digital Audio—Interface for Nonlinear PCM Encoded Audio Bitstreams Applying IEC
60958

CTA-861-H A DTV Profile for Uncompressed High Speed Digital Interfaces
CVT VESA Coordinated Video Timings Standard
DMT Display Monitor Timing Version 1.0, Rev. 13

3 Terms, Definitions, and Abbreviations

3.1 Terms and Definitions
The terms and definitions defined in T/SUCA 001.1 and the following apply to this document.
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3.1.1 transmitter side/receiver side
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The two ends of a link (usually containing multiple lanes) are called the transmitter side and the
receiver side respectively, and the data flows from the transmitter side to the receiver side.

3.1.2 credit

The specific byte length in cache, which is used to describe the size of the cache space.

3.1.3 device comprehensive capability description

A system framework and data structure for declaring the capabilities supported by a device, such

as device parameters, performance attributes, and audio/video capabilities.

3.1.4 retimer

A circuit that can generate an output signal using a clock independent of the input signal.

3.2 Abbreviations

For the purposes of this document, the following abbreviations apply.

ADCP: advanced digital content protection
ASP: audio sample packet

AVP: active video packet

Ack/Nack: Ack/Nack message

BER: bit error rate

CDR: clock and data recovery

CF: control frame

CFSLM: control frame send location message
CLFM: clock lock feedback message

CRC: cyclic redundancy check

CTLE: continuous-time linear equalizer
DCCD: device comprehensive capability description
DDJ: data dependent jitter

DE: display enable

DFE: decision-feedback equalizer

DIP: descriptive information packet

DW: double word

EDP: encryption description packet

EMI: electromagnetic interference

ERR_RM: error report message

EQFM: equilibrium feedback message

SUCA Confidential
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FEC: forward error correction

FFE: feed-forward equalizer

GPMI: general purpose multimedia interface

HBP: horizontal blanking packet

HSync: horizontal synchronization

JTF: jitter transfer function

KDP: key distribution packet

LDAM: lane direction adjust message

LLB: logical layer block

LLCF: logical layer control frame

LLCF_DS: logical layer control frame, data start
LLCF_EI: logical layer control frame, electrical idle
LLCF_EIE: logical layer control frame, electrical idle exit
LLCF_TSO: logical layer control frame, training sequence 0
LLCF_TS1: logical layer control frame, training sequence1
LLCF_TS2: logical layer control frame, training sequence2
LLDP: logical layer data packet

LLFM: lane lock feedback message

LLMMP: logical layer main link management packet
LLMMT: logical layer management message type

LLPH: logical layer packet header

LLPL: logical layer packet length

LLPP: logical layer packet payload

LLPT: logical layer packet type

LLSMP: logical layer sideband link management packet
LLSP: logical layer sideband link packet

LNSM: lane state machine

LPCM: linear pulse-code modulation

LWAM: link width adjust message

NRZ: non-return-to-zero

PLL: phase lock loop

PLLC: perceptual lossless compression

PRBS: pseudo-random binary sequence
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RBuff: receiver buffer

RJ: random jitter

RL: return loss

RS: Reed-Solomon code

RX: receiver

SBRX: sideband link receiver

SBTX: sideband link transmitter

SJ: sinusoidal jitter

SSC: spread spectrum clocking

ShuttlelD: shuttle identification

TBuff: transmitter buffer

TDR: time domain reflectometry

TJ: total jitter

TLDP: transport layer data packet

TLMP: transport layer management packet
TLMDP: transport layer management data packet
TLP: transport layer packet

TP: test point

TSM: training start message

TX: transmitter

UDJ: uncorrelated and deterministic jitter
UDJapJ: uncorrelated and deterministic jitter adjusted value
UJ: uncorrelated jitter

VBP: vertical blanking packet

VSync: vertical synchronization

WRR: weighted round robin

4 Protocol Architecture

The GPMI protocol architecture is shown in Figure 1. The protocol stack is divided into a physical
layer, a transport layer, and an adaptation layer.
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Figure 1 Schematic diagram of the protocol stack

( ) Management Adaptation
[ Management packet - dz?pt - J [ Data packet Service adapterJ layer
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(& J

C] Main/Sideband link transmission @ Main link transmission Cj Sideband link transmission

Devices on gray background are within the scope of this document.

The physical layer is divided into a logical layer and an electrical layer. The electrical layer
implements signal modulation, sending, receiving, equilibrium, spread spectrum, and clock
recovery, while the logical layer handles FEC encoding/decoding, scrambling/descrambling, and
link training.

The transport layer processes and forwards service streams, such as video and audio, as well as
management and control information, and performs bandwidth management for all service flows.

The adaptation layer connects end devices and external components, and through corresponding
adapters, implements functions such as audio and video transmitting service adaptation, audio
and video receiving service adaptation, third-party protocol service adaptation, and management
and control adaptation. The adaptation layer includes a management adapter and a service
adapter.

5 Electrical Layer

5.1 Overview

To ensure the quality of electrical layer signals, this section describes the functions, technical
requirements, and test methods of the electrical layer, including the lane structure, main link
electrical layer technical requirements, and sideband link electrical layer technical requirements.

The four-lane mode in this section corresponds to the simplified-specification mode in Table 133,
and the eight-lane mode corresponds to the full-specification mode in Table 133.

5.2 Lane Structure

As shown in Figures 2 and 3, the GPMI lane structure includes a main link lane and a sideband
link lane. The main link includes four differential lanes, each of which contains a transmitter (TX)
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and a receiver (RX) at both sides. The sideband link lane includes two single-ended lanes, each of
which includes a sideband link transmitter (SLTX) and a sideband link receiver (SLRX). When the
sideband link electrical layer is working, two lanes are opened at the same time in opposite
directions to achieve full-duplex communication.

Figure 2 Schematic diagram of four-lane mode, forward insertion

LmpP LSP

MLO ‘ : E : > MLO
ML1 | : E > MmL1

Sideband link

SL1

SL2

mL3 ‘ : E > ML3
= m > -

Figure 3 Schematic diagram of four-lane mode, reverse insertion

LMP LSP

ML2 ‘: E : > MLO
ML3 | : E > ML1

sL2 Sideband link

SL1

mL1 ‘: E > ML3
IX: > "

The reference design of the eight-lane electrical layer is shown in Appendix A.1.

SUCA Confidential Page 11 of 435



T/SUCA 001.2—2024

5.3 Main Link

5.3.1 Basic Requirements

The main link differential lane signal adopts NRZ coding and AC coupling. The transmission rate of
each differential lane can be configured to 2 Gbps, 4 Gbps, 6 Gbps, 8 Gbps, 10 Gbps, 12 Gbps,
16 Gbps, 20 Gbps, and 24 Gbps. The rates in the same orientation shall be the same. The
minimum requirement for the Pre-FEC Bit Error Rate (BER) at the electrical layer is 1 x 10712, The
Spread Spectrum Clocking (SSC) shall be supported to reduce Electromagnetic Interference
(EMI).

The system configuration prior to the transmitter and receiver test is shown in Appendix B.

5.3.2 Transmitter

5.3.2.1 General Electrical Parameters
The general parameters of the TX include:

(a) Differential signal peak-to-peak value

As shown in Figure 4, the differential signal ( (1)) is defined as the voltage difference between
the positive signal ( . (t)) and the negative signal ( _ (t)) of the transmission line, that is:
(1) = (D) 7 (0] s (1)
The differential signal peak-to-peak value ( -  _ )is defined as:
DIEr—pp = Max( ) — min( ) e (2)
The range of the differential signal peak-to-peak value (  _  _ ) shall comply with the

provisions in Table 1.

Figure 4 Schematic diagram of the differential signal

Vprre

Vires-ee

(b) Terminating resistor

To reduce signal reflection and return loss during transmission, a terminating resistor should be
connected at the end to match the impedance.
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The impedance value range of the terminating resistor (  _  _ ) shall comply with the
provisions of Table 1.

(c) AC coupling capacitor

The TX and RX use AC coupling for data transmission.

The value range of AC coupling capacitor () shall comply with the provisions in Table 1.
(d) Short-circuit current limitation

To protect the circuit, the main link should specify the maximum short-circuit current  _ of
the TX and RX, and the value range should comply with the provisions of Table 1.

(e) TXAC common mode level

As shown in Table 1, the common mode level of the differential signal ( () is defined as the
average value of the positive and negative signals of the transmission line, that is:

() T c@F  ZOI2 s (3)
TX AC common mode level peak-to-peak value is defined as:

oo =maxX () = MIN( ) ettt (4)
The range of the common mode level peak-to-peak value (  _ _ ) shall comply with the

provisions of Table 1.
(f) Differential intra-pair skew

The differential intra-pair skew is defined as the difference in the transmission delay of the signal
between the positive and negative poles of the differential line. As shown in Table 1, the
differential intra-pair skew is measured by the time difference between the positive and negative
pole signals passing through (). The main link TX shall specify the differential intra-pair skew
( - - ). The value range shall comply with the provisions of Table 1.

Figure 5 Differential intra-pair skew

Ideal signal edge

TXINTRA-PA IR-SKEW TXINTRA-PA IR-SKEW

(g) Differential inter-pair skew

The differential inter-pair skew is the difference in transmission delay between different TX output
differential pairs. The main link TX shall specify the differential inter-pair skew ( - ).
The value range shall comply with the provisions of Table 1.

The technical requirements for the general electrical parameters of the TX are shown in Table 1.
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Table 1 General electrical parameters of the TX

Parameter Symbol Minimum | Typical | Maximum | Unit | Remarks
Name Value Value Value
Differential VTX-DIFF-PP 400 1000 1400 mV @TP2
signal
peak-to-peak
value in
normal
amplitude
mode
Terminating | Rrx-niFr-nc 70 90 110 Q @TP2
resistor
AC coupling | Cac 75 280 nF @TP2
capacitor
X ITX-SHORT 82.5 mA 3.3V/40 Q
short-circuit
current
limitation
TXAC V1x-cm-pp 100 mV | This parameter
common should be tested.
mode level
peak-to-peak
value
Differential TXINTRA-PAIR-SKEW1 0.4 ul @TP3_EQ, 6
intra-pair Gbps+
skew
Differential TXINTRA-PAIR-SKEW2 75 ps @TP2, 2/4 Gbps
intra-pair
skew
Differential TXINTER-PAIR-SKEW1 450 Ul @TP3, 6 Gbps+;
inter-pair Skew allocation
skew TP3 (informative):
® The TP1 skew
of the
transmitter
side does not
exceed 80 UlI.
® Each retimer
skew does not
exceed 80 Ul.
® The skew
introduced by
the
transmission
medium (PCB
trace + cable)
does not
SUCA Confidential Page 14 of 435
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Parameter Symbol Minimum | Typical | Maximum | Unit | Remarks
Name Value Value | Value

exceed 50 UI.
Differential TXINTER-PAIR-SKEW2 270 ul @TP2, 2/4 Gbps;
inter-pair

Skew allocation
(informative):

® The TP1 skew
of the
transmitter
side does not
exceed 80 Ul.

® Each retimer
skew does not
exceed 80 UL.

® (3) The
skew
introduced by
the
transmission
medium (PCB
trace) does not
exceed 30 ULl.

skew TP2

5.3.2.2 Rate-related Electrical Parameters

The TX rate-related parameters are as follows, where the eye diagram horizontal skew is
measured based on no less than 1 x 10% U, and the jitter parameters are extrapolated to 1 x
10712 BER based on the measured jitter:

(a) Eye diagram parameters

The eye diagram template of the TX signal at 2 Gbps and 4 Gbps rates is shown in Figure 6. The
inner template of the eye diagram is an octagon symmetrical along the horizontal axis. This
standard quantitatively describes the eye diagram template through the following parameters:

® Unitinterval (Ul): the time width for transmitting the minimum information unit (bit), which is
also the unit period of eye diagram measurement.

® Eye diagram horizontal skew (X1, X2): the horizontal skew of two measuring points of the
template in an eye diagram, in Ul.

® Inner eye height (Y1, Y2): the minimum allowable eye height at the horizontal skew X1 and
0.5 Ul of the eye template, respectively.

® External eye height (Y3): the maximum allowable eye height by the eye diagram template.
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Figure 6 Eye diagram template at 2 Gbps and 4 Gbps

X3

X2
Y1

-Y1
=X

The eye diagram templates of TX signals at 6 Gbps, 8 Gbps, 10 Gbps, 12 Gbps, 16 Gbps, 20
Gbps, and 24 Gbps are shown in Table 7. This standard quantitatively describes the eye diagram
template through the following parameters:

® Unitinterval (Ul).

® Eye diagram horizontal skew (X1): the allowable horizontal skew of eye diagram diamond
template, in Ul.

® Inner eye height (Y1), external eye height (Y2): the minimum and maximum values of the eye
height allowed by the eye diagram template, respectively. The measured horizontal position is
at the center of the eye diagram at 0.5 Ul.

Figure 7 TX eye diagram templates of 6 Gbps, 8 Gbps, 10 Gbps, 12 Gbps, 16 Gbps, 20 Gbps,
and 24 Gbps

Y2_

¥a

=Xl

: _

0 X1 0.5 1-X1 1
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(b) Jitter parameters

TJ is divided into DDJ and UJ according to whether the jitter is data-dependent or not, and
satisfies:

= DDJ A Ul e (5)
UJ can be further divided into random jitter (RJ) and uncorrelated and deterministic jitter (UDJ):
= RI 4+ UDJ e (6)
Note: RJ is 14.7 times the RMS value of RJ.

At 2 Gbps and 4 Gbps rates, the eye diagram and jitter parameters at TP2 in this document shall
comply with the provisions of Table 2.

Table 2 TP2 eye diagram and jitter indicators at 2 Gbps and 4 Gbps rates

Parameter Symbol | Minimum Maximum Unit Remarks

Name Value Value

Ul Ul 499.85@2 500.15@2 ps +300 ppm, SSC effect
Gbps Gbps not considered
249.925@4 250.075@4
Gbps Gbps

Inner eye Y1 140 mV

height

Inner eye Y2 180 mV

height

External eye Y3 700 mV

height

Eye diagram X1 0.34 ul

horizontal skew

Eye diagram X2 0.18 ul

horizontal skew

TJ TJ 0.5 Ul

DDJ DDJ 0.2 ul TX FFE enablement

allowed
uJ udJ 0.3 ul
RJ RJ 0.15 ul

At 6 Gbps and 8 Gbps rates, the eye diagram and jitter parameters at TP3_EQ (CTLE only) in this
standard shall comply with the provisions of Table 3.

Table 3 TP3_EQ eye diagram and jitter indicators at 6 Gbps and 8 Gbps rates

Parameter Symbol | Minimum Maximum Unit | Remarks
Name Value Value
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Parameter Symbol | Minimum Maximum Unit | Remarks
Name Value Value
Ul ul 166.6166@6 166.7167@6 ps 1300 ppm, SSC effect
Gbps Gbps not considered;
This parameter should
124.9625@8 125.0375@8
Gbps @ Gbps @ be tested at TP2.
Inner eye Y1 70 mV
height
External eye | Y2 650 mV
height
Eye diagram | X1 0.24 ul
horizontal
skew
TJ TJ 0.6 ul
DDJ DDJ 0.3 ul TX FFE enablement
allowed
uJ uJ 0.3 ul
RJ RJ 0.14 Ul

The eye diagram and jitter parameters of TP3_EQ (CTLE+DFE, optional) in this standard shall

comply with the provisions of Tables 4 to 7 at 10 Gbps, 12 Gbps, 16 Gbps, 20 Gbps, and 24 Gbps

rates.

Table 4 TP3_EQ eye diagram and jitter indicators at 10 Gbps and 12 Gbps rates

Parameter Symbol | Minimum Maximum Unit | Remarks
Name Value Value
ul ul 99.97@10 100.03@10 ps +300 ppm, SSC
Gbps Gbps effect not considered;
This parameter
83.3083@12 83.3583@12
Gbps @ Gbps @ should be tested at
TP2.
Inner eye Y1 55 mV
height
External eye Y2 650 mV
height
Eye diagram X1 0.24 ul
horizontal skew
TJ TJ 0.6 ul SSC included
DDJ DDJ 0.3 ul TX FFE enablement
allowed
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Parameter Symbol | Minimum Maximum Unit | Remarks

Name Value Value

uJ uJ 0.3 Ul

RJ RJ 0.14 ul

Table 5 TP3_EQ eye diagram and jitter indicators at 16 Gbps rate

Parameter Symbol | Minimum | Maximum | Unit Remarks

Name Value Value

ul Ul 62.48125 | 62.51875 ps +300 ppm, SSC effect not
considered;
This parameter should be
tested at TP2.

Inner eye height | Y1 50 mV

External eye Y2 650 mV

height

Eye diagram X1 0.24 ul

horizontal skew

TJ TJ 0.6 ul SSC included

DDJ DDJ 0.3 ul TX FFE enablement
allowed

uJ uJ 0.3 Ul

RJ RJ 0.14 Ul

Table 6 TP3_EQ eye diagram and jitter indicators at 20 Gbps rate

Parameter Symbol | Minimum | Maximum | Unit Remarks

Name Value Value

ul ul 49.985 50.015 ps +300 ppm, SSC effect not
considered;
This parameter should be
tested at TP2.

Inner eye Y1 50 mV

height

External eye Y2 650 mV

height

Eye diagram X1 0.24 ul

horizontal skew

TJ TJ 0.62 ul SSC included
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Parameter Symbol | Minimum | Maximum | Unit Remarks

Name Value Value

DDJ DDJ 0.32 ul TX FFE enablement
allowed

uJ uJ 0.3 ul

RJ RJ 0.14 ul

Table 7 TP3_EQ eye diagram and jitter indicators at 24 Gbps rate

Parameter Symbol Minimum Maximum Unit Remarks

Name Value Value

ul Ul 41.6542 41.6792 ps +300 ppm, SSC effect not
considered;

This parameter should be
tested at TP2.

Inner eye height | Y1 45 mV

External eye Y2 650 mV

height

Eye diagram X1 0.24 ul

horizontal skew

TJ TJ 0.62 ul SSC included

DDJ DDJ 0.32 ul TX FFE enablement
allowed

uJ uJ 0.3 ul

RJ RJ 0.14 ul

5.3.2.3 Spread Spectrum Clocking

The TX uses the SSC technology to reduce EMI of the signal. The parameters of the SSC are
shown in Figure 8 specifies the parameter technical requirements, such as clock offset range,
down spread range, and spread frequency.
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Figure 8 SSC parameters
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Table 8 SSC parameters
Parameter | Symbol Minimum | Maximum | Unit Remarks
Name Value Value
Clock offset | FREQ_OFFSET =300 300 ppm Note 1
range
Down SSC_DOWN_SPREAD_RANGE | 0.4 0.5 %
spread
range
Spread SSC_SPREAD RATE 30 33 KHz
frequency
Spread SSC_PHASE _DEVIATION 25 22 ns pp Note 2
spectrum
deviation
Frequency | SSC_SLEW_RATE 1250 ppm/us
deviation
rate

Note 1: SSC_DOWN_SPREAD_RANGE represents the percentage of the maximum drop in
signal frequency after modulation relative to the frequency before modulation. The main link
signal adopts a down-spread modulation, and the actual operating frequency of the modulated
system is always below the nominal frequency. All spread spectra are located at TP2.

Note 2: The transmitter side uses the PRBS31 code pattern, performs tests at TP2, and uses a
second-order low-pass filter with a gain of —3 dB at 5 MHz for the phase. The phase

accumulation time is 0.5 us, and the PRBS31 polynomial is Y(x) = x3' + x?8 + 1,
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5.3.2.4 Return Loss
Figure 9 Return loss of the TX

Return loss
TP2

Ha
<im_
_P_o.u_t_>

As shown in Figure 9, the TX return loss (RL) is defined as the ratio of the TP2 point reflection
power Pout to the input power Pin, and the formula is as follows:

Return Loss(dB) = 10  0— (7)

In the formula:
Pout: reflected power, in milliwatts (mW);
Pin: input power, in milliwatts (mW).

Input power Pin can be differential input power or common mode input power, corresponding to
differential RL and common mode RL, respectively

When the differential RL of the TX is measured, its reference differential impedance (including lane
and terminating resistor) shall match the impedance and be measured with the connector. Errors
caused by the test fixture shall be compensated and shall not affect the test results.

The differential RL (RLoirr) shall meet the following formula requirements:
Nyquis =4

—65 < 2.5GHz
-3 25 < =5

=1 Nyquis > 4 2N (8)
-8 < 2.5GHz
-15+95- (o) 25 < =126Hz
-15 > 12GHz

In the formula:

fayquist: maximum Nyquist frequency supported by the chip, in GHz.

Note: For 16 Gbps NRZ signals, the Nyquist frequency is 8 GHz.

The common mode RL (RLcwm) shall meet the following formula requirements:

_ -6 =25
-3

B 25 < = Nyquist (9)

5.3.2.5 Full-Link Insertion Loss

The Type-B full-link insertion loss (IL) shall comply with the provisions of Table 9, and the Type-C
full-link IL shall comply with the provisions of Table 10. The device IL in the table includes chip
packaging, PCB, connectors, and others.
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Note: The full-link IL is end-to-end, including chip packaging, PCB, connectors, cables, and others.

Table 9 Type-B full-link IL

Rate Full-Link Description
Insertion Loss
6 Gbps, 8 Gbps -28 dB For HS2 cables, the device IL should be less than —4.25

dB and that of cables should not exceed —19.5 dB.

16 Gbps

10 Gbps, 12 Gbps, | —28 dB

For HS3 cables, the device IL should be less than —7.5
dB and that of cables should not exceed —13 dB.

20 Gbps, 24 Gbps | —26 dB

For HS4 cables, the device IL should be less than —6.5
dB and that of cables should not exceed —13 dB.

Table 10 Type-C full-link IL

Rate Full-Link Insertion Loss Device IL

4 Gbps -17 dB Less than —5.7 dB (recommended)

6 Gbps -22 dB Less than —7 dB (recommended)

8 Gbps -20.5dB Less than —7.65 dB (recommended)

10 Gbps -25dB Less than —9.5 dB (recommended)

12 Gbps —26 dB Less than —9.5 dB (recommended)

16 Gbps —26 dB Less than —9.5 dB (recommended)

20 Gbps —26 dB Less than —9.25 dB (recommended)

24 Gbps -28 dB Less than —9.5 dB (recommended)
5.3.3 RX

5.3.3.1 Voltage Stress Test Environment

The RX performance is tested by the voltage stress test method. There are two types of devices to
test the RX: the minimum attenuation device, as shown in Figure 10, and the maximum
attenuation device, as shown in Figure 11.

Figure 10 Minimum attenuation device

generation
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Transmitter

|
|
|
I Data pattern
|
|
|
|

device

.
I
I
I
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Oscilloscope
(without additional
equalization/DFE)
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Figure 11 Maximum attenuation device
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In the minimum attenuation device, the transmitting device is directly connected to the chip under
test, eliminating path attenuation. In this scenario, the oscilloscope does not have any additional
equilibrium capabilities and can only display eye diagram indicators.

In the maximum attenuation device, the signal transmission path includes a printed circuit board
(PCB), connectors, and cables. Under this device setting, the oscilloscope sets a reference
equilibrium that matches the transmission rate and displays the equalized signal eye diagram
indicators.

5.3.3.2 General Electrical Parameters
The general electrical parameters in Table 11 shall be specified when the RX is tested.

Table 11 General electrical parameters of the RX

Parameter Name Symbol Minimum | Maximu | Unit Remarks
Value m Value

Sweep sinusoidal jitter Sutol 0.12 ul Voltage stress

toleranceNote ! test

Terminating resistor RRX-DIFF-D | 70 110 Q

impedanceNote 2 C

Differential inter-pair RXINTER-PAIR-S 450 ul @TP3

skew tolerance KEW1

Note 1: Sweep sinusoidal jitter tolerance (SJwi): During the RX performance test, periodic
sinusoidal jitter of different frequencies shall be superimposed on the signal at the transmitting
end;

Note 2: Terminating resistor: To reduce signal reflection and return loss during transmission, the
RX shall connect to a terminating resistor at the end to match the impedance.

5.3.3.3 Rate-related Parameters

At 2 Gbps and 4 Gbps rates, the electrical parameters of the input signal during RX testing shall
comply with the provisions of Table 12.

Table 12 TP2 index parameters in the RX voltage stress test at 2 Gbps and 4 Gbps

Parameter Name

Symbol

Minimum
Value

Maximum
Value

Unit

Remarks
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Parameter Name Symbol Minimum Maximum Unit Remarks
Value Value

Ul ul 499.85 500.15 ps 300 ppm, SSC

effect not

249.925 250.075 considered

TJ TJ 0.5 ul

DDJ DDJ 0.2 ul

uJ uJ 0.3 ul

Inner eye height Y1 120 140 mV

External eye height | Y2 650 mV

Differential intra-pair | TiNTRA-PAIR- 75 ps

skew SKEW

At 6 Gbps and 8 Gbps rates, the electrical parameters of the input signal during RX testing shall
comply with the provisions of Table 13.

Table 13 TP3_EQ (CTLE) index parameters in the RX voltage stress test at 6 Gbps and 8 Gbps

Parameter Name Symbol Minimum Maximum Unit Remarks
Value Value

Ul Ul 166.6167 166.7167 ps 300 ppm, SSC

effect not

124.9625 125.0375 considered

TJ TJ 0.6 ul

DDJ DDJ 0.3 ul

uJ uJ 0.3 ul

Inner eye height Y1 65 75 mV

External eye height | Y2 650 mV

Differential intra-pair | TiNTRA-PAIR- 0.42 ul

skew SKEW

At 10 Gbps and 12 Gbps rates, the electrical parameters of the input signal during RX testing shall
comply with the provisions of Table 14.

Table 14 TP3_EQ [CTLE + DFE (optional)] index parameters in the RX voltage stress test at 10

Gbps and 12 Gbps

Parameter Name Symbol Minimum Maximum Unit Remarks
Value Value
ul ul 99.97 100.03 ps 300 ppm, SSC
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Parameter Name Symbol Minimum Maximum Unit Remarks
Value Value
83.308 83.358 effect not

considered

TJ TJ 0.6 ul

DDJ DDJ 0.3 ul

uJ uJ 0.3 ul

Inner eye height Y1 50 60 mV

External eye height | Y2 650 mV

Differential intra-pair | TiNTRA-PAIR- 0.42 ul

skew SKEW

At a 16 Gbps rate, the electrical parameters of the input signal during RX testing shall comply with
the provisions of Table 15.

Table 15 TP3_EQ [CTLE + DFE (optional)] index parameters in the RX voltage stress test at a 16

Gbps
Parameter Name Symbol Minimum Maximum Unit Remarks
Value Value

Ul Ul 62.48125 62.51875 ps 300 ppm, SSC
effect not
considered

TJ TJ 0.6 ul

DDJ DDJ 0.3 ul

uJ uJ 0.3 ul

Inner eye height Y1 45 55 mV

External eye height | Y2 650 mV

Differential intra-pair | TiNTRA-PAIR- 0.42 ul

skew SKEW

At 20 Gbps and 24 Gbps rates, the electrical parameters of the input signal during RX testing shall
comply with the provisions of Table 16.

Table 16 TP3_EQ [CTLE + DFE (optional)] index parameters in the RX voltage stress test at 20

Gbps and 24 Gbps

Parameter Name Symbol Minimum Maximum Unit Remarks
Value Value
ul ul 49.985 50.015 ps 300 ppm, SSC
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Parameter Name Symbol Minimum Maximum Unit Remarks
Value Value
41.6542 41.6792 effect not

considered

TJ TJ 0.62 ul

DDJ DDJ 0.32 ul

uJ uJ 0.3 ul

Inner eye height Y1 40 50 mV

External eye height | Y2 650 mV

Differential intra-pair | TiNTRA-PAIR- 0.42 ul

skew SKEW

5.3.3.4 Jitter Tolerance

This section describes the jitter tolerance (JTOL) index of the RX. The JTOL reflects the RX's
response to input jitter and is related to the RJ, UDJ, and DDJ. The calculation formula of the JTOL

is as follows:

JTOL(s) = s (10)
where,

UL = RI 4 UD) e (11)

When the JTOL of the RX is tested, the UDJ is divided into two parts: response to sweep
sinusoidal jitter (Slsweep(S)) and correction value of the UDJ (UDJ4p;):

Sko
Slsweep(S) = m

(12)
UDJapy(s) = UDJ — Slsweep(S)

The function of UDJp;(s) is to add a certain amount of SJ or RJ at different test frequencies to
correct the total UDJ value to meet the test requirements.

As shown in Table 17, the RX shall specify the technical requirements for JTOL at different rates,
including DDJ, RJ, and UDJ.

Table 17 jitter tolerance-related parameters

Test Rate TJ DDJ uJ
Environment
RJ ubDJ
Minimum 2 Gbps, 4 Gbps | <0.35 | - 0.15 0.15
attenuation
device 6 Gbps, 8 Gbps | <0.35 | - 0.14 0.16
10 Gbps, 12 <0.35 | - 0.14 0.16
Gbps
16 Gbps <0.35 | - 0.14 0.16
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Test Rate TJ DDJ uJ
Environment
RJ ubDJ

20 Gbps, 24 <0.35 |- 0.14 0.16

Gbps
Maximum 2 Gbps, 4 Gbps | 0.5 0.2 0.15 0.15
attenuation
device 6 Gbps, 8 Gbps | 0.6 0.3 0.14 0.16

10 Gbps, 12 0.6 0.3 0.14 0.16

Gbps

16 Gbps 0.6 0.3 0.14 0.16

20 Gbps, 24 0.62 0.32 0.14 0.16

Gbps
Note: When a minimum attenuation device is used for testing, the transmitting device performs
FFE adjustment and adjusts the DDJ value to the minimum to meet the requirement that TJ is less
than the specified value.

5.4 Sideband Link

The sideband link supports a rate of 12.5 Mbps per single-ended lane, and the signal is DC
coupled.

When the low-rate single-ended TX is working (enabled state), the single-ended output impedance
complies with the provisions of Table 18; when the TX is not enabled, the single-ended output
impedance is in high-resistance state (greater than 1 MQ). The input internal resistance of the
single-ended RX is greater than 1 MQ and correctly identifies the single-ended level signal sent by
the peer TX.

See Figure 12 for the lane circuit in sideband link.

Figure 12 Sideband link circuit

L_EN2 Rsi : .
;ﬁ_/\ AN isL2 SL2: s a:"““z‘

SL
N SL

J
'

+ | and control mmunication|
module and control '
module

The solid line in the above figure indicates the forward insertion orientation, and the dotted line is
the connection line indicates the reverse insertion orientation. The SL communication and control
module enables EN1 or EN2 according to the insertion orientation. In forward insertion, SLTX1 is
enabled through EN1 (the SLTX1 and SLRX2 in gray in the figure being working). In reverse
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insertion, SLTX2 is enabled through EN2 (the SLTX2 and SLRX1 in white in the figure being
working).

When the connection remains stable, the TX can send single-ended signals, and the internal
resistance meets the requirements. The high and low levels are VsLon and VsioL, respectively.
After the data transmission is completed, the level returns to Vsion.

The lane working waveform of the sideband link is shown in Figure 13.
Figure 13 Sideband link lane working waveform
Data transmission starts. Data transmission stops.

Vi

The electrical parameters of the sideband link transmitter (SLTX) and sideband link receiver
(SLRX) comply with the technical requirements specified in Table 18.

Table 18 Electrical parameters of the sideband link

Parameter Name Symbol Minimum | Maximum | Unit | Remarks
Value Value

TX output high-level amplitude VsLoH 2.4 3.47 \Y

TX output low-level amplitude VsioL -0.05 0.35 \Y

RX input high-level amplitude Vsim 1.95 3.77 V

RX input low-level amplitude Vs -0.35 0.65 \Y

Single-ended output impedance by | Rsi txon 25 90 Q

TX in enabled state

TX single-ended pull-up resistor RpuLL_up 7.0 10.5 KQ

RX pull-down resistor ReuLL_bN 0.7 1.05 MQ

RX input capacitor CrxiN 8 pF

Residual voltage when RX is Vbiscrx 04 \% Tested when

disconnected from TX an external 1
MQ
pull-down
resistor is
connected

High current inputting RX IrxiH 25 MA

Low current inputting RX IrxIL 04 MA

SUCA Confidential Page 29 of 435



T/SUCA 001.2—2024

Parameter Name Symbol Minimum | Maximum | Unit | Remarks
Value Value

Rising and falling edge time Tre 2 15 ns 20%—-80%

Single bit width Tui 78.4 81.6 ns 2%

6 Logical Layer

6.1 Overview

The logical layer is mainly responsible for maintaining the link lane state, encoding the transport
layer packets and transmitting the packets to the electrical layer, and decoding the electrical layer
data and transmitting the data to the transport layer. The logical layer is divided into the main link
logical layer and the sideband link logical layer.

The data structure includes a main link data structure and a sideband link data structure, wherein
the main link data structure includes a logic block, a logical layer packet, and a control frame; the
sideband link data structure includes a sideband link logical layer packet.

The logical layer can support four-lane mode or eight-lane mode. See Table 133. In this section,
the four-lane mode is the simplified-specification mode, and the eight-lane mode is the
full-specification mode.

The upper layer in this section refers to the software that manages adapters or implements related
functions.

6.2 Data Structure

6.2.1 Basic Requirements

The main link logical layer uses two code types to implement data processing and link
management functions. The first code type is the logic block (LLB), which completes the
transmission of transport layer packets and logical layer management packets. The second code
type is the logical layer control frame (LLCF), which realizes link management functions such as
link training and state update. The LLB completes the encapsulation of logical layer data packet
(LLDP) and logical layer main link management packet (LLMMP). LLB and LLCF are transmitted
through the main link. LLCF uses independent lanes for transmission to ensure the integrity of the
LLCF code pattern on a single lane.

The main link logical layer also includes a logical layer sideband link management packet
(LLSMP), which is transmitted through the sideband link.

The sideband link logical layer uses the sideband link logical layer packet (LLSP) to realize the
encapsulation of the logical layer sideband link management packet (LLSMP) and the transport
layer packet. The packets are transmitted on the sideband link.

For illegal packets and non-state-expected packets, the processing principles are as follows:
® The transmitter side is prohibited from sending illegal packets;
® The transmitter side is prohibited from sending non-state-expected packets in any state;

® The receiver side can ignore or respond to illegal packets and non-state-expected packets.
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6.2.2 Logic Block
The logical layer uses LLB as the basic unit of data transmission.
(a) Four-lane mode

In four-lane mode, one LLB consists of 240 bytes, as shown in Figure 14. When FEC is disabled,
all 240 bytes in the LLB constitute the LLB body; when FEC is enabled, the first 230 bytes in the
LLB constitute the LLB body, and the last 10 bytes constitute the LLB tail. The LLB body is filled

with LLDP and LLMMP, and the LLB tail corresponds to the FEC-encoded check bytes.

Figure 14 LLB structure in four-lane mode

[Bo [ B1 [B2| ... [B227[B228B229[B230B231] ... [B238[B239|
FEC disabled

[Bo | BL B2 ... [B227|B228|B229| RSO [RS1| ... |RS8|RSY]
FEC enabled

(b) Eight-lane mode

In eight-lane mode, one LLB consists of 480 bytes, as shown in Figure 15. When FEC is disabled,
all 480 bytes in the LLB constitute the LLB body; when FEC is enabled, the first 460 bytes in the
LLB constitute the LLB body, and the last 20 bytes constitute the LLB tail. The LLB body is filled
with LLDP and LLMMP, and the LLB tail corresponds to the FEC-encoded check bytes.

Figure 15 LLB structure in eight-lane mode

I ol B1 B2l ... IB457|B458|B459IB460|B461] ... |B478|B479]
FEC disabled

I Bo | Bl [B2]| ... —[B457|B458|B459] RSO[RS1| ... [RS18|RS19|
FEC enabled

At the electrical layer, data transmission is sent and received byte by byte according to the LLB
arrangement. Single bytes are sent and received starting from the low bit by default. The order of
sending and receiving LLB in four-lane mode is shown in Figure 16.

Figure 16 LLB data transmission sequence

1 First transmission Last transmission l

B238 | B239

[ BO I Bl | [
lbi:lhixlbi(Ibi(Tbi:lbilIbi(|bit|bil|bi(|bit|bi(lbi(lhi:lbitlbi( ...... bi(Ibi(|bit|bil|bi(lhitlbitlbi(]bitlbillbi(|bi(|bil|bi(|bi(|bix|
0 1 2 3 4 E 6 rd 0 1 2 314 3 6 s 0 1 2 3 4 3 6 rd 0 1 2 3 4 3 6 rd
FEC disabled
l First transmission Lasttransmisswonl
[ BO j| L B229 T RSO 1 i RS9 ]
Ibi:lhnlai:lbi?l'bi:lui:lbi:lbnl ...... Ibi:lhitlbi(lbi: bitIbi(lbi(lhit|bit|bit|bi(|hit billbi(lbitlbi(l ...... Ibillbi(lbitlhi: bi(lbi(lbitlbill
0 1 2 3 4 3 6 rd 1] 1 2 3 4 3 6 rd [\] 1 2 3 4 3 6 s [\] 1 2 3 4 3 6 rd

FEC enabled
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6.2.3 Logical Layer Packet

6.2.3.1 Overview

The transport layer packet and the logical layer management packet are encapsulated into the
structure of a logical layer packet, which includes a logical layer data packet and a logical layer
management packet.

6.2.3.2 Logical Layer Data Packet

Logical layer data packet (LLDP) implements the encapsulation of transport layer packets. LLDP
can only be transmitted via ML. As shown in Figure 17, LLDP includes logical layer packet header
(LLPH) and logical layer packet payload (LLPP).

Figure 17 LLDP structure

LLPT Rsv LLPPO LLPPx

bit [bit |bit|bit |bit|bit|bit|bit |bit|bit|bit|bit|bit|bit |bit|bit|bit|bit|bit|bit | bit| ...... bit [bit |bit|bit|bit
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

bit
2

bit
1

bit
0

bit
7

bit
6

bit
5

LLPH is fixed to 2 bytes, of which the LLPT field indicates the current data packet type, and the
LLPT of LLDP is fixed to 0xOF; the Rsv field is a reserved field, fixed to 0x0. LLPP fills the transport
layer packets. Refer to the encapsulation block for the length.

The mapping relationship between the TLP and LLDP is shown in Figure 18. The byte order during
mapping is shown in C.2 (LLPPx = 0).

Figure 18 Mapping relationship between the TLP and LLDP

| D_DEP ‘ Length ‘ D ‘ ECC ‘ BO ‘ ‘ Bz

s

LLPT Rsv. I [ LLPPx LLPPy |
bit|bit[bit[bit[bit[bit|bit bit|bit[bit[bit]bit|...... [bit[bit[bit[bit[bit bit[bit|bit|bit|bit|bit|......
7 5|43 1 4l3|2]1]0 7065|443 5|43 10

bit
6

bit
2

bit
0

bit|bit|bit
71615

bit
2

bit|bit|...... |bit
LR ¥

bit
6

bit
2

The mapping scenarios are as follows:
(a) LLPPxis equal to LLPPO, and LLDP fills TLP data starting from the first byte.

(b) LLPPxis not equal to LLPPO, LLDP starts filling TLP data from the middle, and the data filled
before LLPPx is the TLP data before the current TLP.

(c) LLPPy is not the last byte of the current LLDP, and Bz is the last byte of TLP. That is, the TLP
data is filled in the current LLDP, and the data filled after LLPPy is the TLP data after the
current TLP.

(d) LLPPy is the last byte of the current LLDP, and Bz is the last byte of TLP. That is, the TLP
data has just been filled in the current LLDP.

(e) LLPPy is the last byte of the current LLDP, and Bz is not the last byte of TLP. That is, the
current LLDP has not completed all data filling of the current TLP, and the remaining data of
the current TLP starts to be filled from LLPPO of the next LLDP.
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6.2.3.3 Logical Layer Management Packet

6.2.3.3.1 Overview

The logical layer management packet implements the packet processing of the logical layer
management messages, including the logical layer main link management packet (LLMMP) and
the logical layer sideband link management packet (LLSMP). The LLMMP is transmitted through
ML, and the LLSMP is transmitted through SL. When ML is in HS state, it is advisable to use ML to
transmit logical layer management packets.

As shown in Figure 19, the LLMMP is fixed to 8 bytes and consists of LLPH, LLPP, and CRC check
information.

Figure 19 LLMMP structure

[ LLPT TR
bit[bit |bit|bit|bit|bit|bit|bit|bit
7l6fs5]afalz2|1]o]z7

sv | LLMNT | LLPPO | [ LLPP3 | CRC LS Byte | CRC MS Byte |
bit|bit|bit|bit|bit bit |bit|bit[bit bit[bit|bit |bit|bit|bit| ...... bit[bit|bit|bit|bit|bit|bit bit|bit bit|bit|bit[bit bit|bit[bit|bit|bit |bit|bit|bit|bit|bit|bit
6|5 |a|afz2]1]oj7|6|s5|afa|a]1]o0 7le|s5|afaj2|1jol7z]e|s5|alalz]|1|o|7|6|5]|ala|2|1]0

The length of LLPH is fixed to 2 bytes, where the LLPT field indicates the current data packet type,
and the LLPT of the LLMMP is fixed to OxFO; the Rsv field is reserved and filled with 0x0; the
Logical Layer Management Message Type (LLMMT) field indicates the message type carried by
the current LLMMP. The LLPP length is fixed to 4 bytes, and the content is determined by the
current logical layer management message to be transmitted. The message length is less than 4
bytes, it is fixedly filled with 0x0. Fixed to 2 bytes, the CRC uses CRC16 and fills in the check
information of all parameters in the Rsv field, LLMMT field, and LLPP field of the current data
packet.

As shown in Figure 20, a complete LLSMP structure is described. The entire data message length
is not fixed and consists of LLPH, LLPP, and CRC.

Figure 20 LLSMP structure

LLMWT LLPL | LLPPO | [ LLPPx | CRC LS Byte | CRC MS Byte |
bit [bit|bit|bit|bit|bit|bit|bit bit|bit|bit[bit|bit|bit [bit|bit|bit |bit|bit|bit|bit|bit|bit| ...... bit[bit|bit|bit|bit|bit|bit bit|bit bit|bit|bit[bit bit|bit[bit|bit|bit |bit|bit|bit|bit|bit|bit
6|5 |a|3lz|1loj7|e6|[s5|afa|2]1]o|7|6]|5|afs|2a]|1]0 7le|s5|afaj2|1jol7z]e|s5|alalz]|1|o|7|6|5]|ala|2|1]0

[Rsv [
bit

| 7

The LLPH length is fixed to 2 bytes, of which the Rsv field and LLMMT field are consistent with the
LLMMP; the logical layer packet length (LLPL) field indicates the current LLSMP message payload
length. The length and content of the LLPP are determined by the logical layer management
message currently to be transmitted. Fixed to 2 bytes, the CRC uses CRC16 and fills in the check
information of all parameters in other fields of the current data message except the CRC field.

Logical layer management messages are shown in Table 19, which is a summary of logical layer
management messages supported by the logical layer. In order to reduce link anomalies caused
by message loss and improve the robustness of the system, when TSM, LLFM, CLFM_Ack,
EQFM_Ack, Ack/Nack, LPRM, LWAM, and LDAM messages in the table are sent through the main
link, they need to be sent directly three times and placed in three consecutive LLBs. The receiver
side only needs to receive and parse one of the messages, and ignore the rest. If an abnormality
occurs in the main link during the three transmissions through the main link, the transmitter side
stops transmitting and does not need to switch to the sideband link for transmission. If sent via a
sideband link, it only needs to be sent once. For messages that require a response (such as
LPRM/LWAM/LDAM), the receiver side only needs to respond to one of the repeated messages,
and ignore the rest. If two logical layer management messages with exactly the same parameters
are sent through the main link, the interval between the two messages must be more than
tLLMMP_same_interval.
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Table 19 Summary of logical layer management messages

Message | Abbreviation | Description Transmission | Replied
Type Mode or Not
0x02 CLFM_Ack Clock lock feedback response ML/SL No

message, responding to the clock lock
feedback message.

0x03 EQFM_Ack Equilibrium feedback response ML/SL No
message, responding to the
equilibrium feedback message.

0x11 TSM Link training start message, startinga | ML/SL No
link training.
0x12 CLFM Clock lock feedback message, feeding | ML/SL Yes

back the clock lock result & Swing
update request.

0x13 EQFM Equilibrium feedback message, ML/SL Yes
feeding back the balance result & FFE
update request.

0x14 LLFM Lane lock feedback message, feeding | ML/SL No
back the lane lock result.

0x21 LPRM Low power consumption request ML/SL Yes
message.

0x22 LWAM Link width adjustment message. ML/SL Yes

0x23 LDAM Lane direction adjustment message. ML/SL Yes

0x24 CFSLM CF position sending message. The ML No

transmitter side informs the receiver
side of the subsequent CF sending
position.

0x2A Ack/Nack Response message, responding to the | ML/SL No
received management information.

0x2B ERR_RM Error report message, reporting the ML/SL Yes
abnormal issues detected.

6.2.3.3.2 Training Start Message

The TSM is a collection of link training start flags, including the training start flags of all
transmission lanes of the current port.

The TSM is used when a link training is started. Application scenarios include the following: In the
initial link establishment scenario, after the port initialization is completed, a TSM is sent to start
link training; in the abnormal retraining scenario, a TSM is sent to start link retraining; when the
LP3 low power consumption is exited, a TSM is sent to start link recovery. After receiving the TSM,
the receiver side starts the training of the designated lane in the TSM.
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The message parameters of each lane are independent. If the lane is disabled or does not exist,
the corresponding message parameter is fixed to 0.

The TSM does not require a response. However, the peer needs to send a clock lock feedback
message within the tTSMResponse period.

The TSM supports transmission through ML and SL. The LLMMP arrangement corresponding to
ML transmission is shown in Table 20, and the LLSMP arrangement corresponding to SL
transmission is shown in Table 21.

Table 20 Arrangement format of the TSM in LLMMP

Byte Bit Field Name Description
0 7:0 LLPT Message type, configured as OxFO.
1 5:0 LLMMT Logical layer management message type,
configured as 0x11.
7:6 Reserved Reserved.
2 7:0 TSO0-TS7 Training start. Bit 0—7 represent the training

state in lane 0-7:
1b: training initiated;
Ob: training not initiated

3-5 7:0 Reserved Reserved.

67 7:0 CRC16 Check code, checking bytes 1-5.

Table 21 Arrangement format of the TSM in LLSMP

Byte Bit Field Name Description
0 5.0 LLMMT Logical layer management message type,
configured as 0x11.
7:6 Reserved Reserved.
1 7:0 LLPL Message payload length parameter, equal to 1.
2 7:0 TS0-TS7 Training start. Bit 0—7 represent the training

state in lane 0-7:
1b: training initiated;
Ob: training not initiated

34 7:0 CRC16 Check code, checking bytes 0-2.

6.2.3.3.3 Clock Lock Feedback Message

The clock lock feedback message (CLFM) is a collection of clock lock result flags and Swing
update request messages, including the clock lock results and Swing update requests of all
receiving lanes of the current port. CLFM_Ack is a response message of CLFM.

CLFM is used in the clock lock phase to feed back on the current clock lock result at the receiving
end and initiate a request to update Swing parameters for lanes that have failed clock lock.
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Different CLFM feedback clock lock messages can be used independently for each lane, or the
same CLFM feedback clock lock message can be combined.

CLFM requires a response. The transmitter side performs pattern switching for the lane locked by
the clock, completes Swing update for the lane whose Swing parameters need to be adjusted, and
responds with Ack for the lane that completes the above operations. Otherwise, it responds with
Nack. The usage rules of CLFM_Ack are similar to those of CLFM. Each lane responds
independently. Different CLFM_Ack or a combined CLFM_Ack can be used for response.
Examples of usage rules are as follows:

(a) CLFMO feeds back multiple lane clock lock information, and can use CLFM_AckO and
CLFM_Ack1 to respond to part or all of the lane clock lock information fed back by CLFMO,
respectively.

(b) CLFMO feeds back partial lane clock lock information, and CLFM1 feeds back partial lane
clock lock information. CLFM_AckO can be used to respond to part or all of the lane clock
lock information fed back by CLFMO0 and CLFM1 at the same time.

The message parameters of each lane are independent. If the lane is disabled or does not exist,
the corresponding message parameter is fixed to 0.

CLFM supports transmission via ML and SL, and the clock lock feedback message of each lane is
represented by two bytes.

The LLMMP arrangement format corresponding to CLFM in ML transmission is shown in Table 22.
Through ML transmission, a single CLFM supports up to two lanes of clock lock feedback
messages.

The LLSMP arrangement format corresponding to CLFM in SL transmission is shown in Table 23.
Through SL transmission, a single CLFM supports up to eight lanes of clock lock feedback
messages.

Table 22 Arrangement format of CLFM in LLMMP

Byte Bit Field Name Description

0 7:0 LLPT Message type, configured as OxFO.

1 5.0 LLMMT Logical layer management message type,
configured as 0x12.

7:6 Reserved Reserved.

2 2:0 Lane ID Lane number.

7:3 Reserved Reserved.

3 3.0 Swing_Req Lane request Swing gear indicated by
Lane_ID of byte 2:

Oh: gear 0;
1h: gear 1;
2h: gear 2;
3h: gear 3;
4h: gear 4;
5h: gear 5;
6h: gear 6;
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Byte

Bit

Field Name

Description

7h: gear 7;
8h to Eh: reserved;
Fh: Swing gear request invalid.

CL

Lane clock lock result indicated by Lane_ID of
byte 2 (effective only when the request for
Swing gear is invalid):

1b: Clock lock succeeded;

Ob: Clock lock failed.

7:5

Reserved

Reserved.

2:0

Lane ID

Lane number.

7:3

Reserved

Reserved.

3.0

Swing_Req

Lane request Swing gear indicated by
Lane_ID of byte 4:

Oh: gear 0;

1h: gear 1;

2h: gear 2;

3h: gear 3;

4h: gear 4;

5h: gear 5;

6h: gear 6;

7h: gear 7;

8h to Eh: reserved;

Fh: Swing gear request invalid.

CL

Lane clock lock result indicated by Lane_ID of
byte 4 (valid only when the request for Swing
gear is invalid):

1b: Clock lock succeeded:;

Ob: Clock lock failed.

7:5

Reserved

Reserved.

7:0

CRC16

Check code, checking bytes 1-5.

Table 23 Arrangement format of CLFM in LLSMP

Byte Bit Field Name Description
0 5:0 LLMMT Logical layer management message type,
configured as 0x12.
7:6 Reserved Reserved.
1 7:0 LLPL Message payload length parameter, equal to
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Byte

Bit

Field Name

Description

N-1.

2:0

Lane ID

Lane number.

7:3

Reserved

Reserved.

3.0

Swing_Req

Lane request Swing gear indicated by
Lane_ID of byte 2:

Oh: gear 0;

1h: gear 1;

2h: gear 2;

3h: gear 3;

4h: gear 4;

5h: gear 5;

6h: gear 6;

7h: gear 7;

8h to Eh: reserved;

Fh: Swing gear request invalid.

CL

Lane clock lock result indicated by Lane_ID
of byte 2 (effective only when the request for
Swing gear is invalid):

1b: Clock lock succeeded;

Ob: Clock lock failed.

7:5

Reserved

Reserved.

7:0

Clock lock feedback
message of other lanes

The clock lock feedback information of each
lane is represented by two bytes.

When CLFM feeds back a single lane
message, N is equal to 3, and byte 3 is the
last 1 payload of LLSMP;

When CLFM feeds back 2 lane messages, N
is equal to 5. Refer to bytes 2—3 for bytes
4-5 parameters;

When CLFM feeds back 3 lane messages, N
is equal to 7. Refer to bytes 2—3 for bytes
4—7 parameters;

When CLFM feeds back 4 lane messages, N
is equal to 9. Refer to bytes 2—3 for bytes
4-9 parameters;

When CLFM feeds back 5 lane messages, N
is equal to 11. Refer to bytes 2-3 for bytes
4-11 parameters;

When CLFM feeds back 6 lane messages, N
is equal to 13. Refer to bytes 2—3 for bytes
4-13 parameters;

When CLFM feeds back 7 lane messages, N
is equal to 15. Refer to bytes 2—3 for bytes
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Byte Bit Field Name Description
4-15 parameters;
When CLFM feeds back 8 lane messages, N
is equal to 17. Refer to bytes 2—3 for bytes
4-17 parameters.

N+1-N+ | 7:0 CRC16 Check code, checking bytes 0—N.

2

CLFM_Ack supports transmission through ML and SL. The LLMMP arrangement format
corresponding to ML transmission is shown in Table 24, and the LLSMP arrangement format
corresponding to SL transmission is shown in Table 25. Through ML transmission and SL
transmission, a single CLFM_Ack supports the feedback of clock lock message responses for up
to four lanes.

Table 24 Arrangement format of CLFM_Ack in LLMMP.

Byte Bit Field Name Description

0 7.0 LLPT Message type, configured as OxFO.

1 5.0 LLMMT Logical layer management message type,
configured as 0x02.

7:6 Reserved Reserved.

2 7:0 CLFMO_Ack—CLFM7_Ack | Bit 0—7 represents the clock lock feedback
response of lane 0—7: Ob: Nack; 1b: Ack.

3-5 7:0 Reserved Reserved.

67 7.0 CRC16 Check code, checking bytes 1-5.

Table 25 Arrangement format of CLFM_Ack in LLSMP

Byte Bit Field Name Description

0 5:0 LLMMT Logical layer management message type,
configured as 0x02.

7.6 Reserved Reserved.

1 7:0 LLPL Message payload length parameter, equal to
1.

2 7:0 CLFMO_Ack—CLFM7_Ack | Bit 0—7 represents the clock lock feedback
response of lane 0-7: Ob: Nack; 1b: Ack.

3-4 7:0 CRC16 Check code, checking bytes 0-2.
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6.2.3.3.4 Equilibrium Feedback Message

The equilibrium feedback message (EQFM) is a collection of equilibrium result flags and FFE
parameter update request messages, including the equilibrium results and FFE parameter update
requests of all receiving lanes of the current port. EQFM_Ack is the response message of EQFM.

EQFM is used in the equilibrium phase. It is used by the receiving end to feedback the current
equilibrium result and initiate a request to update FFE parameters for the lane that failed the
equilibrium. Different EQFM feedback equilibrium messages can be used independently for each
lane, or the same EQFM feedback equilibrium message can be combined.

EQFM requires a response. The transmitter side performs pattern switching for the lane that has
been successfully equalized, completes FFE update for the lane whose FFE parameters need to
be adjusted, and responds with Ack for the lane that completes the above operations. Otherwise, it
responds with Nack. For the usage rules of EQFM_AcKk, please refer to CLFM_Ack. Each lane can
respond independently or in combination.

The message parameters of each lane are independent. If the lane is disabled or does not exist,
the corresponding message parameter is fixed to 0.

EQFM supports transmission via ML and SL, and the equilibrium feedback message of each lane
is represented by two bytes.

The LLMMP arrangement format corresponding to EQFM in ML transmission is shown in Table 26.
Through ML transmission, a single EQFM supports up to two lanes of equilibrium messages.

The LLSMP arrangement format corresponding to EQFM in SL transmission is shown in Table 27.
Through SL transmission, a single EQFM supports up to eight lanes of equilibrium messages.

The actual gear of FFE consists of three parameters, namely PRE1, POST1 and POST2. The
original values of the three parameters range from 0—-15, as shown in Table 133.

Example 1: Define the parameter Supported FFE_Level[11:0] in port capability negotiation, which
will constrain the value range of the three parameters of FFE's actual gear.

PRE1_mask = Supported FFE_Level[3:0];
POST1_mask = Supported FFE_Level[7:4];
POST2_mask = Supported FFE_Level[11:8].

Example 2: Record the actual gear position of each FFE parameter as G, which is recorded as
PRE1_G, POST1_G, and POST2_G, respectively. Take PRE1_G as an example to illustrate the
corresponding relationship between the value range of PRE1_G and part of PRE1_mask:

PRE1_mask = 0000b: The actual gear of PRE1_G can be 0;

PRE1_mask = 0010b: The actual gear of PRE1_G can be 0 or 2;

PRE1_mask = 1100b: The actual gear of PRE1_G can be 0, 4, 8, or 12;
PRE1_mask = 1110b: The actual gear of PRE1_G can be 0, 2, 4, 6, 8, 10, 12, or 14;
PRE1_mask = 1111b: The actual gear of PRE1_G can be 0-15.

The values of PRE1_mask are not all listed above, but as long as all bits that are 1 are continuous,
they are considered to be compliant values. The corresponding relationship is the same as above
with PRE1_G.

Example 3: Record the bit corresponding to the lowest bit 1 in each FFE parameter mask as M,
which are recorded as PRE1_M, POST1_M, and POST2_M, respectively. The PRE1_mask is
taken as an example to illustrate its relationship with PRE1_M:
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PRE1_mask=0000b: PRE1_M=0; PRE1_mask=1000b: PRE1_M=3;
PRE1_mask=1100b: PRE1_M=2; PRE1_mask=1110b: PRE1_M=1,

The number of bits set to 1 in each FFE parameter mask is N, denoted as PRE1_N, POST1_N,
and POST2_N, respectively. The calculation formula is as follows:

PRE1_N = PRE1_mask[3] + PRE1_mask[2] + PRE1_mask[1] + PRE1_mask[0];
POST1_N = POST1_mask[3] + POST1_mask[2] + POST1_mask[1] + POST1_mask[0];
POST2_N = POST2_mask[3] + POST2_mask[2] + POST2_mask[1] + POST2_mask[0];

The final definition of the mapping relationship is:

FFE_Req = (PRE1_G >> PRE1_M) << (POST1_N + POST2_N)
+ (POST1_G >> POST1_M) << POST2_N

+ (POST2_G >> POST2_M)

Table 26 Arrangement format of EQFM in LLMMP

Byte

Bit

Field Name

Description

0

7:0

LLPT

Message type, configured as OxFO.

1

5:0

LLMMT

Logical layer management message type,
configured as 0x13.

7:6

Reserved

Reserved.

2:0

Lane ID

Lane number.

3

Reserved

Reserved.

6:4

Swing_Req

Lane request Swing gear indicated by
Lane_ID of byte 2:

Oh: gear 0;
1h: gear 1;
2h: gear 2;
3h: gear 3;
4h: gear 4;
5h: gear 5;
6h: gear 6;
7h: gear 7;

(Effective only when Swing_Req_Enable is
valid)

Swing_Req_Enable Lane Swing gear adjustment enablement

indicated by Lane_ID of byte 2:
1b: Swing gear adjustment is valid;
Ob: Swing gear adjustment is invalid.

6:0

FFE_Req

The Lane_ID of byte 2 indicates the lane
request FFE gear, which supports up to 64
gears. The number of gears corresponds to
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Byte Bit Field Name Description
the FFE_Req parameter one by one
(mapping described in this section);
7Fh: The requested FFE gear is invalid.

7 EQD Lane equilibrium result indicated by Lane_ID
of byte 2 (effective only when the requested
FFE gear and requested Swing gear are
invalid):
1b: Equilibrium succeeded;
Ob: Equilibrium failed.

4 2:0 Lane_ID Lane number.

3 Reserved Reserved.

6:4 Swing_Req Lane request Swing gear indicated by
Lane_ID of byte 4:
Oh: gear 0;
1h: gear 1;
2h: gear 2;
3h: gear 3;
4h: gear 4;
5h: gear 5;
6h: gear 6;
7h: gear 7;
(Effective only when Swing_Req_Enable is
valid)

4 7 Swing_Req_Enable Lane Swing gear adjustment enablement
indicated by Lane_ID of byte 4:
1b: Swing gear adjustment is valid;

Ob: Swing gear adjustment is invalid.

5 6:0 FFE_Req The lane indicated by Lane_ID of byte 4
requests FFE gear, which supports up to 64
gears. The number of gears corresponds to
the FFE_Req parameter one by one; 7Fh:
The requested FFE gear is invalid.

7 EQD Lane equilibrium result indicated by Lane_ID
of byte 4 (effective only when the requested
FFE gear and requested Swing gear are
invalid):
1b: Equilibrium succeeded;
Ob: Equilibrium failed.
67 7:0 CRC16 Check code, checking bytes 1-5.
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Table 27 Arrangement format of EQFM in LLSMP

Byte Bit Field Name Description

0 5:0 LLMMT Logical layer management message type,
configured as 0x13.

76 Reserved Reserved.

1 7:0 LLPL Message payload length parameter, equal
to N-1.

2 2:0 Lane_ID Lane number.

3 Reserved Reserved.
6:4 Swing_Req Lane request Swing gear indicated by
Lane_ID of byte 2:
Oh: gear 0;
1h: gear 1;
2h: gear 2;
3h: gear 3;
4h: gear 4;
5h: gear 5;
6h: gear 6;
7h: gear 7;
(Effective only when Swing_Req_Enable is
valid)
7 Swing_Req_Enable Lane Swing gear adjustment enablement
indicated by Lane_ID of byte 2:
1b: Swing gear adjustment is valid,
Ob: Swing gear adjustment is invalid.

3 6:0 FFE_Req The lane indicated by Lane_ID of byte 2
requests FFE gear, which supports up to 64
gears. The number of gears corresponds to
the FFE_Req parameter one by one; 7Fh:
The requested FFE gear is invalid.

3 7 EQD Lane equilibrium result indicated by byte 2
Lane_ID (valid only when the requested
FFE gear and requested Swing gear are
invalid):

1b: Equilibrium succeeded;

Ob: Equilibrium failed.

4-N 7:0 Equilibrium feedback The equilibrium feedback information of
message of other lanes. | each lane is represented by two bytes:
For details, see the When EQFM feeds back a single lane
description.

message, N is equal to 3, and byte 3 is the
last 1 payload of LLSMP;

When EQFM feeds back 2 lane messages,
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Byte

Bit

Field Name

Description

N is equal to 5. Refer to bytes 2—3 for bytes
4-5 parameters;

When EQFM feeds back 3 lane messages,
N is equal to 7. Refer to bytes 2—3 for bytes
4—7 parameters;

When EQFM feeds back 4 lane messages,
N is equal to 9. Refer to bytes 2—3 for bytes
4-9 parameters;

When EQFM feeds back 5 lane messages,
N is equal to 11. Refer to bytes 2-3 for
bytes 4—-11 parameters;

When EQFM feeds back 6 lane messages,
N is equal to 13. Refer to bytes 2-3 for
bytes 4—-13 parameters;

When EQFM feeds back 7 lane messages,
N is equal to 15. Refer to bytes 2-3 for
bytes 4—15 parameters;

When EQFM feeds back 8 lane messages,

N is equal to 17. Refer to bytes 2—3 for
bytes 4—-17 parameters.

N+ 1-N+

7:0

CRC16

Check code, checking bytes 0—N.

EQFM_Ack supports transmission via ML and SL. The LLMMP arrangement format corresponding

to EQFM_Ack in ML transmission is shown in Table 28. The LLSMP arrangement format
corresponding to EQFM_Ack in SL transmission is shown in Table 29. Through ML transmission
and SL transmission, a single EQFM_Ack supports the feedback of equilibrium feedback lock

message responses for up to eight lanes.

Table 28 Arrangement format of EQFM_Ack in LLMMP

Byte Bit Field Name Description

0 7:0 LLPT Message type, configured as OxFO.

1 5.0 LLMMT Logical layer management message type,
configured as 0x03.

7:6 Reserved Reserved.
2 7:0 EQFMO_Ack— Bit 0—7 represent the equilibrium feedback
EQFM7_Ack response of lane 0-7:

Ob: Nack;
1b: Ack.

3-5 7:0 Reserved Reserved.

67 7:0 CRC16 Check code, checking bytes 1-5.
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Table 29 Arrangement format of EQFM_Ack in LLSMP

Byte Bit Field Name Description

0 5:0 LLMMT Logical layer management message type,
configured as 0x03.

7:6 Reserved Reserved.

1 7:0 LLPL Message payload length parameter, equal to
1.

2 7:0 EQFMO_Ack- Bit 0—7 represent the equilibrium feedback

EQFM7_Ack response of lane 0-7:

Ob: Nack;
1b: Ack.

34 7:0 CRC16 Check code, checking bytes 0-2.

6.2.3.3.5 Lane Lock Feedback Message

The lane lock feedback message (LLFM) is a collection of lane lock result flags, including the lane
lock results of all receiving lanes of the current port.

The LLFM is used to feed back the lane lock results of all receiving lanes at the RX end during the
lane lock phase. All lanes should feed back lane lock results simultaneously and use the same
LLFM. The lane that knows its lock result first should wait for the other lanes to know their lock
result (lane lock success or failure) before feeding back the LLFM.

The LLFM does not require a response, and the TX switches the pattern for the lanes that have
been successfully locked.

The message parameters of each lane are independent. If the lane is disabled or does not exist,
the corresponding message parameter is fixed to 0.

The LLFM supports transmission via ML and SL. The LLMMP arrangement format corresponding
to LLFM in ML transmission is shown in Table 30. The LLSMP arrangement format corresponding
to LLFM in SL transmission is shown in Table 31.

Table 30 Arrangement format of LLFM in LLMMP

Byte Bit Field Name Description

0 7:0 LLPT Message type, configured as OxFO.

1 5:0 LLMMT Logical layer management message type,
configured as 0x14.

7:6 Reserved Reserved.

2 7:0 LLO-LL7 Lane lock. Bit 0—7 represent the locking state
of lane 0-7:
1b: locked;

Ob: not locked.

3-5 7:0 Reserved Reserved.
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Byte Bit Field Name Description

67 7:0 CRC16 Check code, checking bytes 1-5.

Table 31 Arrangement format of LLFM in LLSMP

Byte Bit Field Name Description

0 5.0 LLMMT Logical layer management message type,
configured as 0x14.

7:6 Reserved Reserved.

1 7:0 LLPL Message payload length parameter, equal to
1.

2 7:0 LLO-LL7 Lane lock. Bit 0—7 represent the locking state
of lane 0-7:
1b: locked;

Ob: not locked.

34 7:0 CRC16 Check code, checking bytes 0-2.

6.2.3.3.6 Lower Power Consumption Request Message

The lower power request message (LPRM) is a set of low power consumption request parameters,
including entering/exiting the low power consumption request and the low power consumption
request gear.

The LPRM is used when the link is in a service transmission state or an LP3 low power
consumption state. In the service transmission state, when there is no service data or
management message to be transmitted, a low power consumption request can be initiated. The
low power consumption request must include a low power consumption gear; in the LP3 low
power consumption state, when service data transmission needs to be restarted, an exit low
power consumption request can be initiated. The low power consumption gear corresponding to
the exit low power consumption request must be LP3. The current port negotiates with the other
end through LPRM to enter or exit low power consumption control of lane links.

The LPRM needs to respond except for LPOf. The RX end agrees to the low power consumption
request and needs to respond with Ack to LPRM; otherwise, it needs to respond with Nack. LPOf
does not require a response, forcing the peer end to accept the LPOf low power consumption
request.

The LPRM supports transmission via ML and SL. It is recommended to use ML transmission when
entering LPRM, and only transmission via SL is supported when exiting LPRM. The LLMMP
arrangement format corresponding to ML transmission is shown in Table 32. The LLSMP
arrangement format corresponding to SL transmission is shown in Table 33.

Table 32 Arrangement format of LPRM in LLMMP

Byte Bit Field Name Description

0 7:0 LLPT Message type, configured as OxFO.
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Byte

Bit

Field Name

Description

5:0

LLMMT

Logical layer management message type,
configured as 0x21.

7:6

Reserved

Reserved.

7:0

LP_GEAR

Low power consumption request gear:

00h: low power consumption entering LPO;
01h: low power consumption entering LP1;
02h: low power consumption entering LP2;
03h: low power consumption entering LP3;
10h: low power consumption entering LPOf;
other values: reserved.

LP_MODE

Low power consumption request mode:
Ob: entering the mode;
1b: exiting the mode;

LP_WAY

Low power consumption request direction:
Ob: unidirectional;

1b: bidirectional (used for low power
consumption of ports).

7:2

Reserved

Reserved.

4-5

7:0

Reserved

Reserved.

6-7

7:0

CRC

Check code, checking bytes 1-5.

Table 33 Arrangement format of LPRM in LLSMP

Byte

Bit

Field Name

Description

0

5:0

LLMMT

Logical layer management message type,
configured as 0x21.

7:6

Reserved

Reserved.

7:0

LLPL

Message payload length parameter, equal to
2.

7:0

LP_GEAR

Low power consumption request gear:

00h: low power consumption entering LPO;
01h: low power consumption entering LP1;
02h: low power consumption entering LP2;
03h: low power consumption entering LP3;
10h: low power consumption entering LPOf;
other values: reserved.

LP_MODE

Low power consumption request mode:
Ob: entering the mode;

1b: exiting the mode;
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Byte Bit Field Name Description
1 LP_WAY Low power consumption request direction:
Ob: unidirectional;
1b: bidirectional (used for low power
consumption of ports).
7:2 Reserved Reserved.
4-5 7:0 CRC Check code, checking bytes 0-3.

6.2.3.3.7 Link Width Adjust Message

The link width adjust message (LWAM) is a set of link width adjust request parameters, including
the adjusted link width parameters and the low power consumption gear corresponding to the lane
that needs to be closed after the link width adjustment. The LWAM is used to adjust the state of

inter-device lanes.

The LWAM is initiated when the link bandwidth request needs to be adjusted during service
transmission. The port transmission link width is adjusted by negotiation with the peer end.

The LWAM requires a response. The RX end agrees to the link width adjustment request and
responds with Ack to LWAM; otherwise, it needs to respond with Nack.

The LWAM supports transmission via ML and SL. The LLMMP arrangement format corresponding
to ML transmission is shown in Table 34. The LLSMP arrangement format corresponding to SL

transmission is shown in Table 35.

Table 34 Arrangement format of LWAM in LLMMP

Byte Bit Field Name

Description

0 7:0 LLPT

Message type, configured as OxFO.

1 5:0 LLMMT

Logical layer management message type,
configured as 0x22.

7:6 Reserved

Reserved.

2 7:0

LWO_Reg-LW7_Req

The working conditions of each lane after
adjustment. Bit 0—7 represent the working
conditions of lane 0-7:

0: lane disabled
1: lane enabled

3 3:0 LP_MODE

In the link width reduction scenario, the lane
to be disabled enters the low power
consumption level:

00h: the lane to be disabled entering LPO;
01h: the lane to be disabled entering LP1;
02h: the lane to be disabled entering LP2;
03h: the lane to be disabled entering disable;
other values: reserved.

7:4 Reserved

Reserved.
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Byte Bit Field Name Description
4-5 7:0 Reserved Reserved.
67 7:0 CRC16 Check code, checking bytes 1-5.

Table 35 Arrangement format of LWAM in LLSMP

Byte

Bit

Field Name

Description

0

5:0

LLMMT

Logical layer management message type,
configured as 0x22.

7:6

Reserved

Reserved.

7:0

LLPL

Message payload length parameter, equal to
2.

7:0

LWO_Reg-LW7 _Req

The working conditions of each lane after
adjustment. Bit 0—7 represent the working
conditions of lane 0-7:

0: lane disabled
1: lane enabled

3.0

LP_MODE

In the link width reduction scenario, the lane
to be disabled enters the low power
consumption level:

00h: the lane to be disabled entering LPO;
01h: the lane to be disabled entering LP1;
02h: the lane to be disabled entering LP2;
03h: the lane to be disabled entering disable;
other values: reserved.

74

Reserved

Reserved.

7:0

CRC16

Check code, checking bytes 0-2.

6.2.3.3.8 Lane Direction Adjust Message

The lane direction adjust message (LDAM) is a collection of lane direction adjust request
parameters, including the specific lane number that requires adjustment.

The LDAM is used when the link is in the service transmission state. The LDAM is initiated when
the link bandwidth needs adjustment but cannot be adjusted by link width adjustment. The
specified lane direction between ports is adjusted by negotiation with the peer end.

The LDAM requires a response. The RX end agrees to the lane direction adjustment request and
responds with Ack to LDAM; otherwise, it needs to respond with Nack.

The message parameters of each lane are independent. If the lane is disabled or does not exist,
the corresponding message parameter is fixed to 0.
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The LDAM supports transmission via ML and SL. The LLMMP arrangement format corresponding
to ML transmission is shown in Table 36. The LLSMP arrangement format corresponding to SL
transmission is shown in Table 37.

Table 36 Arrangement format of LDAM in LLMMP

Byte Bit Field Name Description
0 7:0 LLPT Message type, configured as OxFO.
1 5:0 LLMMT Logical layer management message type,
configured as 0x23.
76 Reserved Reserved.
2 7:0 LDO_Req-LD7_Req Bit 0—7 represent the direction adjust request

parameters of lane O—lane 7:
1b: lane direction adjust request;
Ob: lane direction not adjusted.

3-5 7:0 Reserved Reserved.
67 7.0 CRC16 Check code, checking bytes 1-5.

Table 37 Arrangement format of LDAM in LLSMP.

Byte Bit Field Name Description
0 5.0 LLMMT Logical layer management message type,
configured as 0x23.
7:6 Reserved Reserved.
1 7:0 LLPL |1\/Iessage payload length parameter, equal to
2 0 LDO Reg-LD7 Req Bit 0—7 represent the direction adjust request

parameters of lane O—lane 7:
1b: lane direction adjust request;
Ob: lane direction not adjusted.

3-4 7:0 CRC16 Check code, checking bytes 0-2.

6.2.3.3.9 Control Frame Send Location Message

The control frame send location message (CFSLM) is an information parameter indicating the
subsequent Control Frame (CF) transmission position.

The CFSLM is used when the link is in a service transmission state. Before the link state changes,
a CF needs to be sent. The TX needs to send a CFSLM to achieve communication between the
TX sending CF and the RX detecting CF. The location of the CFSLM sent by the TX, the
parameter information in the CFSLM, and the subsequent CF sending location must be completely
matched. That is, after sending the LLB containing CFSLM and then the CF send location (CF_SL)
to specify an LLB, a CF must be sent.
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The CFSLM can only be transmitted via ML. The corresponding LLMMP arrangement format is

shown in Table 38.

Table 38 Arrangement format of CFSLM in LLMMP

Byte Bit Field Name Description

0 7:0 LLPT Message type, configured as OxFO.

1 5:0 LLMMT Logical layer management message type,
configured as 0x24.

7:6 Reserved Reserved.

2 7:0 CF_SL CF send location:
xxh: After the current LLB is sent, send xxh
LLBs and then send the CF.
(The minimum value of xx is determined by
port capacity.)

3-5 7:0 Reserved Reserved.

67 7:0 CRC16 Check code, checking bytes 1-5.

6.2.3.3.10 Ack/Nack Message

The Ack/Nack message (Ack/Nack) is a set of responses to the management message.

The Ack/Nack is used when there is a management message requiring an answer. It is used to
respond to the received information and feed back the response or decision of the current port to a
piece of information.

The Ack/Nack does not require a response.

The Ack/Nack supports transmission via ML and SL. The LLMMP arrangement format
corresponding to ML transmission is shown in Table 39. The LLSMP arrangement format
corresponding to SL transmission is shown in Table 40.

Table 39 Arrangement format of Ack/Nack in LLMMP

Byte Bit Field Name Description

0 7:0 LLPT Message type, configured as OxFO.

1 5.0 LLMMT Logical layer management message type,
configured as 0x2A.

7:6 Reserved Reserved.

2 7:0 Ack/Nack Response message:
OFh: Ack;
FOh: Nack.

3 5:0 LLMMT_Ack/Nack Response type, indicating which
management message type to respond to:
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Response to LPRM: 0x21
Response to LWAM: 0x22
Response to LDAM: 0x23
Response to ERR_RM: 0x2B

7:6 Reserved Reserved.
4-5 7:0 Reserved Reserved.
67 7:0 CRC16 Check code, checking bytes 1-5.

Table 40 Arrangement format of Ack/Nack in LLSMP

Byte Bit Field Name Description

0 5.0 LLMMT Logical layer management message type,
configured as Ox2A.

7:6 Reserved Reserved.

1 7:0 LLPL Message payload length parameter, equal to
2.

2 7:0 Ack/Nack Response message:
OFh: Ack;
FOh: Nack.

3 5:0 LLMMT _Ack/Nack Response type, indicating which

management message type to respond to:
Response to LPRM: 0x21

Response to LWAM: 0x22

Response to LDAM: 0x23

Response to ERR_RM: 0x2B

7:6 Reserved Reserved.

4-5 7:0 CRC16 Check code, checking bytes 0-3.

6.2.3.3.11 Error Report Message

The error report message (ERR_RM) is a collection of exception messages that require recovery
or retraining. Refer to 6.3.6 for abnormal messages.

The ERR_RM is used when a link is abnormal and needs to be recovered or retrained. It is used to
report the errors identified by the current port to the peer port. The current port constructs and
sends the ERR_RM according to the type of error occurring in the logical layer, and then enters
the Recovery or INIT state; after the peer end receives the ERR_RM and completes the analysis,
it enters the Recovery state or INIT state. After the port enters the INIT state, retraining is started.

The ERR_RM needs to respond. The RX receives the ERR_RM and enters the Recovery or INIT
state before responding with Ack.
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The ERR_RM supports transmission via ML and SL. The LLMMP arrangement format
corresponding to ML transmission is shown in Table 41. The LLSMP arrangement format
corresponding to SL transmission is shown in Table 42.

Table 41 Arrangement format of ERR_RM in LLMMP

Byte Bit Field Name Description
0 7:0 LLPT Message type, configured as OxFO.
1 5:0 LLMMT Logical layer management message type,
configured as 0x2B.
7:6 Reserved Reserved.
2 0 CFD An error indicating CF degradation was
reported.
1 RDD An error indicating RS decoding degradation
was reported.
2 LLDPD An error indicating LLDP parsing degradation
was reported.
3 LLMMPD An error indicating LLMMP parsing
degradation was reported.
4 PTE A message header error was reported.
5 DLCRE A link error was reported.
6 TXTTE An error indicating a TX link training timeout
was reported.
7 Reserved Reserved.
3 0 TSM_F An error indicating a training start message

failure was reported.

1 CLFM_F An error indicating a clock lock message
failure equilibrium feedback message failure
was reported.

2 EQFM_F An equilibrium feedback message failure was
reported.

3 LDSE A lane De-Skew error was reported.

4 TTE A training timeout error was reported.

5 LPRM_F A low power consumption request message

failure was reported.

6 LWAM_F A link width adjust request message failure
was reported.

7 LDAM_F A link direction adjust request message
failure was reported.

4 0 CFE A CF error was reported.
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Byte Bit Field Name Description
1 CFDF A CF detection failure was reported.
2 RDE An RS decoding error was reported.
3 LLDPE An LLDP parsing error was reported.
4 LLMMPE An LLMMP parsing error was reported.
5 Reserved Reserved.
6 ECCE An ECC error was reported.
7 Reserved Reserved.
5 7:0 Reserved Reserved.
67 7:0 CRC16 Check code, checking bytes 1-5.

Table 42 Arrangement format of ERR_RM in LLSMP

Byte Bit Field Name Description
0 5:0 LLMMT Logical layer management message type,
configured as 0x2B.
7:6 Reserved Reserved.
1 7:0 LLPL Message payload length parameter, equal to
3.
2 0 CFD An error indicating CF degradation was
reported.
1 RDD An error indicating RS decoding degradation
was reported.
2 LLDPD An error indicating LLDP parsing degradation
was reported.
3 LLMMPD An error indicating LLMMP parsing
degradation was reported.
4 PTE A message header error was reported.
5 DLCRE A link error was reported.
6 TXTTE An error indicating a TX link training timeout
was reported.
7 Reserved Reserved.
3 0 TSM_F An error indicating a training start message
failure was reported.
1 CLFM_F An error indicating a clock lock message
failure equilibrium feedback message failure
was reported.
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Byte Bit Field Name Description
2 EQFM_F An equilibrium feedback message failure was
reported.
3 LDSE A lane De-Skew error was reported.
4 TTE A training timeout error was reported.
5 LPRM_F A low power consumption request message
failure was reported.
6 LWAM_F A link width adjust request message failure
was reported.
7 LDAM_F A link direction adjust request message
failure was reported.
4 0 CFE A CF error was reported.
1 CFDF A CF detection failure was reported.
2 RDE An RS decoding error was reported.
3 LLDPE An LLDP parsing error was reported.
4 LLMMPE An LLMMP parsing error was reported.
5 Reserved Reserved.
6 ECCE An ECC error was reported.
7 Reserved Reserved.
5-6 7:0 CRC16 Check code, checking bytes 0—4.

6.2.3.4 Response Mechanism

The response mechanism of each management command is shown in Tables 43 to 48.

Table 43 Description of CLFM response mechanism in each scenario

Lane State Swing_Req CL Ack/Nack Lane next
Corresponding to status
Lane_ID
In clock lock process Ohto 7h Ob/1b Ack Waiting for the
clock lock
Fh (invalid Swing 1b Ack Waiting for
gear request) lane
equilibrium
Ob Ack Returning to
INIT state
8h—Eh (invalid Ob/1b Ignore Waiting for the
value) clock lock
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Lane State Swing_Req CL Ack/Nack Lane next

Corresponding to status

Lane_ID

In equilibrium process | Fh 1b Ack Waiting for
lane
equilibrium

Oh to Fh Ob/1b Ignore Waiting for

lane
equilibrium

Not in clock lock or Ohto Fh Ob/1b Ignore Ignore

equilibrium process

Table 44 Description of EQFM response mechanism in each scenario

Lane State FFE_Req Swing_Req_Enable | EQD Ack/Nack | Lane next
Corresponding status
to Lane_ID
In equilibrium Oh—the 1b 0/1 Ack Waiting for
process maximum lane
gear equilibrium
supported by s
the actual Ob 0N Ack Waiting for
PHY lane
equilibrium
7Fh 1b 0N Ack Waiting for
lane
equilibrium
Ob 1 Ack Waiting for
lane lock
Ob 0 Ack Returning
to INIT
Exceeding 0N 0N Ignore Waiting for
the lane lock
maximum
gear
supported by
the actual
PHY
In lane lock 7Fh Ob 1 Ack Waiting for
process lane lock
Not 7Fh 0N 0N Ignore Waiting for
lane lock
Not in equilibrium | Oh to 7Fh 01 0N Ignore Waiting for
or lane lock lane lock
process
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RXLKSM Link State

LP_GEAR

LP_MODE

LP_WAY

ACK
INACK

Link next
status

The link is in one of the
following states:

® Disable;
INIT;
Training;
Recovery;
LPOf;
LPO/1/2.

00h to FFh

0/1

01

Ignore

Not triggering
jump

00h to 03h

01

ACK

Entering the
low power
consumption
process

0/1

Ignore

Not triggering
jump

10h

ACK

Entering the
low power
consumption
process

Ignore

Not triggering
jump

01

Ignore

Not triggering
jump

04h to OFh,

11h to FFh
(invalid
value)

0/1

01

Ignore

Not triggering
jump

LP3

03h

NA

Ignore

Not triggering
jump

03h

ACK

Entering the
wake-up
process

Ignore

Not triggering
jump

Non-03h

0/1

01

Ignore

Not triggering
jump
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Table 46 Description of LWAM response mechanism in each scenario

Link LW_Req LP_MODE | Ack/Nack Link next
State status
Non HS | Oh to FFh Oh to Fh Ignore Not triggering
jump
HS All lanes to be enabled as Oh to Fh Nack Not triggering
instructed by the LWAM are jump
enabled
All lanes to be disabled as Oh to Fh Nack Not triggering
instructed by the LWAM are jump
disabled
The LWAM instructs lanes to be Oh to Fh Nack Not triggering
enabled and disabled at the same jump
time
The LWAM only instructs disabled | Oh to Fh Ack Entering the
lanes to be enabled, and the lanes lane upsizing
to be enabled are in the same low process
power consumption state
The LWAM only instructs disabled | Oh to Fh Nack Not triggering
lanes to be enabled, and the lanes jump
to be enabled are in the different
low power consumption state
(disable/LPx)
The LWAM only instructs enabled | Oh to 3h Ack Entering the
lanes to be disabled, and the low lane downsizing
power consumption state of process
continuously disabled lanes is i i
consistent 4hto Fh Ignore Not triggering
jump
The LWAM only instructs enabled | Oh to Fh Nack Not triggering
lanes to be disabled, and the low jump
power consumption state of
continuously disabled lanes is
inconsistent
Table 47 Description of LDAM response mechanism in each scenario
Link LDx_Req | Lane Mode Lane State Ack/Nack Link next
State status
Non HS | Ohto FFh | NA NA NA Ignored; not
triggering jump
HS Oh NA NA Nack Not triggering
jump
1Thto FFh | The NA Nack Not triggering
direction-switch
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Link LDx_Req | Lane Mode Lane State Ack/Nack Link next
State status
ed lane jump

includes the RX
lane at the TX

end

The The Nack Not triggering
direction-switch | direction-switched jump

ed lane does lane has the

not include the | following states:
RX lane at the | disable; LPOf/LPx;

TXend recovery; INIT.

The Ack Entering the
direction-switched direction
lane includes switching
some HS lanes process
The Ack Entering the
direction-switched direction
lane includes all switching
HS lanes process

Table 48 Description of ERR_RM response mechanism in each scenario

Link State ERR_RM Ack/Nack Link next status
Disable NA Ignore Ignore
INIT Instructing to jump to | Ack (ERR_RM Not triggering
INIT retransmission jump
scenario)
Instructing to jump to | Ignore Ignore
Recovery
Training Instructing to jump to | Ack Entering the
INIT retraining process
Instructing to jump to | - Ignore
Recovery
HS Instructing to jump to | Ack Entering the
INIT retraining process
Instructing to jump to | Ack Entering the
Recovery recovery process
Recovery Instructing to jump to | Ack Entering the
INIT retraining process
Instructing to jump to | Ignore Ignore
Recovery
The link is in one of the | Instructing to jump to | Ack Entering the
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Link State ERR_RM Ack/Nack Link next status
following states: INIT retraining process
LPOf/LPO/LP1/LP2/LP3 ) )

Instructing to jump to | Ignore Ignore

Recovery

6.2.4 Control Frame

6.2.4.1 Overview

A control frame (CF) is transmitted on a single lane to send information such as link management
or training sequences. When CFs need to be transmitted, all contents of each CF must be
completely transmitted on a single lane; continuity must be ensured between CFs and between
CFs and data frames, that is, no content can be inserted between two frames. The insertion
position of a CF is instructed by the logical layer management message CFSLM. The CF structure
is shown in Figure 21.

Figure 21 CF data structure

BO Bl B2 B3 B4 B5 B6... (optional)
Frame type Verification Frame type Verification Frame type Verification Payload (optional)
Frame header 1 Frame header 2 Frame header 3 Payload (optional)

Table 49 CF field segment

Field Name Description
Frame type Indicates the frame type, as described in Table 50. Length: 1 byte.
Verification Indicates the check bit for frame type. Length: 1 byte. When CRC8 is used,

the check bit can correct 1-bit errors and detect 2-bit errors.

Payload Indicates the information carried by a specific type of CF. Refer to the
description of each CF. Length: variable.

The contents of frame header 1, frame header 2, and frame header 3 in the CF structure are the
same, forming a repetition code.

Unless otherwise specified, the CF (frame header + payload) is not scrambled or precoded.

The frame header (frame type + check) of the CF is optional. The CFs supported in the logical
layer are shown in Table 50.

Table 50 CF types

Control Frame | Verification | Payload | Description

Frame Type Length

LLCF TSO | -- -- Variable | A clock lock sequence with a 01 payload.
LLCF TS1 | -- -- Variable | A training sequence with a PRBS11 payload.

SUCA Confidential Page 60 of 435



T/SUCA 001.2—2024

Control Frame | Verification | Payload | Description

Frame Type Length

LLCF _TS2 | 0x6C 0x56 8 bytes | A sequence with a PRBS11 payload, which
is used for sending and receiving
synchronization confirmation.

LLCF_El 0x65 0x69 0 Marks the end of frame data.

LLCF_DS | 0x4B 0xA3 0 Marks the start of a new LLB transmission.

LLCF EIE | -- -- Variable | Used to wake from electrical idle.

LLCF_PAD | 0xD2 0x65 Variable | Used for data filling and scrambling code
seed reset when adjusting the number of
main link lanes.

The CF transmission bit sequence is shown in Figure 22.

Figure 22 CF data transmission bit sequence

Bit sequence ——#=
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— Byte sequence ——-

The CF transmission bit sequence is consistent with the line bit sequence. For constant values,
such as OxABCD, 0xCD is the byte received first (BO) and OxAB is the byte received later (B1).

6.2.4.2 Logical Layer Control Frame

6.2.4.2.1 LLCF_TSO
LLCF_TSO is used for clock lock in the training phase, with a payload of OxAA of any length.

6.2.4.2.2 LLCF_TS1

LLCF_TS1 is used for lane parameter tuning calculations during the training phase.

The payload is PRBS11 with an arbitrary length.

Polynomial: G(x) = x" + x2 + 1.

Seed: 00110011001b.

The corresponding LFSR is shown in Figure 23.
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Figure 23 LFSR of LLCF_TS1 PRBS11

? 00 o1 o0 [ o4 [ 06 o7 08 -] 010
of of o o of o> o - Output
Clock

The PRBS sequence is continuously generated, and the generated bit sequence is consistent with

that sent on the line.

The first groups of 64-bit binary bit sequence examples are shown in Table 51.

Table 51 LLCF_TS1 payload example

No.

Payload

0

00110011001011010010111000101110

01010001101000101001000001000010

—_—

10100000010001010101111101110110

01110010010110000101110000001001

11111110100110011011110000111001

11111001011001101000111100010100

11010111010010001101111010110110

01000111000010100111111011110011

00011000011111000000110010101011

01000100011101011111001000110010

11111000010011000000101101010100

01110111010110001101110000011100

10101001111011101001101100010110

11010111000111011000001101101010

11011011101101101100011100011111

00101001100001000011111101010011

00100010110100000100100000001011

11111110110011001110000111100101

Ol N oo |~ O|DN

01100101110110100011011011111000

11100110101100001110110101001110

N
o

00100001101011111100010011001010

00011110111111001110011000011010

—_—
—_—

01010110111101110001100011010110

10110111000100100111110100001100

6.2.4.2.3 LLCF_TS2

LLCF_TS2 is used to send and receive confirmation of synchronization state. The payload length

is fixed at 8 bytes.

The payload is the bit flip (bit inversion) of the PRBS11 sequence.

Polynomial: G(x) = x™ + x2 + 1.

Seed: 00110011001b.
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Figure 24 Payload generation of LLCF_TS2

Bl o

The PRBS sequence is continuously generated, and the generated bit sequence is consistent with

{— Output

that sent on the line.

The first groups of 64-bit binary bit sequence examples are shown in Table 52.

Table 52 LLCF_TS2 payload example

No.

Payload

0

11001100110100101101000111010001

10101110010111010110111110111101

—_—

01011111101110101010000010001001

10001101101001111010001111110110

00000001011001100100001111000110

00000110100110010111000011101011

00101000101101110010000101001001

10111000111101011000000100001100

11100111100000111111001101010100

10111011100010100000110111001101

00000111101100111111010010101011

10001000101001110010001111100011

01010110000100010110010011101001

00101000111000100111110010010101

00100100010010010011100011100000

11010110011110111100000010101100

11011101001011111011011111110100

00000001001100110001111000011010

Ol N oo |~ O|DN

10011010001001011100100100000111

00011001010011110001001010110001

N
o

11011110010100000011101100110101

11100001000000110001100111100101

—_—
—_—

10101001000010001110011100101001

01001000111011011000001011110011

6.2.4.2.4 LLCF_EI

LLCF_El is used to mark the end of transmission in this lane, after which data are discarded. If the
lane stops receiving data, it must be re-enabled to restart data reception. This CF has no payload.

For the specific LLCF_EI sending time and lane restart control, refer to 6.3.3 State Management.

6.2.4.2.5 LLCF_DS

LLCF_DS marks the starting position of a new LLB, and the LLB data is transmitted immediately
after LLCF_DS. This CF has no payload.

The TX should transmit LLCF_DS simultaneously on all valid lanes during the first transmission or
lane number switching (including low power consumption reasons).
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Within the allowable skew (Table 1 TP1 skew of the TX end), all valid lane signals should be
transmitted simultaneously.

6.2.4.2.6 LLCF_EIE

LLCF_EIE is used to wake up the TX through a high-rate link line.

At a single lane rate of HS1 (2 Gbps or 4 Gbps), the payload length is 16 bytes and the payload is
fixed at 0x0000_FFFF_0000_FFFF_0000_FFFF_0000_FFFF (0x0000_FFFF repeated 4 times in
a row).

At a single lane rate of HS2 (6 Gbps or 8 Gbps), the payload length is 32 bytes and the payload is
fixed at 0x0000_0000_FFFF_FFFF repeated 4 times in a row.

At a single lane rate of HS3 (10 Gbps, 12 Gbps, or 16 Gbps), the payload length is 64 bytes and
the payload is fixed at 0x0000_0000_0000_0000_FFFF_FFFF_FFFF_FFFF repeated 4 times in a
row.

At a single lane rate of HS4 (20 Gbps or 24 Gbps), the payload length is 96 bytes and the payload
is fixed at 0x0000_0000_0000_0000_0000_0000_FFFF_FFFF_FFFF_FFFF_FFFF_FFFF
repeated 4 times in a row.

6.2.4.2.7 LLCF_PAD

This CF is used for filling. This CF is only allowed to be sent after a link is established and before
the LLB is transmitted; it is not allowed to be sent after the LLB is transmitted. The RX directly
discards this CF after receiving it.

The payload length of this CF is variable, and the payload structure is as follows.

Figure 25 LLCF_PAD payload structure

B6 (optional) | B7... (optional) Bn—2 Bn—1 IBn
0xOF (optional) | 0xOF... (optional) 0xF0 PCRC
Filling (optional) End indication Payload verification

The payload starts with a padding byte 0xOF, which is sent continuously until the end. An end
indication byte 0xFO is sent at the end of the padding. Finally, a 2-byte CRC16 is sent, calculated
over both the padding and the end indicator. Besides the payload check, the length of the
remaining payload is less than 32 bytes.

The end indication byte can be sent directly without sending the padding byte. At this time, the
CRC only calculates the CRC16 of the end indication byte.

The frame structure of the above conditions is shown in Figure 26.

Figure 26 LLCF_PAD payload structure (no padding bytes)

B6 B7 B8
0xFO PCRC
End indication Payload verification
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6.2.5 Sideband Link Logical Layer Packet
Figure 27 Sideband link logical layer packet

Transmission o=

Type Bo B1 B;_ Bn.1

Y Y

Type Payload

In the figure, Bo to Bn-1 are n-byte-long payloads. Bo indicates the first byte data input to the
sideband link.

Type is a one-byte indicator of the payload type.
Table 53 Sideband link logical layer packet

Type Package Type Payload Description
Description

OxOF Transport layer data | Transport layer data.
packet

0x33 High-rate link logical | High-rate link logical layer control packet.
layer control packet

The byte transmission order of the packet data is consistent with the byte order on the line.

6.3 Main Link

6.3.1 Overview

The port main link determines the electrical parameters of the connection between ports through
link training, and completes the link establishment based on the negotiated parameters to enter
the service transmission state.

The main link logical layer maintains the link state through state management. When the main link
enters the service transmission state, the main link logical layer performs encoding and decoding
functions to complete the conversion between electrical layer data and transport layer data. When
the port performs link recovery, a link can be quickly established based on the saved parameters.

6.3.2 Link Training

6.3.2.1 Overview

Link training includes independent training processes for each lane and multi-lane alignment
(deskew).

The lane-independent training process includes lane clock lock, lane equilibrium, and lane lock.
The success of the lane-independent training process indicates that the lane has successfully
completed the lane clock lock, lane equilibrium, and lane lock, that is, the LLFM indicates that the
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lane lock is successful. The failure of the lane-independence training process indicates that lane
clock lock, lane equilibrium, or lane lock has not been successfully completed.

6.3.2.2 Clock Lock

6.3.2.2.1 Process Introduction

After the link training phase begins, the lane to be trained needs to be initialized at a specified rate,
and then the lane clock is recovered and locked.

When lane clock recovery and lock are performed, the TX of the lane to be trained continuously
sends LLCF_TSO. In the initial phase, the TX needs to select the maximum Swing gear supported
by the TX lane to send LLCF_TSO0. The TX then sends a logical layer management message
packet TSM to the RX and indicates in the TSM all lane numbers that initiate training. After the RX
receives the TSM, the corresponding lane can start clock recovery and lock.

To prevent RX clock lock failure, the TX can provide up to eight Swing adjustable gears.

Note: Vendors can evaluate and define "whether the clock lock is successful" by themselves to
ensure that the CDR at the RX is locked.

At the beginning of lane clock recovery and lock, the TX should select the maximum Swing gear to
send LLCF_TSO to ensure that the RX can normally complete the clock lock at the initial phase of
lane clock recovery and lock.

If the TX of a lane uses the maximum Swing gear and the RX of the lane cannot complete the
clock lock, the rate training of the lane fails and the following process starts execution:

(a) The RX needs to inform the TX through the logical layer management packet CLFM and
indicate that the lane training has failed.

(b) After receiving the CLFM, the TX resets the lane (setting the state machine of the
corresponding lane to INIT state), and then feeds back the Ack corresponding to the CLFM to
the RX.

(c) After receiving the Ack, the RX resets the lane (setting the state machine of the
corresponding lane to INIT state).

If the clock of the RX of a lane is locked successfully and there is no need to adjust the Swing gear
of the TX, follow the following process:

(a) The RX needs to inform the TX through the logical layer management packet CLFM, and
indicate that the lane clock is successfully locked and the Swing gear of the peer end will no
longer be adjusted.

(b) After receiving the CLFM, the TX switches the pattern of the clock-locked lane. Then, the TX
continues to send LLCF_TS1, and feeds back the Ack corresponding to the CLFM to the RX.
The clock-locked lane of the TX enters the lane equilibrium phase.

(c) After the RX detects Ack, the lane locked by the RX clock enters the lane equilibrium phase.

If the clock of a lane at the RX is successfully locked and the Swing gear of the TX needs to be
adjusted to reduce the link power consumption, the following process should be executed:

(a) The RX requests the TX to reduce the corresponding lane Swing by sending a logical layer
management packet CLFM, and indicates the gear to be adjusted.

(b) After receiving the CLFM, the TX completes the Swing adjustment for the lane whose Swing
parameters need to be adjusted, and then feeds back the Ack corresponding to the CLFM to
the RX.
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(c) After the RX detects Ack, it re-evaluates the clock lock and recovery of the lane that has
adjusted Swing.

(1) If the RX fails to re-evaluate the clock lock, it is necessary to continue to request an increase
in the TX's Swing gear by sending a logical layer management packet CLFM. Repeat this
process until an appropriate TX's Swing gear is found to meet both the clock lock and power
consumption requirements.

(2) If the RX re-evaluates that the clock lock is successful, it can continue to send a logical layer
management packet CLFM to request lowering the Swing gear of the TX to reduce power
consumption. Repeat this process, or send a logical layer management packet CLFM to
indicate that the lane clock lock is successful, and that the Swing gear of the peer end does
not need adjustment. The RX enters the lane equilibrium phase.

The clock lock process of the single lane of the TX is as follows.
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Figure 28 Clock lock process at the TX of a lane
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In the above figure, it is necessary to count the number of tWaitRxTrainStart timeouts and report
them to the upper layer. After each timeout, the number of timeouts is added by one. When the

sending link is re-established, the timeout counter is cleared.

After the tTxLinkTrainTimeout times out, it needs to be reported to the upper layer.

The clock lock process of the single-lane RX is as follows.
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Figure 29 Clock lock process at the RX of a lane
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In the above figure, after the tSingleCITimeout times out, follow the process above. If
tTotalCITimeout times out, it needs to be reported to the upper layer.

6.3.2.2.2 Exchange Process

The following is a schematic diagram of the clock lock process for any lane. The lane number is Z.
Device A is the TX device of lane Z, and device B is the RX device of lane Z. Devices A and B are
directly connected to each other. Figure 30 shows the exchange information of their connected

ports.

SUCA Confidential Page 69 of 435



T/SUCA 001.2—2024

Figure 30 Clock lock exchange
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The process is detailed as follows:

(1) After the TX of lane Z completes initialization, it starts to perform lane clock recovery, and
device A continuously sends LLCF_TSO0 back-to-back through lane Z.

(2) Device A sends a TSM to device B, indicating that the TX of lane Z has started sending the
lane clock lock code pattern LLCF_TSO0. It shall be ensured that the TSM is sent no earlier
than LLCF_TSO0 through lane Z.

Note: The TSM here supports transmission through the main link and sideband link. If the current
high-rate transmission link of device A is available (in a non-disconnected state, that is, the
corresponding TXLKSM is in HS state), device A can currently send the TSM to device B through
the high-rate transmission link. Otherwise, it should send the TSM to device B through the
sideband link.

(1) Device B receives the TSM, and the RX end of lane Z can start lane clock lock.

The RX of lane Z starts to perform lane clock lock. If the clock cannot be locked, it requests the TX
of lane Z to switch new Swing parameters through the CLFM.

(2) After receiving the CLFM of the corresponding lane Z to switch Swing parameters, device A
executes the following process:

Step 1: Adjust the Swing parameters of the TX of lane Z based on the message indication of the
CLFM.

Step 2: Device A sends an Ack corresponding to the CLFM to notify device B that the TX of lane Z
has adjusted the Swing parameters.

Note: In order to prevent the loss of the Ack response message corresponding to the CLFM,
device A needs to reply with the corresponding Ack response message every time it receives a
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CLFM sent by device B. To ensure the effective transmission of the message, after receiving a
repeated CLFM sent by device B, device A should reply with the corresponding Ack response
message through the sideband lane. The same response mechanism works for the following
EQFM, LPRM, LWAM, LDAM, and ERR_RM messages.

(1) After receiving the Ack that the corresponding lane Z has adjusted the Swing parameters,
device B starts to re-evaluate the lane clock lock. If the expectations are not met, device B
requests new parameters through the CLFM (the same as process 4). If the expectations are
met, device B informs device A through the CLFM that the lane Z clock lock is successfully
completed, and starts to execute the lane equilibrium process after receiving the
corresponding Ack.

Note: To avoid CLFM loss, device B must retransmit the CLFM via the sideband lane if no Ack is
received from device A within the time specified by tCLFMAck. CLFM can be retransmitted a
maximum of LLMP_MaxReSendTime (See 6.3.5 for the specific description of training parameter
requirements) times. If no Ack sent by device A is received after sending CLFM for
LLMP_MaxReSendTime times, an ERR_RM is sent to device A and an abnormal LLMP
handshake is reported. The same LLMP retransmission and handshake exception reporting
mechanism works for the following EQFM, LPRM, LWAM, LDAM, and ERR_RM messages.

(2) Upon receiving the CLFM indicating a successful clock lock on Lane Z, device A completes
the clock lock procedure for that lane. Lane Z then switches its code pattern and begins
continuously transmitting LLCF_TS1 ordered sets. Subsequently, device A sends an Ack
response for the CLFM to device B's RX and initiates the lane equilibrium process.

(3) After receiving the Ack corresponding to the CLFM indicating that the lane Z clock lock is
successful, device B initiates the lane equilibrium process.

6.3.2.3 Lane Equilibrium

6.3.2.3.1 Process Introduction

After the lane clock lock is completed, both the TX and RX of the lane enter the lane equilibrium
phase.

During lane equilibrium, the TX of the lane to be trained continuously sends LLCF_TS1. The RX
receives and detects LLCF_TS1, and performs equilibrium training on the receiving end of the
lane to evaluate the equilibrium training results.

To prevent the RX's equilibrium training results from not meeting expectations, the TX can adjust
up to 64 levels of FFE parameters and 8 levels of Swing parameters.

Note: The "equilibrium training results meeting expectations" described above can be evaluated
by vendors through error detection, eye diagram measurement, and other methods to ensure that
the BER after equilibrium training is less than the protocol specification standard (1 x 107%?).

If the RX of the lane detects a continuous 128-byte LLCF_TS1 and the equilibrium training result
meets the expectation, it can be considered that the equilibrium training of the lane is successful.

If the equilibrium training of a lane at the RX fails, the corresponding lane at the TX can be
requested to adjust the FFE and Swing parameters through the logical layer management
message EQFM, as well as the gear position. After receiving the EQFM, the TX adjusts the FFE
and Swing parameter for the target lane, and then feeds back the Ack corresponding to the EQFM
to the RX. After the RX detects the Ack, it re-performs lane equilibrium training on the lane that has
adjusted FFE and Swing parameters and detects LLCF_TS1.

If the TX Swing gear of a lane has been adjusted to the maximum and all FFE gear equilibrium
training does not meet expectations, the RX needs to inform the TX through the logical layer
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management message EQFM and indicate that the lane training has failed. After receiving the
EQFM, the TX resets the lane (setting the state machine of the corresponding lane to INIT state),
and then feeds back the Ack corresponding to the EQFM to the RX. After receiving the Ack, the RX
resets the lane (setting the state machine of the corresponding lane to INIT state).

If the equilibrium training of a lane at the RX is successful, the RX informs the TX through the
logical layer management message EQFM and indicates that the lane training is successful. After
receiving EQFM, the TX switches the pattern of the lane indicating successful lane equilibrium in
EQFM. After switching, it continuously sends LLCF_TS2, and then feeds back the Ack
corresponding to the EQFM to the RX. The TX of this lane enters the lane lock phase. After the RX
detects the Ack, the RX of this lane enters the lane lock phase.

If all lane equilibrium training of this link fails, the current rate training fails.
The process of single-lane TX equilibrium is detailed in Figure 31.

Figure 31 Lane TX equilibrium process
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The process of single-lane RX equilibrium is detailed in Figure 32.
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In the above figure, after tSingleEQTimeout times out, follow the process above. If
tTotalEQTimeout times out, it needs to be reported to the upper layer.

To enable faster lane recovery, it is also necessary to support a mechanism for the RX of the lane
to switch the TX FFE parameters based on the EQFM during the lane recovery phase

(LNSM.recovery).

Note: For the RX of the lane, there are the following implementation suggestions when executing

equilibrium:

(a) The RX can poll multiple sets of FFE parameters and Swing at the TX to achieve the best

equilibrium results.

(b) The RX should save the adaptive parameters after successful equilibrium of each rate and
store them in the non-volatile storage of the device to facilitate rapid link establishment next

time.

6.3.2.3.2 Exchange Process

The following is a schematic diagram of the equilibrium process for any lane. The lane number is Z.
Device A is the TX device of lane Z, and device B is the RX device of lane Z. Devices A and B are
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directly connected to each other. Figure 33 shows the exchange information of their connected
ports.

Figure 33 Lane equilibrium exchange process
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The process is detailed as follows:

(1) After device A receives the CLFM indicating that lane Z has completed clock lock and feeds
back the corresponding Ack, the TX of lane Z starts the lane equilibrium process, and the TX
of lane Z continuously sends the link training sequence LLCF_TS1 during the equilibrium
phase.

(2) After device B receives the Ack corresponding to the CLFM indicating that lane Z has
completed clock lock, the RX of lane Z starts to perform equilibrium training and evaluates
whether the training meets the expectations. If not, it requests lane Z through the EQFM, and
the TX switches new FFE parameters.

(3) After receiving the EQFM corresponding to the switched FFE parameters of lane Z, device A
executes the following process:

Step 1: Adjust the FFE/Swing parameters of the TX of lane Z based on the message
indication of the EQFM.

Step 2: Device A sends an Ack corresponding to the EQFM to notify device B that the TX of
lane Z has adjusted the FFE/Swing parameters.

(4) After receiving the Ack that the corresponding lane Z has adjusted the FFE parameters,
device B restarts to equilibrium and evaluates whether the equilibrium training meets the
expectations. If not, it requests new parameters through the EQFM (same as process 2). If it
meets the expectations, it informs device A through the EQFM that the equilibrium of lane Z is
successfully completed.

(5) After device A receives the EQFM indicating that lane Z equilibrium is successful, lane Z
switches the transmitted code pattern, and continues to send LLCF_TS2. Then device A
feeds back the Ack corresponding to the EQFM of device B to the RX, and starts executing
the lane locking process.

SUCA Confidential Page 74 of 435



T/SUCA 001.2—2024

(6) After receiving the Ack corresponding to the EQFM indicating that the lane Z equilibrium is
successful, device B initiates the lane lock process.

6.3.2.4 Lane Lock

A lane will enter the lane lock mode in the following scenarios:

(a) Inthe initial link establishment (normal link establishment) process, after the lane equilibrium
training is completed, it enters the lane lock phase.

(b) In the initial link establishment (quick link establishment) process, after the lane initialization is
completed, it enters the lane lock phase.

In this process, after the lane to be trained is initialized, the lane TX continues to send LLCF_TS2.
The TX then sends a logical layer management message TSM to the RX and indicates in the TSM
all lane numbers that initiate lane lock. After the RX receives the TSM, the corresponding lane can
start lane lock.

Some lanes do not support quick link establishment. If any lane fails to establish a quick link, the
entire link establishment is considered a failure, and the result will be reported to software.

(c) When the link is restored, it enters the lane lock phase.
Lane lock is mainly used for data boundary lock of lanes.

During lane locking, the TX of the lane to be trained continuously sends LLCF_TS2. The RX
samples the incoming bit stream and correlates it with the LLCF_TS2 code pattern (successfully
matching both the frame header and payload) to identify the start and end of LLCF_TS2. The RX
locking state of a lane can be divided into 3 states: unlocked state, aligned state, and locked state.

(a) Unlocked state: When the lane lock starts, it is in this state by default. In this state, the RX of
the lane continuously receives and detects the bit stream and matches it with LLCF_TS2.
Once the matching is completed, the data boundary alignment is completed, the current
boundary alignment position is recorded, and the RX enters the aligned state.

(b) Aligned state: In this state, the RX of the lane is aligned according to the original boundary
position, continuously receives and detects the bit stream, and matches it with LLCF_TS2. If
four consecutive LLCF_TS2 are matched (both the header and payload are matched), the RX
enters the locked state. If continuous LLCF_TS2 cannot be identified, the RX jumps back to
the unlocked state.

(c) Locked state: The main link completes the lane lock, and the boundary lock position is not
allowed to be adjusted.

When the RX of a lane enters the locked state, it is deemed that the lane has been successfully
locked.

After each lane enters the lane lock process, the tLaneLockTimeout timeout should be enabled. If
the lane RX can complete the lane lock within tLaneLockTimeout time, it is considered a
successful lane lock. If the lane cannot be locked within tLaneLockTimeout, it is considered a lane
lock failure and an exception is reported to the upper layer.

The successful or unsuccessful lock of a lane is considered the completion of a single lane locking
process.

During the initial link establishment (normal link establishment) process, after all RX lanes targeted
for locking on the link's receiving end have completed their individual lane locking processes, the
RX must notify the TX uniformly via a logical layer management message LLFM. This message
shall indicate which lanes have been successfully locked and which have failed. The RX with
successfully locked lanes proceeds to the multi-lane alignment (deskew) phase, while those that
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failed to lock must be reset (with their corresponding lane state machines returned to the INIT
state).

After the TX receives the LLFM, if the RX of all corresponding lanes are successfully locked, the
transmitting lane TX enters the multi-lane deskew phase, and the TX of the lane that fails to lock
needs to be reset (setting the corresponding lane state machine to the INIT state).

Note: In the process of initial link establishment (normal link establishment), the RX lane to be
locked refers to the lane that needs to be established at the beginning of link establishment and
successfully completes the lane clock locking and lane equilibrium processes (the lane that fails in
lane clock locking and lane equilibrium is not the lane to be locked).

During the initial link establishment (quick link establishment) process and link recovery, if the lane
locking fails, the LLFM indicating the lane lock timeout is sent, and the ERRRM is sent to indicate

TEE. After receiving the Ack from the peer end, the INIT state is entered. For details, see Section

6.3.6.

6.3.2.5 Multi-lane Alignment

6.3.2.5.1 Process Introduction

In multi-lane alignment, after the link TX completes lane locking, it immediately sends LLCF_PAD
and LLCF_DS simultaneously on the link where LLFM indicates that the clock lock is successful.
Then, high-rate service data LLBs can be sent on these lanes.

The length of the LLCF_PAD (immediately preceding LLCF_DS) transmitted on different lanes
may have a deviation, and the length deviation value is the LaneX_tx_data_dly configured by the
upper layer.

In multi-lane alignment, after the RX of the lane to be aligned completes lane locking, LLCF_DS is
continuously detected within tWaitDsTimeout.

In the multi-lane alignment stage, there are two types of judgment scenarios for whether the RX
has completed lane locking:

(a) The RX has fed back the LLFM.

(b) The RX to be recovered at the receiving end has detected 16 LLCF_TS2 in the
RECOVERY.fast_lock phase.

If LLCF_DS is detected, the RX performs multi-lane alignment based on LLCF_DS and then starts
to receive high-rate service data.

After all TX lanes are locked, they enter the TX lane alignment state. The process of TX performing
lane alignment is shown in Figure 34.
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Figure 34 Multi-lane alignment process at the TX
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After all RX lanes are locked, they enter the RX lane alignment state. The process of RX

performing lane alignment is shown in Figure 35.

Figure 35 Multi-lane alignment process at the RX
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6.3.2.5.2 Exchange Process
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Device A and device B are directly connected to each other. Figure 36 shows the exchange

information of their connected ports.
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Figure 36 Multi-lane alignment exchange in normal mode
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The process is detailed as follows:

(1) After the TX of all lanes to be aligned completes lane locking (receives the LLFM), the TX of
all lanes simultaneously sends one LLCF_PAD and one LLCF_DS. Then, normal service data
is sent.

Note 1: During multi-lane alignment in the link training (link state machine in Training state)
and link recovery (link state machine in Recovery state) stages, the length of LLCF_PAD
(immediately preceding LLCF_DS) sent by different lanes may deviate. The length deviation
value is the LaneX_tx_data_dly configured by the upper layer.

Note 2: During lane direction switching and link width switching (link state machine in HS
state), the length of LLCF_PAD (immediately preceding LLCF_DS) sent by different lanes is
not allowed to deviate, and the LLCF_PAD sent by all lanes is cf_pad_length.

(2) If device B detects LLCF_DS, the RX performs multi-lane alignment based on LLCF_DS. If an
exception in multi-lane alignment is detected (the skew deviation of LLCF_DS between
multiple lanes is too large, or some lanes cannot receive LLCF_DS), it will be fed back to
device A through ERR_RM that the deskew at the RX of the current link is abnormal, and it
will fall back to the initial state of the link and wait for retraining. If no exception in multi-lane
alignment is detected, high-rate service data will be received and parsed normally.

(3) If device A receives an exception in the link RX deskew fed back by device B through
ERR_RM, it needs to report the exception, fall back to the initial state of the link, and start
retraining.

6.3.3 State Management
6.3.3.1 Overview

The ports in this document only support unidirectional links, so the main link of each port contains
a transmitting link (the link at the TX of this port) or a receiving link (the link at the RX of this port).
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As shown in Figure 37, each port maintains a port main link state machine.

The transmitter link state machine (TXLKSM) manages the state of the port transmitting link. Each
port has at most one TXLKSM.

The receiver link state machine (RXLKSM) manages the state of the port receiving link. Each port
has at most one RXLKSM.

The lane state machine (LNSM) separately manages the state of one lane of the current port.
Based on the lane application mode, LNSM is divided into TX mode and RX mode, corresponding
to LNSM (TX) and LNSM (RX) in the figure. LNSM (TX) manages the state of a TX lane on the
current port. LNSM (RX manages the state of a RX lane on the current port.

Figure 37 Main link state machine
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In the transmission link, the state and behavior of different TX lanes are relatively independent and
controlled by their own lane state machines. The rate state of all TX lanes shall be consistent.

In the receiving link, the state and behavior of different RX lanes are relatively independent and
controlled by their own lane state machines. The rate state of all RX lanes should be consistent.

The total number of lanes per port is not greater than 8, so the total number of LNSM per port is
not greater than 8.

Each port should report the port main link state based on the state of TXLKSM or RXLKSM.

6.3.3.2 Anti-aging Mechanism of Lanes (Informative)

When high-rate lanes are used for a long time, they will face the problem of aging. In order to
extend the service life of high-rate lanes, this document provides a reference for implementing the
anti-aging mechanism of lanes.

When a decision is made to establish a link lane, the upper layer of the LMP can designate a lane
with a specific serial number to establish a link based on the lane usage duration or count to
ensure consistent utilization frequency across all lanes. Then, the LMP is notified in the port
configuration stage to achieve lane anti-aging.

There are two methods to select a lane:

(a) The random mechanism is used. Each time a link is established, a lane number is randomly
selected for link establishment.

(b) The system provides a non-volatile memory to record the historical usage count of each lane.
For details, see the following:
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(1) Before alink is established, the management adapter reads the historical cumulative
usage counts of all lanes on this end.

(2) Upon link establishment, the port counts lane usage based on state. If a lane is linked for
high-rate data transmission, its historical usage count is incremented by one and updated
in the system's non-volatile memory.

(3) When selecting lanes, the port should prioritize those with lower historical usage counts
as indicated by the lane usage counter while still meeting the required service bandwidth.

Figure 38 Anti-aging mechanism of lanes
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6.3.3.3 Lane State

6.3.3.3.1 State Introduction

The LNSM manages the state of each port lane independently, with each lane operating in either
TX or RX mode. The lane state jump relationship is shown in Figure 39.
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Figure 39 LNSM state jump relationship
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The description of each lane state is shown in Table 54.

Table 54 Description of LNSM state

LNSM State State Introduction

Disable Lane invalid state.

The upper layer disables the lane, or it is in its initial power-on or
disconnected state. The lane is disabled in this state.

INIT Lane initialization state.

In this state, the lane has not yet started initial training. Wait for the entire
lane to be initialized.

Training Lane training state.

In this state, the lane is performing lane training, including lane clock
lock, lane equilibrium, lane lock, and multi-lane deskew.

HS Lane service transmission state.

In this state, the lane can perform high-rate service data (LLB)
transmission.

Recovery Lane recovery state.

In this state, this lane is performing quick lane recovery, including lane
equilibrium, lane locking, and multi-lane alignment (deskew).
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LNSM State State Introduction

LPx

Lane low power consumption state.

In this state, the lane is in a low power consumption state with different
power consumption levels.

In this section, a disabled lane indicates that the lane is in Disable state. The lane to be enabled
refers to the TX or RX lane that has been negotiated during the port configuration phase for
high-rate data transmission and remains in a Disable state.

6.3.3.3.2 Lane Invalid State

6.3.3.3.2.1 State Behavior

This state is the default state and the lane is disabled. All data paths and control-related logic and
states are in the reset state. After the port (See 9.4.5 for details.) completes the capability
negotiation, the state machine jumps out of this state and performs lane initialization.

6.3.3.3.2.2 Entry Conditions

If any of the following scenarios occurs, the lane enters the LNSM.Disable state:

Initial power-on state.
Port disconnected (unplugged).

In any state of LNSM, the upper layer configures the disabling indicator lane_disable=1 for
this lane.

Note: The lane disabling indicator lane_disable is configured by the management adapter or
software. This document introduces the lane_disable indicator for simplicity.

The link width adjust message sent or received by this end carries the information that this
lane becomes disable_lane after the lane width switching process.

In LNSM (TX) mode, the lane direction adjust message sent by this end carries the
information that this lane is switched from TX to RX lane. After completing the lane direction
switching process, LNSM (TX) enters the Disable state.

In the LNSM (RX) mode, the lane direction adjust message received by this end carries the
information that this lane is switched from RX to TX lane. After completing the lane direction
switching process, LNSM (RX) enters the Disable state.

6.3.3.3.2.3 Exit Conditions

If any of the following scenarios occurs, the lane will exit the LNSM.Disable state and jump to the
LNSM.INIT state:

The upper layer configures the lane disabling indicator lane_disable=0 for this lane, and
initiates lane wake-up.

The link width adjust message sent or received by this end carries the information that this
lane wakes up from the disable_lane state.

In the LNSM (RX) mode, the lane direction adjust message received by this end carries the
information that this lane is switched from RX to TX lane. After completing the lane direction
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switching process, LNSM switches to TX mode, and then LNSM (TX) exits the Disable state.

® |n LNSM (TX) mode, the lane direction adjust message sent in this section carries a message
that the lane is switched from TX to RX. After completing the lane direction switching process,
LNSM switches to RX mode, and then LNSM (RX) exits the Disable state.

6.3.3.3.3 Lane Initialization State

6.3.3.3.3.1 State Behavior

This state is the initial state. The lane can be initialized, but it has not yet started to transmit data.

6.3.3.3.3.2 Entry Conditions
If any of the following scenarios occurs, the lane enters LNSM.INIT:
® |n any state of LNSM, the upper layer/peer end specifies this link for retraining.

® The conditions for LNSM.Disable to jump to LNSM.INIT are met.

6.3.3.3.3.3 Exit Conditions
Table 55 Description of LNSM.INIT exit conditions

Next State Jump Conditions

Recovery The lane initialization is completed (high-rate training data can be sent),
and the link training mode of the link corresponding to the lane is quick
training (the fast training indicator fast_training of this port is 1).

Training The lane initialization is completed (high-rate training data can be sent),
and the link training mode of the link corresponding to the lane is normal
training (the fast training indicator fast_training of this port is 0).

Note 1: At this time, the TX device of the lane needs to send a TSM to the RX device to notify
that the initialization of this lane has been completed and start link training.

Note 2: The quick training indicator fast_training=1 is used to indicate that on this link, both the
local and peer RX have obtained the negotiated rate based on capability negotiation (including
port rate, Cableinfo, and other exchanges), and a set of reliable receiving lane equilibrium
parameters have been obtained based on the negotiated rate. If both ports have agreed on the
current rate without performing clock locking and lane equilibrium, the fast_training value is
specified after port negotiation. If the quick training fails, execute the link training process in
6.3.2.

6.3.3.3.4 Lane Training State

6.3.3.3.4.1 State Behavior

The TX and RX of the lane enter the Training state after training initialization. In the Training state,
the TX lane is enabled and can continuously send CFs required for training; the RX lane is
enabled to support high-rate lane training.
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6.3.3.3.4.2 TX Mode Training Sub-state
Figure 40 LNSM (TX) training sub-state transition relationship
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Table 56 Conditions for exiting LNSM (TX) training
Training State Description | Exit Conditions
Sub-state
clk_lock This state is used | ® After the local end receives the CLFM indication that
to wait for the lane the RX of this lane has completed the clock lock and
to complete the completes the following process, the LNSM (TX) of
clock lock; in this this lane jumps to the Training.eq state.
state, the lane TX
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Training State Description | Exit Conditions
Sub-state
continuously ® This lane performs pattern switching on the
sends LLCF_TSO clock-locked lane and continuously transmits
back-to-back. LLCF_TS1 after switching.
The local end feeds back the Ack corresponding to
the CLFM to the peer end.
After the local end receives a CLFM indicating that
the clock lock of the lane RX has failed, and feeds
back the Ack corresponding to the CLFM to the peer
end, the LNSM (TX) of this lane jumps to the INIT
state.
The local tTxLinkTrainTimeout times out and jumps
to the INIT state.
eq This state is used After the local end receives the EQFM indicating that
to wait for the lane the RX lane equilibrium of this lane is successful and
to complete completes the following process, the LNSM (TX) of
equilibrium; in this this lane jumps to the Training.lane_lock state.
state, the lane TX This lane performs pattern switching on the lane that
continuously has successfully equalized and continuously
sends LLCF_TS1 transmits LLCF_TS2 after switching.
back-to-back. )
The local end feeds back the Ack corresponding to
the EQFM to the peer end.
After the local end receives an EQFM indicating that
the equilibrium of the lane RX has failed, and feeds
back the Ack corresponding to the EQFM to the peer
end, the LNSM (TX) of this lane jumps to the INIT
state.
The local tTxLinkTrainTimeout times out and jumps
to the INIT state.
lane_lock This state is used The local end receives an LLFM indicating that the
to wait for the lane RX lane of this lane is successfully locked, and the
to complete lock; LNSM (TX) of this lane jumps to the Training.deskew
in this state, the state.
lane TX The local end receives an LLFM indicating that the
continuously RX lane of this lane has failed to lock, and the LNSM
sends LLCF_TS2 (TX) of this lane jumps to the INIT state.
back-to-back. . - . .
The local tTxLinkTrainTimeout times out and jumps
to the INIT state.
deskew This state is used | In normal alignment mode, after receiving the LLFM, the

to complete
multi-lane
alignment; in this
state, the TX of the
lane sends
LLCF_DsS.

local end initiates a multi-lane deskew. This lane TX
sends one LLCF_PAD and one LLCF_DS, and the
LNSM (TX) of this lane jumps to the HS state.
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6.3.3.3.4.3 RX Mode Sub-state Description and Exit Conditions
Figure 41 LNSM (RX) training sub-state transition relationship
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Table 57 Description of conditions for exiting LNSM (RX).training

Training State Exit Conditions
Sub-state Description
clk_lock Used to wait *  After the RX clock of this lane is successfully locked,

for the lane to | the local end sends a CLFM indicating that the RX lane
complete the | clock of this lane is successfully locked. After receiving the
lane clock Ack feedback from the peer end, the LNSM (RX) of this
lock. lane jumps to the LNSM.Training.eq state.

*  After the RX clock lock of this lane fails, the local end
sends a CLFM indicating that the RX lane clock lock of this
lane has failed, and receives an Ack feedback from the
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Training
Sub-state

State
Description

Exit Conditions

peer end. The LNSM (RX) of this lane jumps to the
LNSM.INIT state.

€q

Used to wait
for the lane to
complete lane
equilibrium.

*  After the RX equilibrium training of this lane is
successful, the local end sends an EQFM indicating that
the RX equilibrium training of this lane is successful. After
receiving the Ack fed back by the peer end, the LNSM (RX)
of this lane jumps to the LNSM.Training.lane_lock state.

*  After the RX equilibrium training of this lane fails, the
local end sends an EQFM indicating that the RX
equilibrium training of this lane has failed. After receiving
the Ack fed back by the peer end, the LNSM (RX) of this
lane jumps to the LNSM.INIT state.

lane_lock

Used to wait
for the lane to
complete lane
lock.

* After the RX lane of this lane is successfully locked,
the local end sends an LLFM indicating that the RX lane of
this lane is successfully locked, and the LNSM (RX) of this
lane jumps to the LNSM.Training.deskew state.

*  After the RX lane lock of this lane fails, the local end
sends an LLFM indicating that the RX lane multi-locking of
this lane has failed, and the LNSM (RX) of this lane jumps
to the LNSM.INIT state.

deskew

Used to
complete
multi-lane
alignment.

* If the RX of this link succeeds based on LLCF_DS
deskew, the LNSM (RX) of this lane jumps to the LNSM.HS
state.

* If the RX of this link fails based on LLCF_DS deskew,
the local end feeds back the lane deskew error based on
the ERR_RM message and receives a response to the
corresponding ERR_RM message. Then, the LNSM (RX)
of this lane jumps to the LNSM.INIT state.

* |f the local end tWaitDsTimeout times out, the local
end feeds back a deskew timeout error based on the
ERR_RM message and receives a response to the
corresponding ERR_RM message. Then, the LNSM (RX)
of this lane jumps to the LNSM.INIT state.

6.3.3.3.5 Lane Service Transmission State

6.3.3.3.5.1 State Behavior
After the TX and RX of the lane complete training, the lane enters the HS state.

In the HS state, the TX lane is enabled and can continuously send high-rate service data (LLBs).

In the HS state, the RX lane is enabled and can continuously receive and parse high-rate service

data.
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6.3.3.3.5.2 Conditions for TX Mode Exiting the HS State

After the local end receives the ERR_RM message that the link needs to be restored (see the
exception handling mechanism for details), the TX lane of the local end stops sending LLBs and
continuously sends LLCF_TS2 instead. After feeding back the Ack corresponding to ERR_RM, if
the fast training indication of this link fast_recovery = 1, LNSM (TX) jumps to the
Recovery.fast_lock state.

Note: The fast recovery indication fast_recovery = 1 is used to indicate whether the RX supports
fast recovery on this link. The value 0 indicates that fast recovery is not supported; the value 1
indicates that fast recovery is supported. This capability is specified in the port capability
negotiation.

After the local end receives the ERR_RM message that the link needs to be restored (see the
exception handling mechanism for details), the TX lane of the local end stops sending LLBs and
continuously sends LLCF_TS2 instead. After feeding back the Ack corresponding to ERR_RM, if
the fast training indication of this link fast_recovery = 0, LNSM (TX) jumps to the Recovery.re_lock
state.

After the local end receives the ERR_RM message that requires link retraining and feeds back the
corresponding Ack, LNSM (TX) jumps to the INIT state.

After TXLKSM initiates the control of LNSM (TX) entering LPX in this lane (see the jump
instructions for TXLKSM.HS entering low power consumption for details), this lane sends LLCF_El,
and LNSM (TX) jumps to LPx. The specific LPx sub-state that LNSM (TX) enters is described as
follows:

® |[f the target low power consumption state for this lane is LPOf, jump to LPx.LPOf.
® |[f the target low power consumption state for this lane is LPO, jump to LPx.LPO.
® |[f the target low power consumption state for this lane is LP1, jump to LPx.LP1.
® |[f the target low power consumption state for this lane is LP2, jump to LPx.LP2.
® |[f the target low power consumption state for this lane is LP3, jump to LPx.LP3.

After the local end transmits the link width adjust message LWAM and receives the corresponding
Ack, if this link width adjustment handshake requires a low power consumption entry request for
this lane, and after this lane has finished sending LLCF_EI, the LNSM (TX) transitions to the state
specified by LP_MODE in the LWAM message. After the local end transmits the lane direction
adjust message LDAM and receives the corresponding Ack, if this lane direction adjust handshake
requires the TX of this lane to switch to RX, and after this lane has finished sending LLCF_El, the
LNSM (TX) transitions to the Disabled state. Subsequently, the LNSM (TX) corresponding to this
lane is deprecated, and its state is managed by LNSM (RX).

6.3.3.3.5.3 Conditions for RX Mode Exiting the HS State

If the local end detects an exception in the receiving link and determines that link recovery is
required, it will send an ERR_RM message (see exception handling mechanism for details)
indicating the need for link recovery. After receiving the corresponding Ack from the peer end, if the
fast_recovery indicator is set to 1, the LNSM (RX) will transition to the Recovery.Fast_lock state.

If the local end detects an exception in the receiving link and determines that link recovery is
required, it will send an ERR_RM message (see exception handling mechanism for details)
indicating the need for link recovery. After receiving the corresponding Ack from the peer end, if the
fast_recovery indicator is set to 0, the LNSM (RX) will transition to the Recovery.re_lock state.
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If the local end detects an exception in the receiving link and determines that link retraining is
required, it will send an ERR_RM message (see exception handling mechanism for details)
indicating the need for link retraining. After receiving the corresponding Ack from the peer end, the
LNSM (RX) transitions to the INIT state.

RXLKSM initiates the control of LNSM (RX) entering LPx in this lane (see the following
RXLKSM.HS transition description), and after the lane receives LLCF_EI, LNSM (RX) jumps to
LPx. The specific LPx sub-state that LNSM (RX) enters is described as follows:

® |[f the target low power consumption state for this lane is LPOf, jump to LPx.LPOf.
If the target low power consumption state for this lane is LPO, jump to LPx.LPO.
If the target low power consumption state for this lane is LP1, jump to LPx.LP1.

If the target low power consumption state for this lane is LP2, jump to LPx.LP2.

If the target low power consumption state for this lane is LP3, jump to LPx.LP3.

After the local end receives the link width adjust message LWAM and feeds back the
corresponding Ack, if this link width adjustment handshake requires a low power consumption
entry request for this lane, and after this lane has detected LLCF_ElI, the LNSM (RX) transitions to
the state specified by LP_MODE in the LWAM message.

After the local end receives the lane direction adjust message LDAM and feeds back a
corresponding Ack, if this lane direction adjustment handshake requires the RX of this lane to
switch to TX, and upon detection of LLCF_EI by this lane, the LNSM (RX) transitions to the
Disabled state. Subsequently, the LNSM (RX) corresponding to this lane is deprecated, and its
state management is transferred to LNSM (TX).

6.3.3.3.6 Lane Recovery State

6.3.3.3.6.1 State Behavior

When the link is recovered after an exception and the lane wakes up from low power consumption,
the lane enters the Recovery state.

When the link enters this state, all TX data path functions, including FEC coding, lane distribution,
scrambling, precoding, multiplexing and other functions are reset, and all data lanes send
LLCF_TS2 at the same time for link recovery (removing the multi-lane skew that previously used
different LLCF_PAD lengths).

When the link enters this state, all RX data path functions, including de-precoding, descrambling,
lane combination, FEC decoding and error correction, multiplexing decoding, deskew, and other
functions, are reset.

The TX lane in the Recovery state is enabled, and continuously sends CFs for lane equilibrium,
lane lock, and multi-lane deskew.

The RX lane in the Recovery state is enabled, and continuously receives and detects CFs for lane
equilibrium, lane lock, and multi-lane deskew.
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6.3.3.3.6.2 TX Mode Sub-state Description and Exit Conditions
Figure 42 LNSM (TX).Recovery sub-state transition relationship
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Table 58 LNSM (TX).Recovery exit conditions

\ The peer end feeds back that the
locking of this lane is successful.

Abnormal link and \
fast_recovery = 1 \,

LLCF_DS is sent.

Abnormal link and K
txlink_fast_recovery =0 /

Recovery State Description Exit Conditions

Sub-state

fast_lock This state is used to wait | After this lane sends a specific number of
for the lane to complete LLCF_TS2, the LNSM (TX) of this lane jumps to
lock; in this state, the the Recovery.deskew state. @
lane TX continuously
sends a specific number
of LLCF_TS2
back-to-back.

re_lock This state is used to wait | ® After the local end receives the LLFM
for the lane to complete indicating that all RX lanes of this link have
lock; in this state, the been successfully locked, the LNSM (TX) of
lane TX continuously this lane jumps to the Recovery.deskew state.
sends LLCF_TS2 ® After the local end receives an ERR_RM
S S indicating that not all RX lanes of this link

have been successfully locked, and feeds
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Recovery State Description Exit Conditions
Sub-state
back the Ack corresponding to the ERR_RM
to the peer end, the LNSM (TX) of this lane
jumps to the INIT state.
® The local tLinkRecoveryTimeout times out
and jumps to the INIT state.
deskew This state is used to After the local end receives the LLFM indicating
complete multi-lane that all RX lanes of this link are successfully
alignment; in this state, locked, the TX lane sends one LLCF_PAD and
the TX of the lane sends | one LLCF_DS, the LNSM (TX) of this lane jumps
LLCF_DS. to the HS state.

@ The number of LLCF_TS2 is negotiated by the management adapter capability.

6.3.3.3.6.3 RX Mode Sub-state Description and Exit Conditions

Figure 43 LNSM (RX).Recovery sub-state transition relationship

LPx.LPOS

Link recovery

e AN
P Recovery. ~.
Ve fast lock N
/ - R
/ AN
ya The RX receive$ 16 LLCF_TS2 N\,
The local end feeds back the lock consecutively. Abnormal linkand ~ \
timeout based on ERR_RM and fast_recovery =1 \

/ receives a response.

The local end feeds back that the
deskew is abnormal based on
ERR_RM and receives a response.

Lane locking failed, and lane re-equalization has been
performed/other lanes of this link have failed to be
locked/low power wake-up process lane training failed..

INIT — Rapid link establishment

Recovery.
re_lock

\ Lane re-equalization
completed

Lane locking failed, lane
equalization has not been

performed, and itis not a
low-power wake-up
Recovery. process.
re_eq
Low power

i

The local end feeds back the lock
timeout based on ERR_RM and
receives a response..

Recovery.
deskew

The local end feeds back that
the lane lock is successful
and receives a response.

consumption wake-up

The deskew of all lanes of this link
based on LLCF_DS is successful.

Abnormal link and
rxlink_fast_recovery =

LPx.LPO/
LPx.LP1/
LPx.LP2/
LPx.LP3

Table 59 LNSM (RX).Recovery exit conditions

State
Description

Recovery
Sub-state

Exit Conditions
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Recovery State Exit Conditions
Sub-state Description
fast_lock Used to wait for ® After the RX of this lane receives and detects a
the lane to specified number (not less than 16) of LLCF_TS2 in
complete lane succession, the LNSM (RX) of this lane jumps to the
lock. LNSM.Recovery.deskew state.
The local tFastLockTimeout timed out. After the local
end sends an ERR_RM (TTE) indicating that the clock
lock of the RX lane of this link has timed out and
receives the Ack from the peer end, the LNSM (RX) of
this lane jumps to the LNSM.INIT state.
re_lock Used to wait for If the following conditions are met at the same time,

the lane to
complete lane
lock.

the LNSM (RX) of this lane jumps to the
LNSM.Recovery.re_eq state.

This end supports re-equilibrium during the link
recovery phase (depending on the design
specifications of each vendor for the electrical layer of
the RX, this document does not impose any
mandatory restrictions).

The current LNSM is not awakened to Recovery from
the LPx state.

Note: If Recovery is performed during the LPx
wake-up phase, it will cause excessive delay when
the link wakes up from low power consumption.

The RX end of this lane cannot be successfully locked
within the tRecReLock time.

This lane has not been re-equalized during this link
recovery.

If the RX end of this lane cannot be successfully
locked within the tRecReLock time and does not meet
the conditions for LNSM (RX) to jump to the
Recovery.re_eq state, then after this end sends an
ERR_RM (TTE) indicating that the RX lane lock of this
link has timed out and receives the Ack fed back by
the other end, the LNSM (RX) of this lane jumps to the
LNSM.INIT state.

After the RX lane of this lane is successfully locked,
and all the RX lanes to be recovered at this end are
successfully locked, this end sends an LLFM
indicating that the RX lane of this lane is successfully
locked, and the LNSM (RX) of this lane jumps to the
LNSM.Recovery.deskew state.

If the RX end of this lane is successfully locked in the
lane, but any other RX lane recovery times out (at any
phase of Recovery.relock or Recovery.re_eq), then
after this end sends an ERR_RM indicating that the
RX lane lock of this link has timed out and receives
the Ack fed back by the peer end, the LNSM (RX) of
this lane jumps to the LNSM.INIT state.
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Recovery State Exit Conditions
Sub-state Description
re_eq Used to wait for ® The RX end of this lane completes lane re-equilibrium
the lane to within the tRecReEqTimeout time, and the LNSM
complete (RX) of this lane jumps to the LNSM.Recovery.relock
re-equilibrium. state.
® The local tRecReEqTimeout timed out. After the local
end sends an ERR_RM (TTE) indicating that the lock
of the RX lane of this link has timed out and receives
the Ack from the peer end, the LNSM (RX) of this lane
jumps to the LNSM.INIT state.
deskew Used to complete | ® If the RX of this link succeeds based on LLCF_DS

multi-lane
alignment.

deskew, the LNSM (RX) of this lane jumps to the
LNSM.HS state.

@ [f the RX of this link fails based on LLCF_DS deskew,
the local end feeds back the lane deskew error based
on the ERR_RM message and receives a response to
the corresponding ERR_RM message. Then, the
LNSM (RX) of this lane jumps to the INIT state.

® |f the local end tWaitDsTimeout times out, the local
end feeds back a deskew timeout error based on the
ERR_RM message and receives a response to the
corresponding ERR_RM message. Then, the LNSM
(RX) of this lane jumps to the INIT state.

During lane re-equilibrium, the RX can readjust the lane parameters in the following two ways:

(a) The RX re-executes the receiver equilibrium adaptive algorithm to adjust the local RX lane,
and no longer requests the peer TX to adjust FFE and Swing parameters through EQFM (the
adaptive algorithm is related to the vendors' implementation).

(b) The RX uses a similar method to lane equilibrium in the training phase to evaluate whether
the equilibrium training results meet expectations. If not, it requests the peer end TX to adjust
FFE and Swing parameters based on EQFM, and then continues to evaluate whether the
equilibrium training results meet expectations. If the evaluation results of equilibrium training
meet expectations, it is considered that lane re-equilibrium has been completed.

® At this stage, the EQFM is only used for the RX to request adjustment of TX's FFE and
Swing parameters without feedback on equilibrium success or failure. Therefore, the
EQD field in the EQFM fed back by the RX is invalid, and the Swing_Req and FFE_Req
fields are valid, that is, the scenario where the Swing_Req_Enable field is Ob and the
FFE_Req field is 7Fh is not allowed.

® At this stage, if the TX receives the EQFM sent by the RX requesting adjustment of TX's
FFE and Swing parameters, it also needs to feed back the corresponding EQFM_Ack.
Figure 44 shows the port exchange using this method to adjust lane parameters.
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Figure 44 Lane parameter adjustment for lane re-equilibrium

Device A: Device B:
lane Z-TX lane Z-RX

ERR_RM (indicating the— |
le— need to enter Recovery)

Ack corresponding to ERR_RM
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: lerrse— |
\LLCF_TSZ\,

EQFM (requesting for adjusting
: FFE/Swing parameters)

Ack corresponding to EQFM

LLFM (indicating —— | :
/ successful lane lock)

LLCF_PAD+LLCF_DS

The process is detailed as follows:

(1) After device B sends ERR_RM to instruct device A to start link recovery and receives the
response corresponding to ERRRM, it performs lane locking based on LLCF_TS2 sent by
device A. After the lane locking fails, lane re-equilibrium begins.

Device B evaluates whether the re-equilibrium training meets expectations during the process.
If not, it requests lane Z through EQFM and the TX switches to new FFE/Swing parameters.

(2) After receiving the EQFM of the corresponding lane Z switching FFE/Swing parameters,
device A executes it in the following order:

Step 1: Adjust the FFE/Swing parameters of the TX of lane Z based on the message
indication of the EQFM.

Step 2: Device A sends an Ack corresponding to the EQFM to notify device B that the TX of
lane Z has adjusted the FFE/Swing parameters.

(3) After receiving the Ack that the corresponding lane Z has adjusted the FFE parameters,
device B restarts to equilibrium and evaluates whether the equilibrium training meets the
expectations. If not, it requests new parameters through the EQFM (same as process 1). If it
meets the expectations, it continues to execute lane locking and informs device A through
LLFM that the clock lock of lane Z is completed.
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6.3.3.3.7 Lane Low Power Consumption State

6.3.3.3.7.1 Power Domain

Table 60 Power domain

T/SUCA 001.2—2024

Power Function

Domain

VCC power | Main service function.

VSL power | Management logic of VCC power;

Sideband link related functions;

Physical layer calibration, equilibrium, and other link training parameter storage

register;

Other special registers related to power management and fast wake-up of LP3.

6.3.3.3.7.2 Lane Power Consumption State

Table 61 Power domain

Power Power0 Power1 Power2 Power3 Power4
Consumption
Level
Corresponding | HS LPx.LPOf, LPx.LP1 LPx.LP2 LPx.LP3,
lane state LPx.LPO Disable
machine state
High-rate ON OFF OFF OFF OFF
service
transmission
State High-rate Low power Low power Low power Low power
Introduction service consumption | consumption | consumption consumption
transmission | state; state; state; state;
state. it can be PLL canbe | PLL can be All functions
quickly turned off, turned off, except the
awakened. Slow Slow sideband link
wake-up. wake-up. can be turned
) off, and the
Note: VCC power
Compared supply can be
with power2, | y;rned off.
this power
consumption
state's more
functions can
be turned off
at the analog
TX and RX to
save power.
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Power Power0 Power1 Power2 Power3 Power4
Consumption
Level

RX to wake-up | NA ON ON ON OFF
ability based on
LLCF_EIE

VCC power ON ON ON ON ON/OFF
state

6.3.3.3.7.3 LNSM.LPx Sub-state and Exit Conditions
Figure 45 LNSM LPx sub-state transition relationship
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TX mode sub-state description and exit conditions are shown in Table 62.

Table 62 Description of LNSM (TX).LPx exit conditions

LPx Exit Conditions
Sub-state
LPOf ® |[f the TXLKSM initiates the control of LNSM (TX) of this lane to exit LPx, LNSM

(TX) of this lane jumps to Recovery.fast_lock state after N_EIE LLCF_EIE is
sent by this lane.

LPO-LP2 | @ If the TXLKSM initiates the control of LNSM (TX) of this lane to exit LPx, LNSM
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LPx Exit Conditions
Sub-state

(TX) of this lane jumps to Recovery.re_lock state after N_EIE LLCF_EIE is sent
by this lane.

® The local end has sent the link width adjust request LWAM and received the
Ack feedback from the peer end. If a wake-up request for this lane is included in
the LWAM, the LNSM (TX) in this lane transitions to the Recovery.re_lock state
after N_LLCF_EIE is sent by this lane.

LP3 ® If the TXLKSM initiates the control of LNSM (TX) of this lane to exit LPx, LNSM
(TX) of this lane jumps to Recovery.re_lock state after TSM is sent by this lane.

The RX mode sub-state description and exit conditions are shown in Table 63.

Table 63 Conditions for LNSM (RX) to exit LPx

LPx Exit Conditions
Sub-state
LPOf ® After RXLKSM initiates the control to make LNSM (RX) in this lane exit LPX,

LNSM (RX) in this lane transitions to the Recovery.fast_lock state.

LPO-LP2 ® After RXLKSM initiates the control to make LNSM (RX) in this lane exit LPX,
LNSM (RX) in this lane transitions to the Recovery.re_lock state. (For
wake-up in link low power scenarios)

® The local end receives the LWAM transmitted by the peer end and feeds
back an Ack message. If a wake-up request for this lane is included in the
LWAM, the LNSM (RX) in this lane transitions to the Recovery.re_lock state.
(For wake-up in link width adjustment scenarios)

LP3 ® After RXLKSM initiates the control to make LNSM (RX) in this lane exit LPX,
LNSM (RX) in this lane transitions to the Recovery.re_lock state. (For
wake-up in link width adjustment scenarios and wake-up in link low power
scenarios)

6.3.3.4 TX Link State

6.3.3.4.1 State Introduction

A TXLKSM manages the TX link state of the entire port. The state transition relationship and its
introduction are shown in Figure 46.
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Figure 46 TXLKSM state transition relationship
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Table 64 TXLKSM states

TXLKSM State State Introduction

Disable Link invalid state.

The upper layer disables all TX lanes, or it is in initial power-on or
disconnected state.

In this state, the TX link has not started initial training.

INIT Link initialization state.

This state corresponds to the port configuration state of the port state
machine. In this state, after the port capability negotiation is completed,
all TX lanes at the local end perform electrical layer initialization based on
the link configuration results.

Link exceptions may lead to this state.

Training Link training state.
In this state, TX lanes to be enabled at the local end perform initial lane
training.

HS Link service transmission state.

In this state, successfully trained TX lanes can perform high-speed
service data transmission together.

Recovery Link recovery state.
In this state, all TX lanes to be enabled at the local end perform lane
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TXLKSM State State Introduction
recovery.
LPx Link low power state.

No high-speed service is transmitting, and the TX lanes to be enabled at
the local end are all in the low power state.

The TXLKSM and the LNSM (TX) are in an interdependent master-slave relationship. The
TXLKSM completes multi-lane TX collaborative link operations, and LNSM (TX) completes
independent single lane TX operations.

When the TXLKSM is in Training, HS, Recovery, and LPx states, the TXLKSM layer initiates
link-level operations (entering/exiting low power, training, recovery, or multi-lane deskew)
according to the state of the entire link, and controls LNSM (TX) to perform different operations.

6.3.3.4.2 Link Invalid State

6.3.3.4.2.1 State Behavior

This state is the default state, and the main TX link of this port has not been enabled. All data
paths and control-related logic and states of the main TX link are in the reset state.

After the port (see the management adapter description for details) completes the port capability
negotiation, the TXLKSM exits this state and performs port configuration and high-speed link
initialization.

In this state, LNSMs of all TX lanes at the local end are in the LNSM.Disable state.
6.3.3.4.2.2 Entry Conditions

If any of the following scenarios occurs, this link enters the TXLKSM.Disable state:

® [nitial power-on state.

® Port disconnected.

® The upper layer configures the lane_disable indicator of all TX lanes at the local end to 1.

6.3.3.4.2.3 Exit Conditions

If the upper layer configures the lane_disable indicator of any TX lane at the local end to 0O, the
TXLKSM transitions from the TXLKSM.Disable state to the TXLKSM.INIT state.

6.3.3.4.3 Link Initialization State

6.3.3.4.3.1 State Behavior

This state is the initial state, and the main TX link of this port has not started to transmit data. All
data paths and control-related logic and states of the main TX link are in the initial state.

After the port completes the port capability negotiation, the TX link at the local end performs link
initialization based on the negotiated rate. After all TX lanes to be enabled are initialized, the
TXLKSM exits this state and starts the link establishment process.
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In this state, LNSMs of TX lanes at the local end can be in the following states:

® | NSM.INIT for the LNSMs of the TX lanes which are not fully initialized or have training
failures

® | NSM.Disable for the LNSMs of the TX lanes which are not enabled for initial negotiation or
are disabled by the software

6.3.3.4.3.2 Entry Conditions
In any of the following scenarios, the TXLKSM of this link transitions to the TXLKSM.INIT state:
® The conditions for transition from TXLKSM.Disable to TXLKSM.INIT are met.

® The local end receives an ERR_RM from the peer end, indicating that this link needs to be
retrained, and returns an Ack message.

® The upper layer initiates retraining of this link.

6.3.3.4.3.3 Exit Conditions
Table 65 Conditions for exiting the TXLKSM.INIT state

Next State Jump Conditions
Following TXLKSM

Recovery.relock All TX lanes to be enabled are initialized (capable of supporting the
transmission of control frames), and the fast training indicator of the port
is fast_training = 1.

Training.lock All TX lanes to be enabled are initialized (capable of supporting the
transmission of control frames), and the fast training indicator of the port
is fast_training = 0.

6.3.3.4.4 Link Training State

6.3.3.4.4.1 State Behavior
The Training state of the TXLKSM is used to complete the training of the TX link.

In this state, each TX lane independently performs lane clock recovery and lock, lane equilibrium,
and lane lock. After all lanes are locked (LLFM from the peer end is received), the TXLKSM
uniformly controls all TX lanes to perform multi-lane deskew.

In this state, LNSMs of TX lanes at the local end can be in the following states:

® LNSM.INIT for the LNSMs of the TX lanes which are not fully initialized or have training
failures

® | NSM.Disable for the LNSMs of the TX lanes which are not enabled for initial negotiation or
are disabled by the software

® LNSM.Training for the LNSMs of the TX lanes which are being retrained
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6.3.3.4.4.2 Sub-state Description and Exit Conditions
Figure 47 TXLKSM.Training sub-state transition relationship
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Table 66 Conditions for exiting the TXLKSM.Training state

TXLKSM State and Exit Conditions

Sub-state Behavior

lock For waiting for all ® |[f the local end receives the LLFM fed back by the
TX lanes to peer end, and the LLFM indicates that at least one TX
complete lane lane of this link has been successfully locked, the
training (lane clock TXLKSM of this lane transitions to the
lock, lane Training.deskew state.
equilibrium, and ® |[f the local end receives the ERR_RM fed back by the

lane lock process) peer end, and the ERR_RM indicates that all TX

training of this link fails (failure of any process among
lane clock lock, lane equilibrium, and lane lock), the
TXLKSM of this lane transitions to the TXLKSM.INIT
state.

® Otherwise, if tTxLinkTrainTimeout times out, the
TXLKSM transitions to the TXLKSM.INIT state after
timeout.
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TXLKSM State and Exit Conditions

Sub-state Behavior

deskew For allowing all TX | ® TX lanes successfully locked (in the
lanes on the link to LNSM.Training.deskew state) at the local end jointly
complete transmit one LLCF_PAD and one LLCF_DS, the
multi-lane deskew TXLKSM transitions to the HS state.

Note: LLCF_PAD is only used to adjust the TX lane skew, and the length of LLCF_PAD

transmitted by different lanes may be different.

6.3.3.4.5 Link Service Transmission State

6.3.3.4.5.1 State Behavior

In the HS state, the TXLKSM can transmit high-speed service data (logical blocks). If one or more
TX lanes of the TX link successfully establish links, the TXLKSM can establish a link to transition
to the HS state.

After the TXLKSM establishes a link to transition to the HS state, the port link establishment state
is reported to the upper layer according to the state of the RX link. The upper layer decides to
transmit the logic blocks or not.

In this state, the data path of the TX link needs to perform operations such as FEC coding, lane
distribution, scrambling, precoding, and multiplexing according to the rules established during port
negotiation.

In this state, LNSMs of TX lanes at the local end can be in the following states:
® | NSM.INIT for the LNSMs of the TX lanes which have training failures

® | NSM.Disable for the LNSMs of the TX lanes which are not enabled for initial negotiation or
are disabled by the software

LNSM.LPx for the LNSMs of the low power TX lanes
LNSM.Training for the LNSMs of the TX lanes being retrained
LNSM.Recovery for the LNSMs of the TX lanes being recovered

® | NSM.HS for the LNSMs of other TX lanes that can transmit high-speed services

Note 1: When the link is in the TXLKSM.HS state, the LNSM of at least one TX lane is in the
LNSM.HS state.

Note 2: After a TX lane with lane training failures reports an exception, if the upper layer decides
not to enable this lane later, it needs to set the state of this lane to lane_disable.

6.3.3.4.5.2 Exit Conditions

After the local end receives an ERR-PRT message which requires the link to perform the link
recovery operation (see the exception handling mechanism for details) and feeds back an Ack
message, the TXLKSM transitions to the Recovery.lock state.

® Accordingly, if the fast training indicator of this link is fast_recovery = 0, the TXLKSM controls
the LNSM (TX) of the TX lane being used at the local end to enter the Recovery.re_lock state
for lane recovery.
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® Accordingly, if the fast training indicator of this link is fast_recovery = 1, the TXLKSM controls
the LNSM (TX) of the TX lane being used at the local end to enter the Recovery.Fast lock
state for lane recovery.

After the local end receives an ERR_RM that requires link retraining (see 6.3.6 for details) and
feeds back an Ack message, the TXLKSM transitions to the INIT state.

® Accordingly, the TXLKSM controls the LNSM (TX) of the TX lane being used at the local end
to enter the INIT state for lane retraining.

After the local end transmits an LPRM request for this link to enter the LPOf state, and all TX lanes
of this link transmit the LLCF_ElI, the TXLKSM transitions to the LPx.LPOf state.

® Accordingly, the TXLKSM controls the LNSM (TX) of the TX lane being used at the local end
to enter the LPx.LPOf state.

After the local end transmits an LPRM request for this link (or this port) to enter the LPx state and
receives an Ack message responding to the LPRM, and all TX lanes of this link transmit the
LLCF_El, the TXLKSM transitions to the LPx state.

® [f the target low power state for this link is LPO, the TXLKSM transitions to LPx.LPO.
If the target low power state for this link is LP1, the TXLKSM transitions to LPx.LP1.
If the target low power state for this link is LP2, the TXLKSM transitions to LPx.LP2.
If the target low power state for this link is LP3, the TXLKSM transitions to LPx.LP3.

Accordingly, the TXLKSM controls the LNSM (TX) of the TX lane being used at the local end
to enter the LPx state.

After the local end receives an LPRM request for this port to enter the LPx state and feeds back an
Ack message responding to the LPRM, and all TX lanes of this link transmit the LLCF_El, the
TXLKSM transitions to the LPx state.

® [f the target low power state for this port is LP0O, the TXLKSM transitions to LPx.LPO.
If the target low power state for this port is LP1, the TXLKSM transitions to LPx.LP1.
If the target low power state for this port is LP2, the TXLKSM transitions to LPx.LP2.
If the target low power state for this port is LP3, the TXLKSM transitions to LPx.LP3.

Accordingly, the TXLKSM controls the LNSM (TX) of the TX lane being used at the local end
to enter the LPx state.

Note: The local end needs to record that the TXLKSM enters the port low power state or single TX
link low power state. If the TXLKSM enters the low power mode for a single TX link, only the TX
link needs to be woken up during low power wake-up. If the TXLKSM enters the low power mode
for links of a port, the port (including transmitting and RX links) needs to be woken up during low
power wake-up.

6.3.3.4.6 Link Recovery State

6.3.3.4.6.1 State Behavior

The Recovery state of the TXLKSM is used for recovery of the TX link, including independent
recovery of each lane (lane equilibrium and lane lock) and multi-lane deskew.
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In this state, each TX lane independently performs lane equilibrium and lane lock. After all lanes
are locked (LLFM from the peer end is received), the TXLKSM uniformly controls all TX lanes to
perform multi-lane deskew.

When the link enters this state, all features of the TX data path, including FEC coding, lane
distribution, scrambling code, precoding, and multiplexing, are reset, and all TX lanes
simultaneously transmit LLCF_TS2 for link recovery.

In this state, LNSMs of TX lanes at the local end can be in the following states:

® | NSM.Disable for the LNSMs of the TX lanes which are not enabled for initial negotiation or
are disabled by the software

® | NSM.LPx for the LNSMs of the low power TX lanes
® | NSM.Recovery for the LNSMs of the TX lanes which are being retrained
® | NSM.INIT for the LNSMs of the TX lanes which have training failures

6.3.3.4.6.2 Entry Conditions
If any of the following scenarios occurs, this link enters the TXLKSM.Recovery state:
® The conditions for INIT/HS/LPx to transition to the TXLKSM.Recovery state are met.

® The local end receives an ERR_RM from the peer end, indicating that the link needs to be
recovered, and returns an Ack message.

6.3.3.4.6.3 Sub-state Description and Exit Conditions
Figure 48 TXLKSM.Recovery sub-state transition relationship
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Table 67 Conditions for exiting the TXLKSM.Recovery state

Recovery
Sub-state

State
Description

Exit Conditions

lock

Used to wait for
all TX lanes of
the TX link to
be locked

® |[f the local end receives the LLFM fed back by the
peer end, and the LLFM indicates that all TX lanes in
use of this link have been successfully locked, the
TXLKSM transitions to the Recovery.deskew state.

® When this state is a result of link exceptions, if the
fast recovery indicator is fast_recovery = 0, the local
end receives the LLFM fed back by the peer end,
and the LLFM indicates that all TX lanes to be
enabled of this link have been successfully locked,
the TXLKSM transitions to the Recovery.deskew
state.

® When this state is a result of link exceptions, if the
fast recovery indicator fast_recovery = 0, the local
end receives the LLFM fed back by the peer end,
and the LLFM indicates that a TX lane in use of this
link is not locked, the TXLKSM transitions to the INIT
state.

® When this state is a result of link exceptions, if the
fast recovery indicator fast_recovery = 1, and all TX
lanes at the local end have transmitted the specified
number of LLCF_TS2, the TXLKSM transitions to
the Recovery.deskew state.

® When fast training enters this state, if the local end
receives the LLFM fed back by the peer end, and the
LLFM indicates that all TX lanes in use of this link
have been successfully locked, the TXLKSM
transitions to the Recovery.deskew state.

® Otherwise, the tLinkRecoveryTimeout times out and
the TXLKSM transitions to the INIT state.

deskew

Used to
complete
multi-lane
alignment.

After all TX lanes of this link jointly transmit one
LLCF_PAD and one LLCF_DS, the TXLKSM ftransitions
to the HS state.

6.3.3.4.7 Link Low Power State

6.3.3.4.7.1 State Behavior

When the TXLKSM is in the LPx state, its high-speed link is in the low power state. In this state,
the TX link cannot transmit high-speed data. According to the degree of power saving, the LPx
state is divided into multiple gears: LPOf, LPO, LP1, LP2, and LP3.

In this state, LNSMs of TX lanes at the local end can be in the following states:

® | NSM.Disable for the LNSMs of the TX lanes which are not enabled for initial negotiation or
are disabled by the software
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® |LNSM.INIT for the LNSMs of the TX lanes which have training failures
® L[NSM.LPx for the LNSMs of the TX lanes in the low power state

Note: For initiation of LPRMs and LWAMSs, all TX lanes that need to enter the low power state
must enter the same low power sub-state (LPOf, LPO, LP1, LP2, or LP3).

6.3.3.4.7.2 Conditions for Exiting the LPx State
Figure 49 TXLKSM LPx sub-state transition relationship
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\ Negotiation succeeded for Low power //

Requesting low power \
g consumption
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power consumption request is LPOf. timeout
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cansumpnon mode with LPO

target state
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}nenng low power consumption Low power ;
mode with LP1 target state consumption wake-up
\ Recovery
entering low power consumptlon consumption wake-up /
mode with LP2 target state
Low ower
Negotlatlon succeeded for p /

consumption wake -up

entering low power consumption
mode with LP3 target state

Table 67 Conditions for exiting the TXLKSM.LPx state

LPx Exit Conditions

Sub-state

LPOf After the TX link at the local end receives a link wake-up request initiated by the
upper layer, or the time when the TXLKSM at the local end is in the LPx.LPOf
state exceeds the tMaxLpOfTime, the link wake-up will be initiated. The TXLKSM
transitions to the Recovery.lock state. Accordingly, the TXLKSM controls the
LNSM (TX) at the local end to enter the Recovery.fast_lock state.

LPO-LP2 After receiving the link (port) wake-up request initiated by the upper layer, the TX

link at the local end initiates the link wake-up. The TXLKSM transitions to the
Recovery.lock state. Accordingly, the TXLKSM controls the LNSM (TX) at the
local end to enter the Recovery.re_lock state.

If the local end is in the port low power state, and the RX link at the local end
senses that any RX lane is not electrically idle, the TX link and RX link at the local
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LPx Exit Conditions

Sub-state
end will be woken up. The TXLKSM at the local end transitions to the
Recovery.lock state. Accordingly, the TXLKSM controls the LNSM (TX) at the
local end to enter the Recovery.re_lock state.

LP3 After the upper layer initiates the link (port) low power wake-up, and the local end

transmits the LPRM for the link (port) and receives the corresponding response
information, the link will be woken up. The TXLKSM ftransitions to the
Recovery.lock state. Accordingly, the TXLKSM controls the LNSM (TX) at the
local end to enter the Recovery.re_lock state.

After the local end receives an LPRM for port low power wake-up transmitted by
the peer end and feeds back a response, the link wake-up will be initiated. The
TXLKSM transitions to the Recovery.lock state. Accordingly, the TXLKSM
controls the LNSM (TX) at the local end to enter the Recovery.re_lock state.

6.3.3.5 RX Link State

6.3.3.5.1 State Introduction

An RXLKSM is used to manage the RX link state of the entire port. The state transition relationship

and its introduction are as follows:

Figure 50 RXLKSM state transition relationship

The peer end initiates link The upper layer disables all
re-establishment. active RX lanes.

Normal link establishment

The upper layer
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wake-up.

Trainin
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Rapid link

establishment Initial power-on/Plugging

Multi-lane deskew and unplugging
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bs Recovery

Multi-lane deskew
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All RX lanes enter low power
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Table 68 RXLKSM states

RXLKSM State State Introduction

Disable Link invalid state.
The upper layer disables all RX lanes, or it is in initial power-on or
disconnected state. In this state, the RX link has not started initial
training.

INIT Link initialization state.
This state corresponds to the port configuration state of the port state
machine. In this state, after the port capability negotiation is completed,
all RX lanes at the local end perform electrical layer initialization based
on the link configuration results.

Training Link training state.
In this state, the RX lanes to be enabled at the local end perform lane
training.

HS Link service transmission state.
In this state, the RX lanes that have been successfully trained can
perform high-speed service data transmission together.

Recovery Link recovery state.
In this state, all RX lanes to be enabled at the local end perform lane
recovery.

LPx Link low power state.
No high-speed service is transmitting, and the RX lanes to be enabled at
the local end are all in the low power state.

The RXLKSM and the LNSM (RX) are in an interdependent master-slave relationship. The
RXLKSM completes multi-lane RX collaborative link operations, and LNSM (RX) completes
independent single lane RX operations.

6.3.3.5.2 Link Invalid State

6.3.3.5.2.1 State Behavior

This state is the default state, and the main RX link of this port has not been enabled. All data
paths and control-related logic and states of the main RX link are in the reset state.

After the port completes the port capability negotiation, the RXLKSM exits this state and performs
port configuration and high-speed link initialization.

In this state, LNSMs of all RX lanes at the local end are in the LNSM.Disable state.

6.3.3.5.2.2 Entry Conditions

If any of the following scenarios occurs, this link enters the RXLKSM.Disable state:

® [nitial power-on state.

® Port disconnected.

SUCA Confidential Page 108 of 435



T/SUCA 001.2—2024

® The upper layer configures the lane_disable indicator of all RX lanes at the local end to 1.

6.3.3.5.2.3 Exit Conditions
If the upper layer configures the lane_disable indicator of any RX lane at the local end to 0, the
RXLKSM transitions from the RXLKSM.Disable state to the RXLKSM.INIT state.

6.3.3.5.3 Link Initialization State

6.3.3.5.3.1 State Behavior

This state is the initial state, and the main RX link of this port has not started to receive high-speed
data. All data paths and control-related logic and states of the main RX link are in the initial state.

After the port state machine completes the port capability negotiation, the RX link at the local end
performs link initialization based on the negotiated rate. After all RX lanes to be enabled are
initialized, the RXLKSM exits this state and starts the high-speed link establishment process.

In this state, LNSMs of RX lanes at the local end can be in the following states:

® | NSM.INIT for the LNSMs of the RX lanes which are not fully initialized or have training
failures

® | NSM.Disable for the LNSMs of the RX lanes which are not enabled for initial negotiation or
are disabled by the software
6.3.3.5.3.2 Entry Conditions
In any of the following scenarios, the RXLKSM of this link transitions to the RXLKSM.INIT state:

® After the management adapter receives the capability negotiation message from the peer end,
it issues the configurations.

® The conditions for transition from RXLKSM.Disable to RXLKSM.INIT are met.

® The local end transmits an ERR_RM indicating that this link needs training, and receives an
Ack message.

6.3.3.5.3.3 Exit Conditions
Table 69 Conditions for exiting the RXLKSM.INIT state

Next State Jump Conditions

RXLKSM.Recovery All RX lanes to be enabled are initialized (capable of supporting the
receiving of control frames), and the fast training indicator of the
port is fast_training = 1.

RXLKSM.Training All RX lanes to be enabled are initialized (capable of supporting the
receiving of control frames), and the fast training indicator of the
port is fast_training = 0.
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6.3.3.5.4 Link Training State

6.3.3.5.4.1 State Behavior
The Training state of RXLKSM is used to complete the training of the RX link.

In this state, each RX lane independently performs lane clock recovery and lock, lane equilibrium,
and lane lock. After all lanes are locked, the RXLKSM uniformly controls all RX lanes to perform
multi-lane deskew.

In this state, LNSMs of RX lanes at the local end can be in the following states:

® | NSM.INIT for the LNSMs of the RX lanes which are not fully initialized or have training
failures

® | NSM.Disable for the LNSMs of the RX lanes which are not enabled for initial negotiation or
are disabled by the software

® LNSM.Training for the LNSMs of the RX lanes which are being retrained

6.3.3.5.4.2 Sub-state Description and Exit Conditions
Figure 51 RXLKSM. Training sub-state transition relationship
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Table 70 Conditions for exiting the RXLKSM.Training state

Training Sub-state

State and Behavior

Exit Conditions

lock

For waiting for all RX
lanes to complete
independent lane
training

® If all RX lanes at the local end have

completed lane training (even if the lane
clock lock, lane equilibrium, or lane lock
process fails), and at least one RX lane
has succeeded in all lane training
processes (including lane clock lock,
lane equilibrium, and lane lock), the
RXLKSM transitions to the
Training.deskew state after the local end
feeds back an LLFM to the peer end.

If all RX lanes at the local end have
completed lane training (even if the lane
clock lock, lane equilibrium, or lane lock
process fails), but no RX lane has
succeeded in all lane training processes
(including lane clock lock, lane
equilibrium, and lane lock), this end
feeds back a CLFM, EQFM, and LLFM
to report the training failure, and receives
responses to these messages (a
response is required for a CLFM or
EQFM, but is not required for an LLFM).
Then, the RXLKSM transitions to the
INIT state.

deskew

For allowing all RX
lanes on the link to
complete multi-lane
deskew

If the RX end of this link succeeds based
on LLCF_DS deskew, the RXLKSM
transitions to the RXLKSM.HS state.

If the RX end of this link fails based on
LLCF_DS deskew, the local end feeds
back a multi-lane deskew error based on
the ERR_RM and receives a response to
the ERR_RM. Then, the RXLKSM
transitions to the RXLNSM.INIT state.

If the tWaitDsTimeout at the local end
times out, the local end feeds back a
deskew timeout error based on the
ERR_RM, and receives a response to
the ERR_RM. Then, the RXLKSM
transitions to the RXLKSM.INIT state.
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6.3.3.5.5 Link Service Transmission State

6.3.3.5.5.1 State Behavior

In the HS state, the RXLKSM supports the transmitting and receiving of high-speed service data
(logical blocks). If one or more RX lanes successfully establish links, the RXLKSM can establish a
link to transition to the HS state.

After the RXLKSM establishes a link to transition to the HS state, the port link establishment state
is reported to the upper layer according to the state of the RX link. The upper layer decides to
transmit high-speed service data or not.

In this state, the data path of the RX link needs to perform operations such as FEC decoding, lane
merging, descrambling, deprecoding, and demultiplexing according to the rules established during
port negotiation.

In this state, LNSMs of RX lanes at the local end can be in the following states:
® LNSM.INIT for the LNSMs of the RX lanes which have training failures

® | NSM.Disable for the LNSMs of the RX lanes which are not enabled for initial negotiation or
are disabled by the software

LNSM.LPx for the LNSMs of the low power RX lanes
LNSM.Training for the LNSMs of the RX lanes being retrained

LNSM.Recovery for the LNSMs of the RX lanes being recovered
® | NSM.HS for the LNSMs of other TX lanes that can transmit high-speed services

Note 1: When the link is in the RXLKSM.HS state, the LNSM of at least one RX lane is in the
LNSM.HS state.

Note 2: After an RX lane with lane training failures reports an exception, if the upper layer decides
not to enable this lane later, it needs to set the state of this lane to lane_disable.

6.3.3.5.5.2 Conditions for Exiting the HS State

If the RX link at the local end detects an exception that requires link recovery, it transmits an
ERR_RM to the peer end. After the peer end feeds back an Ack message responding to the
ERR_RM, the RXLKSM transitions to the Recovery.lock state:

® |[f the fast training indicator of this link is fast_recovery = 0, the RXLKSM controls the LNSM
(RX) of the RX lane being used at the local end to enter the Recovery.re_lock state for lane
recovery.

® |[f the fast training indicator of this link is fast_recovery = 1, the RXLKSM controls the LNSM
(RX) of the RX lane being used at the local end to enter the Recovery.Fast_lock state for lane
recovery.

If the RX link at the local end detects an exception that requires link retraining, it transmits an
ERR_RM to the peer end. After the peer end feeds back an Ack message responding to the
ERR_RM, the RXLKSM transitions to the INIT state:

® The RXLKSM controls the LNSM (RX) of the RX lane being used at the local end to enter the
INIT state for lane retraining.
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After the local end receives an LPRM request for this link to enter the LPOf state, and all RX lanes
of this link receive the LLCF_EI (at least one LLCF_El is detected; this applies to the following
scenarios involving LLCF_EI detection), the RXLKSM transitions to the LPx.LPOf state:

® The RXLKSM controls the LNSM (RX) of the RX lane being used at the local end to enter the
LPx.LPOf state.

After the local end receives an LPRM request for this link (or this port) to enter the LPx state and
feeds back an Ack message responding to the LPRM, and all RX lanes of this link receive the
LLCF_El, the RXLKSM transitions to the LPx state:

® |[f the target low power state for this link is LPO, the TXLKSM transitions to LPx.LPO.
If the target low power state for this link is LP1, the TXLKSM transitions to LPx.LP1.
If the target low power state for this link is LP2, the TXLKSM transitions to LPx.LP2.
If the target low power state for this link is LP3, the TXLKSM transitions to LPx.LP3.

The RXLKSM controls the LNSM (RX) of the RX lane being used at the local end to enter the
LPx state.

After the local end transmits an LPRM request to enter the LPx state and receives an Ack
message fed back by the peer end to respond to the LPRM, and all RX lanes of this link receive
the LLCF_ElI, the RXLKSM transitions to the LPx state:

® If the target low power state for this link is LPO, the TXLKSM transitions to LPx.LPO.
If the target low power state for this link is LP1, the TXLKSM transitions to LPx.LP1.
If the target low power state for this link is LP2, the TXLKSM transitions to LPx.LP2.
If the target low power state for this link is LP3, the TXLKSM transitions to LPx.LP3.

The RXLKSM controls the LNSM (RX) of the RX lane being used at the local end to enter the
LPx state.

Note: The local end needs to record that the RXLKSM enters the port low power state or single RX
link low power state. If the RXLKSM enters the low power mode for a single RX link, only the RX
link needs to be woken up during low power wake-up. If the TXLKSM enters the low power mode
for links of a port, the port (including transmitting and RX links) needs to be woken up during low
power wake-up.

6.3.3.5.6 Link Recovery State

6.3.3.5.6.1 State Behavior

The recovery state of the RXLKSM is used for recovery of the RX link, including independent
recovery of each lane (lane equilibrium and lane lock) and multi-lane deskew.

In this state, each RX lane independently performs lane equilibrium and lane lock. After all lanes
are locked (LLFM is transmitted to the peer end), the RXLKSM uniformly controls all RX lanes to
perform multi-lane deskew.

When the link enters this state, all RX data path features, including FEC decoding, lane merging,
descrambling, deprecoding, demultiplexing, and deskew, are reset.

In this state, LNSMs of RX lanes at the local end can be in the following states:

® | NSM.Disable for the LNSMs of the RX lanes which are not enabled for initial negotiation or
are disabled by the software
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® |NSM.LPx for the LNSMs of the low power RX lanes
® | NSM.Recovery for the LNSMs of the RX lanes which are being retrained
® LNSM.INIT for the LNSMs of the RX lanes which have training failures

6.3.3.5.6.2 Sub-state Description and Exit Conditions
Figure 52 RXLKSM.Recovery sub-state transition relationship
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Table 71 Conditions for exiting the RXLKSM.Recovery state

Recovery State and Behavior Exit Conditions

Sub-state

lock For waiting for all RX ® |f the fast recovery indicator fast_recovery =
lanes to complete lane 0, after all RX lanes at the local end are
lock locked, and the local end uniformly transmits

LLFMs, the RXLKSM transitions to the
Recovery.deskew state.

® |f the fast recovery indicator fast_recovery =
1, after all RX lanes at the local end are
locked (each lane receives a specified
number of LLCF_TS2), the RXLKSM
transitions to the Recovery.deskew state.

® |f any RX lane at the local fails to be locked,
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lanes on the link to
complete multi-lane
deskew

Recovery State and Behavior Exit Conditions

Sub-state
the local end transmits an ERR_RM to
indicate the lane lock failure. After the local
end receives an Ack message, the RXLKSM
transitions to the INIT state.

deskew For allowing all RX If all RX ends of this link succeed based on

LLCF_DS deskew, the RXLKSM transitions to
the RXLKSM.HS state.

If the RX end of this link fails based on
LLCF_DS deskew, the local end feeds back a
multi-lane deskew error based on the
ERR_RM and receives a response to the
ERR_RM. Then, the RXLKSM transitions to
the RXLNSM.INIT state.

If the tWaitDsTimeout at the local end times
out, the local end feeds back a deskew
timeout error based on the ERR_RM, and
receives a response to the ERR_RM. Then,
the RXLKSM transitions to the RXLNSM.INIT
state.

6.3.3.5.7 Link Low Power State

6.3.3.5.7.1 State Behavior

When the RXLKSM is in the LPx state, its high-speed link is in the low power state. The RX link
does not need to receive high-speed data. According to the degree of power saving, the LPx state
is divided into multiple gears: LPOf, LPO, LP1, LP2, and LP3.

In this state, LNSMs of RX lanes at the local end can be in the following states:

® | NSM.Disable for the LNSMs of the RX lanes which are not enabled for initial negotiation or

are disabled by the software

® LNSM.LPx for the LNSMs of the RX lanes in the low power state
® LNSM.INIT for the LNSMs of the RX lanes which have training failures
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6.3.3.5.7.2 Sub-state Description and Exit Conditions
Figure 53 RXLKSM LPx sub-state transition relationship
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Table 72 Conditions for exiting the RXLKSM.LPx state

LPx Exit Conditions
Sub-state
LPOf When the RX link senses that any RX lane is not electrically idle, or the RXLKSM

at the local end is in the LPx.LPOf state for more than 1.5*tMaxRxLpOfTime, the
link wake-up will be initiated. The RXLKSM transitions to the Recovery.lock
state.

The RXLKSM controls the LNSM (RX) at the local end to enter the
Recovery.fast_lock state.

LPO-LP2 ® |If the RX link senses that any RX lane is not electrically idle, it will wake up
the RX link at the local end. The RXLKSM transitions to the Recovery.lock
state. The RXLKSM controls the LNSM (RX) at the local end to enter the
Recovery.re_lock state.

® Otherwise, if the local end is in the port low power state, after receiving the
port wake-up request from the upper layer, the local end will initiate the link
wake-up. The TXLKSM transitions to the Recovery.lock state. The RXLKSM
controls the LNSM (RX) at the local end to enter the Recovery.re_lock state.

LP3 @ After the local end receives an LPRM for link/port low power wake-up
transmitted by the peer end and feeds back a response, the link wake-up will
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LPx Exit Conditions
Sub-state

be initiated. The RXLKSM transitions to the Recovery.lock state. The
RXLKSM controls the LNSM (RX) at the local end to enter the
Recovery.re_lock state.

® Otherwise, if the local end is in the port low power state, after the local end
receives a port wake-up request from the upper layer, it will transmit a port
wake-up LPRM. After receiving a response, it will initiate the link wake-up.
The RXLKSM transitions to the Recovery.lock state. The RXLKSM controls
the LNSM (RX) at the local end to enter the Recovery.re_lock state.

6.3.3.6 Main Link States of Ports

The link layer needs to provide real-time feedback on the overall state of links for the upper layer
to query.

For a port with only TX links, the overall link state is the same as that of the TXLKSM.
For a port with only RX links, the overall link state is the same as that of the RXLKSM.

After each restart of link training (triggered by an ERR_RM or by a link retraining command from
the upper layer), links will be retrained. After the retraining is completed, the link training results
are reported to the software as a port_state_change event. The training results of each lane are
indicated in the port_state change event.

When the overall link state is trained to the HS state, a port_state_change (training success) event
is reported.

Otherwise, a port_state_change (training fail) event is reported to the software.
6.3.3.7 Low Power State and Process
6.3.3.7.1 Process of Entering the Link Low Power State

6.3.3.7.1.1 Overview

Requests for a link to enter the low power state include two mechanisms: unidirectional link
entering low power and port entering low power. For the port entering low power mechanism, see
Appendix D.

Unidirectional link entering low power means that all lanes in the TX or RX direction (never TX and
RX directions) of a port enter the low power state. This mainly applies to scenarios where service
(such as audio and video) data is unidirectionally transmitted. The request for a unidirectional link
entering the low power state is initiated in the TX direction of the link.

A unidirectional link in the low power state can be at LPOf, LPO, LP1, or LP2 gears.

Any link is prohibited from repeatedly initiating the link low power process when performing initial
link training, link recovery, or dynamic lane state switching, or in other low power processes.

Note: For a unidirectional link, a low-power request for the port to enter LP3 can be initiated to
save more power.
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6.3.3.7.1.2 Unidirectional Link Entering LPOf

For application scenarios where service data flows are frequently cut off and frequently restored,
the mechanism of unidirectional link entering LPOf can be used during the period when the data
flow is cut off to save power.

Typical scenario: When the local device is an audio/video source device, and the logical layers of
both local and peer devices support the LPOf gear, entering the LPOf state is allowed.

Note: LPOf is recommended for scenarios that require frequent transitions to/from the low power
state (such as blanking blocks in videos). LPOf is highly correlated with the data source state.

The process of a unidirectional link entering LPOf is shown in Figure 54.

Figure 54 Process of a link entering LPOf

Unidirectional link entering LPOf

Device A: Device B:

[ Unidirectional link entering
LPRM of LPOf —_—

\
CFSLM (CF_SL=x)

[ ——————xiims

CECKONC)

Send LLCF_El on all TX lanes.

1) Device A transmits a LPRM requesting unidirectional link entering LPOf to device B.

(1)

(2) Device A transmits one CFSLM to device B and specifies CF_SL as x in the CFSLM.

(3) Device A transmits x LLBs to device B.

(4) All TX lanes of device A transmit four LLCF_EI control frames, and then all TX lanes of device

A enter the low power state.

(5) After device B receives the LPRM from device A and receives the LLCF_EI control frames in
all RX lanes, all RX lanes of device B enter the low power state.

Note: Transmitting one CFSLM and x LLBs in steps 2 and 3 in the above figure is a necessary
operation for switching the data flow from LLB to CF (control frame). This will not be specifically or
repeatedly explained for subsequent switching of data flows from LLB to CF.

The process of switching a data flow from LLB to CF is as follows:

If the link state changes when the transmitting end of the main link is transmitting an LLB, and a
control frame (CF) needs to be transmitted, the transmitting end shall transmit a CFSLM in
advance to achieve communication between the CF transmitting position at the transmitting end
and the CF detecting position at the receiving end.

As shown in Figure 55, assuming that the minimum acceptable CF_SL value agreed by the two
ends is x0, in order to transmit LLCF_XX (including LLCF_TS0/1/2, LLCF_EI, LLCF_DS,
LLCF_DST, LLCF_EIE, and LLCF_PAD) after x + 2 (x =2 x0) LLBs are transmitted, the transmitting
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end shall transmit CFSLMs in three consecutive LLBs, specify CF_SL as x + 2, x + 1, and x
respectively, and then transmit LLCF_XX at the position of the x-th LLB after the last LLB is
transmitted. In this document, the above transmission rules also apply to other descriptions
indicating the position where the CFSLMs are transmitted.

Figure 55 Sequence of inserting CFs in a data flow
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6.3.3.7.1.3 Unidirectional Link Entering LP0-LP2
The process of a unidirectional link entering LPO-LP2 is shown in Figure 56.

Figure 56 Process of a link entering LPO-LP2

Unidirectional link entering LPO-LP2

Device A: Device B:

@ [ ————Unidirectional link entering

LPRM of LPO-LP2 @
g SN

Ack corresponding to LPRM

—

-\
CFSLM (CF_SL=x)

[ LiBs

[ S%ha LLCF_E16n all TX lanes.

—e

CECKC,

(1) Device A transmits a LPRM requesting unidirectional link entering LPO—-LP2 to device B.
(2) Device B feeds back an Ack message responding to the LPRM to device A.

If device B feeds back a Nack response to the LPRM to device A, the process ends and
neither port enters the low power state. For subsequent Nack processes of other low power
requests, the same rules apply and will not be repeated.

(3) Device A transmits one CFSLM to device B and specifies CF_SL as x in the CFSLM.

(4) Device A transmits x LLBs to device B.
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(5) After all TX lanes of device A transmit service data, they transmit four LLCF_EI control frames,
and then all TX lanes of device A enter the low power state.

(6) After device B receives the LPRM from device A and receives the LLCF_EI control frames in
all RX lanes, all RX lanes of device B enter the low power state.

6.3.3.7.1.4 Conditions for Refusing to Enter the Low Power State

When the peer device initiates a low power request, the local end shall decide whether it can enter
the low power state according to the states of the audio and video adapter, management adapter,
and other devices. If the rejection conditions are met, the local end shall feed back a Nack
response to the peer end. Otherwise, it shall feed back an Ack response. The rejection conditions
for various scenarios are shown in Table 73.

Table 73 Conditions for refusing to enter the low power state

Scenario Conditions

ejecting a unidirectional Any of the following conditions is true:
link to enter LPO * The audio and video adapter refuses to enter LPO.
* The management adapter refuses to enter LPO.

*  The current link does not support LPO.

Rejecting a unidirectional | Any of the following conditions is true:
link to enter LP1 * The audio and video adapter refuses to enter LP1.
*  The management adapter refuses to enter LP1.

*  The current link does not support LP1.

Rejecting a unidirectional | Any of the following conditions is true:
link to enter LP2 +  The audio and video adapter refuses to enter LP2.
*  The management adapter refuses to enter LP2.

*  The current link does not support LP2.

Rejecting a unidirectional | Any of the following conditions is true:

link to enter LP3 +  The audio and video adapter refuses to enter LP3.

*  The management adapter refuses to enter LP3.

*  The current link does not support LP3.

Note: The audio and video adapter and management adapter must implement low power entry
and exit rejection conditions, based on the low power entry delay (tLPxEntry) and exit delays
(tLPOExit, tLP1EXxit, and tLP2EXxit) specified for each low power gear.

The maximum low power entry delay tLPxEntry specified in the Protocols is detailed in the training
parameter requirements.
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6.3.3.7.1.5 Exception Handling Mechanism for Entering the Low Power Process

6.3.3.7.1.5.1 Message Loss

Table 74 Troubleshooting message loss in the process of entering the low power state

Exception Handling Mechanism

Loss of LPRM for a The low power responder (the port receiving the LPRM)
unidirectional link to enter LPOf | detects a link error exception and initiates link retraining or link
recovery through ERR_RM.

Loss/Exception of LPRM for a | This type of request message requires the low power
unidirectional link to enter LPO, | responder to feed back a response message. If the response
LP1, LP2, or LP3 message is lost/abnormal, the LPRM needs to be
retransmitted. (See the description in 6.3.6)

Loss/Exception of the The requester retransmits the LPRM, and the responder feeds
message responding to LPRM | back an Ack or a Nack message after receiving the LPRM

for a unidirectional link to enter | each time. After the requester fails to receive the

LPO, LP1, LP2, or LP3 corresponding response message after multiple
retransmissions, link retraining is initiated through ERR_RM.

LLCF_EI loss/exception The low power responder (the port receiving the LPRM)
detects a link error exception and initiates link retraining or link
recovery through ERR_RM.

Note: If the receiving end detects any frame header in the
LLCF_EI format at the position where an LLCF_El is received,
the LLCF_EI has been recognized.

6.3.3.7.2 Process of Exiting the Link Low Power State

6.3.3.7.2.1 Overview

Requests for a link to exit the low power state include two mechanisms: unidirectional link exiting
low power and port exiting low power. For the port exiting low power mechanism, see Appendix D.

A unidirectional link exiting low power means that all lanes in the TX or RX direction of the port exit
the low power state. The request for a unidirectional link exiting the low power state is initiated in
the TX direction of the link.

If the current link is in the link low power state, the low power exit initiating device can only initiate
a link low power exit request. If it initiates other low power exit requests, these requests will be
ignored. The processing is shown in Table 44.
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6.3.3.7.2.2 Unidirectional Link Exiting LPOf

Figure 57 Schematic diagram of a unidirectional link exiting LPOf

Unidirectional link exiting LPOf

Device A: Device B:

® \N-CF_EE\,

——— All TX lanes send a specified @
number of LLCF_TSZ.\,

(1) The TX link of device A exits the low power state (the corresponding TXLKSM enters the
Recovery state), and transmits N_EIE LLCF_EIE and a specified number (determined by the
capability negotiation information) of LLCF_TS2 to device B.

(2) Device B senses that the receiving end is in a non-electrical idle state, and the RX link of
device B exits the low power state (the corresponding RXLKSM enters the Recovery state).

6.3.3.7.2.3 Unidirectional Link Exiting LP0-LP2

Figure 58 Schematic diagram of a unidirectional link exiting LPO-LP2

Unidirectional link exiting LPO-LP2

Device A: Device B:

© \N‘CF_EIE\ ®

[ All TX lanes continuously
send LLCF_TS2., —— |

(1) The TX link of device A exits the low power state (the corresponding TXLKSM enters the

Recovery state) and transmits N_EIE LLCF_EIE to device B. Then, it continues to transmit
LLCF_TS2 for link recovery.

(2) Device B senses that the receiving end is in a non-electrical idle state, and the RX link of
device B exits the low power state (the corresponding RXLKSM enters the Recovery state).
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6.3.3.7.2.4 Exception Handling Mechanism for Exiting the Low Power Process

Table 75 Troubleshooting message loss in the process of exiting the low power state

Exception Handling Mechanism

The awakened end does not The awakened end will automatically wake up after LPOf times
detect the LPOf wake-up out. Then, it detects a lane lock timeout or a link error

request initiated by the peer exception, and initiates link retraining or link recovery through
end. ERR_RM.

The awakened end does not The lane lock handshake times out during the recovery stage
detect the LPO, LP1, or LP2 of the low power wake-up initiating end, and then link
wake-up request initiated by retraining is initiated through ERR_RM.

the peer end.

6.3.3.8 Dynamic Lane State Switching

6.3.3.8.1 Basic Requirements

Different from low power state entry/exit of the entire link, dynamic lane state switching is mainly
used in applications where high-speed data services are constantly flowing. Before and after the
dynamic lane state switching, at least one lane shall be kept in a high-speed service transmission
state.

Dynamic lane state switching includes the following operations:

® Dynamic lane increase: When the current port has at least one TX lane for service
transmission, dynamically increase one to seven (up to eight) TX lanes.

® Dynamic lane reduction: When the current port has at least two TX lanes for service
transmission, dynamically reduce one to seven TX lanes, to a maximum extent of just one TX
lane left.

® Dynamic lane direction switching: Dynamically switch one to eight TX lanes to RX lanes.

® If dynamic adjustment of the number of lanes is not supporte