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1 Preface 

1.1 Scope of Document 

This specification is primarily targeted to developers of USB4 ™ Re-timers and system OEMs. This 
specification can be used for developing Cable Re-timers and On-Board Re-timers. 

1.2 Document Organization 

Chapters 1 and 2 provide an overview for all readers. Chapters 3 through 6 contain detailed technical 
information defining USB4 Re-timers. The following summarizes each chapter:  

• Chapter 1 (Preface) – This chapter defines document conventions and terms.  

• Chapter 2 (Overview) – This chapter gives an overview of the Re-timer architecture. 

• Chapter 3 (Electrical Layer) – This chapter defines the requirements for electrical compliance . 

• Chapter 4 (Logical Layer) – This chapter defines Lane initialization and operat ion. 

• Chapter 5 (Port Operation) – This chapter defines the software interface to a Re-timer. 

• Chapter 6 (Interoperability with Thunderbolt™ 3 Systems) – This chapter defines the requirements 
for a Re-timer to operate in a Link that includes Thunderbolt 3 Routers or a Thunderbolt 3 Cable.  

1.3 Related Documents 

Universal Serial Bus (USB4™) Specification, Version 1.0 with Errata and ECN through October 15, 2020, 
October 2020 (USB4 Specification) 

USB Type-C® Cable and Connector Specification, Release 2.0 . August 2019 (USB Type-C Specification) 

Universal Serial Bus Power Delivery Specification, Release 3.0, Version 2.0, August 2019  (USB PD 
Specification) 

1.4 Terms and Abbreviations 

This specification uses the same terms and abbreviations as defined in the  USB4 Specification. 

1.5 Documentation Conventions 

1.5.1 Capitalization  

Some terms are capitalized to distinguish their definition in the context of this document from their 
common English meaning. Words not capitalized have their common English meaning.  

1.5.2 Italic Text 

Italic text is used to identify variable names, register field and packet field names, or reference document 
titles. 
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1.5.3 Numbers and Number Bases 

Hexadecimal numbers are written with a lower case “h” suffix, e.g. FFFFh and 01h. Hexadecimal numbers 
larger than four digits are represented with a space dividing each group of four digits, e.g. 1EFF FFFF FFFFh. 
Binary numbers are written with a lower case “b” suffix, e.g. 1001b and 01b. Binary numbers larger than 
four digits are written with a space dividing each group of four digits, e.g. 1010 1000 1100b.  

All other numbers are decimal.  

1.5.4 Bit, Byte, DW, and Symbol Conventions 

A bit, byte, DW, or Symbol residing in location n within an array is den oted as bit[n], byte[n], DW[n], or 
Symbol[n]. 

A sequence of bits, bytes, DWs, or Symbols residing in locations n to m (inclusive) within an array is 
denoted as bit[m:n], byte[m:n], DW[m:n], or Symbol[m:n].  

1.5.5 Implementation Notes 

Implementation Notes are not a normative part of this specification. They are included for clarification and 
illustration only. Implementation notes within this document are enclosed in a box and set apart from other 
text. 

1.5.6 Word Usage 

The word “shall” is used to indicate mandatory requ irements. Mandatory requirements are strictly to be 
followed in order to conform to this specification and no deviation is permitted.  

The phrase “it is recommended” is used to convey that, among several possibilities, one is preferred but not 
necessarily required. 

The word “may” is used to indicate a course of action permissible within the limits of the specification. The 
word “can” is used only for statements of possibility or capability (i.e. “can” equals “is able to”).  

1.5.7 FourCC 

A FourCC is a sequence of four bytes used to represent ASCII strings. It is limited to ASCII printable 
characters (one byte per character), with space characters reserved for padding shorter sequences.  

For example, the FourCC string “ABC ” is represented by a hexadecimal value of 20434241h, where the 
rightmost byte (41h) represents the first ASCII character (“A”).  

1.5.8 Reserved Values and Fields 

Unless otherwise specified, fields and values marked “Rsvd” shall be handled as described in  Table 1-1.  
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Table 1-1.  Rsvd Value and Field Handling  

Type Handling 

Transaction Values  A transmitter shall not use a value in this specification that is marked as “Rsvd”. If a Re-timer is 
the only target of a Transaction, it shall ignore a Transaction that has any of its defined fields 
set to a Rsvd value and proceed as if the Transaction was never received. 

Ordered Set Values  A transmitter shall not use a value in this specification that is marked as “Rsvd”. The target of 
an Ordered Set shall ignore an Ordered Set that has any of its defined fields set to a Rsvd value 
and proceed as if the Ordered Set was never received. 
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2 Overview 

A USB4™ Link supports up to six Re-timers. Of those six Re-timers, four may be On-Board Re-timers (two 
On-Board Re-timers at each end of the Link). 

Figure 2-1 depicts a USB4 Link with six Re-timers between the two connected Routers (referred to as 
“Router A” and “Router B”). Router Assembly A and Router Assembly B each include two On-Board Re-
timers. The cable connecting the ends of the Link is an Active Cable with a Cable Re-timer at each end. 

 

Figure 2-1.  USB4 Link with Re-timers 
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Electrical compliance for an On-Board Re-timer is measured at the USB Type-C connector of the Router 
Assembly that contains the Re-timer. The electrical requirements for a Router Assembly are defined in the 
USB4 Specification. Additional requirements for an On-Board Re-timer are defined in Section 3.1 of this 
specification. 

Electrical compliance for a Cable Re-timer is measured at the USB Type-C connector of the Active Cable that 
contains the Re-timer. The electrical requirements for an Active Cable are defined in Section  3.3 of this 
specification. Additional Requirements for Cable Re-timers are defined in Section 3.2 of this specification. 

The Re-timer interfaces that are inside a Router Assembly or Active Cable are outside the scope of this 
specification. 

2.1 External Terms and Definitions 

This specification uses the following terms to identify the relationships between the entities that are 
external to a Re-timer: 

• Router-Facing – Describes a USB4 Port, Lane Adapter, transmitter, or receiver that faces away from 
the center of the Cable. 

• Cable-Facing – Describes a USB4 Port, Lane Adapter, transmitter, or receiver that faces towards the 
center of the Cable. 

• Adjacent – Describes a Re-timer, USB4 Port, Lane Adapter, transmitter, or receiver that is directly 
connected to another Re-timer, USB4 Port, Lane Adapter, transmitter, or receiver with no other Re-
timers or Routers in between. 
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Figure 2-2 shows an example of how these terms are used.  

Figure 2-2.  External Re-timer Relationships 
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2.2 Internal Terms and Definitions 

This specification uses the following terms to identify the relationships between the entities within a Re-
timer. 

• Corresponding Receiver – The receiver that feeds the transmitter with USB4 traffic. 

• Corresponding Transmitter – The transmitter that accepts USB4 traffic from the receiver. 

• Corresponding Adapter – The Lane Adapter that contains the Corresponding Receiver and 
Corresponding Transmitter. 

• Re-timer Channel – a transmitter and its Corresponding Receiver, or a receiver and its 
Corresponding Transmitter. 

Each transmitter has one Corresponding Receiver and each receiver has one Corresponding Transmitter.  
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Figure 2-3.  Internal Re-timer Relationships 
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3 Electrical Layer 

3.1 On-Board Re-timers 

An On-Board Re-timer shall implement an Electrical Layer as defined in the USB4 Specification with the 
following changes: 

• An On-Board Re-timer shall support Gen 2 speed of 10Gbps. Support for other speeds is optional.  

• An On-Board Re-timer shall support two Lanes. 

• An On-Board Re-timer operating at Gen 2 speed shall transmit a bit within tLatency2 after receiving 
the bit. 

• An On-Board Re-timer operating at Gen 3 speed shall transmit a bit within tLatency3 after receiving 
the bit. 

• For a pair of Corresponding Adapters, the propagation latency of one Re-timer Channel shall be 
within tSkew of the Re-timer Channel in the opposite direction. Propagation latency is measured 
from the time a bit is received by a receiver until the time it is transmitted by the Corresponding 
Transmitter. 

• An On-Board Re-timer shall add no more than tSkew amount of skew on its transmitting Lanes 
relative to the skew measured at the receiving Lanes. 

3.2 Cable Re-timers 

A Cable Re-timer shall meet the requirements in the USB4 Specification with the following changes: 

• A Cable Re-timer shall support Gen 2 speed of 10Gbps and Gen 3 speed of 20Gbps.  

• A Cable Re-timer shall support two Lanes. 

• A Cable Re-timer operating at Gen 2 speed shall transmit a bit within tLatency2 after receiving the 
bit. 

• A Cable Re-timer operating at Gen 3 speed shall transmit a bit within tLatency3 after receiving the 
bit. 

• For a pair of Corresponding Adapters, the propagation latency of one Re-timer Channel shall be 
within tSkew of the other Re-timer Channel. Propagation latency is measured from the time a bit is 
received by a receiver until the time it is transmitted by the Corresponding Transmitter.  

• A Cable Re-timer shall add no more than tSkew amount of skew on its transmitting lanes relative to 
the skew measured at the receiving Lanes.  

3.3 Active Electrical Cables 

See the USB Type-C Specification for the electrical specifications of an Active Cable.  
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4 Logical Layer 

A Re-timer shall have two USB4™ Ports. USB4 Ports are defined in the USB4 Specification. The USB4 Ports 
on a Re-timer shall have the same number of Lane Adapters and shall support the same capabilities.  

 IMPLEMENTATION NOTE 

 An On-Board Re-timer needs to be aware of which USB4 Port faces towards the Router and which USB4 Port 
faces towards the USB Type-C connector. An On-Board Re-timer also needs to know if a USB4 Port directly 
interfaces a USB Type-C connector. How this knowledge is acquired is implementation specific. 

 

4.1 Sideband Channel 

Sideband Channel transactions are sent and received over the SBTX and SBRX wires as defined in the USB4 
Specification.  

4.1.1 Transactions 

When forwarding Transactions from an SBRX input to an SBTX output, a Re-timer shall maintain the order 
of Transactions as received on the SBRX input. 

4.1.1.1 LT Transactions 

A Re-timer shall support LT Transactions as defined in the USB4 Specification with the following changes:  

• When a Re-timer receives an LT Transaction, it shall forward the Transaction to its other USB4 Port.  

4.1.1.2 AT Transactions 

A Re-timer shall support AT Transactions as defined in the USB4 Specification with the following changes: 

• A Cable Re-timer shall forward an AT Transaction, regardless of the value of the  Recipient bit. 

• An On-Board Re-timer shall forward an AT Transaction, regardless of the value of the Recipient bit. 

• A Re-timer shall not initiate AT Commands. 

4.1.1.3 RT Transactions 

A Re-timer shall support RT Transactions as defined in the USB4 Specification with the changes defined in 
this section. 

4.1.1.3.1 Broadcast RT Transactions 

A Router uses Broadcast RT Transactions to enumerate the Re-timers in a Link and set Re-timer Index 
values. The Re-timer Index is used to identify and address the Re-timers between two connected Routers. A 
Re-timer has two Re-timer Indexes. The Re-timer Index from a Broadcast RT Transaction received on the 
Router-Facing USB4 Port is referred to as the “Router-Facing Index” and the Re-timer Index from a 
Broadcast RT Transaction received on the Cable-Facing USB4 Port is referred to as the “Cable-Facing Index”.  
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Note: The Router-Facing Index and the Cable-Facing Index for a Re-timer are not related and can have different values. 

When a Re-timer receives a Broadcast RT Transaction on its Router-Facing USB4 Port, it shall increment the 
value in the Index field of the Transaction by one and shall store the resulting Re-timer Index locally as its 
Router-Facing Index. The Re-timer shall then forward the Broadcast RT Transaction. 

When a Re-timer receives a Broadcast RT Transaction on its Cable-Facing USB4 Port, it shall increment the 
value in the Index field of the Transaction by one and shall store the resulting Re-timer Index locally as its 
Cable-Facing Index. The Re-timer shall then forward the Broadcast RT Transaction.  

When a Re-timer forwards a Broadcast Transaction, it shall set the SSCalways bit to 0b to indicate that the 
Re-timer supports exiting CLx state with SSC turned off.  

Figure 4-1 shows an example of how a Broadcast RT Transaction is used to assign Re-timer Indexes to a 
Link with 6 Re-timers. 

Figure 4-1.  Propagation of Broadcast RT Transactions 
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4.1.1.3.2 Addressed RT Transactions 

An On-Board Re-timer uses Addressed RT Commands to access the SB Register Space of an adjacent Router 
or adjacent Re-timer. When sending an Addressed RT Command, a Re-timer shall set the Index field to 0. 

System Software also uses Addressed RT Commands to access the SB Register Space of a Re-timer.  

Section 4.1.2.5 defines how Addressed RT Commands are used for Lane equalization.  

The rules below define how a Re-timer handles Addressed RT Commands: 

• When a Re-timer receives an Addressed RT Command with the Index field set to 0, it shall process 
the Command and send a response as described in the USB4 Specification. The Re-timer shall not 
forward the Transaction. 

• When a Re-timer receives an Addressed RT Command on its Router-Facing USB4 Port with an Index 
field that matches its Router-Facing Index, it shall process the Command and send a response as 
described in the USB4 Specification. The Re-timer shall not forward the Transaction.  
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• When an On-Board Re-timer receives an Addressed RT Command on its Cable-Facing USB4 Port with 
an Index field that matches its Cable-Facing Index, it may process the Command and send a response 
as described in Section 4.1.2.5.1 of the USB4 Specification, but is not required to do so. It shall not 
forward the Command. 

• When a Cable Re-timer receives an Addressed RT Command on its Cable-Facing USB4 Port with an 
Index field that matches its Cable-Facing Index, it shall process the Command and se nd a response as 
described in the USB4 Specification. The Re-timer shall not forward the Transaction.  

• When a Re-timer receives an Addressed RT Transaction on its Router-Facing USB4 Port with an 
Index field that does not match its Router-Facing Index, it shall forward the RT Transaction without 
sending a response. 

• When a Re-timer receives an Addressed RT Transaction on its Cable-Facing USB4 Port with an Index 
field that does not match its Cable-Facing Index, it shall forward the RT Transaction without sending 
a response. 

The rules below define how a Re-timer handles Addressed RT Responses: 

• If the Index field in the Addressed RT Transaction is 0, then the Re-timer shall consume the 
Addressed RT Response. 

• If the Index field in the Addressed RT Transaction is not 0, the Re-timer shall forward the Addressed 
RT Response. 

4.1.1.4 SB Register Space 

A Re-timer shall maintain the SB Register Space defined in Table 4-1. 

Table 4-1.  Re-timer SB Registers  

Register Size (Bytes) Name Description 

0 4 Vendor ID Identifies the manufacturer of the Re-timer silicon. 

1 4 Product ID Identifies the type of the Re-timer. 

2 4 RsvdV Reserved. May have non-zero value, 

3 to 7 N/A Rsvd Reserved. 

8 4 Instruction Opcode A Port Operation Opcode in FourCC format. 

9 4 Metadata Metadata written or read with a Port Operation. 

10 to 12 N/A Rsvd Reserved. 

13 4 TxFFE Used to set the TxFFE parameters of transmitters . 

14 N/A Rsvd Reserved. 
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15 4 Sideband Channel Version A vendor defined version of the Sideband Channel 
implementation. 

16 to 17 Vendor specific Vendor specific Vendor specific register. 

18 64 Data Data written or read with a Port Operation. 

19 to 127  Vendor specific Vendor specific Vendor specific register. 

128 to 256 N/A Rsvd Reserved. 

 

Table 4-2 defines the access types for SB Register fields. 

Table 4-2.  SB Register Fields Access Types 

Access Type Description 

RO Read Only . An AT Write Command or an RT Write Command to a field with this access type shall 
have no effect. An AT Read Command or an RT Read Command shall return a meaningful value.  

RW Read/Write . A field with this access type shall be capable of both Read Commands and Write 
Commands. The value read from this field shall reflect the last value written to it unless the field 
was reset in the interim. 

Rsvd Reserved. Reserved for future implementation. A Write Command to this field shall have no effect.  

RsvdV Reserved with Non-Zero Value. Reserved for future implementation. A Write Command to this 
field shall have no effect. A read shall return the specified value.  

 

The SB Register Space registers shall have the structure and fields described in Table 4-3. 

Table 4-3.  SB Register Fields 

Register Register Name Byte Bits Field Name and Description Type Default Value 

0 

 

Vendor ID 0  7:0 Vendor ID Low  

Identifies the manufacturer of the Re-
timer silicon.  

RO Vendor Defined  

1 7:0 Vendor ID High  

Identifies the manufacturer of the Re-
timer silicon.  

RO Vendor Defined  

2 7:0 Reserved Rsvd 0 

3 7:0 Reserved Rsvd 0 
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1 Product ID 0 7:0 Product ID Low  

Assigned by the manufacturer to 
identify the type of the Re-timer.  

RO Vendor Defined  

1 7:0 Product ID High  

Assigned by the manufacturer to 
identify the type of the Re-timer.  

RO Vendor Defined  

2 7:0 Reserved Rsvd 0 

3 7:0 Reserved Rsvd 0 

2 Version 0 7:0 Reserved 

Shall be set to 00h or 01h.  

It is recommended that this field be set 
to 01h. 

RsvdV 00h or 01h 

1 7:0 Reserved Rsvd 0 

2 7:0 Reserved Rsvd 0 

3 7:0 Reserved Rsvd 0 

8 Opcode 0 7:0 Opcode 0 

Contains the first character of the 
Opcode. 

RW 0 

1 7:0 Opcode 1 

Contains the second character of the 
Opcode. 

RW 0 

2 7:0 Opcode 2 

Contains the third character of the 
Opcode. 

RW 0 

3 7:0 Opcode 3 

Contains the fourth character of the 
Opcode. 

RW 0 

9 Metadata 4 7:0 Metadata RW 0 

13 

 

TxFFE 01 3:0  TxFFE Request (Lane 0)  

Identifies one of 16 predefined TxFFE 
configurations requested by the 
receiver. 

RO Vendor Defined  

4 Rx Locked (Lane 0)  

Indicates that the receiver completed 
TxFFE negotiation: 

0b – TxFFE negotiation is not done 

1b – TxFFE negotiation is done 

RO 0b 

 
1This byte is the Local Rx Status & TxFFE Request byte for Lane 0 
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5 Rx Active (Lane 0)  

Indicates whether or not the receiver is 
active: 

0b – Receiver is inactive 

1b – Receiver is active 

RO 0b 

6 Clock Switch Done (Lane 0)  

Indicates whether or not the 
Corresponding Transmitter uses the 
receiver clock: 

0b – Transmitter uses local clock 

1b – Transmitter uses receiver clock 

RO 0b 

7 New Request (Lane 0)  

Indicates whether or not the receiver is 
providing a new index in the TxFFE 
Request field: 

0b – Receiver is still processing a 
previous TxFFE configuration 

1b – Receiver is providing a new index 
in the TxFFE Request field 

RO 0b 

12 3:0  TxFFE Request (Lane 1)  

Identifies one of 16 predefined TxFFE 
configurations requested by the 
receiver. 

RO Vendor Defined  

4 Rx Locked (Lane 1)  

Indicates that the receiver completed 
TxFFE negotiation: 

0b – TxFFE negotiation is not done 

1b – TxFFE negotiation is done 

RO 0b 

5 Rx Active (Lane 1)  

Indicates whether or not the receiver is 
active: 

0b – Receiver is inactive 

1b – Receiver is active 

RO 0b 

6 Clock Switch Done (Lane 1)  

Indicates whether or not the 
Corresponding Transmitter uses the 
receiver clock: 

0b – Transmitter uses local clock 

1b – Transmitter uses receiver clock 

RO 0b 

 
2This byte is the Local Rx Status & TxFFE Request byte for Lane 1 
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7 New Request (Lane 1)  

Indicates whether or not the receiver is 
providing a new index in the TxFFE 
Request field: 

0b – Receiver is still processing a 
previous TxFFE configuration 

1b – Receiver is providing a new index 
in the TxFFE Request field 

RO 0b 

23 3:0 TxFFE Setting (Lane 0)  

Index of the TxFFE configuration loaded 
the transmitter. 

RO Vendor Defined  

5:4 Rsvd Rsvd 0 

6 Request Done (Lane 0)  

Indicates whether or not the transmitter 
loaded the recent requested index of 
TxFFE configuration: 

0b – Transmitter has not yet loaded 
the recent requested index of TxFFE 
configuration 

1b – Transmitter has loaded the recent 
requested index of TxFFE 
configuration 

RO 0b 

7 Tx Active (Lane 0)  

Indicates whether or not the transmitter 
is transmitting a valid signal: 

0b – Transmitter is not transmitting a 
valid signal 

1b – Transmitter is transmitting a 
valid signal 

RO 0b 

34 3:0 TxFFE setting (Lane 1)  

Index of the TxFFE configuration loaded 
the transmitter. 

RO Vendor Defined  

5:4 Rsvd Rsvd 0 

6 Request Done (Lane 1)  

Indicates whether or not the transmitter 
loaded the recent requested index of 
TxFFE configuration: 

0b – Transmitter has not yet loaded 
the recent requested index of TxFFE 
configuration 

1b – Transmitter has loaded the recent 
requested index of TxFFE 
configuration 

RO 0b 

 
3This byte is the Local Tx Status byte for Lane 0 
4This byte is the Local Tx Status byte for Lane 1 
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7 Tx Active (Lane 1)  

Indicates whether or not the transmitter 
is transmitting a valid signal: 

0b – Transmitter is not transmitting a 
valid signal 

1b – Transmitter is transmitting a 
valid signal 

RO 0b 

15 Sideband 
Channel 
Version 

0 7:0 Sub Version 

The binary coded decimal digit of the 
sub version number of the Sideband 
Channel implementation. Contains a 
vendor defined value.  

RO Vendor Defined 

1 7:0 Minor Version 

The binary coded decimal digit of the 
minor version number of the Sideband 
Channel implementation. Contains a 
vendor defined value.  

RO Vendor Defined 

2 7:0 Major Version LSB  

The least-significant binary coded 
decimal digit of the major version 
number of the Sideband Channel 
implementation. Contains a vendor 
defined value. 

RO Vendor Defined 

3 7:0 Major Version MSB  

The most-significant binary coded 
decimal digit of the major version 
number. Contains a vendor defined 
value. 

RO Vendor Defined 

18 Data 16 7:0 Data RW 0 

 

4.1.2 Lane Initialization 

A Re-timer shall perform Lane Initialization as described in the USB4 Specification with the modifications 
described in this section. 

4.1.2.1 Phase 1 - Determination of Initial Conditions 

During phase 1, a Re-timer discovers whether or not USB4 Mode is established on the Link.  

An On-Board Re-timer shall also determine whether or not there is a reverse insertion at the Type -C 
connector. 

A Re-timer shall not continue on to Phase 2 until it has obtained the connection information listed above. 
The mechanism for discovering the connection information is defined in the USB Type-C Specification and 
the USB PD Specification. 

A Re-timer shall not proceed to phase 2 unless USB4 Mode is established on the Link. 



Version 1.0  USB4 Re-Timer Specification  

October 2021     

       Copyright © 2021 USB Promoter Group.  All rights reserved.  30 
 

4.1.2.1.1 Lane Reversal 

Lane mismatch is caused by reverse insertion of a USB Type -C connector. Lane mismatch results in Lane 0 at 
one end being connected to Lane 1 at the other end and the Sideband Channel SBTX (or SBRX) wires 
connected to each other across the Link.  

When necessary to correct for Lane mismatch, Lane reversal shall take place in phase 1.  

• An On-Board Re-timer that is adjacent to the USB Type-C connector shall swap its SBTX and SBRX 
lines facing the connector.  

• An On-Board Re-timer shall swap its designation of Lane 0 and Lane 1 in both USB4 Ports. 

Figure 4-2.  Example of Lane Reversal 
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4.1.2.2 Phase 2 - Router Detection 

During this phase, a Re-timer determines if there is a connection on either USB4 Port. 

When a Re-timer detects a logic high on SBRX of one USB4 Port for tConnectRx time, it shall drive SBTX on 
the other USB4 Port to logic high. The Re-timer shall then begin forwarding Transactions on the Sideband 
Channel in this direction. 

After both USB4 Ports detect a logic high on SBRX and drive SBTX high, the Re-timer shall transition to 
phase 4 of Lane Initialization.  

Note: If a USB4 Port receives a Transaction while it is still in Phase 2, it may ignore or drop the Transaction. 
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4.1.2.3 Phase 3 - Determination of USB4 Port Characteristics 

Re-timers do not take an active role in phase 3. 

4.1.2.4 Phase 4 - Lane Parameters Synchronization 

During phase 4, a Re-timer determines the operating characteristics of its USB4 Ports as set by the Routers. 
When a Re-timer receives a Broadcast RT Transaction it shall update its Link parameters to ma tch the Link 
parameters in the Transaction. 

When a Re-timer detects an LT_Resume Transaction on any USB4 Port, it shall transition to phase 5.  

4.1.2.5 Phase 5 - Lane Equalization 

Upon entry to phase 5, a receiver shall perform the receiver flow for symmetric TxFFE negotiation as 
defined in the USB4 Specification. The Re-timer shall use RT Transactions (with the Index field set to 0b) to 
access the SB Register Space of the adjacent USB4 Port. 

When the Rx Active bit for a receiver is set to 1b, the Re-timer shall turn on the Corresponding Transmitter 
and shall start transmitting CL_WAKE1.X Symbols, where X is the Re-timer Index assigned by the Router 
that is the target of the CL_WAKE1.X Symbols. The transmitter shall use a locally generated, non -SSC clock 
to transmit the CL_WAKE1.X Symbols. The Corresponding Transmitter shall then perform the transmitter 
flow for symmetric TxFFE negotiation as defined in the USB4 Specification. The Re-timer shall use 
Addressed RT Transactions (with the Index field set to 0b) to access the SB Register Space of the adjacent 
USB4 Port. 

The equalization flow between two Cable Re-timers is implementation specific.  

A transmitter shall stop using the local clock and shall start using the recovered clock from the 
Corresponding Receiver when all of the following are true:  

• The Re-timer has completed TxFFE negotiation for all transmitters in that USB4 Port and all their 
Corresponding Receivers. 

• The Clock Switch Done  bit for Lane 0 of the adjacent USB4 Port is 1b. 

The transition may or may not take place on Symbol boundary. 

After a transmitter switches to using the receiver clock, it shall forward the bit stream it receives from the 
Corresponding Receiver instead of transmitting its locally-generated CL_WAKE1.X Symbols. The Re-timer 
shall set the Clock Switch Done  bit in the Corresponding Receiver to 1b.  Figure 4-3 shows how the Clock 
Switch Done bits are set. 
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Figure 4-3.  Progression of Clock Switch Done Bit 
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During the transition from local clock to receiver clock, the Re-timer shall meet the SSC_SLEW_RATE 
requirement as specified in the USB4 Specification. The transition may or may not take place on Symbol 
boundary. 

4.1.3 Wake on USB4 Forwarding 

When a Re-timer detects a Wake on USB4 event on one Port, it shall forward the Wake on USB4 ev ent to its 
other Port within tForwardWake time. See the USB4 Specification for the definition of a Wake on USB4 
event. 
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4.2 Re-timer Channel State Machine 

This section defines the state machine of a Re-timer Channel. Unlike the USB4 Specification, this 
specification describes the progression of a Re-timer Channel rather than of a Lane Adapter. 

A Re-timer Channel shall support the following states:  

• CLd state - The Re-timer Channel starts Lane Initialization as defined in Section 4.1.2 

• Bit Lock state - The Re-timer Channel is performing bit synchronization 

• Forwarding state - The Re-timer Channel forwards traffic from its receiver to its transmitter  

• CL0s, CL1, CL2 states - The Re-timer Channel is in a low power state 

The state machine in Figure 4-4 describes the behavior of a Re-timer Channel. A detailed description of the 
states and transitions between states follows.  

Figure 4-4.  The Re-timer Channel State Machine 
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4.2.1 CLd 

4.2.1.1 Entry to State 

A Re-timer Channel shall transition to the CLd state when any of the following occur:  
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• The Re-timer is first powered on. 

• The Re-timer detects a disconnect event (i.e. SBRX transitions to logical low on any USB4 Port for 
more than tDisconnectRx time). 

• The SBRX of both Re-timer USB4 Ports are at logical high and both USB4 Ports receive an LT_LRoff 
Transaction within tLROff of each other. 

Note: This is the case where a Domain enters Sleep state with wake enabled on the Link. It is recommended that the Re-
timer store the last set of TxFFE parameters used prior to entry to CLd state in order to shorten exit time from 
this state. 

• The Re-timer Channels for Lane 0 shall also transition to CLd state when the Re-timer receives an 
LT_Fall Transaction on any USB4 Port with LSELane field set to 0b. 

• The Re-timer Channels for Lane 1 shall also transition to CLd state when the Re-timer receives an 
LT_Fall Transaction on any USB4 Port with LSELane field set to 1b. 

A Re-timer Channel that transitions to CLd state due to an LT_Fall Transaction shall maintain any Lane state 
acquired in phase 1 and phase 2 of the previous Lane Initialization.  

4.2.1.2 Behavior in State 

A Re-timer Channel does not need to maintain Lane common mode voltages while in CLd state. 

When Lane Initialization begins:  

• If the Re-timer Channel entered this state after power-on, then Lane Initialization starts 
unconditionally and in phase 1.  

• If the Re-timer Channel entered this state after detecting a disconnect event, o r if a disconnect event 
occurred while in CLd state, then a connect event starts Lane Initialization in phase 1.  

• If the Re-timer Channel entered this state after detecting LT_LRoff Transactions, then detection of a 
Broadcast RT Transaction by any USB4 Port starts Lane Initialization in phase 4.  

o During Lane Initialization, it is recommended that the Re-timer starts phase 5 with the last set 
of TxFFE parameters used prior to entry to CLd state.  

• If the Re-timer Channel entered this state after detecting an LT_Fall Transaction, then detection of a 
Broadcast RT Transaction starts Lane Initialization in phase 4.  

o The Re-timer Channels for Lane 0 shall start Lane Initialization when the Re-timer receives a 
Broadcast RT Transaction on any USB4 Port with the Lane0 Enabled bit set to 1b. 

o The Re-timer Channels for Lane 1 shall start Lane Initialization when the Re-timer receives a 
Broadcast RT Transaction on any USB4 Port with the Lane1 Enabled bit set to 1b. 
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4.2.1.3 Exit from State 

A Re-timer Channel shall exit this state when its transmitter is transmitting and its receiver is enabled.  

After exiting the CLd state, a Re-timer Channel shall transition to the Bit Lock state.  

4.2.2 Bit Lock 

4.2.2.1 Entry to State 

A Re-timer Channel shall enter this state when it exits the CLd state. 

4.2.2.2 Behavior in State 

A Re-timer Channel’s receiver achieves bit synchronization, receiver equalization, and clock switch to 
recovered clock during this state.  

The transmitter and receiver are on while in this state.  

4.2.2.3 Exit from State 

A Re-timer Channel shall exit this state after its receiver achieves bit lock and its transmitter is transmitting 
the bit stream received by its receiver.  

After exiting the Bit Lock state, a Re-timer Channel shall transition to the Forwarding state.  

4.2.3 Forwarding 

4.2.3.1 Entry to State 

A Re-timer Channel shall enter this state upon successful completion of receiver lock.  

4.2.3.2 Behavior in State 

When a Re-timer Channel is in Forwarding state, it shall forward traffic from its receiver to its transmitter.  
A Re-timer shall forward traffic regardless of whether or not it receives L ogical Layer Symbols. For example, 
during compliance testing, a Re-timer forwards PRBS31 pattern instead of Logical Layer Symbols.  

Note: A Re-timer does not support entry to Low Power states when it is forwarding traffic that is not Logical Layer 
Symbols. 

A Re-timer Channel shall not modify the logical level of a bit. A Re-timer Channel shall neither add nor 
discard any bits.  

4.2.3.3 Exit from State 

A Re-timer Channel shall only exit this state after one of the following occurs:  

• Transition to CLd state (see Section 4.2.1.1). 

• Transition to CL0s, CL1, or CL2 states . 
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4.2.4 Low Power (CL0s, CL1, and CL2) 

When a Router Lane Adapter transitions to CL0s state, any Re-timer Lane Adapters on the Link transition 
one Re-timer Channel to CL0s state and leave the other Re-timer Channel in CL0.  

When a Router Lane Adapter enters CL1 state, any Re-timer Lane Adapters on the Link transition both their 
Re-timer Channels to CL1 state. 

When a Router Lane Adapter enters CL2 state, any Re-timer Lane Adapters on the Link transition both their 
Re-timer Channels to CL2 state. 

4.2.4.1 Entry to State 

A Lane Adapter follows the rules in this section to transition its Re-timer Channels to CL2, CL1, or CL0s 
state. See the USB4 Specification for the definitions of the Ordered Sets used in this section . See Appendix 
6.2.2.2 for several examples of Re-timer behavior during entry to low power state. 

Rules for low power state entry:  

• On detection of 3 back-to-back CL2_ACK Ordered Sets, the Re-timer Lane Adapter shall start 
counting time in Symbol Time units. This counter is called the “CL2_ACK Counter”.  The initial value 
of CL2_ACK Counter shall be the number of CL2_ACK Ordered Set Symbols that were already 
forwarded. 

• On detection of 3 back-to-back CL1_ACK Ordered Sets, the Re-timer Lane Adapter shall start 
counting time in Symbol Time units. This counter is called the “CL1_ACK Counter”.  The initial value 
of CL1_ACK Counter shall be the number of CL1_ACK Ordered Set Symbols that were already 
forwarded. 

• When the CL2_ACK Counter reaches a count of tRxShut it may shut down the Channel’s receiver. 
While the receiver is shut down and the Channel still in Forwarding state, the transmitter shall 
transmit a DC balanced signal and may use a local clock without SSC . When the CL2_ACK Counter 
reaches a count of tEnterCLx, the Re-timer Lane Adapter shall:  

o Transition the Re-timer Channel in the direction forwarding the CL2_ACK Ordered Sets to a 
CL2 state. 

o Reset the CL2_ACK Counter. 

o Transition the Re-timer Channel transmitter to electrical idle within tTxOff time from 
expiration of the CL2_ACK Counter. 

o Wait tEnterLFPS1, then enable detection of Low Frequency Periodic Signaling (LFPS) . 

• When the CL1_ACK Counter reaches a count of tRxShut it may shut down the Channel’s recei ver. 
While the receiver is shut down and the Channel still in Forwarding state, the transmitter shall 
transmit a DC balanced signal and may use local clock without SSC.  When the CL1_ACK Counter 
reaches a count of tEnterCLx, the Re-timer Lane Adapter shall:  

o Transition the Re-timer Channel in the direction forwarding the CL1_ACK Ordered Sets to a 
CL1 state. 
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o Reset the CL1_ACK Counter. 

o Transition the Re-timer Channel transmitter to electrical idle within tTxOff time from 
expiration of the CL1_ACK Counter.  

o Wait tEnterLFPS1, then enable detection of Low Frequency Periodic Signaling (LFPS) . 

• On detection of 3 back-to-back CL_OFF Ordered Sets, the Re-timer Lane Adapter shall start counting 
time in Symbol Time units. This counter is called the “CL_OFF Counter”.  The initial value of CL_OFF 
Counter shall be the number of CL_OFF Ordered Set Symbols that were already forwarded.  

• When the CL_OFF Counter reaches a count of tRxShut it may shut down the Re-timer Channel’s 
receiver. While the receiver is shut down and the Re-timer Channel is still in Forwarding state, the 
transmitter shall transmit a DC balanced signal and may use local clock without SSC.  When the 
CL_OFF Counter reaches a count of tEnterCLx, the Re-timer Lane Adapter shall:  

o Transition the Re-timer Channel in the direction forwarding the CL_OFF Ordered Sets to a 
low power state as follows: 

▪ If CL2_ACK Ordered Sets were detected during the entry flow, transition to CL2 state . 

▪ If CL1_ACK Ordered Sets were detected during the entry flow, transition to C L1 state. 

▪ If CL0s_ACK Ordered Sets were detected during the entry flow, transition to CL0s 
state. 

o Reset the CL_OFF Counter. 

o Transition the Re-timer Channel transmitter to electrical idle within tTxOff time from 
expiration of the CL_OFF Counter. 

o Wait tEnterLFPS1, then enable detection of Low Frequency Periodic Signaling (LFPS) . 

A Re-timer Lane Adapter shall respond to Logical Layer Errors as defined in Section 4.3.1. 

Note: The detection latency might be greater than the forwarding latency, hence the initial value of the Counters may 
be greater than 3. 

If a Re-timer Lane Adapter detects 15 back-to-back SLOS Symbols, it shall abort the entry flow. The Re-timer 
Lane Adapter shall also reset the CL2_ACK Counter and the CL1_ACK Counter to zero. 

Note : Error scenarios during the CLx entry flow are handled by the Routers and may cause Link disconnect. 

 IMPLEMENTATION NOTE 
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 When the transmitter at the other end of a Lane stops forwarding after tRxShut or is transitioning to electrical 
idle during entry to CL2, CL1, or CL0s states, the received signal may be invalid. It is recommended that a Re-
timer not update its PHY parameters during that time to avoid capturing stale values. 

4.2.4.2 Behavior in State 

While a Re-timer Channel is in CL2 state, its transmitter shall be in electrical idle. Lane common mode 
voltages shall be maintained.  

While a Re-timer Channel is in CL1 state, its transmitter shall be in electrical idle. Lane common mode 
voltages shall be maintained. 

While a Re-timer Channel is in CL0s state, its transmitter shall be in electrical idle. Lane common mode 
voltages shall be maintained. 

4.2.4.3 Exit from State 

A Re-timer follows the rules in this section when a Re-timer Channel exits from CL2, CL1, or CL0s state. See 
the USB4 Specification for examples of end-to-end flows describing the behavior of Re-timers during CL2, 
CL1, or CL0s exit. 

4.2.4.3.1 CL0s Exit 

This section describes Re-timer behavior during CL0s exit.  

When a Re-timer detects an LFPS burst on one of its receivers, the Re-timer shall: 

1. Send a Low Frequency Periodic Signaling (LFPS) burst from the Corresponding Transmitter. The 
duration of the LFPS burst shall be at least 16 LFPS cycles  and no more than tLFPSDuration. A Cable 
Re-timer shall send the first LFPS within tLFPSResponse from receiving LFPS. It is recommended 
that an On-board Re-timer will send the first LFPS within tLFPSResponse from receiving LFPS . 

2. Return the Corresponding Transmitter to Electrical Idle for tPreData.  

3. Enable the receiver to start calibration. The Re-timer shall not enable the receiver until at least 
tIdleRx after the last LFPS cycle was received.  

4. Start sending CL_WAKE1.X Symbols from the Corresponding Transmitter, where X is the Re-timer 
Index assigned by the Router that is the target of the CL_WAKE1.X Symbols. The Re-timer shall 
transmit the Symbols using a locally generated, non-SSC, clock. 

After a Re-timer receives 3 back-to-back CL_WAKE2.X Symbols (where X is the same value as in step 4) on at 
least one Lane Adapter, the Re-timer shall transition each Re-timer Channel that is in CL0s state to transmit 
on the clock recovered from the received Symbols rather than on its local clock.  

• The transition shall happen only after bit lock is achieved by all Re-timer Channels that are in CL0s 
state. 

• The transition may or may not take place on Symbol boundary . 
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• Each Re-timer Channel in CL0s state shall transition to Forwarding state. From this point on, a Re-
timer Channel shall forward the bit stream it receives from the Lane and stop generating 
CL_WAKE1.X Symbols. 

• During the transition from local clock to receiver clock, the  Re-timer shall meet the SSC_SLEW_RATE 
requirement as specified in the USB4 Specification. 

4.2.4.3.2 CL1/CL2 Exit 

There are three phases that a Re-timer Channel can through when exiting the CL1 or CL2 state: 

• Phase 1 – Re-timer Channel is transmitting local copies of the CL_WAKE1 Symbol using its local 
clock. 

• Phase 2 – Re-timer Channel toggles between transmitting local copies of the CL_WAKE1 Symbol and 
the copies of the received CL_WAKE2 Symbol. The Re-timer transmits Symbols using its local clock.  

• Phase 3 – Re-timer Channel is transmitting received data using the recovered clock.  

A Re-timer Channel will always go through Phases 1 and Phases 3 when exiting the CL1 or CL2 state. A Re-
timer Channel may or may not go through Phase 2. 

4.2.4.3.2.1 Phase 1 

When a Re-timer detects an LFPS burst of 2 cycles on one of its Lane Adapters, it shall do the following: 

1. Send LFPS as follows: 

• The Lane Adapter that detected the LFPS shall send LFPS for at least 5 LFPS cycles and no 
more than tLFPSDuration. A Cable Re-timer shall send the first LFPS within tLFPSResponse 
from receiving LFPS. When exiting CL1, an On-board Re-timer shall send the first LFPS 
within tWarmUpCL1 from receiving LFPS. When exiting CL2, an On-board Re-timer shall 
send the first LFPS within tWarmUpCL2 from receiving LFPS . 

• The Corresponding Adapter shall send LFPS until it detects LFPS. A Cable Re-timer shall 
send the first LFPS within tLFPSResponse from receiving LFPS. It is recommended that an 
On-board Re-timer will send the first LFPS within tLFPSResponse from receiving LFPS . 

 IMPLEMENTATION NOTE 

 A Router Assembly that uses On-board Re-timers that forward LFPS after more than tLFPSResponse should 
compensate on the Re-timer forwarding time or consider the extended exit latency from CL0s/1. 

2. Enable the receivers for the Lane Adapter and its Corresponding Adapter. 

• The Re-timer shall wait at least tIdleRx after a Lane Adapter stops detecting LFPS before 
enabling the receiver for that Lane Adapter. 
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3. For each Adapter, after the last LFPS is transmitted, transition the transmitter to Electrical Idle for 
tPreData. Then, start transmitting CL_WAKE1.X Symbols, where X is the index of the Re-timer 
provided by the Router that is the target of the CL_WAKE1.X Symbols. The Re-timer shall transmit 
the Symbols using a locally generated, non-SSC, clock. 

4.2.4.3.2.2 Phase 2 

When a Re-timer receives 3 CL_WAKE2.(X+1) Symbols (where X is the Re-timer Index programmed by the 
Router that is the source of the CL_WAKE2.(X+1) Symbols), and if the Re-timer is still transmitting on its 
local clock in this Re-timer Channel, then the Re-timer shall transition this Re-timer Channel to toggle 
between transmitting two locally-generated CL_WAKE1.X Symbols and transmitting the last two 
CL_WAKE2.Y Symbols received by the Re-timer Channel. CL_WAKE1 Symbols received by the Port shall not 
be transmitted while the Port is in toggling mode. Only CL_WAKE2 Symbols received by the Port are 
transmitted. 

The transition may or may not take place on Symbol boundary . 

4.2.4.3.2.3 Phase 3 

After a Re-timer receives 3 back-to-back CL_WAKE2.X Symbols (where X is the Re-timer Index programmed 
by the Router that is the source of the CL_WAKE2.X Symbols) on Lane 0 of a Re-timer Channel in a given 
direction, the Re-timer shall transition all Re-timer Channels in the opposite direction to transmit on the 
clock recovered from the received traffic rather than on its local clock. A Re-timer Channel shall ignore any 
received CL_WAKE1.Y (where Y is any value) Symbols interleaved with CL_WAKE2.X Symbols when it 
determines the reception of back-to-back CL_WAKE2.X Symbols.  

• The transition shall happen only after bit lock is achieved by both active receivers in the Re-timer 
Channel performing the transition.  

• The transition may or may not take place on Symbol boundary.  

• Each Re-timer Channel performing the transition shall transition to Forwarding state. From this 
point on, the Re-timer Channel shall forward the bit stream it receives from the Lane and stop 
generating CL_WAKE1.X Symbols.  

• During the transition from local clock to receiver clock, the Re-timer Channel shall meet the 
SSC_SLEW_RATE requirement as specified in the USB4 Specification. 

4.2.4.3.3 Timing Requirements 

A Re-timer shall meet the following timing requirements during exit from CL0, CL1, or CL2  states: 

• A receiver shall complete Symbol lock within tCLxLock of receiving SLOS or CL_WAKE1.X Symbols. 

• A transmitter shall complete the transition to a recovered clock within tSwitchNoSSC if the received 
clock is a non-SSC clock. 

• A transmitter shall complete the transition to a recovered clock within tSwitchSSC if the received 
clock is an SSC clock. 
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4.3 Lane Decoding 

To track entry into CLx states and to participate in exit from CLx states, a Re-timer shall decode Ordered 
Sets received on its Lane Adapters as defined in the USB4 Specification.  

 IMPLEMENTATION NOTE 

 It is recommended that a Re-timer implement RS-FEC error detection. Not implementing RS-FEC error detection 
may cause the Re-timer to lose track on the RS-FEC activation on the Link and prevent it from entering CLx 
states. 

 IMPLEMENTATION NOTE 

 The path for decoding Ordered Sets is independent of the forwarding path (see section 4.2.3.2). Decoding Ordered 
sets does not affect the Ordered Set that is forwarded by the Re-timer.  

4.3.1 Error Cases 

Table 4-4 lists the error cases that a Re-timer shall support along with how that error shall be handled.  

Table 4-4.  Required Error Cases 

Error Event Response 

SLOS detection Lane Adapter detects 3 SLOS in Forwarding 
state with RS-FEC on or Lane Adapter detects 
15 SLOS in Forwarding state with RS-FEC off. 

If RS-FEC decoding is on, turn-off RS-FEC 
decoding on this Lane in both USB4 Ports and 
perform Symbol lock on received SLOS.  

 

Table 4-5 lists the additional error cases that a Re-timer may optionally support along with how that error 
shall be handled. 

Table 4-5.  Optional Error Cases 

Error Event Response 

RS-FEC Decoder Error The RS-FEC decoder identifies an 
uncorrectable error. 

Turn off RS-FEC decoding on this Lane. 
Perform Symbol lock on received SLOS.  

 

4.4 Timing Parameters 

Table 4-6 lists the timing parameters for a Re-timer. 
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Table 4-6.  Re-timer Timing Parameters 

Parameter Description Min Max Units 

tSkew Additional skew allowed for a transmitter between Lane 0 and 
Lane 1.Also, the difference in propagation delay between Re-
timer Channels in a pair of Corresponding Adapters. 

-- 8 ns 

tConnectRx The time that SBRX will stay at logical high to signal a connect 
event. 

25 -- µs 

tDisconnectRx The time that SBRX will stay at logical low to signal a disconnect 
event. 

14 1000 µs 

tLatency2 At Gen 2 speed, the time from when a bit is received to the time it 
is transmitted by the Corresponding Transmitter . 

-- 50 ns 

tLatency3 At Gen 3 speed, the time from when a bit is received to the time it 
is transmitted by the Corresponding Transmitter . 

-- 30 ns 

tPollTxFFE The rate of polling during the TxFFE flows. 1 5 ms 

tTxOff Time between sending the last CL_OFF Ordered Set and shutting 
off the transmitters of a requesting USB4 Port when entering a 
CLx state. 

-- 100 ns 

tIdleRx The time for a receiver to wait after the last LFPS cycle received 
before starting calibration. 

130 -- ns 

tCLxLock The time to achieve Symbol lock during exit from a CLx state  -- 60 µs 

tSwitchNoSSC The time to perform clock switch during exit from a CLx state, 
with a non-SSC receive clock. 

-- 10 µs 

tSwitchSSC The time to perform clock switch during exit from a CLx state, 
with an SSC receive clock. 

-- 75 µs 

tRxShut Number of Symbols to forward before receiver may shut down. 300 -- Symbol 

tEnterCLx The time the transmitter transmits DC balanced signal before 
Channel enters to CLx. 

372 410 Symbol 
time 

tLROff Timeout to detect that the Link enters sleep state . 30 50 Ms 

tCL1ForwardLFPS The time from the first LFPS cycle on the receiver to sending the 
first LFPS cycle on the corresponding transmitter when exiting 
CL1. 

-- 1 µs 

tCL2ForwardLFPS The time from the first LFPS cycle on the receiver to sending the 
first LFPS cycle on the corresponding transmitter when exiting 
CL2. 

-- 10 µs 

tForwardWake 
The time from detecting a Wake on USB4 event on one Port to 
forwarding the Wake on USB4 event on the other Port.  

-- 20 ms 

 

Note: tWarmUpCL1, tWarmUpCL2, tLFPSDuration and tEnterLFPS1 are defined in the USB4 Specification.  
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5 Port Operations 

When the Opcode register in SB Register Space is written, a Re -timer Port shall execute the Port Operation 
associated with the Opcode register using the information in the Metada ta and Data registers. 

After executing the Port Operation, the Re-timer Port updates the Opcode, Metadata, and Data register as 
follows: 

• If the Re-timer Port successfully completed the Port Operation, it shall set the Opcode register to 0. 
The Re-timer Port shall update the Metadata register with completion metadata (if the Port 
Operation is defined to return metadata), and the Data register with completion data (if the Port 
Operation is defined to return data).  

• Else, if the Port Operation is not supported,  the Re-timer Port shall set the Opcode register to a 
FourCC value of “!CMD” (444D4321h). The USB4 Port may update the Metadata and Data registers. 
However, any updates will be ignored by the Connection Manager.  

• Else, the Re-timer Port shall set the Opcode register to a FourCC value of “ERR ” (20525245h) to 
indicate that the Port Operation is supported, but could not be completed. The USB4 Port may 
update the Metadata and Data registers. However, any updates will be ignored by the Connection 
Manager. 

A Re-timer Port shall support the Port Operations listed in Table 5-1. 

Table 5-1.  Port Operation Supported by a Re-timer (Required) 

Port Operation Opcode5 

Operation Completion 

Reference 

Metadata 
DW 

Data 
DWs 

Metadata 
DW 

Data 
DWs 

QUERY_LAST_RE-TIMER LAST 
(5453414Ch) 

0 0 1 0 Section 5.1.1 

QUERY_CABLE_RE-TIMER CBLR 
(524C4243h) 

0 0 1 0 Section 5.1.2 

SET_TX_COMPLIANCE TXCM 
(4D435854h) 

1 0 0 0 USB4 Specification 

SET_RX_COMPLIANCE RXCM 
(4D435852h) 

1 0 0 0 USB4 Specification 

ENTER_EI_TEST EEIT  
(54494545h) 

1 0 0 0 USB4 Specification 

START_BER_TEST SBER 
(52454253h) 

1 0 0 0 USB4 Specification 

END_BER_TEST EBER 
(52454245h) 

1 0 0 2 USB4 Specification 

 
5 Byte 0 of the Opcode is the rightmost byte of the hexadecimal representation.  



Version 1.0  USB4 Re-Timer Specification  

October 2021     

       Copyright © 2021 USB Promoter Group.  All rights reserved.  44 
 

END_BURST_TEST 
BBER 
(52454242h) 

1 0 0 3 
USB4 Specification 

READ_BURST_TEST 
RBER 
(52454252h) 

1 0 0 3 
USB4 Specification 

SET_INBOUND_SBTX LSUP 
(5055534Ch) 

0 0 0 0 Section 5.2.1 

UNSET_INBOUND_SBTX USUP 
(50555355h) 

0 0 0 0 Section 5.2.2 

GET_NVM_SECTOR_SIZE GNSS 
(53534E47h) 

0 0 1 0 Section 5.2.3 

NVM_SET_OFFSET BOPS 
(53504F42h) 

1 0 0 0 Section 5.2.4 

NVM_BLOCK_WRITE BLKW 
(574B4C42h) 

0 16 0 0 Section 5.2.5 

NVM_AUTH_WRITE AUTH 
(48545541h) 

0 0 1 0 Section 5.2.6 

NVM_READ AFRR 
(52524641h) 

1 0 0 0 to 16 Section 5.2.7 

READ_LANE_MARGIN_CAP RDCP 
(50434452h) 

0 0 0 2 USB4 Specification 

RUN_HW_LANE_MARGINING RHMG 
(474D4852h) 

1 0 0 2 USB4 Specification 

RUN_SW_LANE_MARGINING RSMG 
(474D5352h) 

1 0 0 0 USB4 Specification 

READ_SW_MARGIN_ERR RDSW 
(57534452h) 

0 0 1 0 USB4 Specification 

 

5.1 Enumerating Port Operations 

The Port Operations defined in the subsections below are used to identify and enumerate the Re-timers in a 
Link. The following is an example Port Operation sequence used for the purpose: 

1. Set the Index field to 1 to access a Re-timer with a Re-timer Index that equals 1. 

2. Issue an Addresses RT Command that reads register 0 in the SB Register Space of the Re-timer. 

3. Poll the Pending bit in the USB4 Port Capability. 

4. Read the result of the Command from the No Response bit in the USB4 Port Capability. 

5. If the No Response bit is set to 0b, repeat from step 2, incrementing the Index field value. If the No 
Response bit is set to 1b, the number of Re-timers is the last Index field value sent minus 1. If no Re-
timer is detected, exit. Else, go to next step. 
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6. Set the Index field to 1 to access a Re-timer with a Re-timer Index that equals 1. 

7. Issue a QUERY_CABLE_RE-TIMER Operation to the Re-timer. Issue consecutive QUERY_CABLE_RE-
TIMER Operations, each time incrementing the Index field, as long as the response contains a Cable 
Re-timer bit set to 1b and as long as the last Re-timer has not been queried. Capture the number of 
Cable Re-timers identified. If all Re-timers have been identified, exit. Else, continue to the next step.  

8. Issue a QUERY_LAST_RE-TIMER Operation to the Re-timer with the Index field value. Issue 
consecutive QUERY_LAST_RE-TIMER Operations, each time incrementing the Index field, as long as 
the response contains a Last bit set to 0b and as long as the last Re-timer has not been queried. 
Capture the number of On-Board Re-timers identified. If all Re-timers have been identified, exit. 
Else, continue to the next step.  

• If Cable Re-timers have been identified in step 7, then the Re-timers identified in step 8 are 
far-end Re-timers. 

• If Cable Re-timers have not been identified in step 7, and the last Re-timer accessed in step 8 
returned a Last bit set equal to 0b, then the Re-timers identified in step 8 are far-end Re-
timers. 

• Else, the Re-timers identified in step 8 are near-end On-Board Re-timers. 

Increment the Index field. Issue a QUERY_CABLE_RE-TIMER Operation to the Re-timer. Issue consecutive 
QUERY_CABLE_RE-TIMER Operations, each time incrementing the Index field, as long as the response 
contains a Cable Re-timer bit set to 1b and as long as the last Re-timer has not been queried. Capture the 
number of Cable Re-timers identified. If all Re-timers have been identified, exit. Else, continue to the next 
step. 

Any Re-timer with a Re-timer Index equal or larger than the Index field value is a far-end On-Board Re-
timer. 

5.1.1 QUERY_LAST_RE-TIMER 

The QUERY_LAST_RE-TIMER Port Operation checks if an On-Board Re-timer is directly connected to a USB 
Type-C connector.  

This Port Operation does not have Operation Metadata.  

This Port Operation does not have Operation Data.  

The Completion for this Operation does not have Completion Data.   

Table 5-2 describes the Completion Metadata that a Re-timer shall return. 

Table 5-2.  QUERY_LAST_RE-TIMER Completion Metadata 

DW Bits Field Name and Description  

0 0 Last 
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0b – The target of the Operation is not an On-Board Re-timer directly connected to a USB Type-C 
connector. 

1b – The target of the Operation is an On-Board Re-timer directly connected to a USB Type-C 
connector. 

0 31:1 Reserved 

 

5.1.2 QUERY_CABLE_RE-TIMER 

The QUERY_CABLE_RE-TIMER Port Operation checks if a Re-timer is a Cable Re-timer.  

This Port Operation does not have Operation Metadata.  

This Port Operation does not have Operation Data.  

The Completion for this Operation does not have Completion Data.  

Table 5-3 describes the Completion Metadata that a Re-timer shall return. 

Table 5-3.  QUERY_CABLE_RE-TIMER Completion Metadata 

DW Bits Field Name and Description  

0 0 Cable Re-timer 

0b – The target of the Operation is not a Cable Re-timer 

1b – The target of the Operation is a Cable Re-timer 

0 31:1 Reserved 

 

5.2 NVM Port Operations 

The Port Operations defined in the subsections below are used to update the NVM of a Re-timer through the 
Sideband Channel. This section applies to On-Board Re-timers and Cable Re-timers.  

The following is an example of a Port Operation sequence used by software to enable Sideband Channel 
Transactions with On-Board Re-timers before updating the NVM of an On-Board Re-timer: 

1. Software issues a ROUTER_OFFLINE_MODE Port Operation to a Router with the Enter Offline Mode 
bit set to 0b. After receiving such a Port Operation, the Router ignores connect and disconnect 
events until it receives a ROUTER_OFFLINE_MODE Port Operation with the Enter Offline Mode bit set 
to 1b (see step 2 in sequence below to exit this mode).  

2. Software issues an ENUMERATE_RE-TIMERS Port Operation, which causes the Router to send an RT 
Broadcast Transaction. 
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3. Software issues a SET_INBOUND_SBTX Port Operation to each On-Board Re-timer, starting with the 
Re-timer with Re-timer Index =1. The Port Operation enables Sideband Channel Transactions on the 
SBTX line from the Re-timer towards the Router.  

The following is an example of a Port Operation sequence used by software to update the NVM of a Re-
timer: 

1. Software issues a GET_NVM_SECTOR_SIZE Operation to read the sector size of the NVM . 

2. Software issues a NVM_SET_OFFSET Port Operation, which sets the first location in NVM to be 
written by the following NVM_BLOCK_WRITE Port Operation. 

3. Software issues a sequence of NVM_BLOCK_WRITE Port Operation, each writing a 64B block of data 
to NVM. 

• Following a NVM_BLOCK_WRITE Port Operation, if the value of the Opcode register is “ERR ”, 
software repeats all previous NVM_BLOCK_WRITE Port Operation. The first Port Operation 
to be issued is a NVM_SET_OFFSET Port Operation that sets the location in NVM of the first 
block to be rewritten. 

4. Software issues a NVM_AUTH_WRITE Port Operation to indicate to the target that all data was sent 
to the target. After receiving the NVM_AUTH_WRITE Port Operation, the target performs an 
authentication check over the data written.  

The following Port Operation sequence is used by software to validate the results of the NVM update:  

1. Software then waits for at least 5 seconds from the completion of the NVM_AUTH_WRITE Port 
Operation. It then issues another ENUMERATE_RE-TIMERS Port Operation, which causes the Router 
to send an RT Broadcast Transaction. 

2. Software reads the results of the NVM_AUTH_WRITE Port Operation. If the Status field in the 
Completion Metadata is 0h, the update completed successfully. Otherwise, software repeats all 
previous NVM_BLOCK_WRITE Port Operation. The first Port Operation to be issued is a 
NVM_SET_OFFSET Port Operation that sets the location in NVM of the first block to be rewritten, 
followed by issuing one or more NVM_BLOCK_WRITE Port Operation again. 

If this is the case of updating the NVM of an On-Board Re-timer, then the following Port Operation sequence 
is used by software to exit this mode:  

1. Software issues a UNSET_INBOUND_SBTX Port Operation to each On-Board Re-timer, starting with 
the Re-timer closest to the USB Type-C connector. The Port Operation sets the SBTX line from the 
Re-timer towards the Router to the logical level of the SBRX line from the direction of the USB Type-
C connector. 

2. Software issues an ROUTER_OFFLINE_MODE Port Operation to the Router with the Enter Offline 
Mode bit set to 1b. After receiving such a Port Operation, the Router is ready to process connect 
events. 
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5.2.1 SET_INBOUND_SBTX 

Software uses the SET_INBOUND_SBTX Port Operation to enable Sideband Channel Transactions on the 
SBTX of a Re-timer. The SBTX that faces towards the Router is enabled.  

A Re-timer that is the target of the Port Operation drives its SBTX line in the direction of the Router to 
logical high and enables the transmission of RT Responses towards the Router. The Re-timer that is the 
target of the Port Operation is not required to send an RT Response for the first SET_INBOUND_ SBTX Port 
Operation.  

Note: This Port Operation does not cause bi-directional communication on SBTX. Communication over SBTX remains 
unidirectional. 

This Port Operation does not have Operation Metadata. 

This Port Operation does not have Operation Data.  

The Completion for this Operation does not have Completion Metadata.  

The Completion for this Operation does not have Completion Data.  

5.2.2 UNSET_INBOUND_SBTX 

A Re-timer that is the target of the UNSET_INBOUND_SBTX Port Operation drives its SBTX line in the 
direction of the Router to the logical level of the SBRX line from the direction of the USB Type-C connector. 

This Port Operation does not have Operation Metadata.  

This Port Operation does not have Operation Data. 

The Completion for this Operation does not have Completion Metadata.  

The Completion for this Operation does not have Completion Data.  

5.2.3 GET_NVM_SECTOR_SIZE  

The GET_NVM_SECTOR_SIZE Port Operation returns the size of an NVM sector.  

This Port Operation does not have Operation Metadata.  

This Port Operation does not have Operation Data.  

The Completion for this Operation does not have Completion Data.  

Table 5-4 describes the Completion Metadata that a Re-timer shall return. 
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Table 5-4.  GET_NVM_SECTOR_SIZE Completion Metadata 

DW Bits Field Name and Description  

0 23:0 Sector Size  

Equal to the sector size of the NVM in bytes. For example, a value of 1000h indicates a sector size of 
4KB. 

0 31:24 Reserved 

 

5.2.4 NVM_SET_OFFSET 

The NVM_SET_OFFSET Port Operation sets the first location in NVM to be written by the following 
NVM_BLOCK_WRITE Port Operation. 

This Port Operation does not have Operation Data.  Table 5-5 describes the Operation Metadata for this Port 
Operation. 

Table 5-5.  NVM_SET_OFFSET Operation Metadata 

DW Bits Field Name and Description  

0 1:0 Reserved 

0 23:2 NVM Offset  

This field contains the first address to be written relative to the base address of the region been 
written. 

NVM Offset is incremented by 16 after each NVM_BLOCK_WRITE (see Section NVM_BLOCK_WRITE). 

Address is specified in DWs. 

0 31:24 Reserved 

 

The Completion for this Operation does not have Completion Metadata.  

The Completion for this Operation does not have Completion Data.  

5.2.5 NVM_BLOCK_WRITE 

The NVM_BLOCK_WRITE Port Operation writes 64B NVM, starting at the address equal to the NVM Offset. A 
Re-timer shall increment its NVM Offset value by 16 after executing this Port Operation (even if the write 
operation fails). 

If the write operation fails, the Port Operation shall complete with an “ERR ” status.  

This Port Operation does not have Operation Metadata.  Table 5-6 describes the Operation Data for this Port 
Operation.  
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Table 5-6.  NVM_BLOCK_WRITE Operation Data 

DW Bits Field Name and Description  

0 31:0 DW0 

The first Doubleword, to be written into NVM at NVM Offset address.  

1 31:0 DW1 

The second Doubleword, to be written into NVM at the next NVM Offset.  

... 31:0 ... 

15 31:0 DW15 

The last Doubleword of this Port Operation, to be written into NVM at the next NVM Offset.  

 

The Completion for this Operation does not have Completion Metadata. 

The Completion for this Operation does not have Completion Data.  

5.2.6 NVM_AUTH_WRITE 

The NVM_AUTH_WRITE Port Operation indicates to the Re-timer that all data was sent to it. The Re-timer 
performs an authentication check over the data written. The aut hentication check is implementation 
specific and outside the scope of this specification.  

Following the execution of an NVM_AUTH_WRITE Port Operation, the Re-timer shall maintain the SBTX line 
of its Router-Facing USB4 Port with the same state as before the execution of the Operation. The Re-timer 
may maintain its Re-timer Index value but is not required to do so.  

This Port Operation does not have Operation Metadata.  

This Port Operation does not have Operation Data.  

The Completion for this Operation does not have Completion Data. 

Table 5-7 describes the Completion Metadata that a Re-timer shall return. 
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Table 5-7.  NVM_AUTH_WRITE Completion Metadata  

DW Bits Field Name and Description  

0 5:0 Status 

0h - Authentication completed successfully  

1h - Authentication Failed 

2h - Retry NVM write 

Else - Reserved 

0 31:6 Reserved 

 

If the Status field in the Completion Metadata is 2h, then software repeats all previous NVM_BLOCK_WRITE 
Port Operation. The first Port Operation to be issued is a NVM_SET_OFFSET Port Operation that sets the 
location in NVM of the first block to be rewritten, followed by issuing a NVM_AUTH_WRITE Port Operation 
again. 

5.2.7 NVM_READ 

The NVM_READ Port Operation reads up to 64 bytes from NVM. 

This Port Operation does not have Operation Data.  Table 5-8 describes the Operation Metadata.  

Table 5-8.  NVM_READ Operation Metadata 

DW Bits Field Name and Description  

0 1:0 Reserved  

0 23:2 NVM Offset  

This field contains the first address to be read relative to the base address of the region being read.  

NVM Offset is specified in DWs.  

0 27:24 Length 

Number of Doublewords that shall be read starting from the NVM Offset field value. 

If this field is zero, then 16 DWs are read.  

0 31:28 Reserved 

 

The Completion for this Operation does not have Completion Metadata.  

If completed successfully, the Port Operation shall return Length number of Doublewords of Completion 
Data as described in Table 5-9. 
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Table 5-9.  NVM_READ Completion Data 

DW Bits Field Name and Description  

0 31:0 DW0 

The first Doubleword read from NVM at NVM Offset address. 

1 31:0 DW1 

The second Doubleword read from NVM at the next NVM Offset.  

... 31:0 ... 

15 31:0 DW15 

The last Doubleword read from NVM at the next NVM Offset.  

 

5.3 Receiver Lane Margining Port Operations  

A USB4 Port shall perform the Receiver Lane Margining Port Operations as defined in the USB4 
Specification. A Re-timer shall execute a Receiver Lane Margining Port Operation on the Port on which the 
operation is received.  
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6 Interoperability with Thunderbolt™ 3 (TBT3) Systems 

This section defines the requirements for an On-Board Re-timer to operate as part of a Link that includes a 
Thunderbolt 3 cable and/or one or more Thunderbolt 3 Routers. It also defines the requirements for a Cable 
Re-timer to operate as part of a Link that includes a Thunderbolt 3 Router.  

A Cable Re-timer shall support the requirements defined in this chapter.  

An On-Board Re-timer may optionally support the requirements defined in this chapter.  

6.1 Electrical Layer 

A Cable Re-timer shall support TBT3-Compatible Gen 2 speed (10.3125 Gbps) and TBT3-Compatible Gen 3 
speed (20.625 Gbps). 

An On-Board Re-timer shall support TBT3-Compatible Gen 2 speed (10.3125 Gbps). 

6.2 Logical Layer 

6.2.1 Sideband Channel 

When operating in a TBT3-Compatible Link, a Re-timer uses either a TBT3-Compatible Sideband Channel or 
a USB4-Compatible Sideband Channel, depending on what the Routers on each side of the Link support (see 
Section 13.2.1.4.2 in the USB4 Specification for more detail). An On-board Re-timer shall operate with a 
USB4-Compatible Sideband Channel when it receives a Broadcast Transaction with the USB4 -Compatible 
Sideband Channel bit set to 1b. Otherwise, it shall operate wit h a TBT3-Compatible Sideband Channel.  

Note: The link speed and type of Sideband channel that an On-Board Re-timer operates with is determined only by the 
USB4/TBT3 Transactions it receives and is independent of the information obtained over USB PD in Phase 1 of 
Link Initialization. 

This section defines the additional Sideband Channel behavior that a Re-timer shall implement when 
operating in a TBT3-Compatible that uses a TBT3-Compatible Sideband Channel. 

Note: A TBT3-Compatible Link with a TBT3-Compatible Sideband does not support CLx states and is therefore not 
required to decode symbols on the Lanes. 

6.2.1.1 Bidirectional Re-timers 

A bidirectional Re-timer is a Re-timer that sends Transactions on its SBRX wire. A unidirectional Re-timer 
does not send Transaction on its SBRX wire. The Cable Re-timers in a Thunderbolt active cable are 
bidirectional. The Router and On-Board Re-timers in a Thunderbolt host or device are unidirectional.  

This section defines when a USB4 Re-timer does and does not behave as a bidirectional Re-timer in order to 
maintain TBT3-Compatability. 

6.2.1.1.1 Cable Re-Timers 

A Cable Re-timer shall implement a unidirectional behavior when the Sideband Channel operates in TBT3-
Compatible mode. A Cable Re-timer does not need to implement bi-directional behavior. 
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6.2.1.1.2 On-Board Re-Timers 

An On-Board Re-timer that is adjacent to a USB Type-C connector shall implement both unidirectional and 
bidirectional behavior.  

• When the Re-timer is adjacent to a Thunderbolt Cable Re-timer, it shall operate with a 
bidirectional Sideband Channel on its Cable-Facing USB4 Port. The Router-Facing USB4 Port 
shall operate with a unidirectional Sideband Channel. 

• When the Re-timer is not adjacent to a Thunderbolt Cable Re-timer, it shall operate with a 
unidirectional Sideband Channel on both USB4 Ports. 

An On-Board Re-timer that is not adjacent to a USB Type-C connector shall implement unidirectional 
behavior on both USB4 Ports.  

When a USB4 Port on an On-Board Re-timer is operating in bidirectional mode: 

• The USB4 Port shall support concurrent reception of Transactions on SBTX and on SBRX. 

• The USB4 Port shall drive its SBTX for up to 2 bit times after the last Stop bit of an AT Command . 

• The USB4 Port shall not forward a received Transaction if it is still waiting for a Response to a n AT 
Command it sent. 

6.2.1.2 Transactions 

6.2.1.2.1 LT Transactions  

A Cable Re-timer shall send an LT_Resume Transaction to its Router Facing Port after the TX Active bit is set 
to 1b in the Lane 0 Adapter in its Router Facing Port.  

The behavior of a Cable Re-timer towards its Cable Facing Port is implementation specific.  

If an On-board Re-timer is adjacent to a USB Type-C connector and it receives an LT_Resume Transaction on 
its Router Facing Port, it shall forward the LT_Resume Transaction to its Cable Facing Port only after the 
Forward Switch Done  bit is set to 1b in the Lane 0 Adapter in its Cable Facing Port. Otherwise, an On -board 
Re-timer shall forward an LT_Resume Transaction received on one USB4 Port to its other USB4 Port. 

Note: The requirements above make sure that a Re-timer adjacent to a USB Type-C connector, whether it is a Cable Re-
timer or an On-board Re-timer, sends the LT_Resume transaction towards the USB Type-C connector only after 
the transmitter facing the USB Type-C connector is sending data received by its corresponding receiver using a 
recovered clock with SSC. 

A Cable Re-timer shall forward an LT_Resume2 Transaction received on its Router-Facing USB4 Port to its 
Cable-Facing USB4 Port. 

Note: The LT_Resume2 Transaction is forwarded by the Cable Re-timer to indicate it is transmitting data received by 
its corresponding receiver using a recovered clock with SSC. This indication can be used by the other Cable Re-
timer for the internal TxFFE negotiation. 
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A Re-timer shall forward a received LT_Gen_2 Transaction to its other USB4 Port.  

A Re-timer shall forward a received LT_Gen_3 Transaction to its other USB4 Port.  

6.2.1.2.2 AT Transactions 

6.2.1.2.2.1 Cable Re-timers 

A Cable Re-timer shall support the Bounce mechanism as defined in the USB4 Specification. 

A Cable Re-timer shall not initiate AT Commands. 

A Cable Re-timer shall respond to a received AT Command that has the Recipient bit set to 0b and the 
Bounce bit set to 0b. Else, it shall forward the received AT Command to its other USB4 Port. 

6.2.1.2.2.2 On-Board Re-timers 

An On-Board Re-timer may generate AT Commands (see Section 6.2.1.3.3). 

An On-Board Re-timer shall respond to a received AT Command with the Recipient bit set to 1b that access 
the TxFFE Register in the SB Register Space. It shall forward other received AT Commands to its other USB4 
Port. 

When an On-Board Re-timer receives an AT Response with the Recipient bit set to 1b that accesses the 
TxFFE Register in SB Register Space, it shall process that AT Response and shall not forward the AT 
Response to its other USB4 Port. It shall forward all other received AT Responses to its other USB4 Port. 

6.2.1.2.3 RT Transactions 

An On-Board Re-timer that is adjacent to a USB Type-C connector shall not forward Broadcast RT 
Transactions towards the cable. 

It is recommended that an On-Board Re-timer not forward Addressed RT Transactions towards the cable.  

6.2.1.2.4 SB Register Space 

The SB Register Space of a Re-timer shall have the additional fields described in Table 6-1 and Table 6-2. 

Table 6-1.  Re-timer SB Registers 

Register Size (Bytes) Name Description 

13 8 TxFFE Used to set the TxFFE parameters of transmitters.  

Bytes 4-7 in this register are Rsvd for On-Board Re-timers. 
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Table 6-2.  SB Register Fields 

Register Register Name Byte Bits Field Name and Description Type Default Value 

13 TxFFE 2 5 Forward Switch Done (Lane 0)  

Indicates that the transmitter transmits using 
the Router’s clock: 

0b – Transmitter uses a Re-timer’s clock 

1b – Transmitter uses Router’s clock 

RO 0b 

3 5 Forward Switch Done (Lane 1)  

Indicates that the transmitter transmits using 
the Router’s clock: 

0b – Transmitter uses a Re-timer’s clock 

1b – Transmitter uses Router’s clock  

RO 0b 

46 3:0  TxFFE Request (Lane 0)  

Identifies one of 16 predefined TxFFE 
configurations requested by the receiver. 

RW 0 

4 Rsvd Rsvd 0b 

5 Rx Active (Lane 0)  

Indicates whether or not the receiver is active: 

0b – Receiver is inactive 

1b – Receiver is active 

RW 0b 

6 Rsvd Rsvd 0 

7 New Request (Lane 0)  

Indicates whether or not the receiver is 
providing a new index in the TxFFE Request 
field: 

0b – Receiver is still processing a previous 
TxFFE configuration 

1b – Receiver is providing a new index in the 
TxFFE Request field 

RW 0b 

57 3:0  TxFFE Request (Lane 1)  

Identifies one of 16 predefined TxFFE 
configurations requested by the receiver. 

RW 0 

4 Rsvd Rsvd 0b 

 
6 This byte is the Partner Rx Status & TxFFE Request  byte for Lane 0 

7 This byte is the Partner Rx Status & TxFFE Request byte for Lane 1 
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5 Rx Active (Lane 1)  

Indicates whether or not the receiver is active: 

0b – Receiver is inactive 

1b – Receiver is active 

RW 0b 

6 Rsvd Rsvd 0 

7 New Request (Lane 1)  

Indicates whether or not the receiver is 
providing a new index in the TxFFE Request 
field: 

0b – Receiver is still processing a previous 
TxFFE configuration 

1b – Receiver is providing a new index in the 
TxFFE Request field 

RW 0b 

68 3:0 TxFFE setting (Lane 0)  

Index of the TxFFE configuration loaded the 
transmitter. 

RW 0 

 6:4 Rsvd Rsvd 0 

 7 Tx Active (Lane 0)  

Indicates whether or not the transmitter is 
transmitting a valid signal: 

0b – Transmitter is not transmitting a valid 
signal 

1b – Transmitter is transmitting a valid signal  

RW 0b 

79 3:0 TxFFE setting (Lane 1)  

Index of the TxFFE configuration loaded the 
transmitter. 

RW 0 

 6:4 Rsvd Rsvd 0 

 7 Tx Active (Lane 1)  

Indicates whether or not the transmitter is 
transmitting a valid signal: 

0b – Transmitter is not transmitting a valid 
signal 

1b – Transmitter is transmitting a valid signal 

RW 0b 

 

 
8 This byte is the Partner Tx Status byte for Lane 0 

9 This byte is the Partner Tx Status byte for Lane 1 
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6.2.1.3 Lane Initialization 

6.2.1.3.1 Phase 1 – Determination of Initial Conditions 

During phase 1, an On-Board Re-timer uses the mechanism defined in the USB Type-C Specification and the 
USB PD Specification to obtain the following additional information for each of its USB4 Ports: 

• Cable incorporates Thunderbolt 3 bidirectional Re-timers (True/False) 

• Passive or Active Cable (Passive/Active) 

6.2.1.3.2 Phase 4 – Lane Parameters Synchronization 

This section replaces Section 4.1.2.4. 

An On-Board Re-timer shall decode Broadcast RT Transactions, LT_Gen_2 Transactions, and LT_Gen_3 
Transactions, and shall use the Link parameter from the most recently received Transaction. 

Figure 6-1 depicts an example of how a Broadcast RT Transaction is used to assign indexes in a Thunderbolt 
3-compatible system to a Link with 6 Re-timers. Each Router enumerates the On-Board Re-timers in its 
Router Assembly. 

Figure 6-1.  Propagation of Broadcast RT Transactions 

Router A Re-timer Re-timer Re-timer Re-timer Re-timer Re-timer Router B

0 1

12

Re-timer 
Index =
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Re-timer 
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A Cable Re-timer shall decode LT_Gen_2 Transactions and LT_Gen_3 Transactions, and shall use the Link 
parameter from the most recently received LT Transaction.  

If, on any USB4 Port, a Cable Re-timer detects LT_Resume for Lane 0 before it detects at least one LT_Gen_2 
Transaction or LT_Gen_3 Transaction for Lane 1, then the Re-timer shall keep the Lane 1 Adapters in both 
USB4 Ports in the CLd state and shall not proceed with Lane Initialization.  

When a Re-timer detects LT_Resume on any Lane of any USB4 Port, it shall transition to phase 5. 

6.2.1.3.3 Phase 5 – Lane Equalization 

This section replaces Section 4.1.2.5. 

Re-timer type and Lane Adapter position determine which TxFFE negotiation flow a transmitter or receiver 
performs. Table 6-3 lists which TxFFE negotiation flows a transmitter or receiver shall perform in phase 5.  
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Table 6-3.  TxFFE Negotiation flows 

Re-timer Type 
Lane Adapter 

Position 
Rx/Tx 

TxFFE Negotiation 
Flow 

Reference Transactions 

On-Board Re-
timer 

Adjacent to a 
Router or an On-
Board Re-timer in 
the same Router 
Assembly 

Receiver or 
Transmitter 

Symmetric TxFFE 
Negotiation flow 

USB4 
Specification 

Addressed RT 
Transactions with 
the Index field set 
to 0 

On Board Re-
timer 

Adjacent to a 
Cable Re-timer 

Transmitter only Asymmetric TxFFE 
Parameter Negotiation 
with a Transmitting 
Primary Partner flow 

USB4 
Specification 

AT Transactions: 
requests are sent 
with the Recipient 
bit set to 0, 
process responses 
with Recipient bit 
set to 1 

On-Board Re-
timer 

Adjacent to a 
Cable Re-timer 

Receiver only Asymmetric TxFFE 
Parameter Negotiation 
with a Receiving 
Primary Partner 

USB4 
Specification 

AT Transactions: 
send transactions 
with the Recipient 
bit set to 0, 
process responses 
with Recipient bit 
set to 1 

On-Board Re-
timer 

Adjacent to a 
Passive Cable 

Receiver or 
Transmitter 

Symmetric TxFFE 
Negotiation flow 

USB4 
Specification 

AT Transactions: 
send requests and 
process responses 
with the Recipient 
bit set to 1 

Cable Re-timer Adjacent to a USB 
Type-C connector 

Receiver only Asymmetric TxFFE 
Parameter Negotiation 
with a Receiving 
Subordinate Partner 

Section 
6.2.1.3.3.1 

AT Transactions: 
process requests 
with the Recipient 
bit set to 0, send 
responses with 
Recipient bit set to 
1 

Cable Re-timer Adjacent to a USB 
Type-C connector 

Transmitter only Asymmetric TxFFE 
Parameter Negotiation 
with a Transmitting 
Subordinate Partner 

Section 
6.2.1.3.3.2 

AT Transactions: 
process requests 
with the Recipient 
bit set to 0, send 
responses with 
Recipient bit set to 
1 

 

 

The following rules determine the behavior of an On-Board Re-timer in phase 5: 

• An On-Board Re-timer Lane Adapter that is not adjacent to a USB Type-C connector shall turn on its 
transmitter when the Rx Active bit of its Corresponding Receiver is set to 1b. It shall start 
transmitting CL_WAKE1.X Symbols, where X is the Re-timer Index assigned by the Router that is the 
target of the CL_WAKE1.X Symbols. The transmitter shall use a locally generated, non -SSC clock to 
transmit the CL_WAKE1.X Symbols. It shall then set the Tx Active bit for the Lane Adapter to 1b. 
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• A Re-timer adjacent to a USB Type-C connector shall set the Clock Switch Done  bit to 1b in a Router-
Facing Adapter when all receivers in Router-Facing Adapters complete TxFFE negotiation. The Re-
timer may turn on transmitters adjacent to the USB Type-C connector. Once the Clock Switch Done 
bit is set to 1b, a transmitter adjacent to a USB Type -C connector that is turned on shall forward the 
bit stream it receives from the Corresponding Receiver using a recovered clock.  

• When all of the following are true, a transmitter that is  not adjacent to a USB Type-C connector shall 
stop using the local clock, shall start using the recovered clock from the Corresponding Receiver, 
and shall forward the bit stream it receives from the Corresponding Receiver:  

o In the transmitter’s USB4 Port, TxFFE negotiation is complete between all transmitters and 
their Adjacent Receivers. 

o In the USB4 Port opposite the transmitter’s USB4 Port, TxFFE negotiation is complete 
between all receivers and their Adjacent Transmitter . 

o The Clock Switch Done  bit for Lane 0 of the transmitter’s adjacent USB4 Port is 1b. 

• A Re-timer adjacent to a Router shall set the Forward Switch Done  bit to 1b in a Lane Adapter of a 
Cable-Facing USB4 Port when transmitter of the Lane Adapter is using the receiver clock from the 
Corresponding Receiver. 

• A Re-timer shall set the Forward Switch Done bit to 1b in a Lane Adapter if the Forward Switch Done  
bit is set to 1b in the adjacent USB4 Port of the Corresponding Receiver.  

• When the Forward Switch Done  bit is set to 1b in an adapter adjacent to a USB Type-C connector, the 
Lane Adapter shall turn on its transmitter, if it has not done so already. It shall then set the Tx Active 
bit to 1b and perform TxFFE Parameter Negotiation.  

• When an On-Board Re-timer transmitter completes TxFFE negotiation with a Cable Re-timer 
receiver, the transmitter shall send an LT_Resume2 Transaction. The LSELane field in the 
LT_Resume2 Transaction shall equal the Lane number associated with the transmitter.  

The following rules determine the behavior of a Cable Re-timer in phase 5.  

• A Cable Re-timer shall set the Tx Active bit to 1b in a Router-Facing Adapter when the Lane Adapter 
is transmitting the bit stream received by a Lane Adapter at the other end of the Cable, and 
transmission uses the recovered clock from the Lane Adapter at the other end of the Cable.  

• The flow between two Cable Re-timers is implementation specific.  

6.2.1.3.3.1 Asymmetric TxFFE Parameter Negotiation with a Receiving Subordinate Partner  

During TxFFE negotiation, the transmitter negotiates TxFFE parameters with the receiver at the other end. 
The transmitting end is defined as the Primary Partner. The receiving end is defined as the Subordinate 
Partner. The Primary Partner sends AT Command to the Subo rdinate Partner and the Subordinate Partner 
sends AT Responses to the Primary Partner.  

Receiver flow: 

The steps that the receiver shall perform to complete negotiation are listed below:  
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1. The receiver shall set the following initial values on entry to Phase 5: 

• Local Rx Status & TxFFE Request byte of the TxFFE register 

o Rx Locked bit = 0b 

o TxFFE Request  field = index of an initial set of TXFFE parameters  

o Rx Active bit =0b 

o New Request bit = 0b 

• Partner Tx Status  byte of the TxFFE register 

o Tx Active bit = 0b 

o Request Done bit = 0b 

2. The receiver shall evaluate the value of the Tx Active bit in the Partner Tx Status  byte of the TxFFE 
register:  

• If Tx Active = 1b (i.e. the transmitter is transmitting), then the receiver shall enable the 
receiver, set Rx Active bit to 1b, and continue to Step 3.  

• Else, repeat Step 2 within tPollTxFFE.  

3. The receiver shall evaluate its behavior. If equalization is complete, the receiver shall s et the Rx 
Locked field in the Local Rx Status & TxFFE Request  byte to 1b. 

4. The receiver shall do the following:  

• If the Rx Locked bit is set to 1b, negotiation is complete and no further TxFFE negotiation 
steps shall be taken.  

• Else: 

o TxFFE Request  field shall be set to the index of a selected set of TXFFE parameters.  

o New Request bit shall be set to 1b to indicate the receiver is providing a new TxFFE 
index. 

5. Continue to Step 6 only after sending a read Response with the updated values of its TxFFE Register . 

6. On reception of an AT Command with a write Command targeting its Partner Tx Status  byte of the 
TxFFE register, the receiver shall:  

• If (Tx Active = 1b) AND (TxFFE setting = value of TxFFE Request in the Local Rx Status & 
TxFFE Request byte), go to Step 7. 
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• Else, repeat Step 6. 

7. The receiver shall evaluate its receiver behavior. If equalization is complete, the receiver shall set 
the Rx Locked field in the Local Rx Status & TxFFE Request  byte to 1b. 

8. The receiver shall set the New Request field in the Local Rx Status & TxFFE Request  byte to 0b. 

9. On reception of an AT command with a read Command targeting the TxFFE register go to Step 4. 

6.2.1.3.3.2 Asymmetric TxFFE Parameter Negotiation with a Transmitting Subordinate Partner  

During TxFFE negotiation, the transmitter negotiates TxFFE parameters with the receiver at the other end. 
The receiving end is defined as the Primary Partner. The transmitting end is defined as the Subordinate 
Partner. The Primary Partner sends AT Command to the Subordinate Partner and the Subordinate Partner 
sends AT Responses to the Primary Partner.  

Transmitter flow: 

The steps that the transmitter shall perform to complete negotiation are listed below: 

1. The transmitter shall set the following initial values on entry to Phase 5:  

• Local Tx Status byte of the TxFFE register 

o Tx Active bit = 1b 

o Request Done bit = 0b 

o TxFFE Setting field = index of an initial set of TxFFE parameters  

• Partner Rx Status & TxFFE Request byte of the TxFFE register 

o New Request bit = 0b 

2. On reception of an AT Command with a write Command targeting the Partner Rx Status & TxFFE 
Request byte of the TxFFE register, the transmitter shall:  

• If (New Request = 0b), repeat Step 2. 

• Else, continue to Step 3. 

3. Load one of 16 predefined TxFFE configurations that matches the TxFFE Request field of the 
received AT Command. 

4. Send an AT Response to indicate the transmitter is using the new TxFFE request.  

5. On reception of an AT Command with a write Command targeting the Partner Rx Status & TxFFE 
Request byte of the TxFFE register, the transmitter shall:  
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• If (New Request = 1b), repeat Step 4. 

• Else, continue to Step 2. 

Note: Step 2 is the final step of this flow, the transmitter won’t get an indication about the receiver lock status and will 
wait for the next request even when TxFFE negotiation is done. 

6.2.2 Re-timer Channel Layer State Machine 

6.2.2.1 CLd State 

6.2.2.1.1 Behavior in State 

In addition to the conditions described in Section 4.2.1.2, a Re-timer Channel shall begin Lane Initialization 
in phase 4 when: 

• If the Re-timer Channel entered this state after detecting an LT_Fall Transaction, then:  

o The Re-timer Channel for Lane 0 shall start Lane Initialization when the Re-timer receives a 
Broadcast RT Transaction with the Lane0 Enabled  bit set to 1b, an LT_Gen_2 Transaction 
with the LSELane bit set to 0b, or an LT_Gen_3 Transaction with the LSELane bit set to 0b. 

o The Re-timer Channel for Lane 1 shall start Lane Initialization when the Re-timer receives a 
Broadcast RT Transaction with the Lane1 Enabled  bit set to 1b, an LT_Gen_2 Transaction 
with the LSELane bit set to 1b, or an LT_Gen_3 Transaction with the LSELane bit set to 1b. 

6.2.2.2 CLx States 

If the Sideband Channel operates in USB4 Mode, a Re-timer shall support low power capabilities as defined 
in Section 4.2.4. Else, the Re-timer shall not support low power capabilities.  
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A. Examples of Entry to Low Power State 

This section contains examples of Lane Adapter behavior during entry to CL2, CL1, or CL0s states.  

A.1 Successful Entry to CL2 state 

Figure A-1 shows an example of CL2 entry where two Re-timers are in between the Routers with Lane 
Adapters entering the CL2 state. In the example, Re-timer A is adjacent to Router A and Re-timer B is 
adjacent to Router B. Router A initiates entry to CL2 state.  

Figure A-1.  Successful Entry to CL2 State 
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The following steps take place in Figure A-1: 

1. Re-timer B detects 3 back-to-back CL2_ACK Ordered Sets and starts a CL2_ACK Counter  

2. Re-timer A detects 3 back-to-back CL2_ACK Ordered Sets and starts a CL2_ACK Counter.  

3. Re-timer A detects 3 back-to-back CL_OFF Ordered Sets and starts a CL_OFF Counter.  

4. Re-timer B detects 3 back-to-back CL_OFF Ordered Sets and starts a CL_OFF Counter.  

5. Re-timer B’s CL2_ACK Counter reaches a count of 372. Re-timer B then powers down the receiver 
facing Router B and its Corresponding Transmitter.  
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6. Re-timer A’s CL2_ACK Counter reaches a count 372. Re-timer A then powers down the transmitter 
facing Router A and its Corresponding Receiver.  

7. Re-timer A’s CL_OFF Counter reaches a count of 372. Re-timer A then powers down the receiver 
facing Router A and its Corresponding Transmitter.  

8. Re-timer B’s CL_OFF Counter reaches a count of 372. Re-timer B then powers down the transmitter 
facing Router B and its Corresponding Receiver.  

A.2 Successful entry to CL0s state 

Figure A-2 shows an example of CL0s entry where two Re-timers are in between the Routers with Lane 
Adapters entering the CL0s state. In the example, Re-timer A is adjacent to Router A and Re-timer B is 
adjacent to Router B. Router A initiates entry to CL0s.  

Figure A-2.  Successful Entry to CL0s State 
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The following steps take place in Figure A-2: 

1. Re-timer B detects 3 back-to-back CL0s_ACK Ordered Sets and starts a CL0s_ACK Counter.  

2. Re-timer A detects 3 back-to-back CL0s_ACK Ordered Sets and starts a CL0s_ACK Counter.  

3. Re-timer A detects 3 back-to-back CL_OFF Ordered Sets and starts a CL_OFF Counter.  

4. Re-timer B detects 3 back-to-back CL_OFF Ordered Sets and starts a CL_OFF Counter.  

5. Re-timer A’s CL_OFF Counter reaches  a count of 372. Re-timer A then powers down the receiver 
facing Router A and its Corresponding Transmitter.  
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6. Re-timer B’s CL_OFF Counter reaches a count of 372. Re-timer B then powers down the transmitter 
facing Router B and its Corresponding Receiver.  

A.3 Error in CL2_REQ Ordered Sets 

Figure A-3 shows an example of an attempt by Router A to enter CL2 state, where the CL2_REQ Ordered Sets 
are received with errors by Router B. In the example, Re-timer A is adjacent to Router and Re-timer B is 
adjacent to Router B. Router A initiates entry to CL2.  

Figure A-3.  Error in CL2_REQ Ordered Sets 
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The following steps take place in Figure A-3: 

1. Re-timer B detects SLOS or Link errors coming from Router B.  

• If the Re-timer detects errors, it disables RS-FEC in the direction of the errors to allow 
detection of SLOS.  

• If the Re-timer detects 15 SLOS Symbols, it disables RS-FEC in both directions. 

2. Re-timer A detects SLOS or Link errors.  

• If the Re-timer detects errors, it disables RS-FEC in the direction of the errors to allow 
detection of SLOS. 

• If the Re-timer detects 15 SLOS Symbols, it disables RS-FEC in both directions. 

3. Each Re-timer continues with Symbol lock. 

A.4 Error in CL2_ACK Ordered Sets 

Figure A-4 shows an example of an attempt by Router A to enter CL2 state, where the CL2_ACK Ordered Sets 
are received with errors by Router A. In the example, Re-timer A is adjacent to Router A and Re-timer B is 
adjacent to Router B. Router A initiates entry to CL2.  
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Figure A-4.  Error in CL2_ACK Ordered Sets 
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The following steps take place in Figure A-4: 

1. Re-timer B detects 3 back-to-back CL2_ACK Ordered Sets and starts a CL2_ACK Counter.  

• Re-timer A detects Link errors coming from Router B.  It disables RS-FEC in the direction of 
the errors to allow detection of SLOS.  

2. Re-timer A detects 15 SLOS Symbols coming from Router A. It disables RS-FEC in both directions. 

3. Re-timer B detects 15 SLOS Symbols. It disables RS-FEC in both directions. It also clears the 
CL2_ACK Counter to zero. 

A.5 Error in CL_OFF Ordered Sets 

Figure A-5 shows an example of an attempt by Router A to enter CL2 state, where the CL_OFF Ordered Sets 
are received with errors by Router B. In the example, Re-timer A is adjacent to Router A and Re-timer B is 
adjacent to Router B. Router A initiates entry to CL2.  
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Figure A-5.  Error in CL_OFF Ordered Sets 
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The following steps take place in Figure A-5: 

1. Re-timer B detects 3 back-to-back CL2_ACK Ordered Sets and starts a CL2_ACK Counter.  

2. Re-timer A detects 3 back-to-back CL2_ACK Ordered Sets and starts a CL2_ACK Counter.  

3. Re-timer A detects 3 back-to-back CL_OFF Ordered Sets and starts a CL_OFF Counter.  

4. Re-timer B detects Link errors. It disables RS-FEC in the direction of the errors to allow detection of 
SLOS. 

5. Re-timer B’s CL2_ACK Counter reaches a  count of 372. Re-timer B then powers down the receivers 
and the transmitters in both directions.  

6. Re-timer A’s CL2_ACK Counter reaches a count of 372. Re-timer A then powers down the transmitter 
facing Router A and its Corresponding Receiver.  

7. Re-timer A’s CL_OFF Counter reaches a count of 372. Re-timer A then powers down the receiver 
facing Router A and its Corresponding Transmitter.  
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