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1 Introduction

1.1 Background

The original Universal Serial Bus (USB) was driven by the need to provide a user-friendly
plug-and-play way to attach external peripherals to a Personal Computer (PC). USB has gone
beyond just being a way to connect peripherals to PCs. Printers use USB to interface directly
to cameras. Mobile devices use USB connected keyboards and mice. USB technology
commonly finds itself in automobiles, televisions, and set-top boxes. USB, as a protocol, is
also being picked up and used in many nontraditional applications such as industrial
automation. And USB as a source of power has become the mobile device charging solution
endorsed by international communities across the globe.

Initially, USB provided two speeds (12 Mbps and 1.5 Mbps) that peripherals could use. As
PCs became increasingly powerful and able to process larger amounts of data, users needed
to get more and more data into and out of their PCs. This led to the definition of the USB 2.0
specification in 2000 to provide a third transfer rate of 480 Mbps while retaining backward
compatibility. By 2006, two things in the environment happened: the transfer rates of HDDs
exceeded 100 MB/sec, far outstripping USB 2.0’s ~32 MB/sec bandwidth and the amount of
digital content users were creating was an ever increasing pace. USB 3.0 was the USB
community’s response and provided users with the ability to move data at rates up to 450
MB/sec while retaining backward compatibility with USB 2.0.

In 2013, with the continued trend for more bandwidth driven by larger and faster storage
solutions, higher resolution video, and broader use of USB as an external expansion/docking
solution, USB 3.1 extended the performance range of USB up to 1 GB/sec by doubling the
SuperSpeed USB clock rate to 10 Gbps and enhancing data encoding efficiency.

Now, with the addition of USB Type-C™ to the USB connector/cable ecosystem, USB 3.2
extends the performance range of USB up to 2 GB/sec by enabling two lanes of SuperSpeed
signaling to be used in combination over two sets of SuperSpeed pins/wires across the USB
Type-C standard connector/cable solution.

1.2 Objective of the Specification

This document defines the latest generation USB industry-standard, USB 3.2. The
specification describes the protocol definition, types of transactions, bus management, and
the programming interface required to design and build systems and peripherals that are
compliant with this specification. USB 3.2 is primarily a performance enhancement to USB
3.1 to provide more bandwidth for devices such as Solid State Drives and High Definition
displays by adding dual-lane support to the USB Type-C cable and connector.

This specification refers to Enhanced SuperSpeed as a collection of features or re quirements
that apply to USB 3.x bus operation. Additionally, where specific differences exist with
regard to the USB 3.0 definition of SuperSpeed features or requirements, those differences
will be uniquely identified as SuperSpeedPlus (or SSP) features or requirements.

USB 3.2’s goal is to enable devices from different vendors to interoperate in an open
architecture, while maintaining and leveraging the existing USB infrastructure (device
drivers, software interfaces, etc.). The specification is intended as an enhancement to the PC
architecture, spanning portable, business desktop, and home environments, as well as
simple device-to-device communications. It is intended that the specification allow system
OEMs and peripheral developers adequate room for product versatility and market
differentiation without the burden of carrying obsolete interfaces or losing compatibility.
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1.3 Scope of the Document

The specification is primarily targeted at peripheral developers and platform/adapter
developers, but provides valuable information for platform operating system/BIOS/device
driver, adapter I[HVs/ISVs, and system OEMs. This specification can be used for developing
new products and associated software.

Product developers using this specification are expected to know and understand the USB
2.0 Specification. Specifically, USB 3.x devices must implement device framework commands
and descriptors as defined in the USB 2.0 Specification. Devices operating at the 10 Gbps
(Gen 2) speed must implement the SuperSpeedPlus enhancements defined in this version of
the specification.

1.4 USB Product Compliance

Adopters of the USB 3.x specification have signed the USB 3.0 Adopters Agreement, which
provides them access to a royalty-free reasonable and nondiscriminatory (RAND) license
from the Promoters and other Adopters to certain intellectual property contained in
products that are compliant with the USB 3.2 specification. Adopters can demonstrate
compliance with the specification through the testing program as defined by the USB
Implementers Forum (USB-IF). Products that demonstrate compliance with the specification
will be granted certain rights to use the USB-IF logos as defined in the logo license.

Starting with USB 3.1, product compliance requirements were tightened up to prohibit non-
certified cables and connectors. Use of any registered icons or logos on products,
documentation or packaging will require a license and license requirements will include
passing specific product certification.

1.5 Document Organization

Chapters 1 through 4 provide an overview for all readers, while Chapters 5 through 11
contain detailed technical information defining USB 3.2.

Readers should contact operating system vendors for operating system bindings specific to
USB 3.2.

1.6 Design Goals

USB 3.1 was and USB 3.2 is an evolutionary step to increase the bandwidth. The goal
remains the same; end users view these the same as they viewed USB 2.0 and USB 3.0, just
higher in performance. Several key design areas to meet this goal are listed below:

e Preserve the USB model of smart host and simple device.

e Leverage the existing USB infrastructure. There are a vast number of USB products
in use today. A large part of their success can be traced to the existence of stable
software interfaces, easily developed software device drivers, and a number of
generic standard device class drivers (HID, mass storage, audio, etc.). Enhanced
SuperSpeed USB devices are designed to keep this software infrastructure intact so
that developers of peripherals can continue to use the same interfaces and leverage
all of their existing development work.

e Significantly improve power management. Reduce the active power when sending
data and reduce idle power by providing a richer set of power management
mechanisms to allow devices to drive the bus into lower power states.

e Ease of use has always been and remains a key design goal for all varieties of USB.

e Preserve the investment. There are a large number of PCs in use that support only
USB 2.0. There are a larger number of USB 2.0 peripherals in use. Retaining
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backward compatibility at the Type-A connector to allow Enhanced SuperSpeed
devices to be used, albeit at a lower speed, with USB 2.0 PCs and allow high speed
devices with their existing cables to be connected to the USB 3.1 SuperSpeed Type-A
connectors. USB 2.0 backward compatibility for USB Type-C solutions requires the
use of legacy adaptation cables and adapters as defined by the USB Type-C
specification.

e Features that allow the host controller to take advantage of the USB 3.2 speed
without any change to the OS.

1.7 Related Documents

USB Type-C™ Cable and Connector Specification, Release 1.3

USB 3.1 Legacy Cable and Connector Specification, Revision 1.0 (including all errata and
ECNs through June 2017)

Universal Serial Bus Specification, Revision 2.0 (including all posted errata and ECNs)
Universal Serial Bus Micro-USB Cables and Connectors Specification, Revision 1.01

USB On-the-Go Supplement to the USB 2.0 Specification, Revision 1.3

USB On-the-Go and Embedded Host Supplement to the USB 3.0 Specification, Revision 1.0

EIA-364-1000.01: Environmental Test Methodology for Assessing the Performance of
Electrical Connectors and Sockets Used in Business Office Applications

USB 3.1 Legacy Connectors and Cable Assemblies Compliance Document
USB SuperSpeed Electrical Test Methodology white paper
USB 3.0 Jitter Budgeting white paper

INCITS TR-35-2004, INCITS Technical Report for Information Technology - Fibre Channel -
Methodologies for Jitter and Signal Quality Specification (FC-M]JSQ)

Universal Serial Bus Power Delivery Specification, Revision 3.0 Version 1.1

1.8 Conventions
1.8.1 Precedence

If there is a conflict between text, figures, and tables, the precedence shall be tables, figures,
and then text.

1.8.2 Keywords

The following keywords differentiate between the levels of requirements and options.

1.8.2.1 Informative

Informative is a keyword that describes information with this specification that intends to
discuss and clarify requirements and features as opposed to mandating them.

1.8.2.2 May

May is a keyword that indicates a choice with no implied preference.
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1.8.2.3 N/A

N/A is a keyword that indicates that a field or value is not applicable and has no defined
value and shall not be checked or used by the recipient.

1.8.2.4 Normative

Normative is a keyword that describes features that are mandated by this specification.

1.8.2.5 Optional

Optional is a keyword that describes features not mandated by this specification. However,
if an optional feature is implemented, the feature shall be implemented as defined by this
specification (optional normative).

1.8.2.6 Reserved

Reserved is a keyword indicating reserved bits, bytes, words, fields, and code values that are
set-aside for future standardization. The use and interpretation of these may be specified by
future extensions to this specification and, unless otherwise stated, shall not be utilized or
adapted by vendor implementation. A reserved bit, byte, work or field shall be set to zero by
the sender and shall be ignored by the receiver. Reserved field values shall not be sent by
the sender and, if received, shall be ignored by the receiver.

1.8.2.7 Shall

Shall is a keyword indicating a mandatory (normative) requirement. Designers are
mandated to implement all such requirements to ensure interoperability with other
compliant devices.

1.8.2.8 Should

Should is a keyword indicating flexibility of choice with a preferred alternative. Equivalent
to the phrase “it is recommended that”.

1.8.2.9 Numbering

Numbers that are immediately followed by a lowercase “b” (e.g., 01b) are binary values.
Numbers that are immediately followed by an uppercase “B” are byte values. Numbers that
are immediately followed by a lowercase “h” (e.g., 3Ah) are hexadecimal values. Numbers
not immediately followed by either a “b”, “B”, or “h” are decimal values.
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2 Terms and Abbreviations

This chapter lists and defines terms and abbreviations used throughout this specification.
Note, for terms and abbreviations not defined here, use their generally accepted or
dictionary meaning.

Term/Abbreviation Definition

ACK Handshake packet indicating a positive acknowledgment.

ACK Tx Header Sequence The expected header sequence number in the link control word to be
Number acknowledged.

active device A device that is powered and is not in the Suspend state.

asynchronous data Data transferred at irregular intervals with relaxed latency requirements.

attached A downstream device is attached to an upstream device when there is a
physical connection between the two.

AWGH# The measurement of a wire’s cross section, as defined by the American Wire
Gauge standard.

bandwidth The amount of data transmitted per unit of time, typically bits per second (bps)
or bytes per second (Bps).

big endian A method of storing data that places the most significant byte of multiple-byte
values at a lower storage address. For example, a 16-bit integer stored in big
endian format places the least significant byte at the higher address and the
most significant byte at the lower address. See also little endian.

bit A unit of information used by digital computers. Represents the smallest piece
of addressable memory within a computer. A bit expresses the choice between
two possibilities and is typically represented by a logical one (1) or zero (0).

bps Transmission rate expressed in bits per second.
Bps Transmission rate expressed in bytes per second.
buffer Storage used to compensate for a difference in data rates or time of occurrence

of events, when transmitting data from one device to another.

bulk transfer One of the four USB transfer types. Bulk transfers are non-periodic, large
bursty communication typically used for a transfer that can use any available
bandwidth and can also be delayed until bandwidth is available. See also
transfer type.

bus enumeration Detecting, identifying, and configuring USB devices.

bus interval The period that establishes the integral boundary of service intervals. Itis
equivalent to the Microframe interval (THSFRAM) defined in the USB 2.0
specification, Table 7-8.

bus instance A bus instance refers to a link and its children operating at the same Gen X
speed.

byte A data element that is 8 bits in size.

cable Raw cable with no plugs attached.

cable assembly

Cable attached with plugs.

captive cable

Cable assembly that has a Type-A plug on one end and that is either
permanently attached or has a vendor specific connector on the other end.

capabilities Those attributes of a USB device that are administrated by the host.
CDR Circuit that performs the Clock and Data Recovery function.
characteristics Those qualities of a USB device that are unchangeable; for example, the device

class is a device characteristic.
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client Software resident on the host that interacts with the USB system software to
arrange data transfer between a function and the host. The client is often the
data provider and consumer for transferred data.
component A physical chip or circuit that contains a port.

Configuration Lane

Refer to the USB Type-C Specification. The Configuration Lane is Lane 0 of a
dual-lane (x2) configuration.

configuring software

Software resident on the host that is responsible for configuring a USB device.

control endpoint

A pair of device endpoints with the same endpoint number that are used by a
control pipe. Control endpoints transfer data in both directions and, therefore,
use both endpoint directions of a device address and endpoint number
combination. Thus, each control endpoint consumes two endpoint addresses.

control pipe

Same as a message pipe.

connected

A downstream device is connected to an upstream device when it is attached to
the upstream device, and when the downstream device has asserted Rx
terminations for SuperSpeed signaling or has asserted the D+ or D- data line in
order to enter low-speed, full-speed, or high-speed signaling.

control transfer

One of the four USB transfer types. Control transfers support
configuration/command/status type communications between client and
function. See also transfer type.

Controlling Hub

A controlling hub is any hub whose upstream link is not in U3.

CRC

CRC-5, CRC-16, CRC-32. See Cyclic Redundancy Check.

Cyclic Redundancy Check
(CRC)

A check performed on data to see if an error has occurred in transmitting,
reading, or writing the data. The result of a CRC is typically stored or
transmitted with the checked data. The stored or transmitted result is
compared to a CRC calculated from the data to determine if an error has
occurred.

D codes

The data type codes used in 8b/10b encoding.

D+ and D-

Differential pair defined in the USB 2.0 specification.

default address

An address defined by the USB Specification and used by a USB device when it
is first powered or reset. The default address is 00H.

default pipe The message pipe created by the USB system software to pass control and
status information between the host and a USB device’s endpoint zero.

descrambling Restoring the pseudo-random 8-bit character to the original state. See
scrambling.

detached A downstream device is detached from an upstream device when the physical
cable between the two is removed.

device A logical or physical entity that performs one or more functions. The actual

entity described depends on the context of the reference. At the lowest level,
device may refer to a single hardware component, as in a memory device. At a
higher level, it may refer to a collection of hardware components that perform a
particular function, such as a USB interface device. At an even higher level,
device may refer to the function performed by an entity attached to the USB.
Devices may be physical, electrical, addressable, and logical.

When used as a non-specific reference, a USB device is either a hub or a
peripheral device.

device address

A 7-bit value representing the address of a device on the USB. The device
address is the default address (00H) when the USB device is first powered or
the device is reset. Devices are assigned a unique device address by the USB
system software.

device endpoint

A uniquely addressable portion of a USB device that is the source or sink of
information in a communication flow between the host and device. See also
endpoint address.
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device software

Software that is responsible for using a USB device. This software may or may
not also be responsible for configuring the device for use.

DFP Downstream Facing Port (aka downstream port). See Figure 2-1.

disconnected A downstream device is disconnected from an upstream device when it is

(unconnected) attached to the upstream device, and when the downstream device has not
asserted Rx terminations for SuperSpeed signaling or has not asserted either
the D+ or D- data line in order to enter low-speed, full-speed, or high-speed
signaling.

downstream The direction of data flow from the host or away from the host. A downstream

port is the port on a hub electrically farthest from the host that generates
downstream data traffic from the hub. Downstream ports receive upstream
data traffic.

downstream port

The port on a host or a hub to which a device is connected. For example, a
system’s root ports are downstream ports.

downstream sublink

The collection of lanes between the DFP Tx and the UFP Rx. See Figure 2-1.

DP Data Packet which consists of a Data Packet Header followed by a Data Packet
Payload.

DPH Data Packet Header. Contains the data packet’s address, route string, length,
and other information about the packet.

DPP Data Packet Payload. Contains the data packet’s data and a 32-bit CRC.

DPPABORT Frame ordered set used to abort a data packet payload.

DPPEND Frame ordered set used to denote the end of a data packet payload.

DPPSTART Frame ordered set used to denote the start of a data packet payload.

driver When referring to hardware, an I/0 pad that drives an external load. When
referring to software, a program responsible for interfacing to a hardware
device, that is, a device driver.

DSPORT Notation indicating the state machine of a downstream facing port of a hub.

Refer to Section 10.3.

dual simplex

Two data paths that independently carry traffic in each direction.

DWORD

Double word. A data element that is two words (i.e., 4 bytes or 32 bits) in size.

dynamic insertion and
removal

The ability to attach and remove devices while the host is in operation.

endpoint

See device endpoint.

endpoint address

The combination of an endpoint number and an endpoint direction on a USB
device. Each endpoint address supports data transfer in one direction.

endpoint direction

The direction of data transfer on the USB. The direction can be either IN or
OUT. IN refers to transfers to the host; OUT refers to transfers from the host.

endpoint number

A four-bit value between OH and FH, inclusive, associated with an endpoint on a
USB device.

Enhanced SuperSpeed

An adjective referring to any valid collection of USB defined features defined
for the bus that runs over the SSRx and SSTx differential pairs in a USB 3.x
system. Itis used in place of phrases like SuperSpeed/SuperSpeedPlus.

external port

See port.

frame number

The bus interval counter value within the ITP divided by 8 (integer division).

full-duplex

Computer data transmission occurring in both directions simultaneously.

full-speed

USB operation at 12 Mbps. See also low-speed and high-speed.
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function A set of one or more related interfaces on a USB device that exposes a capability
to a software client.

Gbps Transmission rate expressed in gigabits per second (1,000,000,000 bits per
second).

Gen 1 Gen 1 is an adjective used to refer to the Physical layer associated with a 5.0
Gbps signaling rate. The original USB SuperSpeed Phy and a Gen 1 Phy refer to
the same Phy.

Gen 2 Gen 2 is an adjective used to refer to the Physical layer associated with a 10
Gbps signaling rate.

Gen X Gen X is a generic term used to refer to any of the combinations Gen 1, Gen 2 or
Gen 1/Gen 2 when the topic is specific to the phy layers but does not need to be
specific to either Gen 1 or Gen 2. Examples include: Gen X phy/connection.

GenXxY X refers to the rate of signaling on the wire (Gen 1, Gen 2, etc.) and Y refers to

the number of lanes.

handshake packet

A packet that acknowledges or rejects a specific condition. For examples, see
ACK, NRDY, or ERDY.

header

Packet header. For example, DPH, LMP, and TP are all headers.

Header Sequence Number

The exchange of the ACK Tx Header Sequence Numbers between the link

Advertisement partners upon entry to UO.
high-speed USB operation at 480 Mbps. See also low-speed and full-speed.
host The host computer system where the USB host controller is installed. This

includes the host hardware platform (CPU, bus, etc.) and the operating system
in use.

host controller

The interface provided to the system to support devices on the USB.

Hot Reset Reset mechanism using TS1/TS2 ordered sets.
HPSTART Frame ordered set used to denote the start of a header packet.
hub A USB device that provides additional connections to the USB.

Hub Delay Measurement
(HDM)

The HDM mechanism of PTM defines a set of hub features that increases the
accuracy of the Isochronous Timestamps in the ITPs that they forward
downstream.

hub tier One plus the number of USB links in a communication path between the host
and a peripheral device.
ID pin Denotes the pin on the USB 3.1 Micro connector family that is used to

differentiate a USB 3.1 Micro-A plug from a USB 3.1 Micro-B plug.

Inband Reset

Mechanism that relies on SuperSpeed and/or LFPS signaling to propagate the
reset across the link.

informative

Information given for illustrative purposes only and contains no requirements.
See normative.

interrupt transfer

One of the four USB transfer types. Interrupt transfers have a bounded latency
and are typically used to handle service needs. See also transfer type.

isochronous data

A stream of data whose timing is implied by its delivery rate.

isochronous device

An entity with isochronous endpoints, as defined in the USB Specification, that
sources or sinks sampled analog streams or synchronous data streams.

isochronous sink endpoint

An endpoint that is capable of consuming an isochronous data stream that is
sent by the host.

isochronous source endpoint

An endpoint that is capable of producing an isochronous data stream and
sending it to the host.
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isochronous transfer

One of the four USB transfer types. Isochronous transfers are used when
working with isochronous data. Isochronous transfers provide periodic,
continuous communication between host and device. See also transfer type.

ITP

Isochronous Timestamp Packet, sent periodically by a host to inform devices on
the USB of the current bus time.

jitter

A tendency toward lack of synchronization caused by mechanical or electrical
changes. More specifically, the phase shift of digital pulses over a transmission
medium.

KB

Kilobyte or 1,024 bytes.

K codes

The control type codes used in 8b/10b encoding.
SHP - start header packet

SDP - start data packet

END - end header or data packet

EDB - end of nullified (bad) packet

SLC - start link command

COM - comma

SKP - skip

EPF - end packet framing

lane

The connection between the transmitter (Tx) of one port to the receiver (Rx) in
another port. See Figure 2-1.

LBPM

LFPS Based PWM Messaging

LCSTART

Frame ordered set used to denote the start of a link command.

LDM

See Link Delay Measurement.

LDM Context

Timestamps recorded by an LDM Requester or Responder.

LDM Link Delay

The delay across the Link between a Responder and a Requester.

LDM Requester

A USB hub or device that uses the LDM protocol to communicate with an
upstream host controller or hub and measure the upstream link delay.

LDM Responder

A USB host controller or hub that uses the LDM protocol to communicate with a
downstream hub or device.

LFPS Low frequency periodic signal. Used to communicate information across a link
without using Enhanced SuperSpeed signaling.

LFSR Linear feedback shift register. Used to create pseudo-random characters for
scrambling.

LI Logical Idle

Link The connection between 2 ports. Includes both the Upstream and Downstream

sublinks. See Figure 2-1.

link command

An eight-symbol sequence used for link-level flow control, retries, power
management, and device removal.

Link Control Word

Two bytes with 11 bits to define the link level flow control and a 5-bit CRC5 to
ensure data integrity.

Link Delay Measurement
(LDM)

To perform LDM a device utilizes the PTM link level protocol to poll and
automatically determine if an upstream port supports PTM, and to precisely
calculate the delay of its upstream link. PTM LMPs shall be used to measure the
link delay of a device upstream link.

Link Error Count

The number of events that result in entry to Recovery due to bit errors.
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little endian

Method of storing data that places the least significant byte of multiple-byte
values at lower storage addresses. For example, a 16-bit integer stored in little
endian format places the least significant byte at the lower address and the
most significant byte at the next address. See also big endian.

LMP

Link Management Packet. A type of header packet used to communicate
information between a pair of link partners.

Local Rx Header Buffer Credit

The availability of a single free Rx Header Buffer of a port itself.

Logical Idle

Period of one or more symbol times when no information (packets or link
commands) is being transmitted when link is in UO.

low-speed USB operation at 1.5 Mbps. See also full-speed and high-speed.
LSb Least significant bit.

LSB Least significant byte.

LTSSM Link Training and Status State Machine.

message pipe

A bi-directional pipe that transfers data using a request/data/status paradigm.
The data has an imposed structure that allows requests to be reliably identified
and communicated.

MOD The modulus function MOD(Number, Divisor) returns the remainder portion of
dividing the Number by the Divisor.

MSb Most significant bit.

MSB Most significant byte.

normative Required by the specification. See also informative.

NRDY Handshake packet indicating a negative acknowledgment.

packet A bundle of data organized in a group for transmission. Packets typically
contain three elements: control information (e.g., source, destination, and
length), the data to be transferred, and error detection and correction bits.

peripheral A physical entity that is attached to a USB cable and is currently operating as a

“device” as defined in this specification.

peripheral device

A non-hub USB device that provides one or more functions to the host, such as a
mass storage device.

persistent

State information (e.g., a descriptor field) that is retained and persistent
through entry into and exit from D3.

Phase Locked Loop

A circuit that acts as a phase detector to keep an oscillator in phase with an
incoming frequency.

physical device

A device that has a physical implementation; e.g., speakers, microphones, and
CD players.

pipe A logical abstraction representing the association between an endpoint on a
device and software on the host. A pipe has several attributes; for example, a
pipe may transfer data as streams (stream pipe) or messages (message pipe).
See also stream pipe and message pipe.

PLL See Phase Locked Loop.

plug Connector attached to the cable, to be mated with the receptacle

port Point of access to or from a system or circuit. Consists of a Tx port and an Rx

port. For the USB, the point where a USB device is attached. See Figure 2-1.

PowerOn Reset (POR)

An event to restore a device to its initial state.

PPM

Parts Per Million.

Precision Time Measurement

A protocol for determining propagation delays through the USB topology with a
high degree of accuracy.
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PRBS Pseudo-Random Bit Stream.
protocol A specific set of rules, procedures, or conventions relating to format and timing
of data transmission between two devices.
PTM Refer to Precision Time Measurement.
PTM Clock A signal source with a period of tIsochTimestampGranularity units, used to
advance various PTM time clocks and time sources.
PTM Domain The set of LDM Responders associated with a PTM Root.

PTM Local Time Source

The time clock associated with a LDM Requester or Responder which is
advanced by PTM Clock transitions.

PTM Root A PTM Root is a LDM Responder and the source of the bus interval boundary for
a PTM Domain, i.e. the USB host controller.
receptacle Connector mounted on the host or device, to be mated with the plug.

Remote Rx Header Buffer
Credit

The availability of a single free Rx Header Buffer from a link partner.

request A request made to a USB device contained within the data portion of a SETUP
packet.

root hub A USB hub directly attached to or integrated into the host controller.

root port The downstream port on a root hub.

reserved Reserved identifies fields and values that are not defined for use by this

specification.

A transmitter sets all reserved fields to zero and a receiver ignores reserved
fields.

A transmitter does not set a reserved value and a receiver ignores any reserved
values.

Rx Header Buffer Credit
Advertisement

The exchange of the Remote Rx Header Buffer Credits between the link partners
upon entry to UO.

Rx Header Sequence Number

The expected header sequence number of a header packet received from a link
partner.

Rx Port The collection of receivers attached lanes in a port. See Figure 2-1.

scrambling The process of changing an eight-bit character in a pseudo-random way. See
descrambling.

SCD SuperSpeedPlus Capability Declaration

SDP Shielded Differential Pair.

service interval

An integral multiple of bus intervals within which a periodic endpoint must be
serviced.

service jitter

The deviation of service delivery from its scheduled delivery time.

Soft Error Count

The count of the number of single bit errors that have been recovered without
Recovery entry. See also Link Error Count.

SSC

Spread Spectrum Clock.

stage

One part of the sequence composing a control transfer; stages include the Setup
stage, the Data stage, and the Status stage.

stream endpoint

A SuperSpeed bulk endpoint whose SuperSpeed Endpoint Companion
Descriptor bmAtttributes field declares a MaxStreams value that is greater than
0.

stream pipe

A pipe that transfers data as a stream of samples with no defined USB structure.

sublink

The collection Rx or Tx lanes between a DFP and a UFP. See Figure 2-1.
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SuperSpeed An adjective referring to the architectural layer portions of a device defined in

this specification when operating in Gen 1x1.

SuperSpeed bus instance

A bus instance operating at Gen 1x1 speed.

SuperSpeedPlus

An adjective referring to the architectural layer portions of a device defined in
this specification when operating in Gen 1x2 or any Gen X speed beyond Gen 1.

SuperSpeedPlus bus instance

A bus instance operating at either Gen 1x2 or any Gen X speed beyond Gen 1.

synchronization type

A classification that characterizes an isochronous endpoint’s capability to
connect to other isochronous endpoints.

termination Passive components attached at the end of the connections to prevent signals
from being reflected or echoed.

timeout A time interval within which an expected event shall occur.

TP Transaction Packet. A type of header packet used to communicate information

between a device and the host.

training sequences

Ordered sets for initializing bit and symbol alignment and receiver
equalization. Examples are TS1, TS2, and TSEQ.

transaction The delivery of service to an endpoint:
The IN consists of an ACK TP with a response of NRDY TP, DP, or STALL TP.
The OUT consists of a DP with a response of NRDY TP, an ACK TP, or STALL TP.
transfer One or more bus transactions to move information between a software client

and its function.

transfer type

Determines the characteristics of the data flow between a software client and
its function. Four standard transfer types are defined: control, interrupt, bulk,
and isochronous.

Type-A connector

The standard-A connector defined in this specification.

Type 1 packet

See Type 1 traffic class

Type 2 packet

See Type 2 traffic class

Type 1 traffic class

Header packet or periodic data packet

Type 2 traffic class

Asynchronous data packet

Type 1 Rx Buffer Credit

The availability of a single free Rx Buffer from a link partner to store a periodic
data packet of maximum data packet payload

Type 2 Rx Buffer Credit

The availability of a single free Rx Buffer from a link partner to store an
asynchronous data packet of maximum data packet payload

Type 1 Rx Buffer Credit
Advertisement

The exchange of the Type 1 Remote Rx Buffer Credits between the link partners
upon entry to U0

Type 2 Rx Buffer Credit
Advertisement

The exchange of the Type 2 Remote Rx Buffer Credits between the link partners
upon entry to U0

Tx Header Sequence Number

The header sequence number to be added to a header packet to be transmitted.

Tx Port

The collection of transmitters driving lanes in a port. See Figure 2-1.

upstream

The direction of data flow towards the host. An upstream port is the port on a
device electrically closest to the host. Upstream ports receive downstream data
traffic.

upstream port

A port that a device uses to connect to a host or a hub. The port on all devices
is an upstream port.

upstream sublink

The collection of lanes between the DFP Rx and the UFP Tx. See Figure 2-1.

UFP

Upstream Facing Port (aka upstream port). See Figure 2-1.
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USB 3.1 Standard-A connector

USB 3.1 host connector, supporting both SuperSpeed and SuperSpeedPlus
modes.

USB 3.1 Standard-B connector

USB 3.1 standard Type-B device connector, supporting both SuperSpeed and
SuperSpeedPlus modes.

USB 3.1 Micro-A plug

Part of the USB 3.1 Micro connector family for OTG use; it can be plugged into a
USB 3.1 Micro-AB receptacle; it differs from the USB 3.1 Micro-B plug only in
keying and ID pin connection.

USB 3.1 Micro-AB receptacle

Part of the USB 3.1 Micro connector family; it accepts either a USB 3.1 Micro-B
plug or a USB 3.1 Micro-A plug.

USB 3.1 Micro-B connector

USB 3.1 device connector, supporting both SuperSpeed and SuperSpeedPlus
modes.

USB 3.1 Micro connector
family

All the receptacles and plugs supporting both SuperSpeed and SuperSpeedPlus
modes that are used on devices, including the USB 3.1 Micro-B, USB 3.1 Micro-
AB, and USB 3.1 Micro-A connectors.

USB 2.0 Standard-A connector

The Type-A connector defined by the USB 2.0 specification.

USB 2.0 Standard-B connector

The standard Type-B connector defined by the USB 2.0 specification.

USB Type-C connector

This connector is defined by the USB Type-C specification; this connector is
characterized by its flip-ability, applicability as either a host or device
connector, and as the only USB connector supporting USB Power Delivery.

USB-IF USB Implementers Forum, Inc. is a nonprofit corporation formed to facilitate
the development of USB compliant products and promote the technology.

USDPORT Notation indicating the state machine of the upstream facing port of a
peripheral device. Refer to Section 10.16.

USPORT Notation indicating the state machine of the upstream facing port of a hub.
Refer to Section 10.5.

UTP Unshielded Twisted Pair.

Warm Reset

Reset mechanism using LFPS.

WORD

A data element that is 2 bytes (16 bits) in size.
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Figure 2-1. Port and Link Pictorial

Sublink or
Downstream sublink

Tx PORT

Rx PORT

Sublink or
Upstream sublink

LINK

Figure 2-1 illustrates the parts of a port and the connection between ports. The USB 3.1
specification only defines a port with a single Tx and Rx. The inclusion of more than one
Rx/Tx pair in a port is for harmonization with the SSIC specification where multiple Rx/Tx
pairs are defined. Note: The meanings of the terms used in this figure are not the same as
used in PCle.
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3 Architectural Overview

This chapter presents an overview of Universal Serial Bus 3.2 architecture and key concepts.
USB 3.2 is similar to earlier versions of USB in that it is a cable bus supporting data exchange
between a host computer and a wide range of simultaneously accessible peripherals. The
attached peripherals share bandwidth through a host-scheduled protocol. The bus allows
peripherals to be attached, configured, used, and detached while the host and other
peripherals are in operation.

USB 3.2 is a dual-bus architecture that provides backward compatibility with USB 2.0. One
bus is a USB 2.0 bus (see Universal Serial Bus Specification, Revision 2.0) and the other is an
Enhanced SuperSpeed bus (see Section 3.1). USB 3.2 specifically adds dual-lane support.

This specification uses the term Enhanced SuperSpeed as a generic adjective referring to any
valid collection of USB defined features that were defined for the bus that runs in parallel to
the USB 2.0 bus in a USB 3.2 system, as defined below. This chapter is organized into several
focus areas. The first focuses on architecture and concepts related to elements which span
the USB 3.2 system (Section 3.1). The remaining sections focus on Enhanced SuperSpeed
USB specific architecture and concepts.

Later chapters describe the various components and specific requirements of Enhanced
SuperSpeed USB in greater detail. The reader is expected to have a fundamental
understanding of the architectural concepts of USB 2.0. Refer to the Universal Serial Bus
Specification, Revision 2.0 for complete details.

3.1 USB 3.2 System Description

The USB 3.2 system architecture (Figure 3-1) is comprised of two simultaneously active
buses: a USB 2.0 bus and an Enhanced SuperSpeed bus. The Enhanced SuperSpeed bus has
similar architectural components to USB 2.0, namely:

e USB 3.2 interconnect

e USB 3.2 devices

e USB 3.2 host
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Figure 3-1. USB 3.2 Dual Bus System Architecture
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The USB 3.2 interconnect is the manner in which USB 3.2 and USB 2.0 devices connect to and
communicate with the USB 3.2 host. The USB 3.2 interconnect inherits core architectural
elements from USB 2.0, although several are augmented to accommodate the dual bus
architecture.

The baseline structural topology is the same as USB 2.0. It consists of a tiered star topology
with a single host at tier 1 and hubs at lower tiers to provide bus connectivity to devices.

The USB 3.2 connection model accommodates backward and forward compatibility for
connecting USB 3.2 or USB 2.0 devices into either a USB Type-C connector or a USB 3.1
legacy connector. Similarly, USB 3.2 devices can be attached to a USB 2.0 legacy connector.
The mechanical and electrical backward/forward compatibility for USB 3.2 is accomplished
via a composite cable and associated connector assemblies that form the mechanical
infrastructure for the dual-bus architecture. USB 3.2 peripheral devices accomplish
backward compatibility by including both Enhanced SuperSpeed and USB 2.0 interfaces.
USB 3.2 hosts have both Enhanced SuperSpeed and USB 2.0 interfaces, which are essentially
parallel buses that may be active simultaneously.

The USB 3.2 connection model allows for the discovery and configuration of USB devices at
the highest signaling speed supported by the peripheral device, the highest signaling rate
supported by hubs between the host and peripheral device, and the current host capability
and configuration.

USB 3.2 hubs are a specific class of USB device whose purpose is to provide additional
connection points to the bus beyond those provided by the host. In this specification, non-
hub devices are referred to as peripheral devices in order to differentiate them from hub
devices. In addition, in USB 2.0 the term “function” was sometimes used interchangeably
with device. In this specification a function is a logical entity within a device, see Figure 3-3.
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3.1.1 USB 3.2 Mechanical

The mechanical specifications for USB cables and connector assemblies are provided in
separate USB electro-mechanical specifications: the USB Type-C Cable and Connector
specification and the USB 3.1 Legacy Cable and Connector specification. Chapter 5 of this
specification provides a summary of cables and connectors that are applicable for USB 3.2
use.

All USB devices have an upstream connection. Hosts and hubs have one or more
downstream connections. For USB legacy connectors, upstream and downstream connectors
are not mechanically interchangeable, thus eliminating illegal loopback connections at hubs.
For USB Type-C connectors, upstream and downstream behaviors are established using the
configuration features of the USB Type-C functional architecture.

For USB legacy connectors, USB 3.1 receptacles (both upstream and downstream) are
backward compatible with USB 2.0 connector plugs. USB 3.1 cables and plugs are not
intended to be compatible with USB 2.0 upstream receptacles. For USB Type-C, legacy
adaptation cables and adapter assemblies are defined to support backward compatibility.

3.1.2 USB 3.2 Power

The specification covers two aspects of power:

e Power distribution over the USB deals with the issues of how USB devices consume
power provided by the downstream ports to which they are connected. USB 3.2
power distribution is similar to USB 2.0, with increased supply budgets for devices
operating on an Enhanced SuperSpeed bus, with additional consideration if the bus
operation is two-lane versus single-lane.

e Power management defines how hosts, devices, hubs, and the USB system software
interact to provide power efficient operation of the bus. The power management of
the USB 2.0 bus portion is unchanged.

For USB Type-C, additional power options are defined in the USB Type-C and USB Power
Delivery specifications.

3.1.3 USB 3.2 System Configuration

USB 3.2 allows USB devices to be attached or detached at any time, therefore system
software must accommodate dynamic changes in the physical bus topology. The
architectural elements for the device discovery on USB 3.2 are identical to those in USB 2.0.
Enhancements are provided to manage the specifics of the Enhanced SuperSpeed bus for
configuration and power management.

The independent, dual-bus architecture allows for activation of each of the buses
independently.

3.1.4 Architectural Differences between USB 3.2 and USB 2.0

Table 3-1 summarizes the key architectural differences between an Enhanced SuperSpeed
bus and a USB 2.0 bus.

Table 3-1. Comparing Enhanced SuperSpeed Bus to USB 2.0 Bus

Characteristic Enhanced SuperSpeed USB USB 2.0

Data Rate Gen 1 (5.0 Gbps), Gen 2 (10 Gbps) low-speed (1.5 Mbps), full-speed (12 Mbps),
and high-speed (480 Mbps)
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Characteristic

Enhanced SuperSpeed USB

USB 2.0

Data Interface

Dual-simplex, four-wire differential
signaling for each lane (separate from USB
2.0 signaling, a total of eight wires for a two
lane configuration)

Simultaneous bi-directional data flows

Half-duplex two-wire differential signaling

Unidirectional data flow with negotiated
directional bus transitions

Cable signal
count

Legacy cables supporting one lane = six:
Four for Enhanced SuperSpeed data path,
two for USB 2.0 data path

USB Type-C cables supporting two lanes =
ten: Eight for Enhanced SuperSpeed data
path, two for USB 2.0 data path

Two: Two for low-speed/full-speed/high-
speed (USB 2.0) data path

Bus transaction

Host directed, asynchronous traffic flow

Host directed, polled traffic flow

protocol Packet traffic is explicitly routed Packet traffic is broadcast to all devices.

Power Multi-level link power management Port-level suspend with two levels of

management supporting idle, sleep, and suspend states. entry/exit latency
Link-, Device-, and Function-level power Device-level power management
management.

Bus power For one lane operation: Support for low (150 | Support for low (100 mA)/high (500 mA)
mA)/high (900 mA) bus-powered devices bus-powered devices with lower power
with lower power limits for un-configured limits for un-configured and suspended
and suspended devices devices
For two lane operation: Support for low (250
mA)/high (1,500 mA) bus-powered devices
with lower power limits for un-configured
and suspended devices

Port State Port hardware detects connect events and Port hardware detects connect events.

brings the port into operational state ready
for Enhanced SuperSpeed data
communication.

System software uses port commands to
transition the port into an enabled state (i.e.,
can do USB data communication flows).

Data transfer
types

USB 2.0 types with Enhanced SuperSpeed
constraints. Bulk has streams capability
(refer to Section 3.3)

Four data transfer types: control, bulk,
Interrupt, and Isochronous

3.2 Enhanced SuperSpeed Bus Architecture

Figure 3-2 illustrates the reference model for the terminology in this specification.
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Figure 3-2. USB 3.2 Terminology Reference Model

Enhanced SuperSpeed System

SuperSpeed USB SuperSpeedPlus USB

Device/Host

Protocol

Link

SuperSpeed
Architecture

—— — — —

[Physical | Gen 1x1

The Enhanced SuperSpeed bus is a layered communications architecture that is comprised of
the following elements:

Enhanced SuperSpeed Interconnect. The Enhanced SuperSpeed interconnect is
the manner in which devices are connected to and communicate with the host over
the Enhanced SuperSpeed bus. This includes the topology of devices connected to
the bus, the communications layers, the relationships between them and how they
interact to accomplish information exchanges between the host and devices.

Devices. Enhanced SuperSpeed devices are sources or sinks of information
exchanges. They implement the required device-end, Enhanced SuperSpeed
communications layers to accomplish information exchanges between a driver on
the host and one or more logical functions on the device.

Host. An Enhanced SuperSpeed host is a source or sink of information. It
implements the required host-end, Enhanced SuperSpeed communications layers to
accomplish information exchanges over the bus. It owns the Enhanced SuperSpeed
data activity schedule and management of the Enhanced SuperSpeed bus and all
devices connected to it.

Figure 3-3 illustrates a reference diagram of the Enhanced SuperSpeed interconnect
represented as communications layers through a topology of host, zero to five levels of hubs,
and devices.
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Figure 3-3. Enhanced SuperSpeed Bus Communications Layers and
Power Management Elements
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(1) Definition is Gen X dependent

The rows (device or host, protocol, link, physical) realize the communications layers of the
Enhanced SuperSpeed interconnect. Sections 3.2.1 through 3.2.3 provide architectural
overviews of each of the communications layers. The three, left-most columns (host, hub,
and device) illustrate the topological relationships between devices connected to the
Enhanced SuperSpeed bus; refer to the overview in Sections 3.2.6 through 3.2.7. The right-
most column illustrates the influence of power management mechanisms over the
communications layers; refer to the overview in Section 3.2.5.

3.2.1 Physical Layer

The Gen X physical layer specifications are detailed in Chapter 6. The physical layer defines
the PHY portion of a port and the physical connection between a downstream facing port (on
a host or hub) and the upstream facing port on a device. The Gen X physical connection is
comprised of two differential data pairs (one transmit path and one receive path) for each
lane. Dual-lane support (Gen X x 2) is defined to enable two lane operation over the USB
Type-C cable and connector.

The electrical aspects of each path are characterized as a transmitter, channel, and receiver;
these collectively represent a unidirectional differential sublink. Each differential sublink is
AC-coupled with capacitors located on the transmitter side of the differential sublink. The
channel includes the electrical characteristics of the cables and connectors.

At an electrical level, each differential sublink is initialized by enabling its receiver
termination. The transmitter is responsible for detecting the far end receiver termination as
an indication of a bus connection and informing the link layer so the connect status can be
factored into link operation and management.

When receiver termination is present but no signaling is occurring on the differential
sublink, it is considered to be in the electrical idle state. When in this state, low frequency
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periodic signaling (LFPS) is used to signal initialization and power management information.
The LFPS is relatively simple to generate and detect and uses very little power.

Each PHY has its own clock domain with Spread Spectrum Clocking (SSC) modulation. The
USB 3.1 cable does not include a reference clock so the clock domains on each end of the
physical connection are not explicitly connected. Bit-level timing synchronization relies on
the local receiver aligning its bit recovery clock to the remote transmitter’s clock by phase-
locking to the signal transitions in the received bit stream.

The receiver needs to reliably recover clock and data from the bit stream. For Gen 1
operation the transmitter encodes data and control characters into symbols. Control
symbols are used to achieve byte alignment and are used for framing data and managing the
link. Special characteristics make control symbols uniquely identifiable from data symbols.
For Gen 2 operation the transmitter block encodes the data and control bytes. Special
control blocks are used to achieve block alignment in the receiver and for managing the link.

A number of techniques are employed to improve channel performance. For example, to
avoid overdriving and improve eye margin at the receiver, transmitter de-emphasis may be
applied when multiple bits of the same polarity are sent. Also, equalization may be used in
the receiver with the characteristics of the equalization profile being established adaptively
as part of link training.

Signal (timing, jitter tolerance, etc.) and electrical (DC characteristics, channel capacitance,
etc.) performance of Gen X links are defined with compliance requirements specified in
terms of transmit and receive signaling eyes.

3.2.1.1 Gen 1 Physical Layer

The nominal signaling data rate for Gen 1 physical layer is 5 Gbps.
A Gen 1 transmitter encodes data and control characters into symbols using an 8b/10b code.

The physical layer receives 8-bit data from the link layer and scrambles the data to reduce
EMI emissions. It then encodes the scrambled 8-bit data into 10-bit symbols for
transmission over the physical connection. The resultant data are sent at a rate that
includes spread spectrum to further lower the EMI emissions. The bit stream is recovered
from the differential sublink by the receiver, assembled into 10-bit symbols, decoded and
descrambled, producing 8-bit data that are then sent to the link layer for further processing.

3.2.1.2 Gen 2 Physical Layer

The nominal signaling data rate for the Gen 2 physical layer is 10 Gbps.

A Gen 2 transmitter frames data and control bytes (referred to as Symbols) by prepending a
4-bit block identifier to 16 symbols (128 bits) to create a 128b/132b block. The symbols of
the block may be scrambled or not depending upon their source (whether they are data or
which type of control symbol). Asin Gen 1 operation the resultant data are sent out across
the electrical interconnect using spread spectrum clocking to lower EMI emissions. The bit
stream is recovered from the electrical interconnect by the receiver and then assembled and
aligned into 132 bit blocks. The data is descrambled and the identifier information and the
descrambled bits are passed onto the link layer for further processing.

A Gen 2 PHY uses a protocol over LFPS signaling to negotiate to the highest common data
rate capability of two connected PHYs.
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3.2.1.3 Dual-Lane Operation

Dual-lane operation is supported for USB Type-C-based applications only. Requirements
specific to dual-lane operation include the following.

e Data Striping applies to data blocks but control blocks are duplicated on both lanes.

e Data Scrambling operates on a per lane basis with a different seed value defined for
each lane.

e Ordered Sets are transmitted simultaneously on each lane within skew constraints.
TS1 and TS2 transmit/receive sequences proceed in sync across both lanes and clock
offset compensation using SKP ordered sets is performed on a per lane basis.

e Atthe receiver input, a maximum lane-to-lane skew of 6400 ps is allowed.

To manage dual-lane operation, the Configuration Lane is Lane 0 as established at each port
by the CC pin decoding defined by the USB Type-C specification. All LFPS signaling and
LBPM messaging is only transmitted on this lane. Receiver Detect is only required on this
lane and Ux Exit functionality is only required in the Configuration Lane’s receiver.

Compliance features also include support for dual-lane operation.

3.2.2 Link Layer

The Enhanced SuperSpeed link layer specifications are detailed in Chapter 7. An Enhanced
SuperSpeed link is a logical and physical connection of two ports. The connected ports are
called link partners. The link layer defines the logical portion of a port and the
communications between link partners.

The link layer has:

e State machines for managing its end of the physical connection. These include
physical layer initialization and event management, i.e., connect, removal, and power
management. Also included is initializing and configuring dual-lane operation.

e State machines and buffering for managing information exchanges with the link
partner. It implements protocols for flow control, reliable delivery (port to port) of
packet headers, and link power management. The different link packet types are
defined in Chapter 7.

o Buffering for data and protocol layer information elements.

The link layer also:

e Provides correct framing of sequences of bytes into packets during transmission;
e.g., insertion of packet delimiters

o Detects received packets, including packet delimiters and error checks of received
header packets (for reliable delivery)

e Provides an appropriate interface to the protocol layer for pass-through of protocol-
layer packet information exchanges
The link layer:

e Manages the state of its PHY (i.e., its end of the physical connection), including
power management and events (connection, removal, and wake).

e Transmits and receives byte streams, with additional signals that qualify the byte
stream as control sequences or data. The physical layer includes discrete transmit
and receive physical links, therefore, a port is able to simultaneously transmit and
receive control and data information.
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The protocol between link partners uses specific encoded control sequences. Note that
control sequences are encoded to be tolerant to a single bit error. Control sequences are
used for port-to-port command protocol, framing of packet data (packet delimiters), etc.
There is a link-partner protocol for power management that uses packet headers.

3.2.3 Protocol Layer

The protocol layer specifications for Enhanced SuperSpeed are detailed in Chapter 8. This
protocol layer defines the “end-to-end” communications rules between a host and device
(see Figure 3-3).

The Enhanced SuperSpeed protocol provides for application data information exchanges
between a host and a device endpoint. This communications relationship is called a pipe. It
is a host-directed protocol, which means the host determines when application data is
transferred between the host and device. The Enhanced SuperSpeed protocol is not a polled
protocol, as a device is able to asynchronously request service from the host on behalf of a
particular endpoint.

All protocol layer communications are accomplished via the exchange of packets. Packets
are sequences of data bytes with specific control sequences which serve as delimiters
managed by the link layer. Host transmitted protocol packets are routed through
intervening hubs directly to a peripheral device. They do not traverse bus paths that are not
part of the direct path between the host and the target peripheral device. A peripheral
device expects it has been targeted by any protocol layer packet it receives. Device
transmitted protocol packets simply flow upstream through hubs to the host.

Packet headers are the building block of the protocol layer. They are fixed size packets with
type and subtype field encodings for specific purposes. A small record within a packet
header is utilized by the link layer (port-to-port) to manage the flow of the packet from port
to port. Packet headers are delivered through the link layer (port-to-port) reliably. The
remaining fields are utilized by the end-to-end protocol.

Application data is transmitted within data packet payloads. Data packet payloads are
preceded (in the protocol) by a specifically encoded data packet headers. Data packet
payloads are not delivered reliably through the link layer (however, the accompanying data
packet headers are delivered reliably). The protocol layer supports reliable delivery of data
packets via explicit acknowledgement (header) packets and retransmission of lost or
corrupt data. Not all data information exchanges utilize data acknowledgements. Packets
moving over the Enhanced SuperSpeed bus (e.g. through multiple hubs) are strongly
ordered, end-to-end. They arrive at the recipient device or host in the same order that the
host or device endpoint originally transmitted them.

Data may be transmitted in bursts of back-to-back sequences of data packets (depending on
the scheduling by the host). The protocol allows efficient bus utilization by concurrently
transmitting and receiving over the link. For example, a transmitter (host or device) can
burst multiple packets of data back-to-back while the receiver can transmit data
acknowledgements without interrupting the burst of data packets. The number of data
packets in a specific burst is scheduled by the host. Furthermore, an Enhanced SuperSpeed
host may simultaneously schedule multiple OUT bursts to be active at the same time as at
least one IN burst. See Section 3.2.6.1 for a summary of valid combinations of Enhanced
SuperSpeed topologies and Section 3.2.7 for limitations of hosts to schedule combinations of
bursts to those devices.

The protocol provides flow control support for some transfer types. A device-initiated flow
control is signaled by a device via a defined protocol packet. A host-initiated flow control
event is realized via the host schedule (host will simply not schedule information flows for a
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pipe unless it has data or buffering available). On reception of a flow control event, the host
will remove the pipe from its schedule. Resumption of scheduling information flows for a
pipe may be initiated by the host or device. A device endpoint will notify a host of its
readiness (to source or sink data) via an asynchronously transmitted “ready” packet. On
reception of the “ready” notification, the host will add the pipe to its schedule, assuming that
it still has data or buffering available.

Independent information streams can be explicitly delineated and multiplexed on the bulk
transfer type. This means through a single pipe instance, more than one data stream can be
tagged by the source and identified by the sink. The protocol provides for the device to
direct which data stream is active on the pipe.

Devices may asynchronously transmit notifications to the host. These notifications are used
to convey a change in the device or function state.

3.2.3.1 SuperSpeed Protocol

All packets of a SuperSpeed burst on a SuperSpeed bus will not have packets from other
endpoint flows intermingled within the burst.

A SuperSpeed host transmits a special packet header to the SuperSpeed bus (from the root
port) that includes the host’s timestamp. The value in this packet is used to keep
SuperSpeed devices (that need to) in synchronization with the host. In contrast to other
packet types, the timestamp packet is forwarded down all paths not in a low power state.
The SuperSpeed timestamp packet transmission is scheduled by the host at a specification
determined period.

3.2.3.2 SuperSpeedPlus Protocol

The SuperSpeedPlus protocol inherits almost all of the SuperSpeed protocol.
SuperSpeedPlus protocol defines the following features on the SuperSpeed protocol base:

e ACK Transaction Packets (TPs) and Data Packets (DPs) are annotated with the
transfer type of the endpoint and upstream flowing asynchronous DPs on
SuperSpeedPlus bus segments are annotated with an arbitration weight (AW) used
by SuperSpeedPlus hub arbiters for fair service.

e Relaxed Enhanced SuperSpeed host concurrent endpoint scheduling rules for
SuperSpeedPlus endpoints. This decouples asynchronous and periodic transaction
scheduling and allows concurrent IN endpoint scheduling for SuperSpeedPlus
endpoints and for SuperSpeed endpoints on different SuperSpeed bus-instances (see
Section 8.1.2 for more information).

e Packets to or from simultaneously active endpoints moving over a SuperSpeedPlus
bus can be intermingled with each other and reordered (with respect to different
endpoints flows) by each SuperSpeedPlus hub they transit.

The SuperSpeedPlus bus also uses the host timestamp packet feature defined for the
SuperSpeed bus as described in Section 3.2.3.1 using the Precision Time Measurement
(PTM) feature defined in Section 8.4.8 to determine the link delay. In addition,
SuperSpeedPlus hubs are required to update the host timestamp packet based on the link
delay and the delay in the hub before forwarding it as described in Section 10.9.4.4.1.

3.2.4 Robustness
There are several attributes of Enhanced SuperSpeed USB that contribute to its robustness:
e Signal integrity using differential drivers, receivers, and shielding

e CRC protection for header and data packets
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o Link level header packet retries to ensure their reliable delivery
e End-to-end protocol retries of data packets to ensure their reliable delivery
e Detection of attach and detach and system-level configuration of resources

e Data and control pipe constructs for ensuring independence from adverse
interactions between functions

3.2.4.1 Error Detection

The Gen X physical layer bit error rate is expected to be less than one in 1012 bits. To
provide protection against occasional bit errors, packet framing and link commands have
sufficient redundancy to tolerate single-bit errors. Each packet includes a CRC to provide
error detection of multiple bit errors. When data integrity is required an error recovery
procedure may be invoked in hardware or software.

The protocol includes separate CRCs for headers and data packet payloads. Additionally, the
link control word (in each packet header) has its own CRC. A failed CRC in the header or link
control word is considered a serious error which will result in a link level retry to recover
from the error. A failed CRC in a data packet payload is considered to indicate corrupted
data and can be handled by the protocol layer with a request to resend the data packet.

The link and physical layers work together to provide reliable packet header transmission.
The physical layer provides an error rate that does not exceed (on average) one bit error in
every 1012 bits. The link layer uses error checking to catch errors and retransmission of the
packet header further reducing the packet header error rate.

3.2.4.2 Error Handling

Errors may be handled in hardware or software. Hardware error handling includes
reporting and retrying of failed header packets. A USB host controller will try a
transmission that encounters errors up to three times before informing the client software
of the failure. The client software can recover in an implementation-specific way.

3.2.5 Enhanced SuperSpeed Power Management

Enhanced SuperSpeed provides power management at distinct areas in the bus architecture,
link, device, and function (refer to Figure 3-3). These power management areas are not
tightly coupled but do have dependencies; these mostly deal with allowable power state
transitions based on dependencies with power states of links, devices, and functions.

Link power management occurs asynchronously on every link (i.e., locally) in the connected
hierarchy. The link power management policy may be driven by the device, the host or a
combination of both. The link power state may be driven by the device or by the
downstream port inactivity timers that are programmable by host software. The link power
states are propagated upwards by hubs (e.g., when all downstream ports are in a low power
state, the hub is required to transition its upstream port to a low power state). The
decisions to change link power states are made locally. The host does not directly track the
individual link power states. Since only those links between the host and device are
involved in a given data exchange, links that are not being utilized for data communications
can be placed in a lower power state.

The host does not directly control or have visibility of the individual links’ power states.
This implies that one or more links in the path between the host and device can be in
reduced power state when the host initiates a communication on the bus. There are in-band
protocol mechanisms that force these links to transition to the operational power state and
notify the host that a transition has occurred. The host knows (can calculate) the worst-case
transition time to bring a path to any specific device to an active, or ready state, using these
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mechanisms. Similarly, a device initiating a communication on the bus with its upstream
link in a reduced power state, will first transition its link into an operational state which will
cause all links between it and the host to transition to the operational state.

The key points of link power management include:

e Devices send asynchronous ready notifications to the host.

e Packets are routed, allowing links that are not involved in data communications to
transition to and/or remain in a low power state.

e Packets that encounter ports in low power states cause those ports to transition out
of the low power state with indications of the transition event.

e Multiple host or device driven link states with progressively lower power at
increased exit latencies.

As with the USB 2.0 bus, devices can be explicitly suspended via a similar port-suspend
mechanism. This sets the link to the lowest link power state and sets a limit on the power
draw requirement of the device.

Enhanced SuperSpeed provides support for function power management in addition to
device power management. For multi-function (composite) devices, each function can be
independently placed into a lower power state. Note that a device shall transition into the
suspended state when directed by the host via a port command. The device shall not
automatically transition into the suspended state when all the individual functions within it
are suspended.

Functions on devices may be capable of being remote wake sources. The remote-wake
feature on a function must be explicitly enabled by the host. Likewise, a protocol
notification is available for a function to signal a remote wake event that can be associated
with the source function. All remote-wake notifications are functional across all possible
combinations of individual link power states on the path between the device and host.

3.2.6 Devices

All Enhanced SuperSpeed devices share their base architecture with USB 2.0. They are
required to carry information for self-identification and generic configuration. They are also
required to demonstrate behavior consistent with the defined Enhanced SuperSpeed Device
States.

All devices are assigned a USB address when enumerated by the host. Each device supports
one or more pipes through which the host may communicate with the device. All devices
must support a designated pipe at endpoint zero to which the device’s Default Control Pipe
is attached. All devices support a common access mechanism for accessing information
through this control pipe. Refer to Chapter 9 for a complete definition of a control pipe.

Enhanced SuperSpeed inherits the categories of information that are supported on the
default control pipe from USB 2.0.

The USB 3.2 specification defines two types of USB devices that can be connected to an
Enhanced SuperSpeed host. These are described briefly below.

3.2.6.1 Peripheral Devices

A USB 3.2 peripheral device must provide support for both Enhanced SuperSpeed and at
least one of the USB 2.0 speeds. The minimal functional requirement for the USB 2.0 speed
implementation is for a device to be detected on a USB 2.0 host and allow system software to
direct the user to attach the device to an Enhanced SuperSpeed port. A device
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implementation may provide appropriate full functionality when operating in the
implemented USB 2.0 speed mode. Simultaneous operation of Enhanced SuperSpeed and
USB 2.0 speed modes is not allowed for peripheral devices.

USB 3.2 devices within a single physical package (i.e., a single peripheral) can consist of a
number of functional topologies including single function, multiple functions on a single
peripheral device (composite device), and permanently attached peripheral devices behind
an integrated hub (compound device) (see Figure 3-4).

Figure 3-4. Examples of Supported USB 3.2 USB Physical Device Topologies

Peripheral Device

Peripheral Device Multiple Function (multiple interfaces)
Single Function (single interface) (Composite Device)
USB 3.x usB Ijl.x
Function Function
USB 3.x USB 3.x
Device Device
I USB 3.x USB 3.x Compound Device
Hub I Hub (combinations)
—L USB 2.0 USB 3.x
Device Device

An Enhanced SuperSpeed portion of a peripheral device may only be assembled into one of
the following configurations:

e SuperSpeed Only Peripheral Device. This device implementation is comprised of a
Gen 1x1 only PHY and conforms to the SuperSpeed link, protocol and device
specifications; see Figure 3-5.

Figure 3-5. SuperSpeed Only Enhanced SuperSpeed Peripheral Device Configuration

Device SupgrSpeed
Function Architecture
Peripheral Device
PHY Gen 1x1

e Enhanced SuperSpeed Device. This is an attachable device that must implement both
SuperSpeed and SuperSpeedPlus device architecture and at all Gen X x Y speeds; see
Figure 3-6.
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Figure 3-6. Enhanced SuperSpeed Device Configuration
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For additional information about USB 3.2 Hubs, see Section 3.2.6.2.

3.2.6.2 Hubs

The specifications for the Enhanced SuperSpeed portion of a USB 3.2 hub are detailed in
Chapter 10. Hubs have always been a key element in the plug-and-play architecture of the
USB. Hosts provide an implementation-specific number of downstream ports to which
devices can be attached. Hubs provide additional downstream ports so they provide users
with a simple connectivity expansion mechanism for the attachment of additional devices to
the USB.

In order to support the dual-bus architecture of USB 3.2, a USB 3.2 hub is the logical
combination of two hubs: a USB 2.0 hub and an Enhanced SuperSpeed hub (see the hub in
Figure 3-1). The power and ground from the cable connected to the upstream port are
shared across both units within the USB 3.2 hub. The USB 2.0 hub unit is connected to the
USB 2.0 data lines and the Enhanced SuperSpeed hub is connected to the SuperSpeed data
lines. A USB 3.2 hub connects upstream as two devices; an Enhanced SuperSpeed hub on the
Enhanced SuperSpeed bus and a USB 2.0 hub on the USB 2.0 bus.

A USB 3.2 hub has one upstream port and one or more downstream ports. All ports operate
at all USB 2.0 speeds and at all Gen X speeds. The Enhanced SuperSpeed hub manages the
Enhanced SuperSpeed portions of the downstream ports and the USB 2.0 hub manages the
USB 2.0 portions of the downstream ports. Each physical port has bus-specific
control/status registers. Refer to the Universal Serial Bus Specification, Revision 2.0 for
details on the USB 2.0 hub. Hubs detect device attach, removal, and remote-wake events on
downstream ports and enable the distribution of power to downstream devices. It also has
hardware support for reset and suspend/resume signaling.

An Enhanced SuperSpeed hub has a hub controller that responds to standard, hub-specific
status/control commands that are used by a host to configure the hub and to monitor and
control its downstream ports.

An Enhanced SuperSpeed hub operates as a SuperSpeed hub when its upstream facing port
is operating at Gen 1x1 speed and operates as a SuperSpeedPlus hub when it upstream
facing port is operating in Gen 1x2 or any Gen X speeds beyond Gen 1.

3.2.6.2.1 SuperSpeed Hub

A SuperSpeed hub consists of two logical components: a SuperSpeed hub controller and a
SuperSpeed repeater/forwarder. The hub repeater/forwarder is a protocol-controlled
router between the SuperSpeed upstream port and downstream ports. The repeater
architecture allows a host to schedule simultaneous out-bound bursts to different endpoints
on a SuperSpeed bus. It limits the number of simultaneous in-bound bursts from different
endpoints on a SuperSpeed bus to one.
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e SuperSpeed hubs actively participate in the (end-to-end) protocol in several ways,
including:

e Routes out-bound packets to explicit downstream ports.
e Routes in-bound packets from a downstream port to the upstream port.
e Propagates the timestamp packet to all downstream ports not in a low-power state.

e Detects when packets encounter a port that is in a low-power state. The hub
transitions the targeted port out of the low-power state and notifies the host and
device (in-band) that the packet encountered a port in a low-power state.

3.2.6.2.2 SuperSpeedPlus Hub

A SuperSpeedPlus hub serves a special role when its upstream facing port is operating at
Gen 1x2 or any Gen X speed beyond Gen 1. A SuperSpeedPlus hub isolates downstream
signaling environments from the upstream signaling environment utilizing a store-and-
forward architecture. Figure 3-7 illustrates a SuperSpeedPlus host connected to a mixture
of SuperSpeedPlus hubs and devices and SuperSpeed hubs and devices.

In contrast to the SuperSpeed hub, which is characterized as a repeater/forwarder hub
architecture, the SuperSpeedPlus hub is characterized as a store-and-forward hub because it
can receive one or more entire DPs before transmitting up or downstream. The store-and-
forward architecture of a SuperSpeedPlus hub allows a host to schedule multiple endpoint
bursts, across multiple endpoints, for both in-bound and out-bound flows, as long as they
bursts are to SuperSpeedPlus endpoints. The SuperSpeedPlus host is also able to use the
same SuperSpeedPlus scheduling rules across SuperSpeed endpoints on different
downstream SuperSpeed bus instances. The SuperSpeedPlus host must use SuperSpeed only
bus scheduling rules for all SuperSpeed endpoints on the same SuperSpeed bus instance.

Figure 3-7. Multiple SuperSpeed Bus Instances in an Enhanced SuperSpeed System

_—

SuperSpeedPlus bus SuperSpeedﬁPllZ SuperSpeed bus instances

Host

| |
SuperSpeedPlus SuperS.peed
W‘ evice
|
| I
perSpeedPlus SuperSpeed
Device Hub

SuperSpegd SuperSpeedPlu
evic Device**

Operating at Gen 1 x 1 speed
mm— Operating at Gen 1 x 2 or any Gen X speed beyond Gen 1

** Upstream port speed (Gen 1 x 1) drives device behavior

A SuperSpeedPlus hub consists of three logical components: a SuperSpeedPlus hub
controller, a SuperSpeedPlus upstream controller and a SuperSpeedPlus downstream
controller (one for each downstream facing port).
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A SuperSpeedPlus hub is required to implement USB PTM (Precision Time Management).

SuperSpeedPlus hubs actively participate in the (end-to-end) protocol in several ways,
including:

e Routes and preserves ordering (within an endpoint flow) of out-bound packets (TPs,
DPs) from the upstream port to specific downstream ports

e Routes in-bound packets and preserves ordering (within an endpoint flow) to the
upstream port, via:

e Providing fair-service for simultaneously active, in-bound, asynchronous
transfer type endpoint data flows, independent of device operating speed or
location within the topology.

e Providing strict-priority for simultaneously active, in-bound, periodic transfer
type endpoint data flows, independent of device operating speed or location
within the topology.

e SuperSpeedPlus hubs ensure compatibility with SuperSpeed devices connected to its
downstream facing ports.

e Detects when packets encounter a port that is in a low-power state. The hub
transitions the targeted port out of the low-power state and notifies the host and
device (in-band) that the packet encountered a port in a low-power state.

e Updates the host timestamp packet based on the link delay and the delay in the hub
before forwarding it to all downstream ports that are not in a low-power state.
3.2.7 Hosts

A USB 3.2 host interacts with USB devices through a host controller. To support the dual-
bus architecture of USB 3.2, a host controller must include both Enhanced SuperSpeed and
USB 2.0 elements, which can simultaneously manage control, status and information
exchanges between the host and devices over each bus.

The host includes an implementation-specific number of root downstream ports for
Enhanced SuperSpeed and USB 2.0. Through these ports the host:

e Detects the attachment and removal of USB devices

e Manages control flow between the host and USB devices
e Manages data flow between the host and USB devices

e Collects status and activity statistics

e Provides power to attached USB devices

e A SuperSpeedPlus host is required to implement USB PTM (Precision Time
Management).

USB System Software inherits its architectural requirements from USB 2.0, including:
e Device enumeration and configuration
o Scheduling of periodic and asynchronous data transfers
e Device and function power management

e Device and bus management information
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3.3

Enhanced SuperSpeed Bus Data Flow Models

The data flow models for the Enhanced SuperSpeed bus are described in Chapter 4. The
Enhanced SuperSpeed bus inherits the data flow models from USB 2.0, including:

Data and control exchanges between the host and devices are via sets of either
unidirectional or bi-directional pipes.

Data transfers occur between host software and a particular endpoint on a device.
The endpoint is associated with a particular function on the device. These
associations between host software to endpoints related to a particular function are
called pipes. A device may have more than one active pipe. There are two types of
pipes: stream and message. Stream data has no USB-defined structure, while
message does. Pipes have associations of data bandwidth, transfer service type (see
below), and endpoint characteristics, like direction and buffer size.

Most pipes come into existence when the device is configured by system software.
However, one message pipe, the Default Control Pipe, always exists once a device has
been powered and is in the default state, to provide access to the device’s
configuration, status, and control information.

A pipe supports one of four transfer types as defined in USB 2.0 (bulk, control,
interrupt, and isochronous). The basic architectural elements of these transfer types
are unchanged from USB 2.0.

The bulk transfer type has an extension for Enhanced SuperSpeed protocol called
Streams. Streams provide in-band, protocol-level support for multiplexing multiple
independent logical data streams through a standard bulk pipe.
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4 Enhanced SuperSpeed Data Flow Model

This chapter presents a high-level description of how data and information move across the
Enhanced SuperSpeed bus. Consult the Protocol Layer Chapter for details on the low-level
protocol. This chapter provides device framework overview information that is further
expanded in the Device Framework Chapter. All implementers should read this chapter to
understand the key concepts of the Enhanced SuperSpeed bus.

4.1 Implementer Viewpoints

The Enhanced SuperSpeed bus is very similar to USB 2.0 in that it provides communication
services between a USB Host and attached USB Devices. The communication model view
preserves the USB 2.0 layered architecture and basic components of the communication flow
(i.e., point-to-point, same transfer types, etc.). Refer to Chapter 5 in the Universal Serial Bus
Specification, Revision 2.0 for more information about the USB 2.0 communication flow.

This chapter describes the differences (from USB 2.0) of how data and control information
are communicated between an Enhanced SuperSpeed Host and its attached Enhanced
SuperSpeed Devices. In order to understand Enhanced SuperSpeed data flow, the following
concepts are useful:

e Communication Flow Models: Section 4.2 describes how communication flows
between the host and devices over the Enhanced SuperSpeed bus.

e Enhanced SuperSpeed Protocol Overview: Section 4.3 gives a high level overview of
the Enhanced SuperSpeed protocol and compares it to the USB 2.0 protocol.

e Generalized Transfer Description: Section 4.4 provides an overview of how data
transfers work using the Enhanced SuperSpeed protocol and subsequent sections
define the operating constraints for each transfer type.

e Device Notifications: Section 4.4.9 provides an overview of Device Notifications, a
feature which allows a device to asynchronously notify its host of events or status on
the device.

e Reliability and Efficiency: Sections 4.4.10 and 4.4.11 summarize the information and
mechanisms available for the Enhanced SuperSpeed bus to ensure reliability and
increase efficiency.

4.2 Enhanced SuperSpeed Communication Flow

The Enhanced SuperSpeed Bus retains the familiar concepts, mechanisms and support for
endpoints, pipes, and transfer types. Refer to the Universal Serial Bus Specification, Revision
2.0 for details. As in USB 2.0, the ultimate consumer/producer of data is an endpoint.

The endpoint’s characteristics (Max Packet Size, Burst Size, etc.) are reported in the
endpoint descriptor and the SuperSpeed Endpoint Companion Descriptor. As in USB 2.0, the
endpoint is identified using an addressing triple {Device Address, Endpoint Number,
Direction}.

All Enhanced SuperSpeed devices must implement at least the Default Control Pipe
(endpoint zero). The Default Control Pipe is a control pipe as defined in the Universal Serial
Bus Specification, Revision 2.0.

4.2.1 Pipes

An Enhanced SuperSpeed pipe is an association between an endpoint on a device and
software on the host. Pipes represent the ability to move data between software on the host
via a memory buffer and an endpoint on a device and have the same behavior as defined in
the Universal Serial Bus Specification, Revision 2.0. The main difference is that when a
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non-isochronous Enhanced SuperSpeed endpoint is busy it returns a Not Ready (NRDY)
response and must send an Endpoint Ready (ERDY) notification when it wants to be serviced
again. The host will then reschedule the transaction at the next available opportunity within
the constraints of the transfer type.

4.3 Enhanced SuperSpeed Protocol Overview

As mentioned in the Architecture Overview Chapter, the Enhanced SuperSpeed protocol is
architected to take advantage of the dual-simplex physical layer. All USB 2.0 transfer types
are supported by the Enhanced SuperSpeed protocol. The differences between the USB 2.0
protocol and the Enhanced SuperSpeed protocol are first discussed followed by a brief
description of the packets used in the Enhanced SuperSpeed protocol.

4.3.1 Differences from USB 2.0

The Enhanced SuperSpeed bus is backward compatible with USB 2.0 at the framework level.
However, there are some fundamental differences between the USB 2.0 and the Enhanced
SuperSpeed protocol:

e USB 2.0 uses a three-part transaction (Token, Data, and Handshake) while the
Enhanced SuperSpeed protocol uses the same three parts differently. For OUTs, the
token is incorporated in the data packet; while for INs, the Token is replaced by a
handshake.

e USB 2.0 does not support bursting while the Enhanced SuperSpeed protocol
supports continuous bursting.

e USB 2.0 is a half-duplex broadcast bus while the Enhanced SuperSpeed bus is a dual-
simplex unicast bus which allows concurrent IN and OUT transactions.

e USB 2.0 uses a polling model while the Enhanced SuperSpeed protocol uses
asynchronous notifications.

e USB 2.0 does not have a Streaming capability while the Enhanced SuperSpeed
protocol supports Streaming for bulk endpoints.

e USB 2.0 offers no mechanism for isochronous capable devices to enter the low power
USB bus state between service intervals. The Enhanced SuperSpeed bus allows
isochronous capable devices to autonomously enter low-power link states between
service intervals or within a service interval. An Enhanced SuperSpeed host shall
transmit a PING packet to the targeted isochronous device before the service
interval to allow time for the path to transition back to the active power state before
initiating the isochronous transfer.

e USB 2.0 offers no mechanism for a device to inform the host how much latency the
device can tolerate if the system enters lower system power states. Thus a host may
not enter lower system power states as it might impact a device's performance
because it lacks an understanding of a device's power policy. USB 3.1 provides a
mechanism to allow Enhanced SuperSpeed devices to inform the host of their latency
tolerance using Latency Tolerance Messaging. The host may use this information to
establish a system power policy that accounts for the devices’ latency tolerance.

e USB 2.0 transmits SOF/uSOF at fixed 1 ms/125 ps intervals, with very tight duration
and jitter specifications. Enhanced SuperSpeed links have a similar mechanism
called an Isochronous Timestamp Packet (ITP) that is transmitted by a host. The
USB host may send an Isochronous Timestamp Packet (ITP) within a relaxed timing
window from a bus interval boundary. USB 3.0 added a mechanism for devices to
send a Bus Interval Adjustment Message that is used by the host to adjust its 125 ps
bus interval up to +/-13.333 ps. A device may change the interval with small finite
adjustments.
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e USB 3.2 defines a Precision Time Measurement (PTM) capability for Enhanced
SuperSpeed devices, enabling the host, hubs, and devices to accurately determine
propagation delays through the USB topology. This capability is optional-normative
for hosts and hubs operating at Gen 1x1 speed and required for hosts and hubs
operating at Gen 1x2 and any Gen X speed higher than Gen 1.

e USB 2.0 power management, including Link Power Management, is always directly
initiated by the host. The Enhanced SuperSpeed bus supports link-level power
management that may be initiated from either end of the link. Thus, each link can
independently enter low-power states whenever idle and exit whenever
communication is needed.

e USB 2.0 handles transaction error detection and recovery and flow control only at
the end-to-end level for each transaction. The Enhanced SuperSpeed protocol splits
these functions between the end-to-end and link levels.

4.3.1.1 Comparing USB 2.0 and Enhanced SuperSpeed Transactions

The Enhanced SuperSpeed dual-simplex physical layer allows information to travel
simultaneously in both directions. The Enhanced SuperSpeed protocol allows the
transmitter to send multiple data packets before receiving a handshake. For OUT transfers,
the information contained in the USB 2.0 Token is incorporated in the data packet header so
a separate Token is not required. For IN transfers, a handshake is sent to the device to
request data. The device may respond by either returning data, returning a STALL
handshake, or by returning a Not Ready (NRDY) handshake to defer the transfer until the
device is ready.

The USB 2.0 broadcasts packets to all enabled downstream ports. Every device is required
to decode the address triple {device address, endpoint, and direction} of each packet to
determine if it needs to respond. The Enhanced SuperSpeed bus unicasts the packets;
downstream packets are sent over a directed path between the host and the targeted device
while upstream packets are sent over the direct path between the device and the host.
Enhanced SuperSpeed packets contain routing information that the hubs use to determine
which downstream port the packet needs to traverse to reach the device. There is one
exception; the Isochronous Timestamp Packet (ITP) is multicast to all active ports.

USB 2.0 style polling has been replaced with asynchronous notifications. The Enhanced
SuperSpeed transaction is initiated by the host making a request followed by a response
from the device. If the device can honor the request, it either accepts or sends data. If the
endpoint is halted, the device shall respond with a STALL handshake. If it cannot honor the
request due to lack of buffer space or data, it responds with a Not Ready (NRDY) to tell the
host that it is not able to process the request at this time. When the device can honor the
request, it will send an Endpoint Ready (ERDY) to the host which will then reschedule the
transaction.

The move to unicasting and the limited multicasting of packets together with asynchronous
notifications allows links that are not actively passing packets to be put into reduced power
states. Upstream and downstream ports cooperate to place their link into a reduced power
state that hubs will propagate upstream. Allowing link partners to control their
independent link power state and a hub’s propagating the highest link power state seen on
any of its downstream ports to its upstream port, puts the bus into the lowest allowable
power state rapidly.

4.3.1.2 Introduction to Enhanced SuperSpeed Packets

Enhanced SuperSpeed packets start with a 16-byte header. Some packets consist of a header
only. All headers begin with the Packet Type information used to decide how to handle the
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packet. The header is protected by a 16-bit CRC (CRC-16) and ends with a 2-byte link
control word. Depending on the Type, most packets contain routing information (Route
String) and a device address triple {device address, endpoint number, and direction}. The
Route String is used to direct packets sent by the host on a directed path through the
topology. Packets sent by the device are implicitly routed as the hub always forwards a
packet seen on any downstream port to its upstream port. There are four basic types of
packets: Link Management Packets, Transaction Packets, Data Packets, and Isochronous
Timestamp Packets:

e A Link Management Packet (LMP) only traverses a pair of directly connected ports
and is primarily used to manage that link.

e A Transaction Packet (TP) traverses all the links in the path directly connecting the
host and a device. It is used to control the flow of data packets, configure devices
and hubs, etc. Note that a Transaction Packet does not have a data payload.

e A Data Packet (DP) traverses all the links in the path directly connecting the host
and a device. Data Packets consist of two parts: a Data Packet Header (DPH) which
is similar to a TP and a Data Packet Payload (DPP) which consists of the data block
plus a 32-bit CRC (CRC-32) used to ensure the data’s integrity.

e An Isochronous Timestamp Packet (ITP) is a multicast packet sent by an Enhanced
SuperSpeed host/hub to all active links.

4.4 Generalized Transfer Description

Each non-isochronous data packet sent to a receiver is acknowledged by a handshake (called
an ACK transaction packet). However, due to the fact that the Enhanced SuperSpeed bus has
independent transmit and receive paths, the transmitter does not have to wait for an explicit
handshake for each data packet transferred before sending the next packet.

The Enhanced SuperSpeed bus preserves all of the basic data flow and transfer concepts
defined in USB 2.0, including the transfer types, pipes, and basic data flow model. The
differences with USB 2.0 are discussed in this section, starting at the protocol level, followed
by transfer type constraints.

The USB 2.0 specification utilizes a serial transaction model. This essentially means that a
host starts and completes one bus transaction {Token, Data, Handshake} before starting the
next transaction. Split transactions also adhere to this same model since they are comprised
of complete high-speed transactions {Token, Data, Handshake} that are completed under the
same model as all other transactions.

The Enhanced SuperSpeed protocol improves on the USB 2.0 transaction protocol by using
the independent transmit and receive paths. The result is that the Enhanced SuperSpeed
USB transaction protocol is essentially a split-transaction protocol that generally allows
more than one IN or OUT “bus transaction to be active on the bus at the same time. Note
that a SuperSpeed link has a restriction that at most one IN “bus transaction” can be active
on that SuperSpeed bus instance. The order in which a device responds to transactions is
fixed on a per endpoint basis (for example, if an endpoint received three DPs, the endpoint
must return ACK TPs for each one, in the order that the DPs were received). The order a
device responds to ACKs or DPs that are sent to different endpoints on the device is device
implementation dependent and software cannot expect them to occur/complete in any
particular order. The split-transaction protocol scales well (across multiple transactions to
multiple function endpoints) with signaling bit-rates as it is not subject to propagation
delays.

The USB 2.0 protocol completes an entire IN or OUT transaction {Token, Data, Handshake}
before continuing to the next bus transaction for the next scheduled function endpoint. All
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transmissions from the host are essentially broadcast on the USB 2.0 bus. In contrast, the
Enhanced SuperSpeed protocol does not broadcast any packets (except for ITPs) and packets
traverse only the links needed to reach the intended recipient. The host starts all
transactions by sending handshakes or data and devices respond with either data or
handshakes. If the device does not have data available, or cannot accept the data, it
responds with a packet that states that it is not able to do so. Subsequently, when the device
is ready to either receive or transmit data it sends a notification to the host that indicates
that it is ready to resume transactions. In addition, the Enhanced SuperSpeed bus provides
the ability to transition links into and out of specific low power states. Lower power link
states are entered either under software control or under autonomous hardware control
after being enabled by software. Mechanisms are provided to automatically transition all
links in the path between the host and a device from a non-active power state to the active
power state.

Devices report the maximum packet size for each endpoint in its endpoint descriptor. The
size indicates data payload length only and does not include any of the overhead for link and
protocol level. Bandwidth allocation for SuperSpeed is similar to USB 2.0.

4.4.1 Data Bursting

Data Bursting enhances efficiency by eliminating the wait time for acknowledgements on a
per data packet basis. Each endpoint on an Enhanced SuperSpeed device indicates the
number of packets that it can send/receive (called the maximum data burst size) before it
has to wait for an explicit handshake. Maximum data burst size is an individual endpoint
capability; a host determines an endpoint’s maximum data burst size from the SuperSpeed
Endpoint Companion descriptor associated with this endpoint (refer to Section 9.6.7).

The host may dynamically change the burst size on a per-transaction basis up to the
configured maximum burst size. Examples of when a host may use different burst sizes
include, but are not limited to, a fairness policy on the host and retries for an interrupt
stream. When the endpoint is an OUT, the host can easily control the burst size (the receiver
must always be able to manage a transaction burst size). When the endpoint is an IN, the
host can limit the burst size for the endpoint on a per-transaction basis via a field in the
acknowledgement packet sent to the device.

4.4.2 IN Transfers

The host and device shall adhere to the constraints of the transfer type and endpoint
characteristics.

A host initiates a transfer by sending an acknowledgement packet (IN) to the device. This
acknowledgement packet contains the addressing information required to route the packet
to the intended endpoint. The host tells the device the number of data packets it can send
and the sequence number of the first data packet expected from the device. In response the
endpoint will transmit data packet(s) with the appropriate sequence numbers back to the
host. The acknowledgement packet also implicitly acknowledges the previous data packet
that was received successfully.

Note that even though the host is required to send an acknowledgement packet for every
data packet received, the device can send up to the number of data packets requested
without waiting for any acknowledgement packet.

The Enhanced SuperSpeed IN transaction protocol is illustrated in Figure 4-1. An IN
transfer on the Enhanced SuperSpeed bus consists of one, or more, IN transactions
consisting of one, or more, packets and completes when any one of the following conditions
occurs:
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e All the data for the transfer is successfully received.

e The endpoint responds with a packet that is less than the endpoint’s maximum
packet size.

e The endpoint responds with an error.

Figure 4-1. Enhanced SuperSpeed IN Transaction Protocol
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4.4.3 OUT Transfers

The host and device shall adhere to the constraints of the transfer type and endpoint
characteristics.

A host initiates a transfer by sending a burst of data packets to the device. Each data packet
contains the addressing information required to route the packet to the intended endpoint.
It also includes the sequence number of the data packet. For a non-isochronous transaction,
the device returns an acknowledgement packet including the sequence number for the next
data packet and implicitly acknowledging the current data packet.

Note that even though the device is required to send an acknowledgement packet for every
data packet received, the host can send up to the maximum burst size number of data
packets to the device without waiting for an acknowledgement.
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The Enhanced SuperSpeed OUT transaction protocol is illustrated in Figure 4-2. An OUT
transfer on the Enhanced SuperSpeed bus consists of one, or more, OUT transactions
consisting of one, or more, packets and completes when any one of the following conditions
occurs:

e All the data for the transfer is successfully transmitted.
e The host sends a packet that is less than the endpoints maximum packet size.

e The endpoint responds with an error.

Figure 4-2. Enhanced SuperSpeed OUT Transaction Protocol
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4.4.4 Power Management and Performance

The use of inactivity timers and device-driven link power management provides the ability
for very aggressive power management. When the host sends a packet to a device behind a
hub with a port whose link is in a non-active state, the packet will not be able to traverse the
link until it returns to the active state. In the case of an IN transaction on a SuperSpeed bus
instance, the host will not be able to start another IN transaction on that SuperSpeed bus
instance until the current one completes. The effect of this behavior could have a significant
impact on overall performance.

To balance power management with good performance, the concept of a deferral (to both
INs and OUTs) is used. When a host initiates a transaction that encounters a link in a non-
active state, a deferred response is sent by the hub to tell the host that this particular path is
in a reduced power managed state and that the host should go on to schedule other
transactions. In addition, the hub sends a deferred request to the device to notify it thata
transaction was attempted. This mechanism informs the host of added latency due to power
management and allows the host to mitigate performance impacts that result from the link
power management.
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4.4.5 Control Transfers

The purpose and characteristics of Control Transfers are identical to those defined in
Section 5.5 of the Universal Serial Bus Specification, Revision 2.0. The Protocol Layer chapter
of this specification describes the details of the packets, bus transactions, and transaction
sequences used to accomplish Control transfers. The Device Framework chapter of this
specification defines the complete set of standard command codes used for devices.

Each device is required to implement the default control pipe as a message pipe. This pipe is
intended for device initialization and management. This pipe is used to access device
descriptors and to make requests of the device to manipulate its behavior (at a device-level).
Control transfers must adhere to the same request definitions described in the Universal
Serial Bus Specification, Revision 2.0.

The EnhancedSuperSpeed system will make a “best effort” to support delivery of control
transfers between the host and devices. As with USB 2.0, a function and its client software
cannot request specific bandwidth for control transfers.

4.4.5.1 Control Transfer Packet Size

Control endpoints have a fixed maximum control transfer data payload size of 512 bytes and
have a maximum burst size of one. These maximums apply to all data transactions during
the data stage of the control transfer. Refer to Section 8.12.2 for detailed information on the
Setup and Status stages of an Enhanced SuperSpeed control transfer.

An Enhanced SuperSpeed device must report a value of 09H in the bMaxPacketSize field of
its Device Descriptor. The rule for decoding the default maximum packet size for the Default
Control Pipe is given in Section 9.6.1. The Default Control Pipe must support a maximum
sequence value of 32 (i.e., sequence values in the range [0-31] are used).

The requirements for data delivery and completion of device-to-host and host-to-device
Data stages are generally not changed between USB 2.0 and the Enhanced SuperSpeed bus
(refer to Section 5.5.3 of the Universal Serial Bus Specification, Revision 2.0).

4.4.5.2 Control Transfer Bandwidth Requirements

A device has no way to indicate the desired bandwidth for a control pipe. A host balances
the bus access requirements of all control pipes and pending transactions on those pipes to
provide a “best effort” delivery between client software and functions on the device. This
policy is the same as the USB 2.0 policy.

The Enhanced SuperSpeed bus requires that bus bandwidth be reserved to be available for
use by control transfers as follows:

e The transactions of a control transfer may be scheduled coincident with transactions
for other function endpoints of any defined transfer type.

e Retries of control transfers are not given priority over other best effort transactions.

e Ifthere are control and bulk transfers pending for multiple endpoints, control
transfers for different endpoints are selected for service according to a fair access
policy that is host controller implementation-dependent.

e When a control endpoint delivers a flow control event (as defined in Section 8.10.1),
the host will remove the endpoint from the actively scheduled endpoints. The host
will resume the transfer to the endpoint upon receipt of a ready notification from the
device.
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These requirements allow control transfers between a host and devices to regularly move
data across the Enhanced SuperSpeed bus with “best effort.” System software’s
discretionary behavior defined in Section 5.5.4 of the Universal Serial Bus Specification,
Revision 2.0 applies equally to Enhanced SuperSpeed control transfers.

4.4.5.3 Control Transfer Data Sequences

The Enhanced SuperSpeed protocol preserves the message format and general stage
sequencing of control transfers defined in Section 5.5.5 of the Universal Serial Bus
Specification, Revision 2.0. The Enhanced SuperSpeed protocol defines some changes to the
Setup and Status stages of a control transfer. However, all of the sequencing requirements
for normal and error recovery scenarios defined in Section 5.5.5 of the Universal Serial Bus
Specification, Revision 2.0 directly map to the SuperSpeed Protocol.

4.4.6 Bulk Transfers

The purpose and characteristics of Bulk Transfers are similar to those defined in Section 5.8
of the Universal Serial Bus Specification, Revision 2.0. Section 8.12.1 of this specification
describes the details of the packets, bus transactions and transaction sequences used to
accomplish Bulk transfers. The Bulk transfer type is intended to support devices that want
to communicate relatively large amounts of data at highly variable times where the transfer
can use any available Enhanced SuperSpeed bandwidth. An Enhanced SuperSpeed Bulk
function endpoint provides the following:

e Access to the Enhanced SuperSpeed bus on a bandwidth available basis

e Guaranteed delivery of data, but no guarantee of bandwidth or latency

The Enhanced SuperSpeed bus retains the following characteristics of bulk pipes:
e No data content structure is imposed on the communication flow for bulk pipes.

e A bulk pipe is a stream pipe and, therefore, always has communication flow either
into or out of the host for any pipe instance. If an application requires a bi-
directional bulk communication flow, two bulk pipes must be used (one IN and one
OouT).

Standard USB bulk pipes provide the ability to move a stream of data. The Enhanced
SuperSpeed bus adds the concept of Streams that provide protocol-level support for a multi-
stream model.

4.4.6.1 Bulk Transfer Data Packet Size

An endpoint for bulk transfers shall set the maximum data packet payload size in its
endpoint descriptor to 1024 bytes. It also specifies the burst size that the endpoint can
accept from or transmit on the Enhanced SuperSpeed bus. The allowable burst size for a
bulk endpoint shall be in the range of 1 to 16. All Enhanced SuperSpeed bulk endpoints shall
support sequence values in the range [0-31].

A host is required to support any Enhanced SuperSpeed bulk endpoint. A host shall support
all bulk burst sizes. The host ensures that no data payload of any data packet in a burst
transaction will be sent to the endpoint that is larger than the maximum packet size.
Additionally, it shall not send more data packets than the reported maximum burst size.

A bulk function endpoint must always transmit data payloads with data fields less than, or
equal to, 1024 bytes. If the bulk transfer has more data than that, all data payloads in the
burst transaction are required to be 1024 bytes in length except for the last data payload in
the burst, which may contain the remaining data. A bulk transfer may span multiple bus
transactions. A bulk transfer is complete when the endpoint does one of the following:
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e Has transferred exactly the amount of data expected.
e Transfers a data packet with a payload less than 1024 bytes.
e Responds with a STALL handshake.

4.4.6.2 Bulk Transfer Bandwidth Requirements

As with USB 2.0 a bulk function endpoint has no way to indicate a desired bandwidth for a
bulk pipe. Bulk transactions occur on the Enhanced SuperSpeed bus only on a bandwidth
available basis. The Enhanced SuperSpeed host provides a “good effort” delivery of bulk
data between client software and device functions. Moving control transfers over the
Enhanced SuperSpeed bus has priority over moving bulk transactions. When there are bulk
transfers pending for multiple endpoints, the host will provide transaction opportunities to
individual endpoints according to a fair access policy, which is host implementation
dependent.

All bulk transfers pending in a system contend for the same available bus time. An endpoint
and its client software cannot assume a specific rate of service for bulk transfers. Bus time
made available to a software client and its endpoint can be changed as other devices are
inserted into and removed from the system or as bulk transfers are requested for other
function endpoints. Client software cannot assume ordering between bulk and control
transfers; i.e., in some situations, bulk transfers can be delivered ahead of control transfers.

The host can use any burst size between 1 and the reported maximum in transactions with a
bulk endpoint to more effectively utilize the available bandwidth. For example, there may
be more bulk transfers than bandwidth available, so a host can employ a policy of using
smaller data bursts per transactions to provide fair service to all pending bulk data streams.

When a bulk endpoint delivers a flow control event (as defined in Section 8.10.1), the host
will remove it from the actively scheduled endpoints. The host will resume the transfer to
the endpoint upon receipt of a ready notification from the device.

4.4.6.3 Bulk Transfer Data Sequences

Bulk transactions use the standard burst sequence for reliable data delivery defined in
Section 8.10.2. Bulk endpoints are initialized to the initial transmit or receive sequence
number and burst size (refer to Section 8.12.1.2 and Section 8.12.1.3) by an appropriate
control transfer (SetConfiguration, SetInterface, ClearEndpointFeature). Likewise, a host
assumes the initial transmit or receive sequence number and burst size for bulk pipes after
it has successfully completed the appropriate control transfer as mentioned above.

Halt conditions for an Enhanced SuperSpeed bulk pipe have the identical side effects as
defined for a USB 2.0 bulk endpoint. Recovery from halt conditions are also identical to USB
2.0 (refer to Section 5.8.5 of the Universal Serial Bus Specification, Revision 2.0). A bulk pipe
halt condition includes a STALL handshake response to a transaction or exhaustion of the
host’s transaction retry policy due to transmission errors.

4.4.6.4 Bulk Streams

A standard USB Bulk Pipe represents the ability to move single stream of (FIFO) data
between the host and a device via a host memory buffer and a device endpoint. Enhanced
SuperSpeed streams provide protocol-level support for a multi-stream model and utilize the
“stream” pipe communications mode (refer to Section 5.3.2 of the Universal Serial Bus
Specification, Revision 2.0).

Streams are managed between the host and a device using the Stream Protocol. Each Stream
is assigned a Stream ID (SID).
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The Stream Protocol defines a handshake, which allows the device or host to establish the
Current Stream (CStream) ID associated with an endpoint. The host uses the CStream ID to
select the command or operation-specific Endpoint Buffer(s) that will be used for
subsequent data transfers on the pipe (see Figure 4-3). The device uses the CStream ID to
select the Function Data buffer(s) that will be used.

Figure 4-3. Enhanced SuperSpeed IN Stream Example
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The example in Figure 4-3 represents an IN Bulk pipe, where a large number of Streams have
been established. Associated with each Stream in host memory is one or more Endpoint
Buffers to receive the Stream data. In the device, there is a corresponding command or
operation-specific Function Data to be transmitted to the host.

When the device has data available for a specific Stream (G in this example), it issues an
ERDY tagged with the CStream ID, and the host will begin issuing IN ACK TP’s to the device
that is tagged with the CStream ID. The device will respond by returning DPs that contain
the Function Data associated with the CStream ID that is also tagged with the CStream ID.
When the host receives the data, it uses the CStream ID to select the set of Endpoint Buffers
that will receive the data.

When the Function Data is exhausted, the device terminates the Stream (refer to Section
8.12.1.4). The host is also allowed to terminate the Stream if it runs out of Endpoint Buffer
space.

Streams may be used, for example, to support out-of-order data transfers required for mass
storage device command queuing.

A standard bulk endpoint has a single set of Endpoint Buffers associated with it. Streams
extend the number of host buffers accessible by an endpoint from 1 to up to 65533. There is
a 1:1 mapping between a host buffer and a Stream ID.

Device Class defined methods are used for coordinating the Stream IDs that are used by the
host to select Endpoint Buffers and the device to select Function Data associated with a
particular Stream. Typically this is done via an out-of-band mechanism (e.g., another
endpoint) that is used to pass the list of valid Stream IDs between the host and the device.

The selection of the Current Stream may be initiated by the host or the device and, in either
case, the Stream Protocol provides a method for a selection to be rejected. For example, the
host may reject a Stream selection initiated by the device if it has no Endpoint Buffers
available for it. Or the device may reject a Stream selection initiated by the host if it has no
Function Data available for it. The Device Class defines when a stream may be selected by
the host or the device, and the actions that will be taken when a Stream is rejected (refer to
Section 8.12.1.4).

Copyright © 2017 USB 3.0 Promoter Group. All rights reserved.



Revision 1.0 -43 - Universal Serial Bus 3.2
September 22, 2017 Specification

A combination of vendor and Device Class defined algorithms determine how Streams are
scheduled by a device. The Stream protocol provides methods for starting, stopping, and
switching Streams (refer to Section 8.12.1.4).

Mechanisms defined by the Stream protocol allow the device or the host to flow control a
Stream. These mechanisms overlap with the standard bulk flow control mechanism.

The host also may start or stop a Stream. For instance, the host will stop a Stream if it runs
out of buffer space for the Stream. When the host controller informs the device of this
condition, the device may switch to another Stream or wait and continue the same Stream
when the host receives more buffers.

The Stream Protocol also provides a mechanism which allows the host to asynchronously
inform the device when Endpoint Buffers have been added to the pipe. This is useful in
cases in which the host must terminate a stream because it ran out of Endpoint Buffers;
however, the device still has more Function Data to transfer. Without this mechanism, the
device would have to periodically retry starting the Stream (impacting power management),
or a long latency out-of-band method would be required.

Since Streams are run over a standard bulk pipe, an error will halt the pipe, stopping all
stream activity. Removal of the halt condition is achieved via software intervention through
a separate control pipe as it is for a standard bulk pipe.

Finally, Streams significantly increase the functionality of a bulk endpoint, while having a
minimal impact on the additional hardware required to support the feature in hosts and
devices.

4.4.7 Interrupt Transfers

The purpose and characteristics of interrupt transfers are similar to those defined in USB
2.0 (see Section 5.7 of the Universal Serial Bus Specification, Revision 2.0). The Enhanced
SuperSpeed interrupt transfer types are intended to support devices that require a high
reliability method to communicate a small amount of data with a bounded service interval.
The Protocol Layer chapter of this specification describes the details of the packets, bus
transactions and transaction sequences used to accomplish Interrupt transfers. The
Enhanced SuperSpeed Interrupt transfer type nominally provides the following:

e Guaranteed maximum service interval

e Guaranteed retry of transfer attempts in the next service interval

Interrupt transfers are attempted each service interval for an interrupt endpoint.
Bandwidth is reserved to guarantee a transfer attempt each service interval. Once a transfer
is successful, another transfer attempt is not made until the next service interval. If the
endpoint responds with a not ready notification, or an acknowledgement indicating that it
cannot accept any more packets, the host will not attempt another transfer to that endpoint
until it receives a ready notification. The host must then service the endpoint within the
larger of (a) twice the service interval, and (b) the device’s last reported BELT, after receipt
of the ready notification. The requested service interval for the endpoint is described in its
endpoint descriptor.

The Enhanced SuperSpeed architecture retains the following characteristics of interrupt
pipes:
e No data content structure is imposed on communication flow for interrupt pipes

e An interrupt pipe is a stream pipe and, therefore, is always unidirectional
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4.4.7.1 Interrupt Transfer Packet Size

An endpoint for interrupt transfers specifies the maximum data packet payload size that it
can accept from or transmit on the SuperSpeed bus. The only allowable maximum data
payload size for interrupt endpoints is 1024 bytes for interrupt endpoints that support a
burst size greater than one and can be any size from 1 to 1024 for an interrupt endpoint
with a burst size equal to one. The maximum allowable burst size for interrupt endpoints is
three. All Enhanced SuperSpeed interrupt endpoints shall support sequence values in the
range [0-31].

Enhanced SuperSpeed interrupt endpoints are only intended for moving small amounts of
data with a bounded service interval. The Enhanced SuperSpeed protocol does not require
the interrupt transactions to be maximum size.

A host is required to support Enhanced SuperSpeed interrupt endpoints. A host shall
support all allowed combinations of interrupt packet sizes and burst sizes. The host ensures
that no data payload of any data packet in a burst transaction shall be sent to the endpoint
that is larger than the endpoint’s maximum packet size. Also, the host shall not send more
data packets in a burst transaction than the endpoint’s maximum burst size.

An interrupt endpoint shall always transmit data payloads with data fields less than, or
equal to, the endpoint’s maximum packet size. If the interrupt transfer has more
information than will fit into the maximum packet size for the endpoint, all data payloads in
the burst transaction are required to be maximum packet size except for the last data
payload in the burst transaction, which may contain the remaining data. An interrupt
transfer may span multiple burst transactions.

An interrupt transfer is complete when the endpoint does one of the following:
e Has transferred exactly the amount of data expected
e Transfers a data packet with a payload less than the maximum packet size

e Responds with a STALL handshake

4.4.7.2 Interrupt Transfer Bandwidth Requirements

Periodic endpoints may be allocated up to 90% of the total available bandwidth on an
Enhanced SuperSpeed bus.

An endpoint for an interrupt pipe specifies its desired service interval bound via its
endpoint descriptor. An interrupt endpoint can specify a desired period 2 (bInterval-1) ¥ 125 s,
where binterval is in the range 1 up to (and including) 16. The USB System Software will
use this information during configuration to determine a period that can be sustained. The
period provided by the system may be shorter than that desired by the device up to the
shortest period defined by the Enhanced SuperSpeed architecture (125 ps which is also
referred to as a bus interval). Note that errors on the bus can prevent an interrupt
transaction from being successfully delivered over the bus and consequently exceed the
desired period.

An Enhanced SuperSpeed interrupt endpoint can move up to three maximum sized packets
(3 x 1024 bytes) per service interval. Interrupt transfers are moved over the USB by
accessing an interrupt endpoint every service interval. For interrupt endpoints, the host has
no way to determine whether the endpoint will source/sync data without accessing the
endpoint and requesting an interrupt transfer. If an interrupt IN endpoint has no interrupt
data to transmit, or an interrupt OUT endpoint has insufficient buffer to accept data when
accessed by the host, it responds with a flow control response.
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An endpoint should only provide interrupt data when it has interrupt data pending to avoid
having a software client erroneously notified of a transfer completion. A zero-length data
payload is a valid transfer and may be useful for some implementations. The host may
access an endpoint at any point during the service interval. The interrupt endpoint should
not assume a fixed spacing between transaction attempts. The interrupt endpoint can
assume only that it will receive a transaction attempt within the service interval bound.
Errors can prevent the successful exchange of data within the service interval bound and a
host is not required to retry the transaction in the same service interval and is only required
to retry the transaction in the next service interval.

4.4.7.3 Interrupt Transfer Data Sequences

Interrupt transactions use the standard burst sequence for reliable data delivery protocol
defined in Section 8.10.2. Interrupt endpoints are initialized to the initial transmit, or
receive, sequence number and burst size (refer to Section 8.12.4.1 and Section 8.12.4.2) by
an appropriate control transfer (SetConfiguration, Setinterface, ClearEndpointFeature). A
host sets the initial transmit or receive sequence number and burst size for interrupt pipes
after it has successfully completed the appropriate control transfer.

Halt conditions for a SuperSpeed interrupt pipe have the identical side effects as defined for
a USB 2.0 interrupt endpoint. Recovery from halt conditions are also identical to the USB
2.0, refer to Section 5.7.5 in the Universal Serial Bus Specification, Revision 2.0. An interrupt
pipe halt condition includes a STALL handshake response to a transaction, or exhaustion, of
the host’s transaction retry policy due to transmission errors.

4.4.8 Isochronous Transfers

The purpose of Enhanced SuperSpeed isochronous transfers is similar to those defined in
USB 2.0 (refer to Section 5.6 of the Universal Serial Bus Specification, Revision 2.0). As in USB
2.0, the Enhanced SuperSpeed isochronous transfer type is intended to support streams that
want to perform error tolerant, periodic transfers within a bounded service interval. The
Enhanced SuperSpeed bus does not transmit start of frames as on USB 2.0. Timing
information is transmitted to devices using Isochronous Timestamp Packets (ITPs). The
Protocol Layer chapter of this specification describes the details of the packets, bus
transactions, and transaction sequences used to accomplish isochronous transfers. It also
describes how the timing information is conveyed to devices. The Enhanced SuperSpeed
isochronous transfer type provides the following:

e Guaranteed bandwidth for transaction attempts on the Enhanced SuperSpeed bus
with bounded latency

e Guaranteed data rate through the pipe as long as data is provided to the pipe

Isochronous transactions are attempted each service interval for an isochronous endpoint.
Isochronous endpoints that are admitted on the Enhanced SuperSpeed bus are guaranteed
the bandwidth they require on the bus. The host can request data from the device, or send
data to the device, at any time during the service interval for a particular endpoint on that
device. The requested service interval for the endpoint is described in its endpoint
descriptor. The Enhanced SuperSpeed isochronous transfer type is designed to support a
source and sink that produce and consume data at the same average rate.

An Enhanced SuperSpeed isochronous pipe is a stream pipe and is always unidirectional.
The endpoint description identifies whether a given isochronous pipe’s communication flow
is into or out of the host. If a device requires bi-directional isochronous communication
flows, two isochronous pipes must be used, one in each direction.

Enhanced SuperSpeed power management may interfere with isochronous transfers
whenever an isochronous transfer needs to traverse a non-active link. The resultant delay
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could result in the data not arriving within the service interval. To overcome this, the
Enhanced SuperSpeed protocol defines a PING and PING_RESPONSE mechanism (refer to
Section 8.5.7). Before initiating an isochronous transfer the host shall send a PING packet to
the device. The device responds with a PING_RESPONSE packet that tells the host that all
the links in the path to the device are in the active state.

4.4.8.1 Isochronous Transfer Packet Size

An endpoint for isochronous transfers specifies the maximum data packet payload size that
the endpoint can accept from or transmit on SuperSpeed. The only allowable maximum data
payload size for isochronous endpoints is 1024 bytes for isochronous endpoints that
support a burst size greater than one and can be any size from 0 to 1024 for an isochronous
endpoint with a burst size equal to one. The maximum allowable burst size for isochronous
endpoints is 16. However an isochronous endpoint can request up to six burst transactions
in the same service interval.

The Enhanced SuperSpeed protocol does not require the isochronous data packets to be
maximum size. If an amount of data less than the maximum packet size is being transferred,
the data packet shall not be padded.

A host shall support Enhanced SuperSpeed isochronous endpoints for all allowed
combinations of isochronous packet sizes and burst sizes. The host shall ensure that no data
payload of any data packet in a burst transaction be sent to the endpoint that is larger than
the reported maximum packet size. Also, the host shall not send more data packets in a
burst transaction than the endpoint’s maximum burst size.

An isochronous endpoint shall always transmit data payloads with data fields less than, or
equal to, the endpoint’s maximum packet size. If the isochronous transfer has more
information than will fit into the maximum packet size for the endpoint, all data payloads in
the burst transaction are required to be maximum packet size except for the last data
payload in the burst transaction, which may contain the remaining data. An isochronous
transfer may span multiple burst transactions.

4.4.8.2 Isochronous Transfer Bandwidth Requirements

Periodic endpoints can be allocated up to 90% of the total available bandwidth on the
Enhanced SuperSpeed bus.

An endpoint for an isochronous pipe specifies its desired service interval bound via its
endpoint descriptor. An isochronous endpoint can specify a desired period 2 (bInterval-1) ¥
125 us, where binterval is in the range 1 to 16. The system software will use this
information during configuration to determine whether the endpoint can be added to the
host schedule. Note that errors on the bus can prevent an isochronous transaction from
being successfully delivered over the bus.

A SuperSpeed isochronous endpoint can move up to three burst transactions of up to 16
maximum sized packets (3 x 16 x 1024 bytes) per service interval. A SuperSpeedPlus
isochronous endpoint can move up to six burst transactions of up to 16 maximum sized
packets (6 x 16 x 1024 bytes) per service interval. Isochronous transfers are moved over
the USB by accessing an isochronous endpoint every service interval. The host will send
data to, or request data from, the endpoint every service interval. Note, if an endp oint has
no isochronous data to transmit when accessed by the host, it shall send a zero length packet
in response to the request for data.

The host may access an endpoint at any point during the appropriate service interval. The
isochronous endpoint should not assume a fixed spacing between transaction attempts. The
isochronous endpoint can assume only that it will receive a transaction attempt within the
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service interval bound. Errors may prevent the successful exchange of data within the
service interval bound; however, since the packets in an isochronous transaction are not
acknowledged, a host/device has no way of knowing which packets were not received
successfully and hence will not retry packets.

4.4.8.3 Isochronous Transfer Data Sequences

Isochronous endpoints always transmit data packets starting with sequence number zero in
each service interval. Each successive data packet transmitted in the same service interval
is sent with the next higher sequence number. The sequence number shall roll over from
thirty one to zero when transmitting the thirty second packet. Isochronous endpoints do not
support retries and cannot respond with flow control responses.

4.4.8.4 Special Considerations for Isochronous Transfers

For a general overview of isochronous data movements over USB, USB clock model, clock
synchronization, and the different types of USB-defined synchronization types and their
specific requirements, refer to the USB 2.0 Specification, Section 5.12. The following section
presents the information necessary to implement Enhanced SuperSpeed isochronous
endpoints that need an explicit feedback isochronous endpoint.

4.4.8.4.1 Explicit Feedback

An Enhanced SuperSpeed asynchronous isochronous sink endpoint must provide explicit
feedback to the host by indicating accurately what its desired data rate (Fy) is, relative to the
USB bus interval frequency. This allows the host to continuously adjust the number of
samples sent to the sink so that neither underflow, nor overflow, of the data buffer occurs.
Likewise, an Enhanced SuperSpeed adaptive source endpoint must receive explicit feedback
from the host so that it can accurately generate the number of samples required by the host.
Feedback endpoints can be specified as described in Section 9.6.6 for the bmAttributes field
of the endpoint descriptor.

To generate the desired data rate Fy, the device must measure its actual sampling rate Fs,
referenced to the USB notion of time, i.e., the USB bus interval frequency. This specification
requires the data rate Frto be resolved to better than one sample per second (1 Hz) in order
to allow a high-quality source rate to be created and to tolerate delays and errors in the
feedback loop. To achieve this accuracy, the measurement time Tmess must be at least 1
second. Therefore:

_nK
Tmeas =2
where Tmeas is now expressed in USB bus intervals and K213 for Enhanced SuperSpeed
devices (125 ps bus intervals). However, in most devices, the actual sampling rate F; is
derived from a master clock Fm through a binary divider. Therefore:

Fp = Fy % 2P

where P is a positive integer (including 0 if no higher-frequency master clock is available).
The measurement time Tmeas can now be decreased by measuring Fm instead of Fs and:

T, _Z 209

meas P
2

In this way, a new estimate for Frbecomes available every 2(X-P) bus intervals. P is
practically bound to be in the range [0,K] because there is no point in using a clock slower
than Fs (P=0), and no point in trying to update Fr more than once per bus interval (P=K). A
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sink can determine Frby counting cycles of the master clock Fn for a period of 2(XP) bus
intervals. The counter is read into Frand reset every 2(5K"P) bus intervals. As long as no clock
cycles are skipped, the count will be accurate over the long term.

Each bus interval, an adaptive source adds Frto any remaining fractional sample count from
the previous bus interval, sources the number of samples in the integer part of the sum, and
retains the fractional sample count for the next bus interval. The source can look at the
behavior of Frover many bus intervals to determine an even more accurate rate, if it needs
to.

Fris expressed in number of samples per bus interval. The Frvalue consists of an integer
part that represents the (integer) number of samples per bus interval and a fractional part
that represents the “fraction” of a sample that would be needed to match the sampling
frequency Fs to a resolution of 1 Hz or better. The fractional part requires at least K bits to
represent the “fraction” of a sample to a resolution of 1 Hz or better. The integer part must
have enough bits to represent the maximum number of samples that can ever occur in a
single bus interval. Assuming that the minimum sample size is one byte, then this number is
currently limited to 48*1024=49152 and 16 bits are needed.

For Enhanced SuperSpeed endpoints, the Frvalue shall be encoded in an unsigned 32.K
(K=13) format, encoded into eight bytes (for future extensibility). The value shall be aligned
into these eight bytes so that the binary point is located between the fourth and the fifth
byte so that it has a 32.32 format. Only the first K bits behind the binary point are required.
The lower 32-K bits may be optionally used to extend the precision of Fy, otherwise, they
shall be reported as zero.

An endpoint needs to implement only the number of bits that it effectively requires for its
maximum Fy.

The choice of P is endpoint-specific. Use the following guidelines when choosing P:
e P must be in the range [0,K].

e Larger values of P are preferred, because they reduce the size of the frame counter
and increase the rate at which Fris updated. More frequent updates result in a
tighter control of the source data rate, which reduces the buffer space required to
handle Frchanges.

e Pshould be less than K so that Fris averaged across at least two frames in order to
reduce SOF jitter effects.

e Pshould not be zero in order to keep the deviation in the number of samples sourced
to less than 1 in the event of a lost Frvalue.

Isochronous transfers are used to read Frfrom the feedback register. The desired reporting
rate for the feedback should be 2(%-P) bus intervals. Frwill be reported at most once per
update period. There is nothing to be gained by reporting the same Frvalue more than once
per update period. The endpoint may choose to report Fronly if the updated value has
changed from the previous Frvalue. If the value has not changed, the endpoint may report
the current Frvalue or a zero length data payload. It is strongly recommended that an
endpoint always report the current Frvalue any time it is polled.

It is possible that the source will deliver one too many or one too few samples over a long
period due to errors or accumulated inaccuracies in measuring Fr. The sink must have
sufficient buffer capability to accommodate this. When the sink recognizes this condition, it
should adjust the reported Frvalue to correct it. This may also be necessary to compensate
for relative clock drifts. The implementation of this correction process is endpoint-specific
and is not specified.
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4.4.9 Device Notifications

Device notifications are a standard method for a device to communicate asynchronous
device- and bus-level event information to the host. This feature does not map to the pipe
model defined for the standard transfer types. Device notifications are always initiated by a
device and the flow of data information is always device to host.

Device notifications are message-oriented data communications that have a specific data
format structure as defined in Section 8.5.6. Device notifications do not have any data
payload. Devices can send a device notification at any time.

4.4.10 Reliability

To ensure reliable operation, several layers of protection are used. This provides reliability
for both flow control and data end to end.

4.4.10.1 Physical Layer
The Enhanced SuperSpeed physical layer provides bit error rates less than 1 bit in 1012 bits.

4.4.10.2 Link Layer

The Enhanced SuperSpeed link layer has mechanisms that ensure a bit error rate less than 1
bit in 1020 bits for header packets. The link layer uses a number of techniques including
packet framing ordered sets, link level flow control and retries to ensure reliable end-to-end
delivery for header packets.

4.4.10.3 Protocol Layer

The Enhanced SuperSpeed protocol layer depends on a 32-bit CRC appended to the Data
Payload and a timeout coupled with retries to ensure that reliable data is provided to the
application.

4.4.11 Efficiency

Enhanced SuperSpeed communications efficiency is dependent on a number of factors,
including line encoding, packet structure and framing, link level flow control and protocol
overhead.

For links that operate at Gen 1x1 speed (5 Gbps and 8b/10b line encoding) the raw
throughput is 500 MB/sec. Accounting for flow control, packet framing and protocol
overheads reduces the effective bandwidth down to 450 MB /sec or less to be delivered to an
application. The effective bandwidth is doubled in Gen 1x2 operation.

For links that operate at Gen 2x1 speed (10 Gbps and 128b/132b line encoding) the raw
throughput is approximately 1.2 GB/sec. Accounting for flow control, packet framing, and
protocol overheads reduces the best case effective bandwidth down to approximately 1.1
GB/sec or less to be delivered to an application. Also, effective bandwidth of individual
endpoint flows can be affected by interaction with other simultaneously active endpoint
flows traversing through SuperSpeedPlus hub arbiters. The effective bandwidth is doubled
in Gen 2x2 operation.
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The electro-mechanical definition and requirements for USB connectors and
cables have been removed from this specification and are now located in

the USB 3.1 Legacy Cable and Connector specification.

This chapter summarizes the USB connectors and cables that are defined to deliver either a
subset or all of USB 3.2 functionality. These connectors and cables are defined in separate
USB specifications, most notably the USB Type-C™ Cable and Connector specification and the

USB 3.1 Legacy Cable and Connector specification.

Table 5-1. USB Connectors Applicability to USB 3.2

Receptacle

Plugs

Applicability

USB 3.1 Standard-A

USB 3.1 Standard-A

USB 3.1 Standard-B

USB 3.1 Standard-B

USB 3.1 Micro-B

USB 3.1 Micro-B

USB 3.1 Micro-AB

USB 3.1 Micro-B or
USB 3.1 Micro-A

Enhanced SuperSpeed Gen 1x1
Enhanced SuperSpeed Gen 2x1

USB 3.2 Type-C

USB 3.2 Type-C

Enhanced SuperSpeed Gen 1x1
Enhanced SuperSpeed Gen 1x2
Enhanced SuperSpeed Gen 2x1
Enhanced SuperSpeed Gen 2x2

Table 5-2 and Table 5-3 identify the defined standard USB cables and adapter assemblies
that have applicability to USB 3.2. Only the USB 3.1 Type-C to USB 3.1 Type-C cable

assembly is capable of offering dual-lane support.

Table 5-2. Standard USB Cables Applicability to USB 3.2

Plug #1

Plug #2

Applicability

USB 3.1 Standard-A

USB 3.1 Standard-B

USB 3.1 Standard-A

USB 3.1 Micro-B

USB 3.1 Standard-A

USB 3.1 Standard-A

USB 3.1 Standard-A

USB 3.1 Type-C

USB 3.1 Micro-A

USB 3.1 Standard-B

USB 3.1 Micro-A

USB 3.1 Micro-B

USB 3.1 Type-C

USB 3.1 Standard-B

USB 3.1 Type-C

USB 3.1 Micro-B

Enhanced SuperSpeed Gen 1x1
Enhanced SuperSpeed Gen 2x1

USB 3.2 Type-C

USB 3.2 Type-C

Enhanced SuperSpeed Gen 1x1
Enhanced SuperSpeed Gen 1x2
Enhanced SuperSpeed Gen 2x1
Enhanced SuperSpeed Gen 2x2

Table 5-3. Standard USB Adapter Assemblies Applicability to USB 3.2

Plug

Receptacle

Applicability

USB 3.1 Type-C

USB 3.1 Standard-A

Enhanced SuperSpeed Gen 1x1
Enhanced SuperSpeed Gen 2x1
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6 Physical Layer

Figure 6-1. SuperSpeed Physical Layer
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6.1 Physical Layer Overview

The physical layer defines the signaling technology for the SuperSpeed and SuperSpeedPlus
busses. This chapter defines the electrical requirements of the SuperSpeed and
SuperSpeedPlus physical layers.

This section defines the electrical-layer parameters required for operation of SuperSpeed
and SuperSpeedPlus components. Normative specifications are required. Informative
specifications may assist product designers and testers in understanding the intended
behavior of the SuperSpeed and SuperSpeedPlus busses.

6.2 Physical Layer Functions

The functions of the physical layer are shown in Figure 6-2, Figure 6-3, Figure 6-4, and
Figure 6-5.
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Figure 6-2. Transmitter Block Diagram
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Figure 6-3. Gen 1 Receiver Block Diagram
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Figure 6-4. Gen 2 Receiver Block Diagram
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Figure 6-5. Channel Models
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6.2.1 Measurement Overview

The normative eye diagram is to be measured through compliance channels that represent
long and short channels in order to cover the range of losses seen by real applications.
These reference channels for testing at Gen 1 speed are described in the USB 3.0 SuperSpeed
Equalizer Design Guidelines white paper. Reference channels for testing Gen 2 speed are
described in a companion white paper posted on the USB-IF website. The eye diagram is
measured using the appropriate clock recovery function described in Section 6.5.2.

Due to non-ideal channel characteristics, the eye diagram at the receiver may be completely
closed. Informative receiver equalization functions are provided in Section 6.8.2 that are
optimized for the compliance channels and are used to open the receiver eyes.

This methodology allows a silicon vendor to design the channel and the component as a
matched pair. Itis expected that a silicon component will have layout guidelines that must
be followed in order for the component to meet the overall specification and the eye
diagram at the end of the compliance channel.

Test points for Enhanced SuperSpeed systems are defined in Table 6-1 and Figure 6-6. The
TP2 mid-point is defined to be after the mated connector on the plug side with the plug test
board with the traces de-embedded. The TP3 mid-point is defined to be after the mated
connector on the receptacle side with the USB Type-C cable test fixture.
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Table 6-1. Electrical Test Points

Test Point Description
TP1 Transmitter silicon pad
TP2 Transmitter port connector mid-point
TP3 Receiver port connector mid-point
TP4 Receiver silicon pad
TP1Ro, TP3Ro Re-timer transmitter silicon pad
TP1Ri, TP3Ri Re-timer receiver silicon pad

Figure 6-6. Electrical Test Points
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Note that simultaneous USB 2.0 and SuperSpeed Gen 1 or Gen 2 operation is required for
downstream facing ports and for upstream facing ports on Hubs.
6.2.2 Channel Overview

A PHY is a transmitter and receiver that operate together and are located on the same
component. A channel connects two PHYs together with two unidirectional differential pairs
of pins for a total of four wires. The PHYs are required to be AC coupled. The AC coupling
capacitors are associated with the transmitter.

6.3 Symbol Encoding

6.3.1 Gen 1 Encoding

The Gen 1 PHY uses the 8b/10b transmission code. The definition of this transmission code
is identical to that specified in ANSI X3.230-1994 (also referred to as ANSI INCITS 230-
1994), clause 11. As shown in Figure 6-7, ABCDE maps to abcdei and FGH maps to fghj.
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Figure 6-7. Character to Symbol Mapping
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6.3.1.1 Serialization and Deserialization of Data

“w: n

The bits of a Symbol are placed starting with bit “a” and ending with bit “j.” This is shown in
Figure 6-8.

Figure 6-8. Bit Transmission Order
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6.3.1.2 Normative 8b/10b Decode Rules for Gen 1 Operation

1. A Transmitter is permitted to pick any disparity when first transmitting differential
data after being in an Electrical Idle state. The Transmitter shall then follow proper
8b/10b encoding rules until the next Electrical Idle state is entered.

2. The initial disparity for a Receiver is the disparity of the first Symbol used to obtain
Symbol lock.

3. Disparity may also be-reinitialized if Symbol lock is lost and regained during the
transmission of differential information due to a burst error event.
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4. All following received Symbols after the initial disparity is set shall be in the proper
column corresponding to the current running disparity.

5. Receive disparity errors do not directly cause the link to retrain.

6. If a disparity error or 8b/10 Decode error is detected, the physical layer shall inform
the link layer.

6.3.1.3 Gen 1 Data Scrambling

The scrambling function is implemented using a free running Linear Feedback Shift Register
(LFSR). On the Transmit side, scrambling is applied to characters prior to the 8b/10b
encoding. On the receive side, descrambling is applied to characters after 8b/10b decoding.
The LFSR is reset whenever a COM symbol is sent or received.

The LFSR is graphically represented in Figure 6-9. Scrambling or unscrambling is performed
by serially XORing the 8-bit (D0-D7) character with the 16-bit (D0-D15) output of the LFSR.
An output of the LFSR, D15, is XORed with DO of the data to be processed. The LFSR and
data register are then serially advanced and the output processing is repeated for D1
through D7. The LFSR is advanced after the data is XORed.

The mechanism to notify the physical layer to disable scrambling is implementation specific
and beyond the scope of this specification.
The data scrambling rules are as follows:

1. The LFSR implements the polynomial: = G(X)=X16+X5+X4+X3+1

2. The LFSR value shall be advanced eight serial shifts for each Symbol except for SKP.

3. All 8b/10b D-codes, except those within the Training Sequence Ordered Sets shall be
scrambled.

4. K codes shall not be scrambled.

The initialized value of an LFSR seed (D0-D15) shall be FFFFh. After COM leaves the
Transmitter LFSR, the LFSR on the transmit side shall be initialized. Every time COM
enters the Receive LFSR, the LFSR on the receive side shall be initialized. This also
applies to the BRST sequence during loopback mode (see section 6.8.4.1).

Figure 6-9. LFSR with Scrambling Polynomial
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For Gen 1x2 operation, both lanes use the LFSR in Figure 6-9. Details of scrambling for
Gen 1x2 mode are contained in Section 6.13.5.
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Q@ IMPLEMENTATION NOTE
Disabling Scrambling

Disabling scrambling is intended to help simplify test and debug equipment. Control of the
exact data patterns is useful in a test and debug environment. Since scrambling is reset at the
physical layer, there is no reasonable way to reliably control the state of the data transitions
through software. The Disable Scrambling bit is provided in the training sequence for this
purpose.

The mechanism(s) and/or interface(s) used to notify the physical layer to disable scrambling is
component implementation specific and beyond the scope of this specification.

For more information on scrambling, refer to Appendix B.

6.3.1.4 8b/10b Decode Errors for Gen 1 Operation

An 8b/10b Decode error shall occur when a received Symbol does not match any of the valid
8b/10b Symbols listed in Appendix A. Any received 8b/10b Symbol that does not match any
of the valid 8b/10b Symbols listed in Appendix A shall be forwarded to the link layer by
substituting a K28.4 symbol (refer to Table 6-2). 8b/10b errors may not directly initiate
Recovery.

6.3.2 Gen 2 Encoding

A Gen 2 link, operating at 10 Gbps, shall use the encoding rules described in this subsection.
The encoding is a scrambled 128b/132b encoding.

6.3.2.1 Serialization and Deserialization of Data

Data is serialized and transmitted from LSB to MSB as shown below. For Gen 2 operation a
Symbol is defined to be 1 byte of information that may or may not be scrambled according to
the scrambling rules.

Figure 6-10. Gen 2 Serialization and Deserialization Order
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Figure 6-11. Gen 2 Bit Transmission Order and Framing
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6.3.2.2 Normative 128b/132b Decode Rules

The physical layer shall encode the data on a per block basis. Each block, except for the SKP
Ordered Set control block, shall comprise a 4-bit Block Header and a 128-bit payload. The
SKP Ordered Set control block shall be comprised of a 4-bit Block Header and a 192-bit
payload. The 4-bit header is set to 0011b for data and 1100b for control blocks. This header
format allows for the correction of single bit errors in the header information.

Ordered sets are control blocks, and all data is sent in data blocks. The following is a list of
the control blocks.

e TS1 Ordered Set

e TS2 Ordered Set

e TSEQ Ordered Set

e SYNC Ordered Set

e SKP Ordered Set

e SDS Ordered Set

6.3.2.3 Data Scrambling for Gen 2 Operation
The scrambler used for Gen 2 operation is different than the scrambler used for Gen 1
operation. The LFSR uses the following polynomial: G(X) = X23 + X21 + X16 + X8 + X5 + X2 + 1.
The scrambler has the following modes of operation:

1. The scrambler advances and is XORed with the data.

2. The scrambler advances and is bypassed (not XORed with the data).

3. The scrambler does not advance and is bypassed (not XORed with the data).

The scrambling rules are as follows:
1. The 4 bits of the Block Header bypass and do not advance the scrambler.
2. TS1, TS2 and TSEQ:

a. Symbol 0 of a TS1, TS2, or TSEQ Ordered Set bypass and advances the
scrambler.

b. Symbols 1 to 13 are scrambled.
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10.

c. Symbols 14 and 15 bypass the scrambler and the scrambler advances if being
used for DC balance. If they are not being used for DC balance then they are
scrambled.

SKP Ordered Sets bypass and do not advance the scrambler.
SDS Ordered Sets bypass the scrambler, but the scrambler advances.

All symbols of a SYNC Ordered Set bypass the scrambler. The scrambling LFSR is
initialized after the last Symbol of a SYNC Ordered Set is transmitted. The
descrambling LFSR is initialized after the last Symbol of a SYNC Ordered Set is
received.

Receivers evaluate Symbol 0 of Control Blocks to determine whether to advance
their LFSR. If Symbol 0 of the Block is SKP or SKPEND then the LFSR is not advanced
for any Symbol of that Block. Otherwise, the LFSR is advanced for all Symbols of the
Block.

All 16 Symbols of a Data Block are scrambled and advance the scrambler.

For Symbols that need to be scrambled the least significant bit is scrambled first and
the most significant bit is scrambled last.

The seed value for the LFSR is 1D BFBCh.

Every 16384 TSEQ sets a SYNC Ordered Set shall be inserted to reset scrambler and
to aid in block alignment.

Copyright © 2017 USB 3.0 Promoter Group. All rights reserved.



Universal Serial Bus 3.2

-62 -

Revision 1.0

Specification

September 22, 2017

Figure 6-12. LFSR for use in Gen 2 operation
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For Gen 2x2 operation, both lanes use the LFSR in Figure 6-12. Details of scrambling for
Gen 2x2 mode are contained in Section 6.13.5.

6.3.2.4 128b/132b Decode Errors
The Block Header decode error rules are as follows:

1. Single bit errors in the Block Header shall be reported to the link layer and
corrected.

2. Double bit errors in the Block Header shall be reported to the link layer.

6.3.3 Special Symbols for Framing and Link Management

The 8b/10b encoding scheme provides Special Symbols that are distinct from the Data
Symbols used to represent characters. These Special Symbols are used for various Link
Management mechanisms described later. Table 6-2 lists the Special Symbols used and
provides a brief description for each. Special Symbols shall follow the proper 8b/10b
disparity rules. The compliance tests are defined in the USB SuperSpeed Compliance
Methodology white paper. For Gen 2 operation the block header identifies whether the
following 16 symbols have special meaning or if they represent data. In Gen 2 operation a
receiver shall always perform single bit error correction on the special symbols when they
are part of a control block. For Gen 1 and Gen 2 the following special symbols are defined.

Table 6-2. Special Symbols

Symbol Name Gen 1 Gen 2 Description
Symbol Symbol
SKP Skip K28.1 CCh Compensates for different bit rates between two

communicating ports. SKPs may be dynamically
inserted or removed from the data stream. For
Gen 2 operation, unscrambled.

SKPEND Skip End Not 33h Marks the boundary between SKP symbols and the

applicable remainder of the SKP 0S. Unscrambled.

SDP Start Data K28.2 96h Marks the start of a Data Packet Payload. For Gen 2

Packet operation, scrambled and transmitted only in data
block.

EDB End Bad K28.3 69h Marks the end of a nullified Packet. For Gen 2
operation, scrambled and transmitted only in data
block.

SUB Decode Error K28.4 Not Symbol substituted by the 8b/10b decoder when a

Substitution applicable Decode error is detected.
COM Comma K28.5 Not Used for symbol alignment.
applicable
---------- K28.6 Not Reserved
applicable
SHP Start Header K27.7 9Ah Marks the start of a Data Packet (Gen 1 operation
Packet only), Transaction Packet or Link Management

Packet. For Gen 2 operation, scrambled and
transmitted only in data block.

DPHP Start Data Not 95h Marks the start of a Data Packet (Gen 2 only).
Packet Header | applicable Scrambled and transmitted only in data block.
END End K29.7 65h Marks the end of a packet. For Gen 2 operation,
scrambled and transmitted only in data block.
SLC Start Link K30.7 4Bh Marks the start of a Link Command. For Gen 2
Command operation, scrambled and transmitted only in data
block.
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Symbol Name Gen 1 Gen 2 Description
Symbol Symbol
EPF End Packet K23.7 36h Marks the end of a packet framing. For Gen 2
Framing operation, scrambled and transmitted only in data
block.
SDS Start of Data Not E1lh Marks the start of an SDS Ordered Set.
Stream applicable Unscrambled.
6.4 Link Initialization and Training

6.4.1 Link Training
6.4.1.1 Gen 1 Operation

This section defines the sequences that are used for configuration and initialization. The
sequences are used by the Initialization State Machine (refer to Chapter 7) for the following
functions:

e Configuring and initializing the link
e Bit-lock and symbol lock
e Rx equalization training

e Lane polarity inversion

Training sequences are composed of Ordered Sets used for initializing bit alignment, Symbol
alignment and optimizing the equalization. Training sequence Ordered Sets are never
scrambled but are always 8b/10b encoded.

Bit lock refers to the ability of the Clock/Data Recovery (CDR) circuit to extract the phase
and frequency information from the incoming data stream. Bit lock is accomplished by
sending a sufficiently long sequence of bits (D10.2 symbol containing alternating 0s and 1s)
so the CDR roughly centers the clock within the bit.

Once the CDR is properly recovering data bits, the next step is to locate the start and end of
a 10-bit symbol. For this purpose, the special K-Code called COMMA is selected from the
8b/10b codes. The bit pattern of the COMMA code is unique, so that it is never found in
other data patterns, including any combination of a D-Code appended to any other D-Code or
appended to any K-Code. This applies to any polarity of code. The only exception is for
various bit patterns that include a bit error.

Training sequences (TS1 or TS2) are transmitted consecutively and can only be interrupted
by SKP Ordered Sets occurring between Ordered Sets (between consecutive TS1 sets,
consecutive TS2 sets, or when TS1 is followed by TS2).
6.4.1.1.1 Normative Training Sequence Rules for Gen 1 Operation
Training sequences are composed of Ordered Sets used for initializing bit alignment, symbol
alignment, and receiver equalization.
The following rules apply to the training sequences:

e Training sequence Ordered Sets shall be 8b/10b encoded.

e Transmission of a TS1 or TS2 Ordered Set shall not be interrupted by SKP Ordered
Sets. SKP Ordered Sets shall be inserted before, or after, completion of any TS1 or
TS2 Ordered Set.
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e No SKP Ordered Sets are to be transmitted during the entire TSEQ time (65,536
ordered sets). This means that the PHY must manage its elasticity buffer differently
than during normal operation.

Additional rules for the use of TSEQ, TS1, and TS2 Ordered Sets can be found in Chapter 7.

6.4.1.1.2

Training Control Bits for Gen 1 Operation

The training control bits are found in the Link Functionality symbol within the TS1 and TS2

ordered sets. These bits are described in Table 6-6.

Bit 0 and bit 2 of the link configuration field shall not be set to 1 simultaneously. If a
receiver detects this condition in the received Link configuration field, then all of the
training control bits shall be ignored.

6.4.1.1.3

Training Sequence Values for Gen 1 Operation

The TSEQ training sequence repeats 65,536 times to allow for testing many coefficient

settings.

Table 6-3. Gen 1 TSEQ Ordered Set

Symbol Number

Name

Value

0 K28.5 COM (Comma)
1 D31.7 FFh
2 D23.0 17h
3 D0.6 COh
4 D20.0 14h
5 D18.5 B2h
6 D7.7 E7h
7 D2.0 02h
8 D2.4 82h
9 D18.3 72h
10 D14.3 6Eh
11 D8.1 28h
12 D6.5 A6h
13 D30.5 BEh
14 D13.3 6Dh
15 D31.5 BFh
16-31 D10.2 4Ah
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Symbol Number

Encoded Values

Description

0-3 K28.5 COM (Comma)

4 D0.0 Reserved for future use
5 See Table 6-6 Link Functionality

6-15 D10.2 TS1 Identifier

Table 6-5. Gen 1 TS2 Ordered Set

Symbol Number | Encoded Values Description
0-3 K28.5 COM (Comma)

4 DO0.0 Reserved

5 See Table 6-6 Link Functionality
6-15 D5.2 TS2 Identifier

Table 6-6. Gen 1/Gen 2 Link Configuration

Field TS1 and TS2 Symbol 5 Description
Bit 0 0 = Normal Training Reset is set by the Host only in order to reset
1 = Reset the device.
Bit 1 Setto 0 Reserved for future use.
Bit 2 0 = Loopback de-asserted When set, the receiving component enters
1 = Loopback asserted digital loopback. Upon assertion of bit 2 a re-
timer shall be placed in pass through loopback
mode.
Bit 3 0 = Disable Scrambling de-asserted When set, the receiving component disables
1 = Disable Scrambling asserted scrambling.
When this is asserted during Gen 2 operation
the training Ordered Sets are still scrambled
and the disabling of scrambling begins with the
first Data Block after the SDS.
Bit 4 0 = Local loopback in repeater de- When set, the nearest repeater in the link is
asserted placed into local loopback mode.
1 = Local loopback in repeater asserted
Bit 5 0 = Bit-level re-timer Tx compliance mode | When set, a bit-level re-timer is placed into
de-asserted transmit compliance mode defined in Appendix
1 = Bit-level re-timer Tx compliance mode E. All other components (hosts, devices, dual
asserted role devices, non-bit-level re-timers) ignore this
bit.
Bit 6:7 Setto 0 Reserved for future use.

Note: During dual-lane operation, any configurations selected in the link configuration field

apply to all negotiated lanes.
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6.4.1.2 Gen 2 Operation

This section defines the sequences that are used for configuration and initialization of a link
operating at Gen 2 rates. The sequences are used by the Initialization State Machine (refer
to Chapter 7) for the following functions:

e Configuring and initializing the link
e Bit-lock and symbol lock

e Rx equalization training

e Lane polarity inversion

e Block alignment

Training sequences are composed of Ordered Sets used for initializing bit alignment, Symbol
alignment, block alignment and optimizing the equalization.

Bit lock refers to the ability of the Clock/Data Recovery (CDR) circuit to extract the phase
and frequency information from the incoming data stream. Bit lock is accomplished by
sending a pattern sufficiently rich in transitions so that the CDR roughly centers the clock
within the bit.

6.4.1.2.1 Normative Training Sequence Rules for Gen 2 Operation

Training sequences are composed of Ordered Sets used for initializing bit alignment, symbol
alignment, block alignment, scrambler synchronization and receiver equalization.

The following rules apply to the training sequences:

1. Training sequence Ordered Sets shall comprise 16 Symbols and be 128b/132b
encoded.

2. Transmission of a TSEQ, TS1 or TS2 Ordered Set can only be interrupted by a SKP
Ordered Set or a SYNC Ordered Set.

3. A SYNC Ordered Set shall be transmitted every 16384 TSEQ sets during a Gen 2
training session.

4. A SYNC Ordered Set shall be transmitted every 32 ordered sets in Gen 2 operation
when sending TS1 or TS2 ordered sets (during Recovery, Polling.Active,
Recovery.Configuration, Hot Reset and Polling.Config).

6.4.1.2.2 Training Sequence Values for Gen 2 Operation

The TSEQ training sequence is transmitted 524,288 times to allow for testing many
coefficient settings.

Transmitters are required to track the running DC Balance of the bits transmitted on the
wire (after scrambling) for TSEQ, TS1 and TS2 Ordered Sets. The running DC Balance is the
difference between the number of 1s transmitted and the number of 0s transmitted.

The PHY shall be capable of tracking a difference of at least 511 bits in either direction: 511
more 1s than 0s, and 511 more Os than 1s. Any counters used shall saturate at their limit
(not roll-over) and continue to track reductions after their limit is reached. For example, a
counter that can track a difference of 511 bits will saturate at 511 if a difference of 513 is
detected, and then change to 509 if the difference is reduced by 2 in the future.

The running DC Balance is set to 0 at the start of Gen 2 data block transmission.
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For every TSEQ, TS1 or TS2 Ordered Set transmitted, Transmitters shall evaluate the
running DC Balance and transmit one of the DC Balance Symbols defined for Symbols 14 and
15 as defined by the algorithm below. If the number of 1s needs to be reduced, the DC
Balance Symbols 20h (for Symbol 14) and 08h (for Symbol 15) are transmitted. If the
number of 0s needs to be reduced, the DC Balance Symbols DFh (for Symbol 14) and F7h (for
Symbol 15) are transmitted. If no change is required, the appropriate TS Identifier Symbol
is transmitted. Any DC Balance Symbols transmitted for Symbols 14 or 15 bypass
scrambling, while TS Identifier Symbols follow the standard scrambling rules. The following
algorithm shall be used to control the DC Balance:

1. If the running DC Balance is > 31 at the end of Symbol 11 of the TS Ordered Set,
transmit DFh for Symbol 14 and F7h for Symbol 15 to reduce the number of Os, or
20h for Symbol 14 and 08h for Symbol 15 to reduce the number of 1s.

2. Else, if the running DC Balance is > 15 at the end of Symbol 11 of the TS Ordered Set,
transmit F7h for Symbol 15 to reduce the number of 0s, or 08h for Symbol 15 to
reduce the number of 1s. Transmit the normal TS Identifier Symbol (scrambled) for

Symbol 14.

3. Else, transmit the normal TS Identifier Symbol (scrambled) for Symbols 14 and 15.

Receivers may check Symbols 14 and 15 for the following values when determining whether
a TS Ordered Set is valid: The appropriate TS Identifier Symbol after de-scrambling, or a
valid DC Balance Symbol of DFh or 20h before de-scrambling for Symbol 14, or a valid DC
Balance Symbol of F7h or 08h before de-scrambling for Symbol 15.

A new ordered set required for Gen 2 operation is the Start of Data Stream (SDS) Ordered
set. This is only defined for Gen 2 operation and does not have a Gen 1 counterpart. It shall
be transmitted during Polling.Idle, Recovery.ldle, and Hot Reset.Exit to define the transition
from Ordered Set Blocks to a Data Stream. It shall not be transmitted at any other time.
While not in the Loopback state, the Block following an SDS Ordered Set shall be a Data
Block and the first Symbol of that Data Block is the first Symbol of the Data Stream.

Table 6-7. Gen 2 TS1 Ordered Set

Symbol Number

Symbol

Description

0-3 1Eh TS1 Identifier

4 00h Reserved for future use

5 See Table 6-6 Link Functionality

6-13 1Eh TS1 Identifier

14-15 TS1 Identifier (1Eh) or a DC Balance Symbol TS1 Identifier or DC balance

Table 6-8. Gen 2 TS2 Ordered Set

Symbol Number

Symbol

Description

0-3 2Dh TS2 Identifier

4 00h Reserved for future use

5 See Table 6-6 Link Functionality

6-13 2Dh TS2 Identifier

14-15 TS2 Identifier (2Dh) or a DC Balance Symbol TS2 Identifier or DC balance
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Table 6-9. Gen 2 TSEQ Ordered Set

Symbol Number Symbol Description

0-3 87h TSEQ Identifier

4-5 00h Reserved for future use

6-13 87h TSEQ Identifier

14-15 TSEQ Identifier (87h) or a DC Balance Symbol TSEQ Identifier or DC balance

Table 6-10. Gen 2 SYNC Ordered Set

Symbol Number Symbol Description

0,2,4,6,8,10,12,14 00h Symbol 0 SYNC identifier

1,3,5,7,9,11,13,15 FFh

Table 6-11. SDS Ordered Set

Symbol Number Symbol Description
0 through 3 E1lh SDS Ordered Set Identifier
4 through 15 55h Body of SDS Ordered Set
6.4.1.2.3 Training Control Bits for Gen 2 Operation

The training control bits are found in the Link Functionality symbol within the TS1 and TS2
ordered sets. They are described in Table 6-6.

Bit 0 and bit 2 of the link configuration field shall not be set to 1 simultaneously. Ifa
receiver detects this condition in the received Link configuration field, then all of the
training control bits shall be ignored.

6.4.1.2.4 Informative Block Alignment for Gen 2 Operation

During Link training, the 132 bits of the SYNC block are a unique bit pattern that Receivers
use to determine the location of the Block Headers in the received bit stream. Conceptually,
Receivers can be in three different phases of Block alignment: Unaligned, Aligned, and
Locked. These phases are defined to illustrate the required behavior, but are not meant to
specify a required implementation.

Unaligned Phase: Receivers enter this phase when they exit a low-power Link state, or if
directed. In this phase, Receivers monitor the received bit stream for the SYNC 0S. When
one is detected, they adjust their alignment to it and proceed to the Aligned phase.

Aligned Phase: During this phase, receivers monitor the received bit stream for SYNC
Ordered Sets. If a SYNC OS is detected with an alignment that does not match the current
alignment, Receivers shall adjust its alignment to the newly received SYNC OS. Once an SDS
0S is received, Receivers proceed to the Locked phase. Receivers are permitted to return to
the Unaligned phase if an undefined Block Header is received. Receivers shall adjust the
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alignment in this phase as needed when receiving SKP ordered sets of lengths other than 16
symbols.

Locked Phase: Receivers shall not adjust their Block alignment while in this phase. Data
Blocks are expected to be received with the given alignment, and adjusting the Block
alignment would interfere with the processing of these Blocks. Receivers shall return to the
Unaligned or Aligned phase if an undefined Block Header is received. Receivers shall adjust
the alignment in this phase as needed when receiving SKP ordered sets of lengths other than
16 symbols.

Upon entering U1 a transmitter may send out non-intended data before powering down.
These bits have no meaning and may arise due to a block boundary ending in the middle of a
transmitter’s internal parallel data path.

6.4.2 Lane Polarity Inversion
6.4.2.1 Gen 1 Operation

During the TSEQ training sequence, the Receiver shall use the D10.2 Symbol within the TSEQ
Ordered Set to determine lane polarity inversion (Rxp and Rxn are swapped). If polarity
inversion has occurred, the D10.2 symbols within the TSEQ ordered set will be received as
D21.5 instead of D10.2 and the receiver shall invert the polarity of the received bits. This
shall be done before the TSEQ symbols 1-15 are used since these symbols are not all
symmetric under inversion in the 8b/10b domain. If the receiver does not use the TSEQ
training sequence then the polarity inversion may be checked against the D10.2 symbol in
the TS1 ordered set.

6.4.2.2 Gen 2 Operation

During reception of SYNC ordered sets the symbols of the SYNC Ordered Set shall be used to
determine whether a polarity inversion has occurred. If the SYNC identifier (and symbols 2,
4,6,8,10,12, and 14) are received as FFh instead of 00h then a polarity inversion has
occurred and the receiver shall invert the polarity of the received bits.

6.4.3 Elasticity Buffer and SKP Ordered Set

The Enhanced SuperSpeed architecture supports a separate reference clock source on each
side of the Enhanced SuperSpeed link. The accuracy of each reference clock is required to be
within # 300 ppm. This gives a maximum frequency difference between the two devices of
the link of + 600 ppm. In addition, SSC creates a frequency delta that has a maximum
difference of 5000 ppm. The total magnitude of the frequency delta can range from -5300 to
+300 ppm (-5300 to -1700 in “radio friendly” clock mode - see Table 6-17 and Table 6-18
for specific requirements). This frequency delta is managed by an elasticity buffer that
consumes or inserts SKP ordered sets.

SKP Ordered Sets shall be used to compensate for frequency differences between the two
ends of the link.

For Gen 1 operation, the transmitter sends SKP ordered sets at an average of every 354
symbols. However, SKP ordered sets shall not be inserted within any packet. The
transmitter is allowed to buffer the SKP ordered sets up to a maximum of four SKP ordered
sets. For Gen 1 operation the receiver shall implement an elasticity buffer capable of
buffering (or starving) eight symbols of data.

For Gen 2 operation, the average interval between transmitted SKP Ordered Sets is 40
blocks. However, SKP Ordered Sets shall not be inserted within any packet. Consequently,
the transmitter is allowed to buffer up to three SKP Ordered Sets. For Gen 2 operation the
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receiver shall implement an elasticity buffer capable of buffering (or starving) eleven
symbols of data.

Specific rules for x2 operation (Gen 1 or Gen 2) is described in Section 6.13.6.

6.4.3.1 SKP Rules (Host/Device/Hub) for Gen 1x1 Operation

e The SKP Ordered Set shall consist of a SKP K-Symbol followed by a SKP K-Symbol. A
SKP Ordered Set represents two Symbols that can be used for clock compensation.

e Adevice shall keep a running count of the number of transmitted symbols since the
last SKP Ordered set. The value of this count will be referred to as Y. The value of Y
is reset whenever the transmitter enters Polling.Active.

e Unless otherwise specified, a transmitter shall insert the integer result of Y/354
calculation Ordered sets immediately after each transmitted TS1, TS2 Ordered Set,
LMP, TP Data Packet Payload, or Logical idle. During training only, a transmitter is
allowed the option of waiting to insert 2 SKP ordered sets when the integer result of
Y/354 reaches 2. A transmitter shall not transmit SKP Ordered Sets at any other
time.

e Note: The non-integer remainder of the Y/354 SKP calculation shall not be
discarded and shall be used in the calculation to schedule the next SKP Ordered Set.

e SKP Commands do not count as interruptions when monitoring for Ordered Sets (i.e.,
consecutive TS1, TS2 Ordered Sets in Polling and Recovery).

Table 6-12. Gen 1 SKP Ordered Set Structure

Symbol Number | Encoded Values | Description

0 K28.1 SKP

1 K28.1 SKP

6.4.3.2 SKP Rules (Host/Device/Hub) for Gen 1x2 Operation

e In Gen 1x2 operation, the transmitter shall insert the integer result of Y/354
multiplied by the number of re-timers detected during re-timer presence
announcement as specific in Section E.3.4.2.1.

e Note: The non-integer remainder of the Y/354 SKP calculation shall not be
discarded and shall be used in the calculation to schedule the next SKP Ordered Set

6.4.3.3 SKP Rules (Host/Device/Hub) for Gen 2 Operation

Table 6-13 describes the layout of the SKP Ordered Set for Gen 2 operation. A transmitted
SKP Ordered Set is 24 symbols. The granularity for which SKP Symbols can be added or
removed is four SKP symbols. Upon receiving a SKP ordered set, a re-timer shall perform
one and only one of the following adjustments: add four SKPs, remove four SKPs, or make no
adjustment. Thus, a received SKP OS can have anywhere from 4 to 36 SKP symbols with the
number of SKP symbols being a multiple of four. Note that in loopback mode, a loopback
master may receive a SKP block that has the number of SKP symbols from 0 to 56. This is to
assume that there are four re-timers between the loopback master and the loopback slave.
There exists a possibility that all re-timers in the forward path from the loopback master to
the loopback slave may all remove the maximum number of SKP symbols allowed on the first
SKP block, leaving with no SKPs, but only SKPEND and the LFSR seeds. There also exists a
theoretical possibility that all re-timers in the forward and return path, and loopback slave,
may all insert the maximum number of SKP symbols allowed. A loopback master shall be
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prepared to deal with such extreme scenarios. A loopback slave and a re-timer may perform
its clock offset compensation on either of the SKP blocks.

The SKPEND Symbol indicates the last four Symbols of SKP Ordered Set so that receivers can
identify the location of the next Block Header in the bit stream. The three Symbols following
the SKPEND Symbol contain the transmitter LFSR state.

A receiver shall always perform single bit error correction on the SKP and SKPEND (and all
other special) symbols. However, since the Hamming distance between the SKP and SKPEND
symbols is 8, once a receiver has determined that it is dealing with a SKP OS (by proper
detection of a first SKP symbol) it may be beneficial to use multiple bit (up to 3-bit) error
correction in differentiating between a SKP and a SKPEND symbol.

Table 6-13. Gen 2 SKP Ordered Set

Symbol Number Value Description
0 through 4*N-1 CCh SKP Symbol
[N can be 0 through 9] Symbol 0 is the SKP Ordered Set Identifier
4*N 33h SKPEND Symbol
4*N+1 40-FFh Bit[7] = ~LFSR[22]

Bit[6:0] = LFSR[22:16]

4*N+2 00-FFh LFSR[15:8]
4*N+3 00-FFh LFSR[7:0]

Note: The transmitted LFSR state is intended for use by test equipment vendors needing to
re-synch their data scramblers. The transmitted LFSR state is not intended to be used by
ports in normal operation.

The following rules apply for SKP insertion for Gen 2 operation:

1. A portshall keep a running count of the number of transmitted blocks since the last
SKP Ordered Set. The value of this count will be referred to as Y. The value of Y is
reset whenever the transmitter enters Polling.Active. Y is not incremented for
transmitted SKP Ordered Sets.

2. A portshall calculate the integer result of Y/40 when an opportunity to insert a SKP
Ordered Set arises