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1 Introduction

1.1 Purpose

The purpose of this class specification is to provide implementation information on how to use the [UAS]
transport standard in a [USB2] or [USB3] system.

1.2 Scope

This specification provides usage examples as well as system recommendations for implementing [UAS] on
[USB2] and [USB3] systems.

If there are conflicts between this specification and [UAS], then [UAS] takes precedence on all issues of conflict.

1.3 Related Documents

[SAM4] ISO/IEC 14776-414, SCSI Architecture Model-4 (SAM-4) (ANSI INCITS 447:2008)

[SAS] Serial Attached SCSI Revision 1.1 (SAS 1.1), (ANSI INCITS 417:2006)

[SPC] SCSI Primary Commands - 3 (SPC-3) (ANSI INCITS 408:2005)

[SBC] SCSI Block Commands - 2 (SBC-2) (ANSI INCITS 405:2005)

[RBC] Reduced Block Command Set (RBC) (ANSI INCITS 330:2000)

[MMC] MultiMedia Command Set - 5 (MMC-5) (ANSI INCITS 430:2007)

[SSC] SCSI Stream Commands - 2 (SSC-2) (ANSI INCITS 380:2003)

[OSD] Object-Based Storage Devices (OSD) (ANSI INCITS 400:2004)

[UAS] D2095 - USB Attached SCSI, INCITS T10. Download from www.t10.org.

[USB2] Universal Serial Bus Specification Revision 2.0, April 27, 2000. Download from www.usb.org.
[USB3] Universal Serial Bus 3.0 Specification Revision 1.0, November 12, 2008. Download from www.usb.org
[BOT] Universal Serial Bus Bulk Only Transport Rev 1.0, September 31, 1999. Download from www.usb.org.
[SATA] Serial ATA Rev 2.6 (SATA 2.6), February 15, 2007. Download from www.sata-io.org.

[AHCI] Advanced Host Controller Interface Rev 1.3, June 26, 2008. Download from developer.intel.com
[EHCI] Enhanced Host Controller Interface Rev 1.0, March 12, 2002. Download from www.intel.com

[xHCI] Extensible Host Controller Interface, still in development. Download from www.intel.com

For further information regarding ANSI standards, contact ANSI Customer Service Department at 212-642-4900
(phone), 212-302-1286 (fax) or via the World Wide Web at http://www.ansi.org.

USB Attached SCSI Protocol (UASP) 1
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2 Management Overview

The Bulk Only Transport used by [USB2] Mass Storage Class devices is simple and inexpensive to implement in
microcontrollers — and hence suitable for inexpensive flash based storage products.

[BOT] is single threaded in that every transaction initiated by the host has to be completed by the device and
completion status passed to the initiating process before the next transaction can be started. This creates a
significant overhead (about 20%) of the total data transfer. [USB3] increases the data transfer bandwidth from
480 Mb/s to 5 Gb/s, but if the [BOT] protocol remains, analysis suggests that the actual transfer rate will be
approximately 250 MB/s on a 2.4 GHz Core Duo™ with 12% CPU usage.

UASP (USB Attached SCSI Protocol) will improve efficiency in [USB2], and utilizing the full duplex capability of
[USB3] allow for data transfers in excess of 400MB/s. The new protocol will require new host software and
device firmware. Backwards compatibility is achieved though the device supporting both [BOT] and [UAS]. This
document defines the implementation of the [UAS] protocol in [USB2] and [USB3].

When these standards ([UAS] and UASP) have been implemented in the host and device, the device will be
accessed using the host SCSI software stack, and the USB interface will function as another SCSI host adapter
in the host stack. Devices will implement the [SAM4] architecture model and thus be able to queue commands in
the device, with the corresponding increase in performance.

2 USB Attached SCSI Protocol (UASP)
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3 Functional Characteristics

See [UAS], “USB Class Specific Requests” for class specific commands.

USB Attached SCSI Protocol (UASP) 3
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4 Standard Descriptors
See [UAS], “USB Descriptors” for UASP descriptor descriptions. Table 1 lists the descriptors defined in UAS.

Table 1 — Descriptors

Descriptor Name

Device Descriptor

Configuration Descriptor

Interface Descriptor

Endpoint Descriptor

Pipe Usage Class Specific Descriptor

4 USB Attached SCSI Protocol (UASP)
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5 [USB3] Operation

5.1 Overview

Subclauses 5.3 and 5.4 provide examples of sample communications for non-data, data-in, data-out, and
bi-directional data transfers. These examples are based on the system architecture described in figure 1.

Figure 1 — System Driver Stack Example

Application

Filesystem

Class Driver Class Driver
(Disk) (DVD)

Protocol Driver Protocol Driver Protocol Driver Protocol Driver
([SATA]) ([BOTI) ([UAS]) ([SAS])

Hardware Driver Hardware Driver Hardware Driver
([AHCI]) ([EHCI], [xHCI]) ([SAS])

In figure 1, there is an application which reads or writes a file. The application uses the file system to open a file
on a logical device. The file system uses the logical device information to locate the class driver. The class
driver provides parameters which allows the file system to make requests for data transfer within the boundaries
of the logical device. The class driver processes requests from the file system and creates commands or
command sequences which are then sent to the target device using the protocol driver. Once the command
sequences have been created, the class driver uses the logical device information to select the protocol driver.
The protocol driver prepares the command sequence for transmission by performing any protocol specific
operations necessary for sending the command. Finally, the protocol driver uses the logical device information to
pass the request to the hardware driver. There may be multiple interactions between the protocol driver and the
hardware driver to complete a request from the class driver.

There are a variety of implementation possibilities using the System Driver Stack Example. In some
implementations, the class and protocol drivers are merged into a single driver. In other implementations, all
three layers may be merged into a single driver.

[UAS] is a protocol standard architected to work with any SCSI command set standard (e.g., [SPC], [SBC],
[RBC], [MMC], [SSC], and [OSD]). The protocol processing part of the system prepares command set specific
requests and has an understanding of the underlying physical layer architecture.

The ladder diagrams in 5.3 and 5.4 start with the UAS Protocol driver receiving a command and show the
communications flow as the command is placed into proper protocol format and then converted into [USB2] and
[USB3] link layer requests for transmission to the device. These ladders do not document the physical layer.

USB Attached SCSI Protocol (UASP) 5
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Each diagram starts with the UAS driver receiving a command, the command is formatted and the transaction
requests are sent to the hardware driver. In the ladder diagrams, the hardware driver is the xHCI or EHCI driver.
The xHCI or EHCI driver then causes the xHCI or EHCI hardware to send transaction packets. The transaction
packets are received by the device and contain the command, data, or status information necessary to complete
the request. The ladder diagrams do not show layers (Link layer, Protocol, and Command) which would be used
to interpret and complete the request from the host.

5.2 Figure Notation

Notation used in the diagrams and diagram descriptions (See 5.3 and 5.4) is as follows.

s)

t)

u)

ITr (Pipe): Input Transfer request on the specified pipe.

OTr (Pipe): Output Transfer request on the specified pipe.

ITc (Pipe): Input Transfer request completion on the specified pipe.

OTc (Pipe): Output Transfer request completion on the specified pipe.

NAK (Pipe): [USB2] NAK response on the specified pipe.

DATA (Pipe): [USB2] Data transaction packet on the specified pipe.

OUT (Pipe): [USB2] output transaction on the specified pipe.

IN (Pipe): [USBZ2] input transaction request.

ACK (Pipe): [USB2] and [USB3] acknowledge transaction on the specified pipe.

IN ACK (Pipe): [USB3] input acknowledgment on the specified pipe.

IN ACK (Pipe, Prime): [USB3] input acknowledgment on the specified pipe priming the first operation
(SID = Prime).

NRDY (Pipe): [USB3] primitive used by the device to indicate that the device is not ready to transfer data
on the specified pipe.

NRDY (Pipe, Prime): [USB3] primitive used by the device to indicate that the device is not ready to
transfer data on the specified pipe responding to the Prime pipe operation (SID = Prime).

DP (Pipe): [USB3] data packet.

DP (Pipe, Prime): [USB3] output data packet on the specified pipe priming the first operation (SID =
Prime).

ERDY (Pipe): [USB3] primitive used by the device to initiate on input or output operation.

SIU: [UAS] Sense Information Unit.

RRIU: [UAS] Read Ready Information Unit.

WRIU: [UAS] Write Ready linformation Unit.

ClIU: [UAS] Command Information Unit.

SID: [USB3] Stream ID.

Bracketing in these diagrams is implementation dependent. Bracketing requirements may change if the system
does not follow the model described in these ladders. [UAS] supplies the protocol ordering requirements.

USB Attached SCSI Protocol (UASP)
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5.3 High-speed UASP
5.3.1 Overview

This subclause describes the High-speed packet exchanges required to support the UASP. High-speed devices
emulate a subset of the [USB3] Streams protocol. Refer to subclauses 4.4.6.4 and 8.12.4.1 of the [USB3]
specification for more information on the Streams protocol.

These figures are examples of a system using high speed operation through an EHCI driver. They also apply to
a system doing high speed through an xHCI driver.

5.3.2 Non-data transfer

Non-data transfers are the simplest UASP operation. Non-data transfers only utilize the Command and Status
pipes. A Command IU (CIU) is transmitted by the host on the Command pipe, and the device responds with a
Response IU (RIU) on the Status pipe.

Figure 2 — Example High Speed UASP Non-Data Transfer

UAS Diriver EHCI Driver EHCI Controller USB-2 Device

Device may
receive these —ITr (Stat)\
—OTF (Cm ,

in any order

d, CIU)—oo_ N (Stat)\

‘/—NAK (Stat)—

—ouT O
—DATA (Cmg, ClU)—p |

«——ACK (M
«——0Tc(CmIT
—IN (Stat)\

(Stat, SV

«'To (St SIUY—

Key:
Status Pipe, Command Pipe,

Figure 2 illustrates the execution of a High-speed UASP Non-Data Transfer. A Non-data Transfer Command to
the UAS Driver causes the UAS drive to issue ITr (Stat) to the EHCI drive to allow the status pipe to receive the
SIU for the command, and an OTr (Cmd, CIU) to transmit the CIU to the device. The CIU contains the tag used
to match the SIU to the CIU.

The ITr (Stat) causes the EHCI Controller to generate an IN (Stat). In response to the OTr (Cmd) the EHCI
contoller sends the CIU to the device by transmitting an OUT (Cmd), followed by a DATA (Cmd) which contains
the CIU.

In response to the IN (Stat) packet the device returns NAK (Stat) packets until the device has status to return.
When the device receives the DATA (Cmd, CIU), it responds with an ACK (Cmd), acknowledging the successful
reception of the CIU. The CIU contains the command tag which is used to match the SIU with the CIU when the
command completes.

The reception of the ACK (Cmd) for the CIU completes the OTr (Cmd) for the EHCI controller, which generates
an OTc (Cmd) to the EHCI driver. The EHCI driver then returns OTc (Cmd) to the UAS driver indicating that the
command has successfully been delivered to the device.

USB Attached SCSI Protocol (UASP) 7
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When the command is complete, the device responds to the IN (Stat) with a DATA (Stat, SIU) that contains the
SIU.

The EHCI controller responds to the DATA (Stat) packet with an ACK (Stat), acknowledging the successful
reception of the SIU. The reception of the DATA (Stat) packet completes the ITr (Stat) for the device, which
generates an In ITc (Stat, SIU) to the EHCI controller. This in turn generates an ITc (Stat, SIU) to the UAS driver,
indicating that the command has been completed.

The reception of the OTc (Cmd) for the CIU and the ITc (Stat, SIU) for the SIU, causes the UAS driver to compare
the tag in the SIU with the tag in the CIU and then complete the command sequence by returning status to the
layer above the UAS driver.

8 USB Attached SCSI Protocol (UASP)
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5.3.3 Data-in transfer

Figure 3 — Example High Speed UASP Data-in

UAS Driver EHCI Driver EHCI Controller USB-2 Device
Device may
receive these :g r (Stat)\
in any order Tr(Cmd, CIU)\>—|Tr (Stat)
I P
OTr (Cmd, C'U)\>_'N (Stat)
4_/_NAK (Stat)—
—ouT (Cmd)—ow |
—DATA (Cmd, Cluy—p
‘/ACK (Cmd)—
4_/_OT(; (Cmd)—’ :
«—0'° (Cmd)—] —IN (Stat)\
¢—DATA (Stat, RRIU—
e a—Tc (Stat RRIV_ack Sagp—
a—"° (Stat, RR
Device may
receive these ::? (Sfat)\>
in any order r (Data-m)\>—lTr (Stat)
ITr (Data-m)\>—m (Stat)
-« (Stat)—]
N (Datain—0w |
Data-in)—
lg—DATA(
—ACK (Data-in)\>
IN (Data-in)\>
Data-in)—
Tc (Data m)"‘l/—DATA |
ITc . — .
.- ACK (Data-in
ITc (Data-iny—] —
. —IN (Stat)\>
«——DATA (St SV
U |
TS ok sy |
ITc (Stat, SIU)T
-
Key:
Status Pipe, Command Pipe, Data-in Pipe,

Figure 3 illustrates the execution of a High-speed UASP Data-in Transfer. A Data-in Transfer Command from the
UAS Driver causes the EHCI driver to initiate an ITr (Stat) which allows the EHCI controller to receive the RRIU
for the command, and an OTr (Cmd, CIU) to transmit the CIU to the device.

The ITr (Stat) causes the EHCI Controller to generate an IN (Stat). In response to the OTr (Cmd, CIU) the EHCI
contoller sends the CIU to the device by transmitting an OUT (Cmd), followed by a DATA (Cmd, CIU).

In response to the IN (Stat) packet the device returns NAK (Stat) packets until the device has status to return.
When the device receives the DATA (Cmd), it responds with an ACK (Cmd), acknowledging the successful
reception of the CIU. The CIU contains the command tag which is used to match the SIU with the CIU when the
command completes.

USB Attached SCSI Protocol (UASP) 9
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The reception of the ACK (Cmd) for the CIU completes the OTr (Cmd) for the EHCI controller, which generates
an OTc (Cmd) to the EHCI driver. The EHCI driver then returns OTc (Cmd) to the UAS driver indicating that the
command has successfully been delivered to the device.

When the device is ready to send the data for a command, it responds to the IN (Stat) polling with a DATA (Stat,
RRIU).

The EHCI controller responds to the DATA (Stat, RRIU) packet with an ACK (Stat), acknowledging the successful
reception of the RRIU. The reception of the DATA (Stat, RRIU) packet completes the ITr (Stat) for the EHCI
controller, which generates an ITc (Stat, RRIU) to the EHCI driver. The EHCI driver returns an ITc (Stat, RRIU) to
the UAS driver indicating that there is status available. The UAS driver evaluates the RRIU and checks the tag to
determine which command the device is responding to with data. The UAS driver then issues an ITr (Stat) to the
EHCI driver which enables the next status return by the device. The UAS driver then issues an ITr (Data-in)
using the buffer indicated by the tag in the RRIU.

In response to the ITr (Stat), the EHCI driver issues an ITr (Stat) which schedules a data transfer on the status
pipe. In response to the ITr (Stat), the EHCI controller issues IN (Stat) packets to the device and the device
returns NAK (Stat) packets until the device has status to return.

In response to the ITr (Data-in), the EHCI driver schedules a data transfer on the Data-in pipe.
The EHCI controller begins receiving data from the device by transmitting an IN (Data-in).
When the device receives an IN (Data-in), the device responds with a DATA (Data-in) which contains read data.

When the EHCI controller receives the DATA (Data-in) packet on the Data-in pipe, it responds with an ACK
(Data-in), acknowledging the successful reception of the read data.

The steps described in the previous three paragraphs repeat until the Data-in transfer is complete.

The reception of the last Data (Data-in) by the EHCI controller (e.g., the host buffer is full or a short packet is
received) completes the ITr (Data-in) for the EHCI controller, which generates an ITc (Data-in) to the EHCI driver.
This in-turn generates an ITc (Data-in) completion to the UAS driver.

When the command is complete, the device responds to the IN (Stat) with a DATA (Stat, SIU). The SIU contains
the tag of the CIU.

The EHCI controller responds to the DATA (Stat, SIU) with an ACK (Stat) packet, acknowledging the successful
reception of the SIU. The reception of the DATA (Stat, SIU) packet completes the ITr (Stat) for the EHCI
controller, which generates an In ITc (Stat, SIU) to the EHCI driver. This in turn causes the EHCI driver to
generate an ITc (Stat, SIU) to the UAS driver.

The reception of the OTc (Cmd) for the CIU, the ITc (Data-in) for the read data, and the ITc (Stat, SIU) for the SIU,
all with the same tag, enables the UAS driver to complete the command sequence by returning status to the layer
above the UAS driver. If the ITc (Data-in) has not been received by the UAS driver, then an error has occurred
and the UAS driver should terminate the ITc (Data-in) before returning status.

10 USB Attached SCSI Protocol (UASP)
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5.3.4 Data-out transfer

Figure 4 — Example High Speed UASP Data-out Transfer

UAS Driver EHCI Driver EHCI Controller USB-2 Device

Device may
receive these {—lTr (Stat)\
in any order —OTr (Cm, ClU)——pp.—ITr (Stat)

—OTr (Cmg o™

d, CIU)\>—IN (Stat)
NAK (Stat)—

-

/OTC (Cmd)y—] .

g——DATA (Stat, WRIU)—T

R
WR\U)——4/\TG (stat, W —ACKSta—0__ |
<—'Tc (8t
Device may
receive these :g 1[ (Stat)\
in any order g (Data‘OUt)\»-lTr (Stat)

. \
OTr (Data—out)N"N (Stat)
NAK (Stat)—

-

—OuT (Data-out)

—DATA (Data-out)\>
Data-out)—]

</—AC.K (

—OUT (Data-out)

—DATA (Data-out— o]
(Data-out)—]

ta-out) «—OT° (Data —IN (Stat)\
Data-out)—]

at, SIU)—

Key:
Status Pipe, Command Pipe, Data-out Pipe,

Figure 4 illustrates the execution of a High-speed UASP Data-out Transfer. A Data-out Transfer Command from
the UAS Driver causes the EHCI driver to initiate an ITr (Stat) which allows the EHCI controller to receive the
WRIU for the command, and an OTr (Cmd, CIU) to transmit the CIU to the device.

The ITr (Stat) causes the EHCI Controller to generate an IN (Stat). In response to the OTr (Cmd, CIU) the EHCI
contoller sends the CIU to the device by transmitting an OUT (Cmd), followed by a DATA (Cmd, CIU).

In response to the IN (Stat) packet the device returns NAK (Stat) packets until the device has status to return.
When the device receives the DATA (Cmd, CIU), it responds with an ACK (Cmd), acknowledging the successful
reception of the CIU. The CIU contains the command tag which is used to match the SIU with the CIU when the
command completes.

USB Attached SCSI Protocol (UASP) 1
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The reception of the ACK (Cmd) for the CIU completes the OTr (Cmd) for the EHCI controller, which generates
an OTc (Cmd) to the EHCI driver. The EHCI driver then returns OTc (Cmd) to the UAS driver indicating that the
command has successfully been delivered to the device.

When the device is ready to receive the data for a command, it responds to the IN (Stat) polling with a DATA
(Stat, WRIU).

The EHCI controller responds to the DATA (Stat, WRIU) packet with an ACK (Stat), acknowledging the
successful reception of the WRIU. The reception of the DATA (Stat, WRIU) packet completes the ITr (Stat) for
the EHCI controller, which generates an ITc (Stat, WRIU) to the EHCI driver. The EHCI driver returns an ITc
(Stat, WRIU) to the UAS driver indicating that there is status available. The UAS driver evaluates the WRIU and
checks the tag to determine which command the device is requesting data for. The UAS driver then issues an ITr
(Stat) to the EHCI driver which enables the next status return by the device. The UAS driver then issues an OTr
(Data-out) using the buffer indicated by the tag in the WRIU.

In response to the ITr (Stat), the EHCI driver issues an ITr (Stat) which schedules a data transfer on the status
pipe. In response to the ITr (Stat), the EHCI controller issues IN (Stat) packets to the device and the device
returns NAK (Stat) packets until the device has status to return.

In response to the OTr (Data-out), the EHCI driver schedules a data transfer on the Data-out pipe.

The EHCI controller begins send the data to the device by transmitting an OUT (Data-out) followed by a DATA
(Data-out).

When the device receives a DATA (Data-out), the device responds with an ACK (Data-out) which indicates that
the write data has been received.

The steps described in the previous two paragraphs repeat until the Data-out transfer is complete.

The reception of the last ACK (Data-out) by the EHCI controller (e.g., the host buffer is empty or a short packet is
sent) completes the OTr (Data-out) for the EHCI controller, which generates an OTc (Data-out) to the EHCI
driver. This in-turn generates an OTc (Data-out) completion to the UAS driver.

When the command is complete, the device responds to the IN (Stat) with a DATA (Stat, SIU). The SIU contains
the tag of the CIU.

The EHCI controller responds to the DATA (Stat, SIU) with an ACK (Stat) packet, acknowledging the successful
reception of the SIU. The reception of the DATA (Stat, SIU) packet completes the ITr (Stat) for the EHCI
controller, which generates an In ITc (Stat, SIU) to the EHCI driver. This in turn causes the EHCI driver to
generate an ITc (Stat, SIU) to the UAS driver.

The reception of the OTc (Cmd) for the CIU, the OTc (Data-out) for the write data, and the ITc (Stat, SIU) for the
SIU, all with the same tag, enables the UAS driver to complete the command sequence by returning status to the
layer above the UAS driver. If the OTc (Data-out) has not been received by the UAS driver, then an error has
occurred and the UAS driver should terminate the OTc (Data-out) before returning status.
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5.3.5 Bi-directional data transfer

In the Bi-directional Data Transfer presented by figure 5 the write data portion of the Transfer starts and ends
before the read data portion. UASP imposes no ordering requirements on the relative start or end times of the
read or write data portions of a Bi-directional Transfer.
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Figure 5 — Example High Speed UASP Bi-directional Data Transfer
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Figure 5 illustrates the execution of a High-speed UASP Bi-directional Data Transfer. A Bi-directional Transfer
Command from the UAS Driver causes the EHCI driver to initiate an ITr (Stat) which allows the EHCI controller
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to receive the WRIU or the RRIU for the command, and an OTr (Cmd, CIU) to transmit the CIU to the device.

The ITr (Stat) causes the EHCI Controller to generate an IN (Stat). In response to the OTr (Cmd, CIU) the EHCI
contoller sends the CIU to the device by transmitting an OUT (Cmd), followed by a DATA (Cmd, CIU).

In response to the IN (Stat) packet the device returns NAK (Stat) packets until the device has status to return.
When the device receives the DATA (Cmd, CIU), it responds with an ACK (Cmd), acknowledging the successful
reception of the CIU. The CIU contains the command tag which is used to match the SIU with the CIU when the
command completes.

The reception of the ACK (Cmd) for the CIU completes the OTr (Cmd) for the EHCI controller, which generates
an OTc (Cmd) to the EHCI driver. The EHCI driver then returns OTc (Cmd) to the UAS driver indicating that the
command has successfully been delivered to the device.

When the device is ready to receive the data for a command, it responds to the IN (Stat) polling with a DATA
(Stat, WRIU).

The EHCI controller responds to the DATA (Stat, WRIU) packet with an ACK (Stat), acknowledging the
successful reception of the WRIU. The reception of the DATA (Stat, WRIU) packet completes the ITr (Stat) for
the EHCI controller, which generates an ITc (Stat, WRIU) to the EHCI driver. The EHCI driver returns an ITc
(Stat, WRIU) to the UAS driver indicating that there is status available. The UAS driver evaluates the WRIU and
checks the tag to determine which command the device is requesting data for. The UAS driver then issues an ITr
(Stat) to the EHCI driver which enables the next status return by the device. The UAS driver then issues an OTr
(Data-out) using the buffer indicated by the tag in the WRIU.

In response to the ITr (Stat), the EHCI driver issues an ITr (Stat) which schedules a data transfer on the status
pipe. In response to the ITr (Stat), the EHCI controller issues IN (Stat) packets to the device and the device
returns NAK (Stat) packets until the device has status to return.

In response to the OTr (Data-out), the EHCI driver schedules a data transfer on the Data-out pipe.

The EHCI controller begins receiving data from the device by transmitting an OUT (Data-out) followed by a DATA
(Data-out)

When the device receives a DATA (Data-out), the device responds with an ACK (Data-out) which indicates that
the write data has been received.

The steps described in the previous three paragraphs repeat until the Data-out transfer is complete.

While the data is being transferred from the host to the device, the EHCI controller responds to a DATA (Stat,
RRIU) packet with an ACK (Stat), acknowledging the successful reception of an RRIU. The reception of the
DATA (Stat, RRIU) packet completes the ITr (Stat) for the EHCI controller, which generates an ITc (Stat, RRIU) to
the EHCI driver. The EHCI driver returns an ITc (Stat, RRIU) to the UAS driver indicating that there is status
available. The UAS driver evaluates the RRIU and checks the tag to determine which command the device is
responding to with data. The UAS driver then issues an ITr (Stat) to the EHCI driver which enables the next
status return by the device. The UAS driver then issues an ITr (Data-in) using the buffer indicated by the tag in
the RRIU.

In response to the ITr (Stat), the EHCI driver issues an ITr (Stat) which schedules a data transfer on the status
pipe. In response to the ITr (Stat), the EHCI controller issues IN (Stat) packets to the device and the device
returns NAK (Stat) packets until the device has status to return.

In response to the ITr (Data-in), the EHCI driver schedules a data transfer on the Data-in pipe.
The EHCI controller begins receiving data from the device by transmitting an IN (Data-in).
When the device receives an IN (Data-in), the device responds with a DATA (Data-in) which contains read data.

When the EHCI controller receives the DATA (Data-in) packet on the Data-in pipe, it responds with an ACK
(Data-in), acknowledging the successful reception of the read data.

The steps described in the previous three paragraphs repeat until the Data-in transfer is complete.

The reception of the last ACK (Data-out) by the EHCI controller (e.g., the host buffer is empty or a short packet is
sent) completes the OTr (Data-out) for the EHCI controller, which generates an OTc (Data-out) to the EHCI
driver. This in-turn generates an OTc (Data-out) completion to the UAS driver.
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The reception of the last Data (Data-in) by the EHCI controller (e.g., the host buffer is full or a short packet is
received) completes the ITr (Data-in) for the EHCI controller, which generates an ITc (Data-in) to the EHCI driver.
This in-turn generates an ITc (Data-in) completion to the UAS driver.

When the command is complete, the device responds to the IN (Stat) with a DATA (Stat, SIU). The SIU contains
the tag of the CIU.

The EHCI controller responds to the DATA (Stat, SIU) with an ACK (Stat) packet, acknowledging the successful
reception of the SIU. The reception of the DATA (Stat, SIU) packet completes the ITr (Stat) for the EHCI
controller, which generates an ITc (Stat, SIU) to the EHCI driver. This in turn causes the EHCI driver to generate
an ITc (Stat, SIU) to the UAS driver.

The reception of the OTc (Cmd) for the CIU, the OTc (Data-out) for the write data, the ITc (Data-in) for the read
data and the ITc (Stat) for the SIU, all with the same tag, enables the UAS driver to complete the command
sequence by returning status to the layer above the UAS driver. If the ITc (Data-in) or the OTc (Data-out) has not
been received by the UAS driver, then an error has occurred and the UAS driver should terminate the
outstanding ITc (Data-in) or OTc (Data-out) before returning status.
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5.4 SuperSpeed UASP

5.4.1 Overview

This section describes the SuperSpeed packet exchanges required to support the UASP. This section assumes
a familiarity with the [USB3] Streams protocol. Refer to sections 4.4.6.4 and 8.12.4.1 of [USB3] for more
information on the Streams protocol.

The Cmd pipe does not use [USB3] streams. The Data-in, Data-out, and Stat pipes require a stream ID for each
transaction. The stream ID is either Prime (as shown in the figure notation) or the stream ID provided by the
appropriate CIU.

5.4.2 Non-data transfer

Non-data transfers are the simplest UASP operation. Non-data transfers only utilize the Command and Status
pipes. A Command IU (CIU) is transmitted by the host on the Command pipe, and the device responds with a
Response IU (RIU) on the Status pipe.

Figure 6 — Example SuperSpeed Non-Data Transfer
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Figure 6 illustrates the execution of a SuperSpeed UASP Non-Data Transfer. A Non-data Transfer Command
received by the UAS Driver causes the UAS driver to send an ITr (Stat) to receive the SIU for the command, and
an OTr (Cmd, CIU) to transmit the CIU to the xHCI driver. Since the Status pipe is a Streams pipe, the |Tr (Stat)
includes the Tag associated with the transfer.

The ITr (Stat) causes the xHCI controller to generate an IN ACK (Stat, Prime). This packet transitions the
Streams state machine of the Status pipe to the Prime Pipe state, notifying the device that the host is ready to
receive an SIU. In response to the OTr (Cmd, CIU) the xHCI controller transmits a DP (Cmd, CIU).

In response to the IN ACK (Stat, Prime), the device returns an NRDY (Stat, Prime). This action transitions the
Status pipe back to the Idle state. When the device receives the DP (Cmd, CIU), it responds with an ACK (Cmd),
acknowledging the successful reception of the CIU.

The reception of the ACK (Cmd) for the CIU completes the OTr (Cmd, CIU) for the xHCI controller, which
generates an OTc (Cmd) to the xHCI driver. The reception of the OTc (Cmd) to by the xHCI driver generates an
OTc (Cmd) to the UAS driver.
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When the command is complete, the device generates an ERDY (Stat) with the SID set to the Tag value provided
by the CIU Tag field. This transitions the pipe to the Start Stream state and informs the xHCI controller that the
device is ready to transfer the SIU on the Status pipe.

In response to the ERDY (Stat), the xHCI controller sends an IN ACK (Stat) to the device with the SID set to the
ERDY Tag value.

In response to the IN ACK (Stat), the device returns a DP (Stat, SIU) which contains the SID set to value returned
in the IN ACK (Stat).

The xHCI controller responds to the DP (Stat, SIU) with an ACK (Stat), acknowledging the successful reception
of the SIU. The reception of the DP (Stat, SIU) completes the ITr (Stat) for the xHCI controller, which generates
an ITc (Stat, SIU) to the xHCI driver. When the xHCI driver receives the ITc (Stat, SIU) from the xHCI controller,
the xHCI driver generates an ITc (Stat, SIU) to the UAS driver.

The reception of the OTc (Cmd) for the CIU and the ITc (Stat) for the SIU, both with the same tag, causes the
UAS driver to complete the command sequence by returning status to the layer above the UAS driver.
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5.4.3 Data-in transfer

Figure 7 — Example SuperSpeed UASP Data-in transfer
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Figure 7 illustrates the execution of a SuperSpeed UASP Data In Transfer. A Data-in Transfer Command
received by the UAS Driver causes the UAS driver to send an ITr (Stat) to receive the SIU for the command, an
ITr (Data-in) to receive the data, and an OTr (Cmd, CIU) to transmit the CIU to the xHCI driver. Since the Status
pipe is a Streams pipe, the ITr (Stat) includes the Tag associated with the transfer.

The ITr (Stat) causes the xHCI controller to generate an IN ACK (Stat, Prime). This packet transitions the
Streams state machine of the Status pipe to the Prime Pipe state, notifying the device that the host is ready to
receive an SIU. The ITr (Data-in) causes the xHCI controller to generate an IN ACK (Data-in, Prime). This
packet transitions the Streams state machine of the Data-in pipe to the Prime Pipe state, notifying the device that
the host is ready to receive data. In response to the OTr (Cmd, CIU) the xHCI controller transmits a DP (Cmd,
ClIU).

In response to the IN ACK (Stat, Prime), the device returns an NRDY (Stat, Prime). This action transitions the
Status pipe back to the Idle state. In response to the IN ACK (Data-in, Prime), the device returns an NRDY
(Data-in, Prime). This action transitions the Data-in pipe back to the Idle state. When the device receives the DP
(Cmd, CIU), it responds with an ACK (Cmd), acknowledging the successful reception of the CIU.
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The reception of the ACK (Cmd) for the CIU completes the OTr (Cmd, CIU) for the xHCI controller, which
generates an OTc (Cmd) to the xHCI driver. The reception of the OTc (Cmd) to by the xHCI driver generates an
OTc (Cmd) to the UAS driver.

When the device is ready to receive the data for a command, the device generates an ERDY (Data-in) with the
SID set to the Tag value provided by the CIU Tag field. This transitions the pipe to the Start Stream state and
informs the xHCI controller that the device is ready to transfer data.

In response to the ERDY (Data-in) the xHCI controller sends an IN ACK (Data-in) to the device with the SID set
to the ERDY Tag value. This action transitions the data Stream state machine from the Start Stream to the Move
Data state, and begins the data transfer.

In response to the IN ACK (Data-in), the device returns a DP (Data-in) that contains the read data and the SID
set to the SID value from the IN ACK (Data-in).

The xHCI controller responds to the DP (Data-in) with an ACK (Data-in), acknowledging the successful reception
of the read data.

The steps described in the previous two paragraphs repeat until the data transfer is complete.

When the command is complete, the device generates an ERDY (Stat) with the SID set to the Tag value provided
by the CIU Tag field. This transitions the pipe to the Start Stream state and informs the xHCI controller that the
device is ready to transfer the SIU on the Status pipe.

In response to the ERDY (Stat), the xHCI controller sends an IN ACK (Stat) to the device with the SID set to the
ERDY Tag value.

In response to the IN ACK (Stat), the device returns a DP (Stat, SIU) which contains the SIU and the SID set to
value returned in the IN ACK (Stat).

The xHCI controller responds to the DP (Stat, SIU) with an ACK (Stat), acknowledging the successful reception
of the SIU. The reception of the DP (Stat, SIU) completes the ITr (Stat, SIU) for the xHCI controller, which
generates an ITc (Stat, SIU) to the xHCI driver. When the xHCI driver receives the ITc (Stat, SIU) from the xHCI
controller, the xHCI driver generates an ITc (Stat, SIU) to the UAS driver.

The reception of the OTc (Cmd) for the CIU, the ITc (Data-in) for the data, and the ITc (Stat) for the SIU, all with

the same tag, causes the UAS driver to complete the command sequence by returning status to the layer above
the UAS driver. If the ITc (Data-in) has not been received by the UAS driver, then an error has occurred and the
UAS driver should terminate the ITc (Data-in) before returning status.
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5.4.4 Data-out transfer

Figure 8 — Example SuperSpeed UASP Data-out transfer
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Figure 8 illustrates the execution of a SuperSpeed UASP Data Out Transfer. A Data-out Transfer Command
received by the UAS Driver causes the UAS driver to send an ITr (Stat) to receive the SIU for the command, an
OTr (Data-out) to send the data, and an OTr (Cmd, CIU) to transmit the CIU to the xHCI driver. Since the Status
pipe is a Streams pipe, the ITr (Stat) includes the Tag associated with the transfer.

The ITr (Stat) causes the xHCI controller to generate an IN ACK (Stat, Prime). This packet transitions the
Streams state machine of the Status pipe to the Prime Pipe state, notifying the device that the host is ready to
receive an SIU. In response to the OTr (Data-out) the xHCI controller generates a DP (Data-out, Prime). This
packet transitions the Streams state machine of the Data-out pope to the Prime pipe state, notifying the device
that the host is ready to send data. In response to the OTr (Cmd, CIU) the xHCI controller transmits a DP (Cmd,
CIU).

In response to the IN ACK (Stat, Prime), the device returns an NRDY (Stat, Prime). This action transitions the
Status pipe back to the Idle state. In response to the DP (Data-out, Prime), the device returns an NRDY
(Data-out, Prime). This action transitions the Data-out pipe back to the Idle state. When the device receives the
DP (Cmd, CIU), it responds with an ACK (Cmd), acknowledging the successful reception of the CIU.

The reception of the ACK (Cmd) for the CIU completes the OTr (Cmd, CIU) for the xHCI controller, which
generates an OTc (Cmd) to the xHCI driver. The reception of the OTc (Cmd) to by the xHCI driver generates an
OTc (Cmd) to the UAS driver.
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When the device is ready to receive the data for a command, the device generates an ERDY (Data-out) with the
SID set to the Tag value provided by the CIU Tag field. This transitions the pipe to the Start Stream state and
informs the xHCI controller that the device is ready to receive data.

In response to the ERDY (Data-out) the xHCI controller sends a DP (Data-out) to the device with the SID set to
the ERDY Tag value. This action transitions the data Stream state machine from the Start Stream to the Move
Data state, and begins the data transfer.

In response to the DP (Data-out), the device returns an ACK (Data-out) acknowledging the successful reception
of the data. The ACK (Data-out) contains a SID set to the SID value from the DP (Data-out).

The xHCI controller responds to the ACK (Data-in) with a DP (Data-in).
The steps described in the previous two paragraphs repeat until the data transfer is complete.

When the data transfer is complete, the device generates an ERDY (Stat) with the SID set to the Tag value
provided by the CIU Tag field. This transitions the pipe to the Start Stream state and informs the xHCI controller
that the device is ready to transfer the SIU on the Status pipe.

In response to the ERDY (Stat), the xHCI controller sends an IN ACK (Stat) to the device with the SID set to the
ERDY Tag value.

In response to the IN ACK (Stat), the device returns a DP (Stat, SIU) which contains the SIU and the SID set to
value returned in the IN ACK (Stat).

The xHCI controller responds to the DP (Stat, SIU) with an ACK (Stat), acknowledging the successful reception
of the SIU. The reception of the DP (Stat, SIU) completes the ITr (Stat) for the xHCI controller, which generates
an ITc (Stat, SIU) to the xHCI driver. When the xHCI driver receives the ITc (Stat, SIU) from the xHCI controller,
the xHCI driver generates an ITc (Stat, SIU) to the UAS driver.

The reception of the OTc (Cmd) for the CIU, the OTc (Data-out) for the data, and the ITc (Stat) for the SIU, all with
the same tag, causes the UAS driver to complete the command sequence by returning status to the layer above
the UAS driver. If the OTc (Data-out) has not been received by the UAS driver, then an error has occurred and
the UAS driver should terminate the OTc (Data-out) before returning status.
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5.4.5 Bi-directional data transfer

In the Bi-directional Data Transfer presented by figure 9 the write data portion of the Transfer starts and ends
before the read data portion. UASP imposes no ordering requirements on the relative start or end times of the
read or write data portions of a Bi-directional Transfer.
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Figure 9 — Example SuperSpeed UASP Bi-directional Data Transfer

UAS Driver xHCI Driver xHCI Controller USB-3 Device
Device may —ITr (Stat)\
receive these :g_j_ (Data-in)\>_n-r (Stat)
in any order —OTr (Data-out)N—lTr (Data-m)\>
" (Cmd, CIU)— pu —OTr (Data-ouy— 2|
—OTr (Cmd, Ci()—_

» ClUj—— 9. —DP (Data-out, Prime)—pp.|

la-NRDY (Data-out, Prime)—
—IN . .
ACK (Data-in, Prime )ga-

L a@—NRDY (Data-in, Prime)—

| @——NRDY (Stat, Prime)—

OTc (Cmd)y— ERDY (Data-in}—
- & rov (Data-out)T]
l—
—DpP (Data-out)
—IN ACK (Data-in)\>
DP (Data-in)—

| ——DP (et
ITc (Data-in)— :ﬁ\lpfsg;t?bc;lfgm)\’

- L 1N )
DP (Data—out)\>

ACK (Data-out)—]

<4 FRDY (Sta—

«—70TC (Data-out)— g ——

—INACK (statj—__ |
at, SIU)—

| @———OTc (Data-out—]

«—0T°¢ (Stat, SIUYT

Key:
Status Pipe, Command Pipe, Data-in Pipe, Data-out Pipe,

Assumptions:

numP=1

numP=4, 4 packets to transfer
numP=2, 2 packets to transfer

Figure 9 illustrates the execution of a SuperSpeed UASP Bi-directional Data Transfer. A bi-directional data
transfer Command received by the UAS Driver causes the UAS driver to send an ITr (Stat) to receive the SIU for
the command, an ITr (Data-in) to receive the data, an OTr (Data-out) to receive the data, and an OTr (Cmd, CIU)
to transmit the CIU to the xHCI driver. Since the Status pipe is a Streams pipe, the ITr (Stat) includes the Tag
associated with the transfer.
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The ITr (Stat) causes the xHCI controller to generate an IN ACK (Stat, Prime). This packet transitions the
Streams state machine of the Status pipe to the Prime Pipe state, notifying the device that the host is ready to
receive an SIU. The ITr (Data-in) causes the xHCI controller to generate an IN ACK (Data-in, Prime). This
packet transitions the Streams state machine of the Data-in pipe to the Prime Pipe state, notifying the device that
the host is ready to receive data. The OTr (Data-out) causes the xHCI controller to generate a DP (Data-out,
Prime). This packet transitions the Streams state machine of the Data-out pipe to the Prime Pipe state, notifying
the device that the host is ready to send data. In response to the OTr (Cmd, CIU) the xHCI controller transmits a
DP (Cmd, CIU).

In response to the IN ACK (Stat, Prime), the device returns an NRDY (Stat, Prime). This action transitions the
Status pipe back to the Idle state. In response to the IN ACK (Data-in, Prime), the device returns an NRDY
(Data-in, Prime). This action transitions the Data-in pipe back to the Idle state. In response to the DP (Data-out,
Prime), the device returns an NRDY (Data-out, Prime). This action transitions the Data-out pipe back to the Idle
state. When the device receives the DP (Cmd, CIU), it responds with an ACK (Cmd), acknowledging the
successful reception of the CIU.

The reception of the ACK (Cmd) for the CIU completes the OTr (Cmd) for the xHCI controller, which generates
an OTc (Cmd) to the xHCI driver. The reception of the OTc (Cmd) to by the xHCI driver generates an OTc (Cmd)
to the UAS driver.

When the device is ready to receive the data for a command, the device generates an ERDY (Data-in) with the
SID set to the Tag value provided by the CIU Tag field. This transitions the pipe to the Start Stream state and
informs the xHCI controller that the device is ready to transfer data.

In response to the ERDY (Data-in) the xHCI controller sends an IN ACK (Data-in) to the device with the SID set
to the ERDY Tag value. This action transitions the data Stream state machine from the Start Stream to the Move
Data state, and begins the data transfer.

In response to the IN ACK (Data-in), the device returns a DP (Data-in) that contains the read data and the SID
set to the SID value from the IN ACK (Data-in).

The xHCI controller responds to the DP (Data-in) with an ACK (Data-in), acknowledging the successful reception
of the read data.

The steps described in the previous two paragraphs repeat until the data transfer is complete.

While the data is being transferred from the device to the host, the device becomes ready to receive the data for
the same command, the device generates an ERDY (Data-out) with the SID set to the Tag value provided by the
CIU Tag field. This transitions the data-out pipe to the Start Stream state and informs the xHCI controller that the
device is ready to receive data.

In response to the ERDY (Data-out) the xHCI controller sends a DP (Data-out) to the device with the SID set to
the ERDY Tag value. This action transitions the data Stream state machine from the Start Stream to the Move
Data state, and begins the data transfer.

In response to the DP (Data-out), the device returns an ACK (Data-out) acknowledging the successful reception
of the data. The ACK (Data-out) contains a SID set to the SID value from the DP (Data-out).

The xHCI controller responds to the ACK (Data-in) with a DP (Data-in).
The steps described in the previous two paragraphs repeat until the data transfer is complete.

When the command is complete, the device generates an ERDY (Stat) with the SID set to the Tag value provided
by the CIU Tag field. This transitions the pipe to the Start Stream state and informs the xHCI controller that the
device is ready to transfer the SIU on the Status pipe.

In response to the ERDY (Stat), the xHCI controller sends an IN ACK (Stat) to the device with the SID set to the
ERDY Tag value.

In response to the IN ACK (Stat), the device returns a DP (Stat, SIU) which contains the SID set to value returned
in the IN ACK (Stat).

The xHCI controller responds to the DP (Stat, SIU) with an ACK (Stat), acknowledging the successful reception
of the SIU. The reception of the DP (Stat, SIU) completes the ITr (Stat) for the xHCI controller, which generates
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an ITc (Stat, SIU) to the xHCI driver. When the xHCI driver receives the ITc (Stat, SIU) from the xHCI controller,
the xHCI driver generates an ITc (Stat, SIU) to the UAS driver.

The reception of the OTc (Cmd) for the CIU, the ITc (Data-in) for the read data, the OTc (Data-out) for the write
data, and the ITc (Stat) for the SIU, all with the same tag, causes the UAS driver to complete the command
sequence by returning status to the layer above the UAS driver. If the ITc (Data-in) or the OTc (Data-out) have
not been received by the UAS driver, then an error has occurred and the UAS driver should terminate the
outstanding ITc (Data-in) or OTc (Data-out) before returning status.
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Annex A

(Informative)

Backward Compatibility

A.1 Overview

For [USB2] backward compatibility, the device shall present [BOT] as alternate interface zero (primary) and

[UAS] as alternate interface one (secondary). A device which does not need backward compatibility with [BOT]
shall present [UAS] as alternate interface zero. In [USB2] systems, the [BOT] driver or an associated filter driver
may need to issue a SET INTERFACE request for alternate interface one and then allow the [UAS] driver to load.
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