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Date: Printed Friday, July 22, 2005 11:39 am
To: T10 Committee (SCSI)
From: George Penokie (IBM/Tivoli)

Subject: SAS 1.1 - Transport layer retry and argument passing fixes

Overview

During letter ballot review of SAS 1.1 transport layer state machine descriptions it became apparent that the
frame level retry description in the state machines was not complete and that the states in state machines that
contained more than one state were not passing arguments. There appeared to be an assumption that a state
would always have the information it wanted without regard as to where the information came from.

This proposal addressed both those problems. In the first half of this proposal only change bars are indicated.
The second half contains all changes which are indicated with blue underlines and red strike-throughs.

Editor’s Note 13: Note that cross-references to tables, figures, and subclauses that are to areas
outside the sections in this proposal may not be accurate.

Sections with changed bars only

SAS Clause 3 addition

3.x.x State machine arguments

State machines may define an argument received in a message or confirmation as a state machine
arguments. The following properties apply to state machine arguments:

a) the state machine that sends the argument owns that arguments value;

b) the state machine that receives the argument shall not modify those arguments values;

c) the state machine that sends the argument may resend those arguments with different values;

d) the scope of a state machine argument is the state machine itself; and

e) state machine argument usage is described in the state descriptions and the transition descriptions.

SAS Clause 9.2.6 changes
8.2.4 ST (transport layer for SSP ports) state machines

8.2.4.1 ST state machines overview
The ST state machines perform the following functions:

a) receive and process transport protocol service requests and transport protocol service responses
from the SCSI application layer;

b) receive and process other SAS connection management requests from the application layer;

c) send transport protocol service indications and transport protocol service confirmations to the SCSI
application layer;

d) send requests to the port layer to transmit frames and manage SAS connections; and

e) receive confirmations from the port layer.

The following confirmations between the ST state machines and the port layer:

a) Transmission Status; and
b) Frame Received;
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include the following as arguments:

a) tag;
b) destination SAS address; and
c) source SAS address;

and are used to route the confirmations to the correct ST state machines.

NOTE 43 - Although allowed by this standard, the ST state machines do not handle bidirectional commands
that result in concurrent write DATA frames and read DATA frames.

8.2.4.2 ST _| (transport layer for SSP initiator ports) state machines

8.2.4.2.1 ST _| state machines overview
The ST_| state machines are as follows:

a) ST_IFR (initiator frame router) state machine (see 8.2.4.2.2); and
b) ST_ITS (initiator transport server) state machine (see 8.2.4.2.3).

The SAS initiator port shall include:

a) one ST_IFR state machine; and
b) one ST_ITS state machine for each possible task and task management function (i.e., for each tag).
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Figure 149 shows the ST _| state machines.
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Figure 149 — ST _| (transport layer for SSP initiator ports) state machines

Editor’s Note 14: Added Data-In Arrived message into ST_ITS7 and Transmission Status
confirmation into ST_ITS5 to allow for non-interlocked DATA frame transfers. Changed Cancel
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message to go to all states. Added a Return To Start message to all states. Deleted ST_ITS7.
Added transition from ST_ITS1 to ST_ITS3 and ST_ITS4. Deleted transition from ST_ITS2 to
ST_ITS3 and from ST_ITS2 to ST_ITS4.

8.2.4.2.2 ST_IFR (initiator frame router) state machine
The ST_IFR state machine performs the following functions:

a) receives Send SCSI Command and Send Task Management transport protocol service requests from
the SCSI application layer;

b) sends messages to the ST_ITS state machine;

c) receives messages from the ST_ITS state machine;

d) receives confirmations from the port layer;

e) sends transport protocol service confirmations to the SCSI application layer;

f) receives vendor specific requests from the SCSI application layer;

g) sends vendor specific confirmations to the SCSI application layer;

h) receives Accept_Reject OPENS requests from the SCSI application layer;

i) sends Accept_Reject OPENSs requests to the port layer;

j) sends |_T Nexus Loss event notifications to the SCSI application layer; and

k) sends Transport Reset event notifications to the SCSI application layer.

This state machine consists of one state.

This state machine shall be started after power on.

8.2.4.2.2.1 Processing transport protocol service requests

If this state machine receives a Send SCSI Command transport protocol service request then this state
machine shall send a Request (Send Command) message with Command arguments and Buffer arguments
to the ST_ITS state machine for the specified tag.

The following is the list of Command arguments:

a) connection rate;

b) initiator connection tag;

c) destination SAS address;

d) source SAS address set to the SAS address of the SSP initiator port;
e) tag;

f) logical unit number;

g) task priority;

h) task attribute;

i) additional CDB length;

j) CDB;and

k) additional CDB bytes, if any.

The following is the list of Buffer arguments:

a) data-in buffer size;
b) data-out buffer; and
c) data-out buffer size.

If the command is performing a write operations and the Send SCSI Command transport service request
contains a First Burst Enabled argument, then the Request (Send Command) message shall also include the
Enable First Burst argument and the number of bytes (see 9.2.2.1) for the First Burst Size argument.

If this state machine receives a Send Task Management Request transport protocol service request, then this
state machine shall send a Request (Send Task) message with the following Task arguments to the ST _ITS
state machine for the specified tag:

a) connection rate;
b) initiator connection tag;
c) source SAS address set to the SAS address of the SSP initiator port;
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d) destination SAS address;

e) retransmit bit;

f) tag;

g) logical unit number;

h) task management function; and
i) tag of task to be managed.

If the ST_ITS state machine for the tag specified in the Send Task Management Request is currently in use,
then this state machine shall set the retransmit bit argument to one. If the ST_ITS state machine for the tag
specified in the Send Task Management Request is not currently in use, then this state machine shall set the
Retransmit Bit argument to zero.

8.2.4.2.2.2 Processing Frame Received confirmations

If this state machine receives a Frame Received (ACK/NAK Balanced) confirmation or Frame Received
(ACK/NAK Not Balanced) confirmation, then this state machine shall compare the frame type of the frame
received with the received confirmation (see table 104 in 9.2.1). If the confirmation was Frame Received
(ACK/NAK Balanced) and the frame type is not XFER_RDY, RESPONSE, or DATA, then this state machine
shall discard the frame. If the confirmation was Frame Received (ACK/NAK Not Balanced) and the frame type
is not DATA, then this state machine shall discard the frame.

If the frame type is correct relative to the Frame Received confirmation, then this state machine may check
that the hashed source SAS address matches the SAS address of the SAS port that transmitted the frame
and that the hashed destination SAS address matches the SAS address of the SAS port that received the
frame based on the connection information. If this state machine checks these SAS addresses, and they do
not match, then this state machine:

a) shall discard the frame; and
b) may send a vendor-specific confirmation to the SCSI application layer to cause the command using
that tag to be aborted.

If the frame type is XFER_RDY then this state machine shall check the length of the information unit. If the
length of the information unit is not correct, then this state machine:

a) shall discard the frame; and
b) may send a vendor-specific confirmation to the SCSI application layer to cause the command using
that tag to be aborted.

If the frame type is XFER_RDY and the tag is for a task with no write data, then this state machine shall:

a) discard the frame;

b) send a Command Complete Received transport protocol service confirmation with the Delivery Result
argument set to Service Delivery or Target Failure - DATA Not Expected to the SCSI application layer;
and

c) ifthereis an ST_ITS state machine for the tag, send a Return To Start message to that state machine.

If the frame type is DATA and the tag is for a task with no read data, then this state machine shall:

a) discard the frame;

b) send a Command Complete Received transport protocol service confirmation with the Delivery Result
argument set to Service Delivery or Target Failure - DATA Not Expected to the SCSI application layer;
and

c) ifthereis an ST_ITS state machine for the tag, send a Return To Start message to that state machine.

If the frame type is RESPONSE then this state machine shall check the length of the information unit. If the
length of the information unit is not correct and the RESPONSE frame was for a command, then this state
shall discard the frame and send a Command Complete Received confirmation to the SCSI application layer
with the Service Response argument set to Service Delivery or Target Failure. If the length of the information
unit is not correct and the RESPONSE frame was for a task management function, then this state shall
discard the frame and send a Received Task Management Function — Executed confirmation to the SCSI
application layer with the Service Response argument set to Service Delivery or Target Failure.
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If the frame type is correct relative to the Frame Received confirmation, then this state machine shall check
the tag. If the tag does not specify a valid ST_ITS state machine, then this state machine shall discard the
frame and may send a vendor-specific confirmation to the SCSI application layer to cause the command using
that tag to be aborted.

If the frame type is RESPONSE, and this state machine has received a RESPONSE frame forthe |_ T L Q
nexus, then this state machine shall discard the frame.

If the frame type is RESPONSE, the fields checked in the frame are correct, and this state machine has not
received a RESPONSE frame for this |_T_L_Q nexus, then this state machine shall send a Return To Start
message to the ST_ITS state machine for the specified tag and:

a) if the RESPONSE frame was for a command, then this state machine shall send a Command
Complete Received protocol service confirmation to the SCSI application layer with the arguments set
as specified in table xxx (see 10.2.1.5); or

b) if the RESPONSE frame was for a task management request, then this state machine shall send a
Received Task Management Function Executed protocol service confirmation to the SCSI application
layer with the arguments set as specified in table xxx (see 10.2.1.5).

If the frame type is XFER_RDY and the fields checked in the frame are correct, then this state machine shall
wait to receive an ACK Transmitted confirmation.

If this state machine receives an ACK Transmitted confirmation for an XFER_RDY frame, then this state
machine shall send an XFER_RDY Arrived message to ST_ITS state machine specified by the tag. The
message shall include the following Xfer_Rdy arguments:

a) retry data frames;

b) retransmit bit;

c) target port transfer tag;
d) requested offset; and
e) write data length.

If the frame type is DATA and the fields checked in the frame are correct, then this state machine shall send a
Data-In Arrived message to the ST_ITS state machine specified by the tag. The message shall include the
following Read Data arguments:

a) changing data pointer;
b) number of fill bytes;

c) data offset; and

d) data.

8.2.4.2.2.3 Processing Transmission Complete and Reception Complete messages

If this state receives a Transmission Complete (I_T Nexus Loss), then this state machine shall send a Nexus
Loss event notification to the SCSI application layer.
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Table 103 defines the transport protocol service confirmation and its argument generated as a result of
receiving a Transmission Complete message or a Reception Complete message that indicate an error
occurred during the transmission or reception of a frame.

Table 103 — Confirmations sent to the SCSI application layer if a frame transmission or reception
error occurs

Message received from ST_ITS state Protocol service confirmation and Delivery Result
machine argument sent to the SCSI application layer
Transmission Complete Command Complete Received (Service Delivery or Target

(Command Failed, ACK/NAK Timeout) Failure - ACK/NAK Timeout)

Transmission Complete Command Complete Received (Service Delivery or Target
(Command Failed, NAK Received) Failure - NAK Received)

Transmission Complete Received Task Management Function - Executed (Service
(Task Failed, ACK/NAK Timeout) Delivery or Target Failure - ACK/NAK Timeout)
Transmission Complete Received Task Management Function - Executed (Service
(Task Failed, NAK Received) Delivery or Target Failure - NAK Received)

Transmission Complete

(XFER_RDY Incorrect Write Data Command Complete Received (Service Delivery or Target

Failure - XFER_RDY Incorrect Write Data Length)

Length)

Transmission Complete Command Complete Received (Service Delivery or Target
(XFER_RDY Requested Offset Error) Failure - XFER_RDY Requested Offset Error)
Transmission Complete Command Complete Received (Service Delivery or Target
(Cancel Acknowledged) Failure - Cancel Acknowledged)

Reception Complete Command Complete Received (Service Delivery or Target
(Data Offset Error) Failure - DATA Offset Error)

Reception Complete Command Complete Received (Service Delivery or Target
(Too Much Read Data) Failure - DATA Too Much Read Data)

Reception Complete Command Complete Received (Service Delivery or Target
(Information Unit Too Short) Failure - DATA Information Unit Too Short)

Reception Complete Command Complete Received (Service Delivery or Target

(Command Failed, ACK/NAK Timeout) Failure - ACK/NAK Timeout)

The protocol service confirmation shall include the tag as an argument.

8.2.4.2.2.4 Processing miscellaneous requests

If this state machine receives an Accept_Reject OPENs (Accept SSP) request or Accept_Reject OPENs
(Reject SSP) request, then this state machine shall send a corresponding Accept_Reject OPENSs request to
the port layer.

If this state machine receives a HARD RESET Received confirmation, then this state machine shall send a
Transport Reset event notification to the SCSI application layer.

This state machine may receive vendor specific requests from the SCSI application layer that cause this state
machine to send a Cancel message to an ST_ITS state machine.
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8.2.4.2.3 ST_ITS (initiator transport server) state machine

8.2.4.2.3.1 ST_ITS state machine overview
The ST_ITS state machine performs the following functions:

a) receives and processes messages from the ST_IFR state machine;

b) sends messages to the ST_IFR state machine;

C) sends requests to the port layer regarding frame transmission;

d) receives confirmations from the port layer regarding frame transmission; and
e) receives HARD_ RESET Received confirmations from the port layer.

This state machine consists of the following states:

a) ST_ITS1:Initiator_Start state (see 8.2.4.2.3.2) (initial state);
b) ST_ITS2:Initiator_Send_Frame state (see 8.2.4.2.3.3);

c) ST_ISF3:Prepare_Command state (see 8.2.4.2.3.4);

d) ST _ITS4:Prepare_Task state (see 8.2.4.2.3.5);

e) ST_ITS5:Prepare_Data_ Out state (see 8.2.4.2.3.6); and

f) ST_ITS6:Receive_Data_In state (see 8.2.4.2.3.7).

This state machine shall start in the ST_ITS1:Initiator_Start state after power on.

If this state machine receives a HARD_RESET Received confirmation, then this state machine shall transition
to the ST_ITS1:Initiator_Start state from any other state.

This state machine shall maintain the state machine variables defined in table 104.
Table 104 — ST_ITS state machine variables

State machine variable Description
Data-In Buffer Offset Current offset in the data-in buffer for read data
Data-Out Buffer Offset Current offset in the data-out buffer for write data

Previous Requested Offset Data offset from the last XFER_RDY frame received

Write data length from the last XFER_RDY frame

Previous Write Data Length ;
received

This state machine shall maintain the state machine arguments defined in table 105.

Table 105 — ST_ITS state machine arguments

State machine argument Description
Command Consists of the Command arguments received in the
Request (Send Command) message (see 8.2.4.2.2.1)
Task Consists of the arguments received in the Request
(Send Task) message (see 8.2.4.2.2.1)
xfer Rd Consists of the arguments received in the XFER_RDY
—nay Arrived message (see 8.2.4.2.2.1)
Data-Out Buffer The location of the write data buffer (see 8.2.4.2.2.1)
Data-Out Buffer size The size in bytes of the write data buffer (see 8.2.4.2.2.1)
Data-In Buffer size The size in bytes of the read data buffer (see 8.2.4.2.2.1)
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8.2.4.2.3.2 ST_ITS1:Initiator_Start state

8.2.4.2.3.2.1 State description
This state is the initial state of an ST_ITS state machine.
Upon entry into this state, this state shall set the following state machine variables to zero:

a) Data-In Buffer Offset; and
b) Data-Out Buffer Offset.

8.2.4.2.3.2.2 Transition ST_ITS1:Initiator_Start to ST_ITS3:Prepare_Command

This transition shall occur after this state receives a Request (Send Command) message.

8.2.4.2.3.2.3 Transition ST_ITS1:Initiator_Start to ST_ITS4:Prepare_Task

This transition shall occur after this state receives a Request (Send Task) message.
8.2.4.2.3.3 ST_ITS2:Initiator_Send_Frame state

8.2.4.2.3.3.1 State description

If this state is entered from the ST_ITS3:Prepare_Command state for transmission of a COMMAND frame,
then this state shall send a Transmit Frame (Interlocked) request to the port layer.

If this state is entered from the ST_ITS6:Receive_Data_In state, and the vendor-specific number of retries has
not been reached for the COMMAND frame requesting a read operation, then this state shall send a Transmit
Frame (Interlocked) request to the port layer.

If this state is entered from the ST_ITS4:Prepare_Task state for transmission of an TASK frame, then this
state shall send a Transmit Frame (Interlocked) request to the port layer.

If this state is entered from the ST_ITS5:Prepare_Data_Out state for transmission of a write DATA frame, then
this state shall send a Transmit Frame (Non-Interlocked) request to the port layer if:

a) this state has received an XFER_RDY Arrived message; or
b) first burst is enabled and this state has received a Transmission Status (Frame Transmitted)
confirmation and a Transmission Status (ACK Received) confirmation for the COMMAND frame.

A Transmit Frame request shall include the COMMAND frame from the ST_ITS3:Prepare_Command state or
from the ST_ITS6:Receive_Data_In state, the TASK frame from the ST_ITS4:Prepare_Task state, or the write
DATA frame from the ST_ITS5:Prepare_Data_Out state and the following arguments to be used for any
OPEN address frame:

a) initiator port bit set to one;

b) protocol setto SSP;

c) Connection Rate argument;

d) Initiator Connection Tag argument;

e) Destination SAS Address argument; and
f) Source SAS Address argument.

After sending a Transmit Frame request this state shall wait to receive a Transmission Status confirmation.

If the confirmation is Transmission Status (I_T Nexus Loss), then this state shall send a Transmission
Complete (I_T Nexus Loss) message to the ST_IFR state machine. This Transmission Complete message
shall include the tag as an argument.

If the confirmation is not Transmission Status (Frame Transmitted) or Transmission Status (I_T Nexus Loss)
(see table xxx in 8.2.2.3.4), and the Transmit Frame request was for a COMMAND frame or a DATA frame,
then this state shall send a Transmission Complete (Command Failed, Connection Failed) message to the
ST_IFR state machine. The message shall include the tag.

If the confirmation is not Transmission Status (Frame Transmitted) or Transmission Status (I_T Nexus Loss)
(see table xxx in 8.2.2.3.4), and the Transmit Frame request was for a TASK frame, then this state shall send
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a Transmission Complete (Task Failed, Connection Failed) message to the ST_IFR state machine. The
message shall include the tag.

If the confirmation is Transmission Status (Frame Transmitted), and the Transmit Frame request was for a
COMMAND frame not requesting a read operation (see 8.2.4.2.3.7), a COMMAND frame not requesting a
write operation, a TASK frame, or a write DATA frame where the number of data bytes that have been
transmitted equal the request byte count, then this state shall wait to receive one of the following
confirmations:

a) Transmission Status (ACK Received);

b) Transmission Status (NAK Received);

c) Transmission Status (ACK/NAK Timeout); or

d) Transmission Status (Connection Lost Without ACK/NAK).

If the confirmation is Transmission Status (Frame Transmitted), and the Transmit Frame request was for a
COMMAND frame requesting a write operation, or a write DATA frame where the number of data bytes that
have been transmitted is less than the request byte count and the write data length from the previous
XFER_RDY frame, then this state shall wait to receive one of the following confirmations:

a) Transmission Status (ACK Received);

b) Transmission Status (NAK Received);

c) Transmission Status (ACK/NAK Timeout);

d) Transmission Status (Connection Lost Without ACK/NAK); or
e) XFER_RDY Arrived message.

If a XFER_RDY Arrived message is received, then the ST_ITS shall respond to the XFER_RDY frame as if a
Transmission Status (ACK Received) was received.

NOTE 44 - If the number of data bytes requested to be transmitted for the Send SCSI Command protocol
service request are fewer than the number of bytes in the service request, then this state may send additional
Transmit Frame requests for write DATA frames for the protocol service request before receiving a Trans-
mission Status (ACK Received), Transmission Status (NAK Received), Transmission Status (ACK/NAK
Timeout), or Transmission Status (Connection Lost Without ACK/NAK) confirmation for Transmit Frame
requests for previous write DATA frames sent for the |_T_L_Q nexus.

After a Transmission Status (Frame Transmitted) is received, if a confirmation of Transmission Status (NAK
Received) is received, the Transmit Frame request was for a COMMAND frame, and the vendor specific
number of retries has not been reached, then this state shall send a Transmit Frame (interlocked) request to
the port layer (i.e., the last COMMAND frame is retransmitted).

After a Transmission Status (Frame Transmitted) is received, if a confirmation of Transmission Status (NAK
Received) is received, the Transmit Frame request was for a TASK frame, and the vendor specific number of
retries has not been reached, then this state shall send a Transmit Frame (interlocked) request to the port
layer (i.e., the last TASK frame is retransmitted).
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Table 130 defines the messages that this state shall send to the ST_IFR state machine upon receipt of the
listed confirmations, based on the conditions under which each confirmation was received.

Table 106 — Messages sent to the ST_IFR state machine

Confirmation received
from
the port layer

Conditions under which confirmation was
received

Message sent to
ST_IFR state machine

Transmission Status
(ACK/NAK Timeout) or
Transmission Status
(Connection Lost
Without ACK/NAK)

The Transmit Frame request was for a
COMMAND frame.

Transmission Complete
(Command Failed,
ACK/NAK Timeout)

The Transmit Frame request was for a TASK
frame.

Transmission Complete
(Task Failed, ACK/NAK
Timeout)

Transmission Status
(NAK Received)

The Transmit Frame request was for a
COMMAND frame and the vendor-specific
number of retries has been reached.

Transmission Complete
(Command Failed, NAK
Received)

The Transmit Frame request was for a TASK
frame and the vendor-specific number of retries
has been reached.

Transmission Complete
(Task Failed, NAK
Received)

Transmission Status
(NAK Received)

Transmission Status
(ACK/NAK Timeout) or
Transmission Status
(Connection Lost
Without ACK/NAK)

The Transmit Frame request was for a write

DATA frame and:

a) the RETRY DATA FRAMES bit was set to zero in
the XFER_RDY frame requesting the data; or

b) the RETRY DATA FRAMES bit was set to one in
the XFER_RDY frame requesting the data,
and the vendor-specific number of retries has
been reached.

Transmission Complete
(Data-Out Failed, NAK
Received)

Transmission Complete
(Data-Out Failed,
ACK/NAK Timeout)

After this state sends a Transmission Complete (Command Failed, ACK/NAK Timeout) this state shall
continue processing messages and confirmations.

NOTE 45 - The application client may determine the command was received and is being processed by the
device server and allow the command to complete. The application client may accomplish this by the use of
the QUERY TASK task management request.

If this state receives a Return to Start message or a Return to Start argument, and this state has not received
confirmations for all Transmit Frame requests sent to the port layer, then this state shall send a Cancel
request to the port layer. This state may also send a Cancel request to the port layer to cancel a previous

Transmit Frame request.

If this state receives a Cancel message or a Cancel argument, and this state has received confirmations for all
Transmit Frame requests sent to the port layer, then this state shall send a Transmission Complete (Cancel
Acknowledged) message to the ST_IFR state machine.

If this state receives a Cancel message or a Cancel argument, and this state has not received confirmations
for all Transmit Frame requests sent to the port layer, then this state shall send a Cancel request to the port
layer. This state may also send a Cancel request to the port layer to cancel a previous Transmit Frame
request. The Cancel request shall include the following arguments:

a) destination SAS address; and
b) tag.

NOTE 46 - The Cancel message results from a vendor specific request from the SCSI application layer after
the SCSI application layer has used a task management function to determine that the SAS target port did not
receive the COMMAND frame.
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If this state receives a Transmission Status (Cancel Acknowledged) confirmation, then this state shall send a
Transmission Complete (Cancel Acknowledged) message to the ST_IFR state machine.

If this state receives an XFER_RDY Arrived message, then this state shall verify the Xfer_Rdy state machine
argument as specified in table 107. If the verification fails, then this state sends the Transmission Complete
message specified in table 107 to the ST_IFR state machine.

Table 107 — Transmission Complete messages for XFER_RDY frame verification failures

Message sent to ST_IFR & | Condition

The Write Data Length Xfer_Rdy state machine argument is zero.

Transmission Complete : -
(XFER_RDY Incorrect Write The value in the Requested Offset Xfer_Rdy state machine argument plus

Data Length) the Write Data Length. Xfer_Rdy statg machine argument is greater than
the Data-Out Buffer Size state machine argument.

First burst is not enabled, this is the first XFER_RDY frame for a
command, and the value in the Requested Offset Xfer_Rdy state machine
argument is not set to zero.

First burst is enabled, this is the first XFER_RDY frame for a command,
and the value in the Requested Offset Xfer_Rdy state machine argument
is not equal to the value indicated by the FIRST BURST SIzE field in the
Disconnect-Reconnect mode page (see 10.2.6.1.5).

Retries are not supported and the Requested Offset Xfer_Rdy state
machine argument is not equal to the Previous Requested Offset state
machine variable plus the Previous Write Data Length Field state machine

o variable.
Transmission Complete

(XFER_RDY Requested Offset | Retries are supported, the Retransmit Bit Xfer_Rdy state machine

Error) argument is set to zero, and the Requested Offset Xfer_Rdy state
machine argument is not equal to the Previous Requested Offset state
machine variable plus the Previous Write Data Length state machine
variable.

Retries are supported, this is not the first XFER_RDY frame for the
command, the Retransmit Bit Xfer_Rdy state machine argument is set to
one, and:
a) the Requested Offset Xfer Rdy state machine argument is not
equal to the Previous Requested Offset state machine variable; and
b) the Requested Offset Xfer_Rdy state machine argument is not
equal to the Previous Requested Offset state machine variable plus
the Previous Write Data Length Field state machine variable.

& |f more than one condition is true, then this state shall send the Transmission Complete (XFER_RDY
Incorrect Write Data Length) message to the ST_IFR state machine.

After this state verifies an XFER_RDY frame, it shall:

a) setthe Data-Out Buffer Offset state machine variable to the Requested Offset Xfer_Rdy state
machine argument;

b) set the Previous Requested Offset state machine variable to the Requested Offset Xfer_Rdy state
machine argument; and

c) setthe Previous Write Data Length state machine variable to the Requested Offset Xfer_Rdy state
machine argument.

8.2.4.2.3.3.3 Transition ST_ITS2:Initiator_Send_Frame to ST_ITS1:Initiator_Start
This transition shall occur after:

a) this state has sent one of the following to the ST_IFR state machine:
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A) a Transmission Complete (Command Failed, NAK Received) message;
B) a Transmission Complete (Task Failed, ACK/NAK Timeout) message;
C) a Transmission Complete (Task Failed, NAK Received) message;
D) a Transmission Complete (Command Failed, ACK/NAK Timeout) message and the command
was for a non-data operation;
E) a Transmission Complete (Data-Out Failed, NAK Received) message;
F) a Transmission Complete (Data-Out Failed, ACK/NAK Timeout) message;
G) a Transmission Complete (XFER_RDY Incorrect Write Data Length) message;
H) a Transmission Complete (XFER_RDY Requested Offset Error) message; or
I) a Transmission Complete (Cancel Acknowledged) message;
or

b) this state has received a Return To Start message or Return To Start argument, and has received:
A) confirmations for all Transmit Frame requests sent to the port layer; or
B) a Transmission Status (Cancel Acknowledged) confirmation.

8.2.4.2.3.3.4 Transition ST_ITS2:Initiator_Send_Frame to ST_ITS5:Prepare_Data_Out
If first burst is enabled, this transition shall occur and include the First Burst argument after this state receives:

a) a Transmission Status (Frame Transmitted) confirmation followed by a Transmission Status (ACK
Received) for a COMMAND frame requesting a write operation; or

b) a Transmission Status (Frame Transmitted) confirmation for a Transmit Frame (Non-interlocked)
request if the Data-Out Buffer Offset state machine variable is less than the first burst size (see x.x.x).

This transition shall occur after this state receives:

a) an XFER_RDY Arrived message; or

b) a Transmission Status (Frame Transmitted) confirmation for a Transmit Frame (Non-interlocked)
request if the Data-Out Buffer Offset state machine variable is less than the Requested Offset
Xfer_Rdy state machine argument plus the Write Data Length Xfer_Rdy state machine argument.

NOTE 47 - This transition occurs even if this state has not received a Transmission Status (ACK Received)
for the write DATA frame.

This transition shall include a Retry argument and occur after:

a) this state receives one of the following confirmations or arguments for a write DATA frame:
A) Transmission Status (NAK Received);
B) Transmission Status (ACK/NAK Timeout); or
C) Transmission Status (Connection Lost without ACK/NAK);
b) the RETRY DATA FRAMES bit set to one in the XFER_RDY frame for the write operation
c) the Data-Out Buffer Offset state machine variable is set to the Requested Offset Xfer_Rdy state
machine argument; and
d) the vendor-specific number of retries, if any, for the write DATA frame has not been reached.

8.2.4.2.3.3.5 Transition ST_ITS2:Initiator_Send_Frame to ST_ITS6:Receive_Data_In

This transition shall occur after this state receives a Transmission Status (Frame Transmitted) confirmation for
a COMMAND frame for a command requesting a read operation.

NOTE 48 - This transition occurs even if this state has not received a Transmission Status (ACK Received)
for the COMMAND frame.

8.2.4.2.3.4 ST_ITS3:Prepare_Command state

8.2.4.2.3.4.1 State description
This state shall construct a COMMAND frame using the Command arguments (see 8.2.4.2.2.1):
a) FRAME TYPE field set to 06h (i.e., COMMAND frame);
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b) HASHED DESTINATION SAS ADDRESS field set to the hashed value of the Destination SAS Address
Commands argument;

C) HASHED SOURCE SAS ADDRESS field set to the hashed value of the SSP initiator port's SAS address;

d) RETRY DATA FRAMES bit set to zero;

€) RETRANSMIT bit set to zero;

f) CHANGING DATA POINTER bit set to zero;

g) NUMBER OF FILL BYTES field set zero.

h) TAG field set to the Tag Command argument;

i) TARGET PORT TRANSFER TAG field set to zero;

i) DATA OFFSET field set to zero;

k) in the information unit, LOGICAL UNIT NUMBER field set to the Logical Unit Number Command argument;

[) in the information unit, ENABLE FIRST BURST bit set to the Enable First Burst Command argument;

m) in the information unit, TASK PRIORITY field set to the Task Priority Command argument;

n) in the information unit, TASK ATTRIBUTE field set to the Task Attribute Command argument;

0) in the information unit, ADDITIONAL CDB LENGTH field set to the Additional CDB Length Command
argument;

p) in the information unit, cbs field set to the CDB Command argument;

g) in the information unit, ADDITIONAL CDB BYTES field set to the Additional CDB Bytes Command
argument, if any; and

r) no fill bytes.

8.2.4.2.3.4.2 Transition ST_ITS3:Prepare_Command to ST_ITS2:Initiator_Send_Frame
This transition shall occur after this state:

a) constructs a COMMAND frame;
b) receives a Cancel message; or
c) receives a Return To Start message.

This transition shall include the:

a) COMMAND frame as an argument;
b) if a Cancel message was received, then a Cancel argument; or
c) if a Return To Start message was received, then a Return To Start argument.

8.2.4.2.3.5 ST_ITS4:Prepare_Task state

8.2.4.2.3.5.1 State description
This state shall construct a TASK frame using the Task arguments:

a) FRAME TYPE field set to 16h (i.e., TASK frame);

b) HASHED DESTINATION SAS ADDRESS field set to the hashed value of the Destination SAS Address Task
argument;

C) HASHED SOURCE SAS ADDRESS field set to the hashed value of the SSP initiator port's SAS address;

d) RETRY DATA FRAMES bit set to zero;

€) RETRANSMIT bit set to the Retransmit Bit Task argument;

f) CHANGING DATA POINTER bit set to zero;

0) NUMBER OF FILL BYTES field set zero.

h) TAG field set to the Tag Task argument;

i) TARGET PORT TRANSFER TAG field set to zero;

j) DATA OFFSET field set to zero;

k) in the information unit, LOGICAL UNIT NUMBER field set to the Logical Unit Number Task argument;

[) in the information unit, TASK MANAGEMENT FUNCTION field set to the Task Management Function Task
argument;

m) in the information unit, TAG OF TASK TO BE MANAGED field set to the Tag Task argument of task to be
managed and

n) no fill bytes.
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8.2.4.2.3.5.2 Transition ST_ITS4:Prepare_Task to ST_ITS2:Initiator_Send_Frame
This transition shall occur after this state:

a) constructs a TASK frame;
b) receives a Cancel message; or
c) receives a Return To Start message.

This transition shall include the:

a) TASK frame as an argument;
b) if a Cancel message was received, then a Cancel argument; or
c) if a Return To Start message was received, then a Return To Start argument.

8.2.4.2.3.6 ST_ITS5:Prepare_Data_Out state

8.2.4.2.3.6.1 State description

This state shall construct a write DATA frame using the following Xfer_Rdy state machine arguments and
Command state machine arguments:

a) FRAME TYPE field set to O1h (i.e., DATA frame);

b) HASHED DESTINATION SAS ADDRESS field set to the hashed value of the Destination SAS Address
Command argument;

C) HASHED SOURCE SAS ADDRESS field set to the hashed value of the SSP initiator port's SAS address;

d) RETRY DATA FRAMES bit set to zero;

€) RETRANSMIT bit set to zero;

f) CHANGING DATA POINTER bit set as specified in this subclause;

0) NUMBER OF FILL BYTES field set to the number of fill bytes, based on the length of the specified data;

h) TAG field set to the Tag Command argument;

i) TARGET PORT TRANSFER TAG field set to FFFFh if this state received a First Burst argument or the
Target Port Transfer Tag Xfer_Rdy argument if this state did not receive a First Burst argument;

j) DATA OFFsET field set to the Data-Out Buffer Offset state machine variable;

k) inthe information unit, DATA field set to the information that starts at the location in the Data-Out Buffer
state machine argument pointed to by the Data-Out Buffer Offset state machine variable and shall
contain the amount of data indicated by the Write Data Length Xfer_Rdy argument; and

[) fill bytes, if any.

If this state is entered without a Retry argument, then this state shall set the CHANGING DATA POINTER bit to
zero.

If this state is entered with a Retry argument, then this state shall set the CHANGING DATA POINTER bit to one.
After constructing the write DATA frame, this state shall set the Data-Out Buffer Offset state machine variable
to the value of the DATA OFFSET field plus the length of the DATA field in the information unit.

8.2.4.2.3.6.2 Transition ST_ITS5:Prepare_Data_Out to ST_ITS2:Intiator_Send_Frame

This transition shall occur after this state:

a) constructs a write DATA frame;
b) receives a Cancel message; or
c) receives a Return To Start message.

This transition shall include the received Transmission Status, if any, as an argument and the:

a) write DATA frame as an argument;
b) if a Cancel message was received, then a Cancel argument; or
c) if a Return To Start message was received, then a Return To Start argument.
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8.2.4.2.3.7 ST_ITS6:Receive_Data_In state

8.2.4.2.3.7.1 State description

If this state receives a Data-In Arrived message, then this state shall verify the values in the read DATA frame
received with the message as defined in table 108.

If the verification fails, then this state sends the Reception Complete message specified in table 107 to the
ST_IFR state machine.

Table 108 — Reception Complete messages for read DATA frame verification failures

Message sentto ST_IFR @ | Condition

Transport layer retries are not supported, and the DATA OFFSET field in the
Reception Complete read DATA frame is not equal Data-In Buffer Offset state machine variable.

(Data Offset Error) The DATA OFFsET field in the read DATA frame is greater than the Data-In
Buffer Size state machine argument.

The number of bytes in the DATA field in the read DATA information unit
plus the Data-In Buffer Offset state machine variable is greater than the
Data-In Buffer Size state machine argument.

Reception Complete
(Too Much Read Data)

Reception Complete The number of bytes in the DATA field in the read DATA information unit is
(Incorrect Data Length) zero.

a If more than one condition is true, then this state shall select which message to send to the ST_IFR state
machine using the following order:
1) Reception Complete (Data Offset Error);
2) Reception Complete (Too Much Read Data); or
3) Reception Complete (Incorrect Data Length).

a) transport layer retries are supported;

b) the CHANGING DATA POINTER bit is set to zero;

c) the DATA OFFSET field is not set to the Data-In Buffer Offset state machine variable;

d) the DATA OFFSET field is less than the Data-In Buffer Size state machine argument; and

e) the DATA OFFSET field plus the length of the Data information unit is less than or equal to the Data-In
Buffer Size state machine argument,

then this state should discard all Data-In Arrived messages until a read DATA frame is received in which the
CHANGING DATA POINTER bit is set to one. This state shall resume processing additional Data-In Arrived
messages when it receives a Data-In Arrived message with the CHANGING DATA POINTER bit set to one.

If the verification succeeds or after this state resumes processing Data-In Arrived messages, then this state
shall process the data received in the read DATA frame and set the Data-In Buffer Offset state machine
variable to the DATA OFFSET field plus the length of the Data information unit.

If this state receives Transmission Status (ACK/NAK Timeout) or Transmission Status (Connection Lost
Without ACK/NAK), then this state shall send a Reception Complete (Command Failed, Connection Failed) to
the ST_IFR state machine.

After this state sends a Reception Complete (Command Failed, Connection Failed) message, this state shall
continue processing messages and confirmations.

NOTE 49 - The application client may determine the command was received and is being processed by the
device server and allow the command to complete.

If this state receives a Cancel message, then this state shall send a Reception Complete (Cancel
Acknowledged) message to the ST_IFR state machine. The Reception Complete message shall include the
tag as an argument.
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NOTE 50 - The Cancel message results from a vendor specific request from the SCSI application layer after
the SCSI application layer has used a task management function to determine that the SAS target port did not
receive the COMMAND frame.

8.2.4.2.3.7.2 Transition ST _ITS6:Receive_Data In to ST_ITS1:Initiator_Start
This transition shall occur after this state:

a) sends one of the following to the ST_IFR state machine:
A) a Reception Complete (Data Offset Error) message;
B) a Reception Complete (Too Much Read Data) message;
C) a Reception Complete (Incorrect Data Length) message; or
D) a Transmission Complete (Cancel Acknowledged) message;
or
b) receives a Return To Start message.

8.2.4.2.3.7.3 Transition ST _ITS6:Receive_Data_In to ST _ITS2:Initiator_Send_Frame
This transition shall occur after this state receives a Transmission Status (NAK Received) confirmation for a
COMMAND frame for a command requesting a read operation.

8.2.4.3 ST_T (transport layer for SSP target ports) state machines

8.2.4.3.1 ST_T state machines overview
The ST_T state machines are as follows:

a) ST_TFR (target frame router) state machine (see 8.2.4.3.2); and
b) ST_TTS (target transport server) state machine (see 8.2.4.3.3).

The SAS target port includes:

a) one ST_TFR state machine; and
b) one ST_TTS state machine for each possible task and task management function (i.e., for each tag).

This state machine may maintain the timers listed in table 109.
Table 109 — ST_T state machine timers

Timer Initial value

The value in the INITIATOR RESPONSE TIMEOUT field in the

Initiator Response Timeout Protocol-Specific Port mode page (see 10.2.6.2).
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Figure 150 — ST_T (transport layer for SSP target ports) state machines
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Editor’'s Note 15: Added Transmission Status confirmation into ST_TTS3 to allow for
non-interlocked DATA frame transfers. Changed Cancel message to go to all states. Added ACK
Transmitted to ST_TTS5. Deleted ST_TTS1 to ST_TTS2 transition, ST_TTS5to ST_TTS2
transition, ST_TTS7 to ST_TTS2 transition, and ST_TTS4 to ST_TTS2 transition. Added

ST _TTS1to ST_TTS3 transition, ST_TTS1 to ST_TTS4 transition, ST _TTS1to ST_TTS7
transition, and ST_TTS5 to ST_TTS4 transition. Change ST_TTS7 to ST_TTS6.

8.2.4.3.2 ST_TFR (target frame router) state machine

| 8.2.4.3.2.1 ST_TFR state machine overview
The ST_TFR state machine performs the following functions:

a) receives confirmations from the port layer;

b) receives transport protocol service requests from the SCSI application layer;
C) sends transport protocol service indications to the SCSI application layer;

d) sends messages to the ST_TTS state machine;

e) receives messages from the ST_TTS state machine;

f) receives Accept_Reject OPENSs requests from the SCSI application layer;

g) sends Accept_Reject OPENS requests to the port layer;

h) sends Nexus Loss event notifications to the SCSI application layer; and

i) sends Transport Reset event notifications to the SCSI application layer.

This state machine consists of one state.

This state machine shall be started after power on.

| 8.2.4.3.2.2 Processing Frame Received confirmations

If this state machine receives a Frame Received (ACK/NAK Balanced) or Frame Received (ACK/NAK Not
Balanced) confirmation, then this state machine shall check the frame type in the received frame (see table
104 in 9.2.1). If the frame type is not COMMAND, TASK, or DATA, then this state machine shall discard the
frame. If the confirmation was Frame Received (ACK/NAK Not Balanced) and the frame type is not DATA,
then this state machine shall discard the frame.

This state machine may check that reserved fields in the received frame are zero. If any reserved fields are
checked and they are not set to zero, then this state machine shall send the following to an ST_TTS state
machine that does not have an active task and discard the frame:

a) a Request (Send Transport Response) message with the Transport Response arguments;

b) the destination SAS address argument set to the SAS address from which the invalid frame was
received; and

c) the Service Response argument set to Invalid Frame.

The check of reserved fields within the frame shall not apply to the reserved fields within the CDB in a
COMMAND frame. Checking of reserved fields in a CDB is described in SPC-3.

The following is the list of Transport Response arguments:

a) connection rate;

b) initiator connection tag;

c) destination SAS address (i.e., the SAS address to which the RESPONSE frame is to be transmitted);
d) source SAS address set to the SAS address of the SAS port containing the state machine;

e) tag; and

f) service response.

If the frame type is correct relative to the Frame Received confirmation, then this state machine may check
that the hashed source SAS address matches the SAS address of the SAS port that transmitted the frame
and that the hashed destination SAS address matches the SAS address of the SAS port that received the
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frame based on the connection information. If this state machine checks these SAS addresses, and they do
not match, then this state machine shall discard the frame.

If the frame type is COMMAND or TASK then this state machine shall check the length of the information unit.
If the length of the information unit is not correct, then this state machine shall send the following to an
ST_TTS state machine that does not have an active task and discard the frame:

a) a Request (Send Transport Response) message with the Transport Response arguments;
b) the destination SAS address set to the SAS address from which the invalid frame was received; and
c) the Service Response argument set to Invalid Frame.

If the frame type is TASK, this state machine checks tags, the RETRANSMIT bit in the new TASK frame is set to
one, and the tag for the new TASK frame is the same as the tag for a previous TASK frame where the task
management function for the previous TASK frame is not complete, then this state machine shall discard the
new TASK frame and not send a Task Management Request Received confirmation to the port layer.

If the frame type is TASK and this state machine does not check tags, then this state machine shall ignore the
RETRANSMIT bit.

If the frame type is COMMAND or TASK, then this state machine may check the target port transfer tag. If this
state checks the target port transfer tag and the tag is set to a value other than FFFFh, then this state machine
shall send the following to an ST_TTS state machine that does not have an active task and discard the frame:

a) a Request (Send Transport Response) message with the Transport Response arguments;
b) the destination SAS address set to the SAS address from which the invalid frame was received; and
c) the Service Response argument set to Invalid Frame.

If the frame type is TASK, then this state machine shall check the logical unit number. If the logical unit
number is unknown, then this state machine shall send the following to an ST_TTS state machine that does
not have an active task and discard the frame:

a) a Request (Send Transport Response) message with the Transport Response arguments;
b) the destination SAS address set to the SAS address from which the invalid frame was received; and
c) the Service Response argument set to Incorrect Logical Unit Number.

If the frame type is DATA and this frame is for first burst data or this state machine did not assign a target port
transfer tag for the data transfer, then this state machine may check the target port transfer tag. If target port
transfer tag is set to a value other than FFFFh, then this state machine shall send the following to an ST_TTS
state machine that does not have an active task and discard the frame:

a) a Request (Send Transport Response) message with the Transport Response arguments;
b) the destination SAS address set to the SAS address from which the invalid frame was received; and
c) the Service Response argument set to Invalid Frame.

If the frame type is COMMAND or TASK and the fields checked in the frame are correct, then this state
machine shall wait to receive an ACK Transmitted confirmation.

If the frame type is COMMAND, the fields checked in the frame are correct, and this state machine receives
an ACK Transmitted confirmation, then this state machine shall send a SCSI Command Received transport
protocol service indication with the following arguments to the SCSI application layer:

a) source SAS address (i.e., the SAS address that transmitted the COMMAND frame);
b) tag;

c) logical unit number;

d) task attribute;

e) task priority;

f) CDB; and

g) additional CDB bytes, if any.

If the frame type is TASK, the fields checked in the frame are correct, and this state machine receives an ACK
Transmitted confirmation, then this state machine shall send a Task Management Request Received transport
protocol service indication with the following arguments to the SCSI application layer:

a) source SAS address (i.e., the SAS address that transmitted the TASK frame);
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b) tag;

c) logical unit number;

d) task management function; and
e) tag of the task to be managed.

If the frame type is DATA, and the tag does not match a tag for an outstanding command performing write
operations, then this state machine shall discard the frame.

If the frame type is DATA, and the tag matches a tag for an outstanding command performing write operations
when first burst is not enabled (see x.x) or for which no Transmission Complete (Xfer_Rdy Delivered)
message has been received from an ST_TTS state machine, then this state machine shall discard the frame.

If the frame type is DATA and a target port transfer tag was received in a Transmission Complete (Xfer_Rdy
Delivered) message, then this state machine shall check the target port transfer tag. If the target port transfer
tag received in the DATA frame does not match the Target Transport Tag argument in the Transmission
Complete (Xfer_Rdy Delivered) message, then this state machine shall discard the frame.

If the frame type is DATA and the fields checked in the frame are correct, and first burst is enabled (see x.x) or
this state machine has received a Transmission Complete (Xfer_Rdy Delivered) from the ST_TTS state
machine for the request, then this state machine shall send a Data-Out Arrived message to the ST_TTS state
machine specified by the tag in the frame. The message shall include the content of the write DATA frame.

8.2.4.3.2.3 Processing transport protocol service requests and responses

If this state machine receives a Send Data-In transport protocol service request from the SCSI application
layer, then this state machine shall send a Request (Send Data-In) message to an ST_TTS state machine that
does not have an active task. The message shall include the following Data-In arguments:

a) connection rate;

b) initiator connection tag;

c) destination SAS address (i.e., the SAS address to which the read DATA frame is to be transmitted);
d) source SAS address set to the SAS address of the SSP target port;

e) tag;

f) device server buffer;

g) request byte count; and

h) application client buffer offset.

If this state machine receives a Receive Data-Out transport protocol service request from the SCSI application
layer, then this state machine shall send a Request (Receive Data-Out) message to an ST_TTS state
machine that does not have an active task. The message shall include the following Data-Out arguments:

a) connection rate;

b) initiator connection tag;

c) destination SAS address (i.e., the SAS address to which the XFER_RDY frame is to be transmitted);
d) source SAS address set to the SAS address of the SSP target port;

e) tag;

f) device server buffer;

g) request byte count;

h) application client buffer offset; and

i) target port transfer tag.

If first burst is enabled (see x.x.x), then the Request (Receive Data_Out) message shall also include the
Enable First Burst argument and First Burst Size argument. The First Burst Size argument shall be set to first
burst size from the Disconnect-Reconnect mode page (see 10.2.6.1.5).

If this state machine receives a Send Command Complete transport protocol service response from the SCSI
application layer with the Service Response argument set to TASK COMPLETE or LINKED COMMAND
COMPLETE, then this state machine shall send a Request (Send Application Response) message to the
ST_TTS state machine specified by the tag. The message shall include the following Application Response
arguments:

a) connection rate;
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b) initiator connection tag;

c) destination SAS address (i.e., the SAS address to which the RESPONSE frame is to be transmitted);
d) source SAS address set to the SAS address of the SSP target port;

e) tag;

f) status; and

g) sense data, if any.

If this state machine receives a Task Management Function Executed transport protocol service response
from the SCSI application layer, then this state machine shall send the following to the ST_TTS state machine
specified by the tag:

a) a Request (Send Transport Response) message with the Transport Response arguments; and
b) the Service Response argument set as specified in table 110.

Table 110 specifies which argument to send with Request (Send Transport Response) based on the Service
Response argument that was received.

Table 110 — Task Management Function Executed Service Response argument mapping to Service
Response argument

Task Management Function Executed protocol

. . Request (Send Transport Response)
service response Service Response argument

message Service Response argument

received

FUNCTION COMPLETE Task Management Function Complete
FUNCTION SUCCEEDED Task Management Function Succeeded
FUNCTION REJECTED Task Management Function Not Supported
INCORRECT LOGICAL UNIT NUMBER Incorrect Logical Unit Number

SERVICE DELIVERY OR TARGET FAILURE -

Overlapped Tag Attempted Overlapped Tag Attempted

If this state machine receives a Terminate Data Transfer protocol service request from the SCSI application
layer and this state machine has not sent a Request message to a ST_TTS state machine for the Send
Data-In or Receive Data-Out protocol service request to which the Terminate Data Transfer request applies,
then this state machine shall:

1) discard the Terminate Data Transfer request and any corresponding Send Data-In or Receive
Data-Out request; and
2) send a Data Transfer Terminated protocol service confirmation to the SCSI application layer.

If this state machine receives a Terminate Data Transfer protocol service request from the SCSI application
layer and this state machine has sent a Request message to a ST_TTS state machine for the Send Data-In
protocol service request to which the Terminate Data Transfer request applies, then this state machine shall
send a Cancel message to the ST_TTS state machine specified by the tag and the Send Data-In protocol
service request.

If this state machine receives a Terminate Data Transfer protocol service request from the SCSI application
layer and this state machine has sent a Request message to a ST_TTS state machine for the Receive
Data-Out protocol service request to which the Terminate Data Transfer request applies, then this state
machine shall send a Cancel message to the ST_TTS state machine specified by the tag and the Receive
Data-Out protocol service request.

This state machine receives Transmission Complete and Reception Complete messages that may result in
this state machine sending a Nexus Loss event notification or a protocol service confirmation to the SCSI
application layer. If this state machine receives a Transmission Complete (I_T Nexus Loss) message, then
this state machine shall send a Nexus Loss event notification to the SCSI application layer. Table 111 defines
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messages received from ST_TTS state machines and the corresponding service confirmations, if any, that
shall be sent upon receipt of the message.

Table 111 — Confirmations sent to the SCSI application layer

Protocol service confirmation sent to SCSI

Message received from ST_TTS state machine C
application layer

Transmission Complete (Xfer_Rdy Delivered) None
Transmission Complete (Response Delivered) None
Transmission Complete (Response Failed) 2 None

Data-In Delivered with the Delivery Result

Transmission Complete (Data-In Delivered) argument set to DELIVERY SUCCESSFUL

Data-Out Received with the Delivery Result
argument set to DELIVERY FAILURE - NAK
RECEIVED

Transmission Complete (Xfer_Rdy Failed, NAK
Received)

Data-Out Received with the Delivery Result
argument set to DELIVERY FAILURE -
CONNECTION FAILED

Transmission Complete (Xfer_Rdy Failed, ACK/NAK
Timeout)

Data-In Delivered with the Delivery Result
argument set to DELIVERY FAILURE - NAK
RECEIVED

Transmission Complete (Data-In Failed, NAK
Received)

Data-In Delivered with the Delivery Result
argument set to DELIVERY FAILURE -
CONNECTION FAILED

Transmission Complete (Data-In Failed, ACK/NAK
Timeout)

Data-Out Received with the Delivery Result

Reception Complete (Data-Out Received) argument set to DELIVERY SUCCESSFUL

Data-Out Received with the Delivery Result
Reception Complete (Data Offset Error) argument set to DELIVERY FAILURE - DATA
OFFSET ERROR

Data-Out Received with the Delivery Result
Reception Complete (Too Much Write Data) argument set to DELIVERY FAILURE - TOO
MUCH WRITE DATA

Data-Out Received with the Delivery Result
Reception Complete (Information Unit Too Short) argument set to DELIVERY FAILURE -
INFORMATION UNIT TOO SHORT.

Data-Out Received with the Delivery Result
Reception Complete (Initiator Response Timeout) argument set to DELIVERY FAILURE -
INITIATOR RESPONSE TIMEOUT

Reception Complete (Data Transfer Terminated) Data Transfer Terminated

a8 SAM-3 does not define a mechanism for the device server to determine the result of its Send
Command Complete and Task Management Function Executed transport protocol service response
calls.

Each protocol service confirmation shall include the tag as an argument.
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8.2.4.3.2.4 Processing Accept_Reject OPENs requests and HARD_RESET received confirmations

If this state machine receives an Accept_Reject OPENs (Accept SSP) request or Accept_Reject OPENs
(Reject SSP) request, then this state machine shall send a corresponding Accept_Reject OPENSs request to
the port layer.

If this state machine receives a HARD_RESET Received confirmation, then this state shall send a Transport
Reset event natification to the SCSI application layer.

8.2.4.3.3 ST_TTS (target transport server) state machine

8.2.4.3.3.1 ST_TTS state machine overview
The ST_TTS state machine performs the following functions:

a) receives and processes messages from the ST_TFR state machine;

b) sends messages to the ST_TFR state machine;

c) communicates with the port layer using requests and confirmations regarding frame transmission;
and

d) receives HARD_RESET Received confirmations from the port layer.

This state machine consists of the following states:

a) ST_TTS1:Target_Start (see 8.2.4.3.3.2) (initial state);
b) ST_TTS2:Target Send_Frame (see 8.2.4.3.3.3);

c) ST_TTS3:Prepare_Data_In (see 8.2.4.3.3.4);

d) ST_TTS4:Prepare_Xfer_Rdy (see 8.2.4.3.3.5);

e) ST_TTS5:Receive Data_Out (see 8.2.4.3.3.6); and
f) ST _TTS6:Prepare_Response (see 8.2.4.3.3.7).

This state machine shall start in the ST_TTS1:Target_Start state after power on.

If this state machine receives a HARD_RESET Received confirmation, then this state machine shall transition
to the ST_TTS1:Initiator_Start state from any other state.

This state machine shall maintain the state machine variables defined in table 112.
Table 112 — ST_TTS state machine variables

State machine variable Description

Read Data Offset Offset into the application client buffer for read data

Offset into the device server buffer for read data of last
Balance Point Read Data Offset| DATA frame to have received an ACK Transmitted
confirmation

Device server requested offset in the application client

Requested Write Data Offset buffer for write data

Amount of write data requested by the Device server

Requested Write Data Length from the application client buffer

This state machine shall maintain the state machine arguments defined in table 113.
Table 113 — ST_TTS state machine arguments

State machine argument Description

The Data-In arguments received in the Request (Send

Data-In Data-In) message

The Data-Out arguments received in the Request

Data-Out (Receive Data-Out) message
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8.2.4.3.3.2 ST_TTS1.Target_Start state

8.2.4.3.3.2.1 State description
This state is the initial state of an ST_TTS state machine.
Upon entry into this state, this state shall set the following state machine variables to zero:

a) Read Data Offset;
b) Balance Point Read Data Offset; and
c) Requested Write Data Offset.

If this state was entered without an Enable First Burst argument, then the Requested Write Data Length state
machine variable shall be set to the Request Byte Count Data-Out state machine argument.

If this state was entered with an Enable First Burst argument, then the Requested Write Data Length state
machine variable shall be set to the First Burst Size argument.

8.2.4.3.3.2.2 Transition ST_TTS1:Target_Start to ST_TTS3:Prepare_Data_In

This transition shall occur after this state receives a Request (Send Data-In) message from the ST_TFR state
machine.

8.2.4.3.3.2.3 Transition ST_TTS1:Target_Start to ST_TTS4:Prepare_Data_Xfer_Rdy

If this state was entered without an Enable First Burst argument, then this transition shall occur after a
Request (Receive Data-Out) message is received.

8.2.4.3.3.2.4 Transition ST_TTS1:Target_Start to ST_TTS5:Receive_Data_Out

If this state was entered with an Enable First Burst argument, then this transition shall occur after a Request
(Receive Data-Out) message is received.

8.2.4.3.3.2.5 Transition ST_TTS1:Target_Start to ST_TTS6:Prepare_Response

This transition shall occur after this state receives a Request (Send Transport Response) message from the
ST_TFR state machine.

This transition shall include the Transport Response arguments.
8.2.4.3.3.3 ST_TTS2:Target_Send_Frame state

8.2.4.3.3.3.1 State description

If this state is entered from the ST_TTS3:Prepare_Data_In state for transmission of a read DATA frame, then
this state shall send a Transmit Frame (Non-Interlocked) request to the port layer.

If this state is entered from the ST_TTS4:Prepare_Xfer_Rdy state for transmission of an XFER_RDY frame,
then this state shall send a Transmit Frame (Interlocked) request to the port layer.

If this state is entered from the ST_TTS6:Prepare_Response state for transmission of a RESPONSE frame,
then this state shall send a Transmit Frame (Interlocked) request to the port layer.

All Transmit Frame requests from this state shall include the read DATA frame from the
ST_TTS3:Prepare_Data_In state, the XFER_RDY frame from the ST_TTS4:Prepare_Xfer_Rdy state, or the
RESPONSE frame from the ST_TTS6:Prepare_Response state and the following arguments to be used for
any OPEN address frame:

a) initiator port bit set to zero;

b) protocol set to SSP;

c) Connection Rate argument;

d) Initiator Connection Tag argument;

e) Destination SAS Address argument; and
f) Source SAS Address argument.
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After sending a Transmit Frame request this state shall wait to receive a Transmission Status confirmation.

If the confirmation or argument is Transmission Status (I_T Nexus Loss), then this state shall send a
Transmission Complete (I_T Nexus Loss) message to the ST_TFR state machine. The Transmission
Complete message shall include the tag as an argument.

If the confirmation or argument is not Transmission Status (Frame Transmitted) or Transmission Status (I_T
Nexus Loss), then this state shall send the Transmission Complete message defined in table 114 to the
ST_TFR state machine. The message shall include the following arguments:

a) tag; and
b) arguments received with the Transmission Status confirmation.

If the confirmation is Transmission Status (Frame Transmitted) and the Transmit Frame request was for:

a) an XFER_RDY frame; or
b) a RESPONSE frame,

then this state shall wait to receive one of the following confirmations:

a) Transmission Status (ACK Received);

b) Transmission Status (NAK Received);

c) Transmission Status (ACK/NAK Timeout); or

d) Transmission Status (Connection Lost Without ACK/NAK).

If the confirmation or argument is Transmission Status (Frame Transmitted), the Transmit Frame request was
for a read DATA frame, and the Read Data Offset state machine variable is equal to the Request Byte Count
Data-In argument, then this state shall wait to receive:

a) Transmission Status (ACK Received) confirmations or arguments for each outstanding read DATA
frame; or
b) one of the following:
A) Transmission Status (NAK Received);
B) Transmission Status (ACK/NAK Timeout); or
C) Transmission Status (Connection Lost Without ACK/NAK).

NOTE 51 - If the number of data bytes that have been transmitted for a Request (Send Data-In) message are
fewer than the Data-In Request Byte Count argument, then this state transitions to the
ST_TTS3:Prepare_Data_In state to construct the additional read DATA frames for the request before
receiving a Transmission Status (ACK Received), Transmission Status (NAK Received), Transmission Status
(ACK/NAK Timeout), or Transmission Status (Connection Lost Without ACK/NAK) confirmation.

If a confirmation of Transmission Status (Frame Transmitted) is received and the Transmit Frame request was
for a read DATA frame, then this state shall set the Read Data Offset state machine variable to the current
read data offset plus the number of read data bytes in the transmitted read DATA frame. The Read Data Offset
state machine variable shall be adjusted before checking if the data transfer is complete.

If a Transmission Status (ACK Received) confirmation is received, and the Transmit Frame request was for a
read DATA frame, then this state shall set the Balance Point Read Data Offset state machine vairable to the
current balance point read data offset plus the number of read data bytes transmitted in the read DATA frame
assoicated with Transmission Status (ACK Received) confirmation.

If transport layer retries are enabled, the Transmit Frame request was for a RESPONSE frame, the
vendor-specific number of retries has not been reached, and this state receives one of the following
confirmations:

a) Transmission Status (NAK Received);
b) Transmission Status (ACK/NAK Timeout); or
c) Transmission Status (Connection Lost Without ACK/NAK),

then this state shall:

a) setthe RETRANSMIT bit to one; and
b) resend a Transmit Frame (Interlocked) request to the port layer for the failed RESPONSE frame.
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If transport layer retries are enabled, the Transmit Frame request was for a XFER_RDY frame, the
vendor-specific number of retries has not been reached, and this state receives one of the following
confirmations:

a) Transmission Status (NAK Received);
b) Transmission Status (ACK/NAK Timeout); or
c) Transmission Status (Connection Lost Without ACK/NAK),

then this state shall:

a) setthe RETRANSMIT bit to one;

b) setthe value in the TARGET PORT TRANSFER TAG field to a value that is different than the target port
transfer tag in the previous XFER_RDY frame associated with the Data-out arguments and is different
than any other target port transfer tag currently in use. If write data is received for a subsequent
XFER_RDY frame for a command, then all target port transfer tags used for previous XFER_RDY
frames for the command are no longer in use; and

c) resend a Transmit Frame (Interlocked) request to the port layer for the failed XFER_RDY frame.
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Table 114 defines the messages that this state shall send to the ST_TFR state machine upon receipt of the
listed confirmations, based on the conditions under which each confirmation was received.

Table 114 — Messages sent to the ST_TFR state machine

Confirmation received from
the port layer

Conditions under which confirmation was
received

Message sent to the
ST_TFR state machine

Transmission Status (ACK
Received)

The Transmit Frame request was for an
XFER_RDY frame.

Transmission Complete
(Xfer_Rdy Delivered)
with a Target Port
Transfer Tag argument

Transmit Frame request was for a
RESPONSE frame

Transmission Complete
(Response Delivered)

The Transmit Frame request was for a read

DATA frame and:

a) the Read Data Offset state machine
variable is equal to the Data-In Request
Byte Count argument; and

b) the Read Data Offset state machine
variable is equal to the Balance Point

Read Data Offset state machine variable.

Transmission Complete
(Data-In Delivered)

Transmission Status (NAK
Received), Transmission Status
(ACK/NAK Timeout), or
Transmission Status
(Connection Lost Without
ACK/NAK)

The Transmit Frame request was for a
RESPONSE frame and the vendor-specific
number of retries has been reached.

Transmission Complete
(Response Failed)

Transmission Status (NAK
Received)

Transmission Status (ACK/NAK
Timeout) or Transmission
Status (Connection Lost
Without ACK/NAK)

The Transmit Frame request was for an

XFER_RDY frame and:

a) if transport layer retries is disabled (see
X.X.X); or

b) if transport layer retries is enabled and
the vendor-specific number of retries has
been reached.

Transmission Complete
(Xfer_Rdy Failed, NAK
Received)

Transmission Complete
(Xfer_Rdy Failed,
Connection Failed)

Transmission Status (NAK
Received)

Transmission Status (ACK/NAK
Timeout) or Transmission
Status (Connection Lost
Without ACK/NAK)

The Transmit Frame request was for a read

DATA frame and:

a) if transport layer retries is disabled (see
X.X.X); or

b) if transport layer retries is enabled and
the vendor-specific number of retries has
been reached.

Transmission Complete
(Data-In Failed, NAK
Received)

Transmission Complete
(Data-In Failed,
Connection Failed)

If this state receives a Cancel message or a Cancel argument and this state has received confirmations for all
Transmit Frame requests sent to the port layer, then this state shall send a Transmission Complete (Data
Transfer Terminated) message to the ST_TFR state machine.

If this state receives a Cancel message or a Cancel argument and this state has not received confirmations
for all Transmit Frame requests sent to the port layer, then this state shall send a Cancel request to the port
layer to cancel previous Transmit Frame requests. The Cancel request shall include the following arguments:

a) destination SAS address; and

b) tag.
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Upon receipt of a Transmission Status (Cancel Acknowledged) confirmation this state shall send a
Transmission Complete (Data Transfer Terminated) message to the ST_TFR state machine.

A Transmission Complete message to the ST_TFR state machine shall include the following arguments:

a) destination SAS address; and
b) tag.

8.2.4.3.3.3.3 Transition ST_TTS2:Target_Send_Frame to ST_TTS1:Target_Start

This transition shall occur after this state has sent a Transmission Complete message other than
Transmission Complete (Xfer_Rdy Delivered) to the ST_TFR state machine.

8.2.4.3.3.3.4 Transition ST_TTS2:Target_Send_Frame to ST_TTS3:Prepare_Data_In

This transition shall occur after this state receives a Transmission Status (Frame Transmitted) confirmation for
a read DATA frame and Read Data Offset state machine variable is less than the Request Byte Count Data-In
argument.

If transport layer retries is enabled and the vendor-specific number of retries, if any, for the read DATA frame
has not been reached, this transition shall occur and include a Retry argument after this state receives one of
the following confirmations for a read DATA frame:

a) Transmission Status (NAK Received);
b) Transmission Status (ACK/NAK Timeout); or
¢) Transmission Status (Connection Lost Without ACK/NAK).

8.2.4.3.3.3.5 Transition ST_TTS2:Target_Send_Frame to ST_TTS5:Receive_Data_Out

This transition shall occur after this state sends a Transmission Complete (Xfer_Rdy Delivered) message to
the ST_TFR state machine.

8.2.4.3.3.4 ST_TTS3:Prepare_Data_In state

8.2.4.3.3.4.1 State description
This state retrieves the data from the Device Server Buffer and constructs a read DATA frame.
This state shall construct a read DATA frame using the Data-In arguments (see 8.2.4.3.2) as follows:

a) FRAME TYPE field set to O1h (i.e., DATA frame);

b) HASHED DESTINATION SAS ADDRESS field set to the hashed value of the Destination SAS Address
Data-In argument;

C) HASHED SOURCE SAS ADDRESS field set to the hashed value of the SSP target port's SAS address;

d) RETRY DATA FRAMES bit set to zero;

€) RETRANSMIT bit set to zero;

f) CHANGING DATA POINTER set as specified in this subclause;

0) NUMBER OF FILL BYTES field set to the number of fill bytes needed for the specified read data;

h) TAG field set to the Tag Data-In argument;

i) TARGET PORT TRANSFER TAG field set to zero;

j) DATA OFFsEeT field set as specified in this subclause; and

k) in the information unit, DATA field set as specified in this subclause; and

) fill bytes, if required.

If this state is entered without a Retry argument then this state shall:

a) setthe CHANGING DATA POINTER bit set to zero; and
b) set the DATA OFFSET field to the Read Data Offset state machine variable;
¢) inthe information unit, DATA field set to the information that starts at the location in the specified
device server buffer pointed to by the Read Data Offset state machine variable and shall contain the
amount of data that is the lesser of:
A) the Data-In Request Byte Count argument minus the Read Data Offset state machine variable;
and
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B) the maximum size of the DATA information unit.
If this state is entered with a Retry argument then this state shall:

a) setthe CHANGING DATA POINTER bit in the frame to one; and

b) setthe DATA OFFSET field to Balance Point Read Data Offset state machine variable

c) inthe information unit, DATA field set to the information that starts at the location in the specified
device server buffer pointed to by the Balance Point Read Data Offset state machine variable and
shall contain the amount of data that is the lesser of:
A) the Data-In Request Byte Count argument minus the Balance Point Read Data Offset state

machine variable; and

B) the maximum size of the DATA information unit.

If a confirmation of Transmission Status (Frame Transmitted) is received, then this state shall set the Read
Data Offset state machine variable to the current read data offset plus the number of read data bytes in the
transmitted read DATA frame.

If a Transmission Status (ACK Received) confirmation is received, and the Transmit Frame request was for a
read DATA frame, then this state shall set the Balance Point Read Data Offset state machine vairable to the
current balance point read data offset plus the number of read data bytes transmitted in the read DATA frame
assoicated with Transmission Status (ACK Received) confirmation.

8.2.4.3.3.4.2 Transition ST_TTS3:Prepare_Data_In to ST_TTS2:Target_Send_Frame
This transition shall occur after this state:

a) constructs a read DATA frame; or
b) receives a Cancel message.

This transition shall include the received Transmission Status, if any, as an argument and the:

a) read DATA frame as an argument; or
b) if a Cancel message was received, then a Cancel argument.

8.2.4.3.3.5 ST_TTS4:Prepare_Xfer_Rdy state

8.2.4.3.3.5.1 State description
This state shall construct an XFER_RDY frame using the Data-Out state machine arguments:

a) FRAME TYPE field set to 05h (i.e., XFER_RDY frame);

b) HASHED DESTINATION SAS ADDRESS field set to the hashed value of the Destination SAS Data-Out
address argument;

C) HASHED SOURCE SAS ADDRESS field set to the hashed value of the SSP target port's SAS address;

d) RETRY DATA FRAMES bit set to the value of the TRANSPORT LAYER RETRIES bit in the Protocol-Specific
Logical Unit mode page (see 10.2.6.3);

e) setthe RETRANSMIT bit set to zero;

f) CHANGING DATA POINTER bit set to zero;

0) NUMBER OF FILL BYTES field set to zero;

h) TAG field set to the Tag Data-Out argument;

i) TARGET PORT TRANSFER TAG field set to a vendor-specific value, unless the TRANSPORT LAYER RETRIES
bit is set to one in the Protocol-Specific Logical Unit mode page (see x.x.x), in which case the TARGET
PORT TRANSFER TAG field is set to a:

A) value that is different than the target port transfer tag in the previous XFER_RDY frame
associated with the Data-Out arguments; and
B) different from any other target port transfer tag currently in use.

If write data is received for a subsequent XFER_RDY frame for a command, then all target port
transfer tags used for previous XFER_RDY frames for the command are no longer in use;

j) DATA OFFSET field set to zero; and
k) in the information unit, REQUESTED OFFSET field set to the Requested Write Data Offset state machine
variable;

SAS 1.1 - Transport layer retry and argument passing fixes 30



T10/05-143 revision 4

[) in the information unit, WRITE DATA LENGTH field set as specified in this subclause; and
m) no fill bytes.

If the SSP target port has the resources available to receive all of the write data as indicated by the Requested
Write Data Length state machine variable, then this state shall set the WRITE DATA LENGTH field in the
XFER_RDY information unit to the Requested Write Data Length state machine variable.

If the SSP target port does not have the resources available to receive all of the write data as indicated by the
Requested Write Data Length state machine variable (e.g., the SSP target port has a vender specific limit as
to how much write data may be received during one operation), then this state shall set the WRITE DATA
LENGTH field in the XFER_RDY information unit and the Requested Write Data Length state machine variable
to a value representing the amount of write data for which the SSP target port has available resources to
receive.

8.2.4.3.3.5.2 Transition ST_TTS4:Prepare_Xfer_Rdy to ST _TTS2:Target_Send_Frame

This transition shall occur after this state:

a) constructs an XFER_RDY frame; or
b) receives a Cancel message.

This transition shall include the:
a) if a Cancel message was received, then a Cancel argument; or
b) XFER_RDY frame as an argument.

8.2.4.3.3.6 ST_TTS5:Receive_Data_Out state

8.2.4.3.3.6.1 State description

On entry into this state the Write Data Received variable is set to the Requested Write Data Offset state
machine variable.

If this state receives a Data-Out Arrived message, then this state shall verify the write DATA frame received
with the Data-Out Arrived values as specified in table 115. If the verification test fails, then this state sends the
message specified in table 115 to the ST_TFR state machine.

Table 115 — Reception Complete message for write DATA frame verification failures

Message sentto ST_TFR 2 | Condition

Transport layer retries are not supported, and the DATA OFFSET field is not
equal to the Write Data Received variable.

The DATA OFFSET field is:
Reception Complete a) less than the Requested Write Data Offset state machine variable;
(Data Offset Error) or
b) greater than or equal to the Requested Write Data Offset state
machine variable plus the Requested Write Data Length state
machine variable.

The number of bytes in the DATA field plus the Write Data Received
variable is greater than the Request Byte Count Data-Out state machine
argument.

Reception Complete
(Too Much Write Data)

Reception Complete

(Information Unit Too Short) The number of bytes in the DATA field is zero.

2 |f more than one condition is true, then this state shall select which message to send to the ST_TFR state
machine using the following order:
1) Reception Complete (Data Offset Error);
2) Reception Complete (Too Much Write Data); or
3) Reception Complete (Information Unit Too Short).
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a) transport layer retries are supported;
b) the CHANGING DATA POINTER bit is set to zero; and
c) the value in the DATA OFFSET field is not equal to the Write Data Received variable,

then this state should discard all Data-Out Arrived messages until the CHANGING DATA POINTER bit is set to one.
This state shall resume processing additional Data-Out Arrived messages when it receives a Data-Out Arrived
message with the CHANGING DATA POINTER bit set to one.

If the WRITE data frame verification is successful and the Data-Out Arrived message in not discarded, then
this state shall:

a) setthe Write Data Received variable to the current Write Data Received variable plus the number of
bytes received in the DATA field of the write information unit; and

b) process the write data as indicated in the Data-Out state machine arguments using the Device Server
Buffer (e.g., logical block address) to which the write data is to be transferred.

If the WRITE data frame verification is successful and the CHANGING DATA POINTER bit set to one, then this
state shall:

a) setthe Write Data Received variable to the Requested Write Data Offset state machine variable; and
b) process the write data as indicated in the Data-Out state machine arguments using the Device Server
Buffer (e.g., logical block address) to which the write data is to be transferred.

If the Initiator Response Timeout timer is implemented, then this state shall initialize and start the Initiator
Response Timeout timer:

a) upon entry into this state; and
b) when this state receives and verifies the write DATA frame received with the Data-Out Arrived values
(i.e., Data-Out data was received and processed).

If the Initiator Response Timeout timer is running, then this state shall stop the timer before transitioning from
this state.

If the Initiator Response Timeout timer expires, then this state shall send a Reception Complete (Initiator
Response Timeout) message to the ST_TFR state machine.

If Write Data Received variable equals the Request Byte Count Data-Out state machine argument, then this
state shall send a Reception Complete (Data-Out Received) message to the ST_TFR state machine after a
Reception Complete (ACK Transmitted) confirmation is received for each write DATA frame previously
received.

If this state receives a Cancel message, then this state shall send a Reception Complete (Data Transfer
Terminated) message to the ST_TFR state machine.

The Reception Complete message, if any, shall include the tag as an argument.

8.2.4.3.3.6.2 Transition ST_TTS5:Receive_Data_Out to ST_TTS1:Target_Start

This transition shall occur after this state sends a Reception Complete message to the ST_TFR state
machine.

8.2.4.3.3.6.3 Transition ST_TTS5:Receive_Data_Out to ST_TTS4:Prepare_Xfer_Rdy
This transition shall occur:

1) if the Write Data Received variable is less than Request Byte Count Data-Out state machine
argument and equal to the Requested Write Data Offset state machine variable plus the Requested
Write Data Length state machine variable;

2) a Reception Complete (ACK Transmitted) confirmation is received for each write DATA frame previ-
ously received;

3) after setting the Requested Write Data Length state machine variable to the Request Byte Count
Data-Out state machine argument minus the Requested Write Data Offset state machine variable;
and
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4) after setting the Requested Write Data Offset state machine variable to the Write Data Received state
machine variable.

8.2.4.3.3.7 ST_TTS6:Prepare_Response state

8.2.4.3.3.7.1 State description

This state shall construct a RESPONSE frame using the received Application Response arguments or the
received Transport Response arguments as follows:

a) FRAME TYPE field set to 07h (i.e., RESPONSE frame);

b) HASHED DESTINATION SAS ADDRESS field set to the hashed value of the Application Response or
Transport Response destination SAS address argument;

C) HASHED SOURCE SAS ADDRESS field set to the hashed value of the SSP target port's SAS address;

d) RETRY DATA FRAMES bit set to zero;

€) RETRANSMIT bit set to zero;

f) CHANGING DATA POINTER bit set to zero;

g) TAG field set to the Tag Application Response argument or the Tag Transport Response argument;

h) TARGET PORT TRANSFER TAG field set to zero;

i) DATA OFFSET field set to zero;

j) information unit set as specified in this subclause; and

k) fill bytes, if needed as specified in this subclause.

If this state was entered with the Transport Response arguments, then this state shall set the fields as follows:

a) NUMBER OF FILL BYTES field set to the number of fill bytes, based on the length of the response data, if
any;

b) in the information unit, set the DATAPRES field to RESPONSE DATA;

c) in the information unit, set the staTus field to zero;

d) in the information unit, set the SENSE DATA LENGTH field to zero;

e) in the information unit, set the RESPONSE DATA LENGTH field to 00000004h;

f) in the information unit, set the RESPONSE DATA field as specified in table 116;

g) Iin the information unit, do not include the SENSE DATA field; and

h) NUMBER OF FILL BYTES field set to the number of fill bytes, based on the length of the response data, if
needed.

Table 116 defines how the RESPONSE DATA field shall be set based on the arguments received with the
Request (Send Transport Response) message.

Table 116 — Request argument to RESPONSE frame RESPONSE DATA field mapping

Request argument RESPONSE frame RESPONSE DATA field
Invalid Frame INVALID FRAME
Function Complete TASK MANAGEMENT FUNCTION COMPLETE
Function Succeeded TASK MANAGEMENT FUNCTION SUCCEEDED
Function Not Supported TASK MANAGEMENT FUNCTION NOT SUPPORTED
Function Failed TASK MANAGEMENT FUNCTION FAILED
Incorrect Logical Unit Number | INCORRECT LOGICAL UNIT NUMBER
Overlapped Tag Attempted OVERLAPPED TAG ATTEMPTED

If this state was entered with the Application Response arguments, then this state shall set the fields as
follows:

a) in the information unit, set the DATAPRES field to SENSE_DATA if sense data is to be included in the
information unit or NO_DATA if sense data is not to be included in the information unit;
b) in the information unit, set the STATUS field to the status;
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c) inthe information unit, set the SENSE DATA LENGTH field to the length of the sense data, if any;

d) in the information unit, set the RESPONSE DATA LENGTH field to zero;

e) in the information unit, do not include the RESPONSE DATA field;

f) in the information unit, set the SENSE DATA field to the sense data, if any; and

g) NUMBER OF FILL BYTES field set to the number of fill bytes, based on the length of the sense data, if
needed.

8.2.4.3.3.7.2 Transition ST_TTS6:Prepare_Response to ST_TTS2:Target_Send_Frame
This transition shall occur after this state constructs a RESPONSE frame.
This transition shall include:

a) the RESPONSE frame; or
b) if a Cancel message was received, then a Cancel argument.

Sections with all deletes and adds marked

SAS Clause 3 addition

3.x.x State machine arguments

State machines may define an argument received in a message or confirmation as a state machine
arguments. The following properties apply to state machine arguments:

a) the state machine that sends the argument owns that arguments value;

b) the state machine that receives the argument shall not modify those arguments values;

c) the state machine that sends the argument may resend those arguments with different values;

d) the scope of a state machine argument is the state machine itself; and

e) state machine argument usage is described in the state descriptions and the transition descriptions.

SAS Clause 9.2.6 changes

8.2.5 ST (transport layer for SSP ports) state machines

8.2.5.1 ST state machines overview
The ST state machines perform the following functions:

a) receive and process transport protocol service requests and transport protocol service responses
from the SCSI application layer;

b) receive and process other SAS connection management requests from the application layer;

¢) send transport protocol service indications and transport protocol service confirmations to the SCSI
application layer;

d) send requests to the port layer to transmit frames and manage SAS connections; and

e) receive confirmations from the port layer.

The following confirmations between the ST state machines and the port layer:

a) Transmission Status; and
b) Frame Received;

include the following as arguments:

a) the-tag;
b) the-destination SAS address; and
c) the-source SAS address;

and are used to route the confirmations to the correct ST state machines.
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NOTE 52 - Although allowed by this standard, the ST state machines do not handle bidirectional commands
that result in concurrent write DATA frames and read DATA frames.

8.2.5.2 ST _| (transport layer for SSP initiator ports) state machines

8.2.5.2.1 ST _| state machines overview
The ST_| state machines are as follows:

a) ST_IFR (initiator frame router) state machine (see 8.2.4.2.2); and
b) ST_ITS (initiator transport server) state machine (see 8.2.4.2.3).

The SAS initiator port shall include:

a) one ST_IFR state machine; and
b) one ST_ITS state machine for each possible task and task management function (i.e., for each tag).
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Editor’'s Note 16: Added Data-In Arrived message into ST ITS7 and Transmission Status
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confirmation into ST_ITS5 to allow for non-interlocked DATA frame transfers. Changed Cancel
message to go to all states. Added a Return To Start message to all states. Deleted ST _ITS7.
Added transition from ST _ITS1 to ST_ITS3 and ST_ITS4. Deleted transition from ST _ITS2 to
ST _ITS3 and from ST_ITS2 to ST_ITS4.

8.2.5.2.2 ST_IFR (initiator frame router) state machine
The ST_IFR state machine performs the following functions:

a) receives Send SCSI Command and Send Task Management transport protocol service requests from
the SCSI application layer;

b) sends messages to the ST_ITS state machine;

c) receives messages from the ST_ITS state machine;

d) receives confirmations from the port layer;

e) sends transport protocol service confirmations to the SCSI application layer;

f) receives vendor specific requests from the SCSI application layer;

g) sends vendor specific confirmations to the SCSI application layer;

h) receives Accept_Reject OPENS requests from the SCSI application layer;

i) sends Accept_Reject OPENSs requests to the port layer;

j) sends |_T Nexus Loss event notifications to the SCSI application layer; and

k) sends Transport Reset event notifications to the SCSI application layer.

This state machine consists of one state.

This state machine shall be started after power on.

8.2.5.2.2.1 Processing transport protocol service requests

If this state machine receives a Send SCSI Command transport protocol service request then this state
machine shall send a Request (Send Command) message with the-fellewing-Command arguments and Buffer
arguments to the STFHFStinitiater—Startstate-iran-ST_ITS state machine that-dees-ret-have-anactive-
task:for the specified tag.

The following is the list of Command arguments:

a) connection rate;

b) initiator connection tag;

c) destination SAS address;
d) source SAS address set to the SAS address of the SSP initiator port;
e) tag;

f) logical unit number;

gy ehobletisbosvalue:

h) task priority;

i) task attribute;

j) additional CDB length;

k) CDB; and

[) additional CDB bytes, if any.

The following is the list of Buffer arguments:

a) data-in buffer size;
b) data-out buffer; and
c) data-out buffer size.

If the command is performing a write operations and the Send SCSI Command transport service request
contains a First Burst Enabled argument, then the Request (Send Command) message shall also include the
Enable First Burst argument and the number of bytes (see 9.2.2.1) for the First Burst Size argument.
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If this state machine receives a Send Task Management Request transport protocol service request, then this
state machine shall send a Request (Send Task) message with the following Task arguments to the
ST HStinitiator—Start-state-iranr-ST_ITS state machine that-dees-rethave-anactivetaskfor the specified

tag:

a) connection rate;

b) initiator connection tag;

c) source SAS address set to the SAS address of the SSP initiator port;
d) destination SAS address;

e) retransmit bit;

f) tag;

g) logical unit number;

h) task management function; and

i) tag of task to be managed.

If the ST_ITS state machine for the tag specified in the Send Task Management Request is currently in use,
then this state machine shall set the retransmit bit argument to one. If the ST_ITS state machine for the tag
specified in the Send Task Management Request is not currently in use, then this state machine shall set the
Retransmit Bit argument to zero.

8.2.5.2.2.2 Processing Frame Received confirmations

If this state machine receives a Frame Received (ACK/NAK Balanced) confirmation or Frame Received
(ACK/NAK Not Balanced) confirmation, then this state machine shall eheek-compare the frame type #-of the
frame received as-an-argument-with the received confirmation (see table 104 in 9.2.1). If the confirmation was
Frame Received (ACK/NAK Balanced) and the frame type is not XFER_RDY, RESPONSE, or DATA, then this
state machine shall discard the frame. If the confirmation was Frame Received (ACK/NAK Not Balanced) and
the frame type is not DATA, then this state machine shall discard the frame.

If the frame type is correct relative to the Frame Received confirmation, then this state machine may check
that the hashed source SAS address matches the SAS address of the SAS port that transmitted the frame
and that the hashed destination SAS address matches the SAS address of the SAS port that received the
frame based on the connection information. If this state machine checks these SAS addresses, and they do
not match, then this state machireshall-diseard-the-frame-machine:

a) shall discard the frame; and
b) may send a vendor-specific confirmation to the SCSI application layer to cause the command using
that tag to be aborted.

If the frame type is XFER_RDY then this state machine shall check the length of the information unit. If the
length of the information unit is not correct, then this state machinre-shall-diseardthe-frame-machine:

and-may send a vendor specmc conflrmatlon to the SCSI apphcatlon Iayer to cause the command
using that tag to be aborted.

If the frame type is XFER_RDY and the tag is for a task with no write data, then this state machine shall:

a) discard the frame;

b) send a Command Complete Received transport protocol service confirmation with the Delivery Result
argument set to Service Delivery or Target Failure - XFER—RBY-DATA Not Expected to the SCSI
application layer; and
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c) ifthereis an ST_ITS state machine for the tag, send a SareelReturn To Start message to that state
machine.

If the frame type is RESPONSE-DATA and this-state-machine-hasreceived-the tag is for a RESPONSEframe-
ferthe——1—Q-rexustask with no read data, then this state machine shall-discard-theframe-shall:

a) discard the frame;

b) send a Command Complete Received transport protocol service confirmation with the Delivery Result
argument set to Service Delivery or Target Failure - DATA Not Expected to the SCSI application layer;
and

c) ifthereis an ST_ITS state machine for the tag, send a Return To Start message to that state machine.

If the frame type is RESPONSE then this state machine shall check the length of the information unit. If the
length of the information unit is not correct and the RESPONSE frame was for a command, then this state
shall discard the frame and send a Command Complete Received confirmation to the SCSI application layer
with the Service Response argument set to Service Delivery or Target Failure. If the length of the information
unit is not correct and the RESPONSE frame was for a task management function, then this state shall
discard the frame and send a Received Task Management Function — Executed confirmation to the SCSI
application layer with the Service Response argument set to Service Delivery or Target Failure.

If the frame type is correct relative to the Frame Received confirmation, then this state machine shall check
the tag. If the tag does not specify a valid ST _ITS state machine, then this state machine shall discard the
frame and may send a vendor-specific confirmation to the SCSI application layer to cause the command using
that tag to be aborted.

If the frame type is RESPONSE, and this state machine has received a RESPONSE frame forthe | T L Q
nexus, then this state machine shall discard the frame.

If the frame type is RESPONSE, the #tems-fields checked in the frame are correct, and this state machine has
not received a RESPONSE frame for this |_T_L_Q nexus, then this state machine shall send a pretecet

sepviceconfirmation-Return To Start message to the SCStapplicationlayerbased-enthe-contentof-the-

Bmpﬂes—and—ReaneNsEBm—ﬁelds—ﬁ—me-R%P@NSE#amewas—ST ITS state machme for a—eemmanel—

se#wee—eeﬂmmaﬂen—am—deﬁmed—m—}e%speufled taq and

a) if the RESPONSE frame was for a command, then this state machine shall send a Command
Complete Received protocol service confirmation to the SCSI application layer with the arguments set
as specified in table xxx (see 10.2.1.5); or

b) if the RESPONSE frame was for a task management request, then this state machine shall send a
Received Task Management Function Executed protocol service confirmation to the SCSI application
layer with the arguments set as specified in table xxx (see 10.2.1.5).

If the frame type is XFER_RDY and the #ems-fields checked in the frame are correct, then this state machine
shall wait to receive an ACK Transmitted confirmation.

If this state machine receives an ACK Transmitted confirmation for an XFER_RDY frame, then this state
machine shall send an XFER_RDY Arrived message to the-STHS2:4nitiater—Send—trame-state-irthe-
ST_ITS state machine specified by the tag. The message shall include the following Xfer_Rdy arguments:

a) retry data frames-bitframes;
b) retransmit bit;

C) target port transfer tag:

d) requested offset; and

e) write data length.

If the frame type is DATA and the fields checked in the frame are correct, then this state machine shall send a
Data-In Arrived message to the ST_ITS state machine specified by the tag. The message shall include the
following Read Data arguments:

a) changing data pointer:
b) number of fill bytes;
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c) targetperttransfertagdata offset; and
d) infermationunitdata.

8.2.5.2.2.3 Processing Transmission Complete and Reception Complete messages

Fhis-If this state machine-receives a Transmission Complete messagesand-Reception-Complete-messages-
frem-the-STHFS-state-machines-that-mayresuitr-(I_T Nexus Loss), then this state machine sending-enre-of

the-fellewing-shall send a Nexus Loss event notification to the SCSI application layer:,
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Table 103 defines the transport protocol service confirmation and its argument generated as a result of

receiving a Transmission Complete message or a Reception Complete message that indicate an error

occurred during the transmission or reception of a frame.

Table 118 — Confirmations sent to the SCSI application layer if a frame transmission or reception

error occurs

Message received from ST _ITS state

Protocol service confirmation and Delivery Result

machine

argument sent to the SCSI application layer

Transmission Complete
(Command Failed, ACK/NAK Timeout)

Command Complete Received (Service Delivery or Target

Failure - ACK/NAK Timeout)

Transmission Complete
(Command Failed, NAK Received)

Command Complete Received (Service Delivery or Target

Failure - NAK Received)

Transmission Complete
(Task Failed, ACK/NAK Timeout)

Received Task Management Function - Executed (Service

Delivery or Target Failure - ACK/NAK Timeout)

Transmission Complete
(Task Failed, NAK Received)

Received Task Management Function - Executed (Service

Delivery or Target Failure - NAK Received)

Transmission Complete
(XEER_RDY Incorrect Write Data

Length)

Command Complete Received (Service Delivery or Target

Failure - XFER_RDY Incorrect Write Data Length)

Transmission Complete
(XFER_RDY Requested Offset Error)

Command Complete Received (Service Delivery or Target

Failure - XFER_RDY Requested Offset Error)

Transmission Complete
(Cancel Acknowledged)

Command Complete Received (Service Delivery or Target

Failure - Cancel Acknowledged)

Reception Complete
(Data Offset Error)

Command Complete Received (Service Delivery or Target

Failure - DATA Offset Error)

Reception Complete
(Too Much Read Data)

Command Complete Received (Service Delivery or Target

Failure - DATA Too Much Read Data)

Reception Complete
(Information Unit Too Short)

Command Complete Received (Service Delivery or Target

Failure - DATA Information Unit Too Short)

Reception Complete
(Command Failed, ACK/NAK Timeout)

Command Complete Received (Service Delivery or Target

Failure - ACK/NAK Timeout)

The protocol service confirmation shall include the tag as an argument.

8.2.5.2.2.4 Processing miscellaneous requests

If this state machine receives an Accept_Reject OPENs (Accept SSP) request or Accept_Reject OPENs
(Reject SSP) request, then this state machine shall send a corresponding Accept_Reject OPENSs request to

the port layer.

If this state machine receives a HARD_RESET Received confirmation, then this state machine shall send a

Transport Reset event notification to the SCSI application layer.

This state machine may receive vendor specific requests from the SCSI application layer that cause this state

machine to send a Cancel messages-message to an ST_ITS state machiresmachine.
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8.2.5.2.3 ST_ITS (initiator transport server) state machine

8.2.5.2.3.1 ST_ITS state machine overview
The ST_ITS state machine performs the following functions:

a) receives and processes messages from the ST_IFR state machine;

b) sends messages to the ST_IFR state machine;

C) sends reguestrequests to the port layer regarding frame transmission;

d) receives confirmations from the port layer regarding frame transmission; and
e) receives HARD RESET Received confirmations from the port layer.

This state machine consists of the following states:

a) ST_ITS1:Initiator_Start state (see 8.2.4.2.3.2) (initial state);
b) ST _ITS2:Initiator_Send_Frame state (see 8.2.4.2.3.3);

c) ST_ISF3:Prepare_Command state (see 8.2.4.2.3.4);

d) ST _ITS4:Prepare_Task state (see 8.2.4.2.3.5);

e) ST_ITS5:Prepare_Data_ Out state (see 8.2.4.2.3.6);; and

f) ST_ITS6:Receive_Data_In state (see 8.2.4.2.3.7)-ard.

If this state machine receives a HARD_RESET Received confirmation, then this state machine shall transition
to the ST _ITS1:Initiator_Start state from any other state.

This state machine shall maintain the state machine variables defined in table 104.
Table 119 — ST _ITS state machine variables

State machine variable Description
Data-In Buffer Offset Current offset in the data-in buffer for read data
Data-Out Buffer Offset Current offset in the data-out buffer for write data

Previous Requested Offset Data offset from the last XFER_RDY frame received

Write data length from the last XFER _RDY frame
received

Previous Write Data Length

This state machine shall maintain the state machine arguments defined in table 105.

43 SAS 1.1 - Transport layer retry and argument passing



T10/05-143 revision 4

Table 120 — ST _ITS state machine arguments

State machine argument Description
Command Consists of the Command arguments received in the
— Reqguest (Send Command) message (see 8.2.4.2.2.1)
Task Consists of the arguments received in the Request
- (Send Task) message (see 8.2.4.2.2.1)
xfer Rd Consists of the arguments received in the XFER_RDY
ATET_RCY Arrived message (see 8.2.4.2.2.1)
Data-Out Buffer The location of the write data buffer (see 8.2.4.2.2.1)
Data-Out Buffer size The size in bytes of the write data buffer (see 8.2.4.2.2.1)
Data-In Buffer size The size in bytes of the read data buffer (see 8.2.4.2.2.1)

8.2.5.2.3.2 ST_ITS1:Initiator_Start state

8.2.5.2.3.2.1 State description
This state is the initial state of the-an ST _ITS state machine.
Upon entry into this state, this state shall set the following state machine variables to zero:

a) Data-In Buffer Offset; and
b) Data-Out Buffer Offset.

8.2.5.2.3.2.2 Transition ST ITS1:Initiator_Start to ST ITS3:Prepare_Command

This transition shall occur after this state receives a Request (Send Command) message.

8.2.5.2.3.2.3 Transition ST_ITS1:Initiator_Start to SFHS2ST_ITS4: ritiater—Send—ramePrepare_Task

This transition shall occur after this state receives a Request message-from-the-STH-R-state-machine(Send
Task) message.

8.2.5.2.3.3 ST_ITS2:Initiator_Send_Frame state

8.2.5.2.3.3.1 State description

If this state is entered from the ST_ITS3:Prepare_Command state for transmission of a COMMAND frame,
then this state shall send a Transmit Frame (Interlocked) request to the port layer.

If this state is entered from the ST_ITS6:Receive_Data_In state, and the vendor-specific number of retries has
not been reached for the COMMAND frameframe requesting a read operation, then this state shall send a
Transmit Frame (Interlocked) request to the port layer.

If this state is entered from the ST_ITS4:Prepare_Task state for transmission of an TASK frame, then this
state shall send a Transmit Frame (Interlocked) request to the port layer.

If this state is entered from the SFHFS#ST_ITS5:Prepare_Data_Out state for transmission of a write DATA
frame, then this state shall send a Transmit Frame (Non-Interlocked) request to the port layer if:

a) this state has received an XFER_RDY Arrived message; or
b) first burst is enabled and this state has received a Transmission Status (Frame Transmitted)
confirmation and a Transmission Status (ACK Received) confirmation for the COMMAND frame.
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A Transmit Frame request shall include the COMMAND frame from the ST_ITS3:Prepare_Command state or
from the ST _ITS6:Receive_Data_|In state, the TASK frame from the ST _ITS4:Prepare_Task state, or the write
DATA frame from the ST _ITS5:Prepare_Data_Out state and the following arguments to be used for any
OPEN address frame:

a) initiator port bit set to one;

b) protocol setto SSP;

€) initiator-connection-tag;

e) Connection Rate argument;

f) Initiator Connection Tag argument;

g) destinatien-Destination SAS addressAddress argument; and

i) Source SAS Address argument.

After sending a Transmit Frame request this state shall wait ferto receive a Transmission Status confirmation.

If the confirmation is Transmission Status (I_T Nexus Loss), then this state shall send a Transmission
Complete (I_T Nexus Loss) message to the ST_IFR state machine. This Transmission Complete message
shall include the tag as an argument.

If this-state-machinereceivesa-the confirmation thatis not Transmission Status (Frame Transmitted) or
Transmission Status (I_T Nexus Loss) (see table-1006-table xxx in 8-22-3-48.2.2.3.4), and the Transmit Frame

request was for a COMMAND frame or a DATA frame, then this state shall send a Transmission Complete
(Command Failed, Connection Failed) message to the ST_IFR state machine. The message shall include the

rellewRe—orgrreristag.
) s odwi o ; ien:
b) tag-

If the confirmation is not Transmission Status (Frame Transmitted) or Transmission Status (I_T Nexus L0ss)
(see table xxx in 8.2.2.3.4), and the Transmit Frame request was for a TASK frame, then this state shall send

a Transmission Complete (Task Failed, Connection Failed) message to the ST IFR state machine. The
message shall include the tag.

If the confirmation is Transmission Status (Frame Transmitted), and the Transmit Frame request was for a
COMMAND frame not requesting a read operation (see 8.2.4.2.3.7), a COMMAND frame not requesting a
write operation, a TASK frame, or a write DATA frame where the number of data bytes that have been
transmitted equal the request byte count, then this state shall wait to receive one of the following
confirmations:

a) Transmission Status (ACK Received):

b) Transmission Status (NAK Received):

c) Transmission Status (ACK/NAK Timeout); or

d) Transmission Status (Connection Lost Without ACK/NAK).

If the confirmation is Transmission Status (Frame Transmitted}-), and the Transmit Frame request was for a
FASK-COMMAND frame reguesting a write operation, or a write DATA frame where the number of data bytes
that have been transmitted eguatis less than the request byte esuntcount and the write data length from the
previous XFER_RDY frame, then this state shall wait to receive one of the following confirmations:

a) Transmission Status (ACK Received);

b) Transmission Status (NAK Received);

c) Transmission Status (ACK/NAK Timeout); e+

d) Transmission Status (Connection Lost Without ACK/NAK)-;_or
e) XEFER_RDY Arrived message.

If a XFER_RDY Arrived message is received, then the ST_ITS shall respond to the XFER_RDY frame as if a

Transmission Status (ACK Received) was received.

NOTE 53 - If the number of data bytes that-have-beerrequested to be transmitted for the Send SCSI
Command erSend-Fask-Management-transpertprotocol service request are fewer than the number of bytes

in the service request, then this state may send additional Transmit Frame requests for write DATA frames for
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the protocol service request before receiving a Transmission Status (ACK Received), Transmission Status
(NAK Received), Transmission Status (ACK/NAK Timeout), or Transmission Status (Connection Lost Without
ACK/NAK) confirmation for Transmit Frame requests for previous write DATA frames sentforthe |_ T _L_Q
nexus.

After a Transmission Status (Frame Transmitted) is received, if a confirmation of Transmission Status (NAK
Received) is received, the Transmit Frame request was for a COMMAND frame, and the vendor specific
number of retries has not been reached, then this state shall send a Transmit Frame (interlocked) request to
the port layer (i.e., the last COMMAND frame is retransmitted).

After a Transmission Status (Frame Transmitted) is received, if a confirmation of Transmission Status (NAK
Received) is received, the Transmit Frame request was for a TASK frame, and the vendor specific number of
retries has not been reached, then this state shall send a Transmit Frame (interlocked) request to the port
layer (i.e., the last TASK frame is retransmitted).

TebleZ05-Table 130 defines the serfrrictensreseied-trem-theper-aye—icroHoRsrissien-Sas-rarme
Fransmitted)-and-the-message-messages that shall-be-sentby-this state shall send to the ST_IFR state
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machine upon receipt of the eenfirmation-listed confirmations, based on the conditions under which the-each
confirmation was received.
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Table 122 — Messages sent to the ST _IFR state machine

Confirmation received

from
the port layer

Conditions under which confirmation was
received

Message sent to
ST _IER state machine

Transmission Status
(ACK/NAK Timeout) or
Transmission Status
(Connection Lost
Without ACK/NAK)

The Transmit Frame request was for a
COMMAND frame.

Transmission Complete
(Command Failed,
ACK/NAK Timeout)

The Transmit Frame request was for a TASK
frame.

Transmission Complete
(Task Failed, ACK/NAK
Timeout

Transmission Status

(NAK Received)

The Transmit Frame request was for a
COMMAND frame and the vendor-specific
number of retries has been reached.

Transmission Complete
(Command Failed, NAK

Received)

The Transmit Frame request was for a TASK

Transmission Complete

frame and the vendor-specific number of retries

(Task Failed, NAK

has been reached.

Received)

Transmission Status

(NAK Received)

Transmission Status
(ACK/NAK Timeout) or
Transmission Status
(Connection Lost
Without ACK/NAK)

The Transmit Frame request was for a write

DATA frame and:

a) the RETRY DATA FRAMES bit was set to zero in
the XFER_RDY frame requesting the data; or

b) the RETRY DATA FRAMES bit was set to one in
the XFER_RDY frame requesting the data,
and the vendor-specific number of retries has

Transmission Complete
(Data-Out Failed, NAK

Received)

been reached.

Transmission Complete
(Data-Out Failed,
ACK/NAK Timeout)

After this state sends a Transmission Complete (Command Failed, ACK/NAK Timeout) this state shall

continue processing messages and confirmations.

NOTE 55 - The application client may determine the command was received and is being processed by the

device server and allow the command to complete. The application client may accomplish this by the use of

the QUERY TASK task management request.

If this state receives a Return to Start message or a Return to Start argument, and this state has not received
confirmations for all Transmit Frame requests sent to the port layer, then this state shall send a Cancel
request to the port layer. This state may also send a Cancel request to the port layer to cancel a previous
Transmit Frame request.

If this state receives a Cancel message fremthe-STH-R-state-machireor a Cancel argument, and this state
has received confirmations for all Transmit Frame requests sent to the port layer, then this state shall send a
Transmission Complete (Cancel Acknowledged) message to the ST_IFR state machine.
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If this state receives a Cancel message fremthe-STH-R-state-machireor a Cancel argument, and this state
has not received confirmations for all Transmit Frame requests sent to the port layer, then this state shall send
a Cancel request to the port layer. This state may also send a Cancel request to the port layer to cancel a
previous Transmit Frame request. The Cancel request shall include the following arguments:

a) destination SAS address; and
b) tag.

NOTE 56 - The Cancel message results from a vendor specific request from the SCSI application layer after

the SCSI application layer has used a task management function to determine that the SAS target port did not
receive the COMMAND frame.

If this state receives a Transmission Status (Cancel Acknowledged) confirmation, then this state shall send a
Transmission Complete (Cancel Acknowledged) message to the ST_IFR state machine.

If this state receives an XFER_RDY Arrived message, and-then this state shall verify the write-datatength-is-
zero-or-execeeds-Xfer_Rdy state machine argument as specified in table 107. If the ameunt-efwrite-data-

remaining-to-be-transferred-forthe-commandverification fails, then this state shall-senda-sends the

Transmission Complete SXFER—RBY-heorrect-Write-Datatength}-message specified in table 107 to the
ST_IFR state machine.

Table 123 — Transmission Complete messages for XFER_RDY frame verification failures

Message sent to ST _IFR 2 | Condition

The Write Data Length Xfer Rdy state machine argument is zero.

Transmission Complete : -
(XEER RDY Incorrect Write The value in the Requested Offset Xfer Rdy state machine argument plus

Data Length) the Write Data Length Xfer_Rdy state machine argument is greater than
the Data-Out Buffer Size state machine argument.

First burst is not enabled, this is the first XFER_RDY frame for a
command, and the value in the Requested Offset Xfer_Rdy state machine
argument is not set to zero.

First burst is enabled, this is the first XFER_RDY frame for a command,
and the value in the Requested Offset Xfer Rdy state machine argument
is not equal to the value indicated by the FIRST BURST SizE field in the
Disconnect-Reconnect mode page (see 10.2.6.1.5).

Retries are not supported and the Requested Offset Xfer Rdy state
machine argument is not equal to the Previous Requested Offset state
machine variable plus the Previous Write Data Length Field state machine
variable.

Transmission Complete
(XFER RDY Requested Offset | Retries are supported, the Retransmit Bit Xfer_Rdy state machine
Error) argument is set to zero, and the Requested Offset Xfer Rdy state
machine argument is not equal to the Previous Requested Offset state
machine variable plus the Previous Write Data L ength state machine
variable.

Retries are supported, this is not the first XFER_RDY frame for the
command, the Retransmit Bit Xfer_Rdy state machine argument is set to
one, and:
a) the Requested Offset Xfer_Rdy state machine argument is not
equal to the Previous Requested Offset state machine variable; and
b) the Requested Offset Xfer_Rdy state machine argument is not
equal to the Previous Requested Offset state machine variable plus
the Previous Write Data | ength Field state machine variable.

2 |f more than one condition is true, then this state shall send the Transmission Complete (XFER_RDY

Incorrect Write Data Length) message to the ST _IFR state machine.
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After this state verifies an XFER_RDY frame, it shall:

a) setthe Data-Out Buffer Offset state machine variable to the Requested Offset Xfer_Rdy state
machine argument;

b) setthe Previous Requested Offset state machine variable to the Requested Offset Xfer Rdy state
machine argument; and

c) setthe Previous Write Data Length state machine variable to the Requested Offset Xfer_Rdy state
machine argument.

8.2.5.2.3.3.3 Transition ST_ITS2:Initiator_Send_Frame to ST_ITS1:Initiator_Start

This transition shall occur afterthis-state-has-sent-ene-of-the-follewing-te-the- ST HR-state-machineatfter:

a) Thistransitien-shall-eceurafterthis state has sent one of the following to the ST_IFR state machine:
A) a Transmission Complete (Command BeliveredFailed, NAK Received) message;
B) a Transmission Complete (Semmand-Task Failed, ACK/NAK ReeceivedTimeout) message;
C) a Transmission Complete (Cemmand-Task Failed, ConnectionfailedNAK Received) message-
oRe-the-cemmroRdresso-rer-to-eperadermessage;
D) a Transmission Complete (Command Failed, ACK/NAK Timeout) message and the command
was for a non-data operation;
E) a Transmission Complete (Data-Out Failed, NAK Received) message;
F) a Transmission Complete (Data-Out Failed, ACK/NAK Timeout) message;
G) a Transmission Complete (XFER_RDY Incorrect Write Data Length) message;
H) any-a Transmission Complete messageforaFtASK-erwrite BATA-frame(XFEER_RDY Requested
Offset Error) message; or
[) a Transmission Complete (Cancel Acknowledged}:) message;
or
b) this state has received a Return To Start message or Return To Start argument, and has received:
A) confirmations for all Transmit Frame requests sent to the port layer; or
B) a Transmission Status (Cancel Acknowledged) confirmation.

8.2.5.2.3.3.4 Transition ST_ITS2:Initiator_Send_Frame to
SHHS3IST_ITSS: Prepare—CemmandPrepare_Data Out

If first burst is enabled, this transition shall occur and include the First Burst argument after this state receives:

a) a Transmission Status (Frame Transmitted) confirmation followed by a Transmission Status (ACK
Received) for a COMMAND frame requesting a write operation; or

b) a Transmission Status (Frame Transmitted) confirmation for a Transmit Frame (Non-interlocked)
request if the Data-Out Buffer Offset state machine variable is less than the first burst size (see x.X.x).

This transition shall occur after this state reeeivesaReguest{SendTaskmessage)receives:

ot . )
a) an XFER_RDY Arrived message;; or
b) a Transmission Status (Frame Transmitted) confirmation for a Transmit Frame

(Non-taterleekedinterlocked) request if the rumberef-data-bytesthat-hasbeentransmitted-forthe-
reguest-Data-Out Buffer Offset state machine variable is less than the first-burst-size-er-Requested
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Offset Xfer_Rdy state machine argument plus the write-datatength-speciiedinthe XFER—RBY:-
orWrite Data Length Xfer Rdy state machine argument.

€} aTransmission-Statt ame-Transmitted)-confirmation

NOTE 57 - This transition occurs even if this state has not received a Transmission Status (ACK Received)
for the COMMAND-frameforthe-write operationDATA frame.

This transition shall include a Retry argument and occur after:

a) this state receives one of the following confirmations or arguments for a write DATA frame:
A) Transmission Status (NAK Received):
B) Transmission Status (ACK/NAK Timeout); or
C) Transmission Status (Connection Lost without ACK/NAK):
b) the RETRY DATA FRAMES bit set to one in the XFER_RDY frame for the write operation
c) the Data-Out Buffer Offset state machine variable is set to the Requested Offset Xfer Rdy state
machine argument; and
d) the vendor-specific number of retries, if any, for the write DATA frame has not been reached.

8.2.5.2.3.3.7 Transition ST_ITS2:Initiator_Send_Frame to ST_ITS6:Receive_Data_In

This transition shall occur after this state receives a Transmission Status (Frame Transmitted) confirmation for
| aCOMMAND frame for a command pererming-requesting a read operation.

NOTE 58 - This transition occurs even if this state has not received a Transmission Status (ACK Received)
for the COMMAND frame.

8.2.5.2.3.4 ST_ITS3:Prepare_Command state

8.2.5.2.3.4.1 State description

This state shall construct a COMMAND frame based-er-using the valuesreeceived-with-the- Reguest
Command arguments (Serd-Coemmand)-messagesee 8.2.4.2.2.1):

a) FRAME TYPE field set to 06h (i.e., COMMAND frame);
b) HASHED DESTINATION SAS ADDRESS field set to the hashed value of the speeified-destiration-
| Destination SAS addressAddress Commands argument;
C) HASHED SOURCE SAS ADDRESS field set to the hashed value of the SSP initiator port's SAS address;
d) RETRY DATA FRAMES bit set to zero;
€) RETRANSMIT bit set to zero;
f) CHANGING DATA POINTER bit set to zero;
g) NUMBER OF FILL BYTES field set zero.
| h) 7AG field set to the speeified+tagTag Command argument;
i) TARGET PORT TRANSFER TAG field set to zero;
i) DATA OFFSET field set to zero;
K) in the information unit, LOGICAL UNIT NUMBER field set to the speeiiedogical-unitnumberLogical Unit
Number Command argument;
[) in the information unit, ENABLE FIRST BURST bit set to the speeified-erablefirstburst-bitEnable First
Burst Command argument;
m) in the information unit, TASK PRIORITY field set to the speeifiedtaskprerityTask Priority Command

argument;
n) in the information unit, TASK ATTRIBUTE field set to the specified-taskatiributeTask Attribute Command

argument;

0) in the information unit, ADDITIONAL CDB LENGTH field set to the speeiied-additional-Additional CDB
lengthLength Command argument;

p) in the information unit, cbs field set to the specified-SBB+ardCDB Command argument;
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g) in the information unit, ADDITIONAL CDB BYTES field set to the speecified-additiorat-Additional CDB
bytesBytes Command argument, if any-; and

r) nofill bytes.

8.2.5.2.3.4.2 Transition ST_ITS3:Prepare_Command to ST_ITS2:Initiator_Send_Frame
This transition shall occur after this state-censtructs-a-COMMAND-frame-state:

a) constructs a COMMAND frame;
b) receives a Cancel message; or
Cc) receives a Return To Start message.

This transition shall include the:

a) COMMAND frame as an argument;
b) if a Cancel message was received, then a Cancel argument; or
c) if a Return To Start message was received, then a Return To Start argument.

8.2.5.2.3.5 ST_ITS4:Prepare_Task state

8.2.5.2.3.5.1 State description

This state shall construct a TASK frame based-en-valdes+received-with-using the Reguest{Send-TFask)-
messageTask arguments:

a) FRAME TYPE field set to 16h (i.e., TASK frame);

b) HASHED DESTINATION SAS ADDRESS field set to the hashed value of the specified-destiration-
Destination SAS addressAddress Task argument;

C) HASHED SOURCE SAS ADDRESS field set to the hashed value of the SSP initiator port's SAS address;

d) RETRY DATA FRAMES bit set to zero;

€) RETRANSMIT bit set to the speciied+retransmitbitRetransmit Bit Task argument;

f) CHANGING DATA POINTER bit set to zero;

0) NUMBER OF FILL BYTES field set zero.

h) TAG field set to the speeifiedtagTag Task argument;

i) TARGET PORT TRANSFER TAG field set to zero;

j) DATA OFFsET field set to zero;

k) in the information unit, LOGICAL UNIT NUMBER field set to the speciiedogical-unitnumberLogical Unit
Number Task argument;

[) in the information unit, TASK MANAGEMENT FUNCTION field set to the specifiedtask-management-
funetior—andTask Management Function Task argument;

m) in the information unit, TAG OF TASK TO BE MANAGED field set to the speeifiedtag-Tag Task argument of

task to be maraged-managed and
n) no fill bytes.

8.2.5.2.3.5.2 Transition ST_ITS4:Prepare_Task to ST_ITS2:Initiator_Send_Frame

This transition shall occur after this state:

a) Thistransitienshallececurafterthisstate-constructs a TASK frame-;
b) receives a Cancel message; or
C) receives a Return To Start message.

This transition shall include the:

a) TASK frame as an argument;
b) if a Cancel message was received, then a Cancel argument; or
c) if a Return To Start message was received, then a Return To Start argument.
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8.2.5.2.3.6 ST_ITS5:Prepare_Data_Out state

8.2.5.2.3.6.1 State description

This state shall construct a write DATA frame baseeLem*alue&eﬂher—reeewed—m{# using the Reguest{Send-
: following Xfer_Rdy state

machlne arguments and Command state machlne arquments

a) FRAME TYPE field set to 01h (i.e., DATA frame);

b) HASHED DESTINATION SAS ADDRESS field set to the hashed value of the speeified-destiration-
Destination SAS addressAddress Command argument;

C) HASHED SOURCE SAS ADDRESS field set to the hashed value of the SSP initiator port's SAS address;

d) RETRY DATA FRAMES bit set to zero;

€) RETRANSMIT bit set to zero;

f) CHANGING DATA POINTER bit set to-zere;unless-etherwise-as specified in this subclause;

g) NUMBER OF FILL BYTES field set to the number of fill bytes, based on the length of the specified data;

h) 7AG field set to the speeified+tagTag Command argument;

i) TARGET PORT TRANSFER TAG field set to FFFFh if this state received a First Burst argument or the
Target Port Transfer Tag Xfer_Rdy argument if this state did not receive a First Burst argument;

[} FARGET-PORTTRANSFERTAC-field-setto-thespecifiedtargetporttranstertag;

k) DATA OFFSET field set to the speeified-data-ofiset-unless-etherwise-speeified-in-thissubeladser
andData-Out Buffer Offset state machine variable;

D inthednt , i : i .

m) in the information unit, DATA field set to the information that starts at the location in the Data-Out Buffer
state machine argument pointed to by the Data-Out Buffer Offset state machine variable and shall
contain the amount of data indicated by the Write Data Length Xfer Rdy argument; and

n) fill bytes, if any.
If this state is the-firstwwite BAFA-frame-constructed-by-thisstateentered without a Retry argument, then this

state shall set the CHANGING DATA POINTER bit to zero-._

andone.

After constructing the write DATA frame, this state shall set the Data-Out Buffer Offset state machine variable

to the value of the DATA OFFSET field plus the length of the DATA field in the information unit.

8.2.5.2.3.6.2 Transition ST_ITS5:Prepare_Data_Out to ST_ITS2:Intiator_Send_Frame
This transition shall occur after this state:

a) Thistransitienshallececurafterthisstate-constructs a write DATA frame-;
b) receives a Cancel message; or
C) receives a Return To Start message.

This transition shall include the received Transmission Status, if any, as an argument and the:

a) write DATA frame as an argument;
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b) if a Cancel message was received, then a Cancel argument; or
c) if a Return To Start message was received, then a Return To Start argument.

8.2.5.2.3.7 ST_ITS6:Receive_Data_In state

8.2.5.2.3.7.1 State description

If this state receives a Data-In Arrived message-from-the-STH-R-state-machiremessage, then this state shall
verify the values in the read DATA frame received with the message as fellews:defined in table 108.

If the +eag¥h—e#—the—m#e#naﬂeﬂ—um{—BA=FA—ﬁe+d—e—e—verlflcatlon fails, Hre-lergth-ethetiermaen-rib-s=are—
then this state shallsend-a-sends the Reception Complete {ireerrectDatatengthymessage specified in table
107 to the ST_IFR state machine.

Table 124 — Reception Complete messaaes for read DATA frame verification failures

Message sent to ST IFR 2 | Condition

Transport layer retries are not supported, and the DATA OFFSET field in the
Reception Complete read DATA frame is not equal Data-In Buffer Offset state machine variable.

(Data Offset Error) The DATA OFFsET field in the read DATA frame is greater than the Data-In
Buffer Size state machine argument.

The number of bytes in the DATA field in the read DATA information unit
plus the Data-In Buffer Offset state machine variable is greater than the
Data-In Buffer Size state machine argument.

Reception Complete
(Too Much Read Data)

Reception Complete The number of bytes in the DATA field in the read DATA information unit is
(Incorrect Data Length) Zero.

2 |f more than one condition is true, then this state shall select which message to send to the ST _IFR state

machine using the following order:

1) Reception Complete (Data Offset Error);

2) Reception Complete (Too Much Read Data); or
3) Reception Complete (Incorrect Data Length).

transport layer retries are supported:;

the CHANGING DATA POINTER bit is set to zero;

the DATA OFFSET field is not set to the Data-In Buffer Offset state machine variable;

the DATA OFFSET field is less than the Data-In Buffer Size state machine argument; and

the DATA OFFSET field plus the length of the Data information unit is less than or equal to the Data-In
Buffer Size state machine argument,

el

then this state should discard all Data-In Arrived messages until a read DATA frame is received in which the
CHANGING DATA POINTER bit is set to one. This state shall resume processing additional Data-In Arrived
messages when it receives a Data-In Arrived message with the CHANGING DATA POINTER bit set to one.

If the verification succeeds or after this state resumes processing Data-In Arrived messages, then this state
shall process the data received in the read DATA frame and set the Data-In Buffer Offset state machine
variable to the DATA OFFSET field plus the length of the Data information unit.
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If this state receives Transmission Status (ACK/NAK Timeout) or Transmission Status (Connection Lost
Without ACK/NAK), then this state shall send a Reception Complete (Command Failed, Connection Failed) to
the ST_IFR state machine.

After this state sends a Reception Complete (Command Failed, Connection Failed) message, this state shall
continue processing messages and confirmations.

NOTE 59 - The application client may determine the command was received and is being processed by the
device server and allow the command to complete.

AfterIf this state sends-receives a Receptior-Complete{Command-Falled-ConnectiontatediCancel
message, then this state shall waittereceive-send a Reception Complete (Cancel Acknowledged) message
frem-to the ST_IFR state machine. HthisstatereceivesaDatatr-Arrived-message-afterthisstate sendsthe-
The Reception Complete {Cemmand-Failed-CennectionFalled)thenthisstate-message shall diseard-include
the Bata—tr-ArHvedmessagetag as an argument.

NOTE 60 - The Cancel message results from a vendor specific request from the SCSI application layer after
the SCSI application layer has used a task management function to determine that the SAS target port did not
receive the COMMAND frame.

8.2.5.2.3.7.2 Transition ST _ITS6:Receive_Data In to ST _ITS1:Initiator_Start
This transition shall occur after this state:

a) Thistransitienshalleccurafterthisstate-sends one of the following to the ST_IFR state machine:
A) a Reception Complete (BatatrReceivedData Offset Error) message;
B) a Reception Complete (Bata-Offset-ErrorToo Much Read Data) message;
C) a Reception Complete (fee-Much-Read-Batalncorrect Data Length) messages;; or
D) a Reeeption-Transmission Complete (feerrect-Data-tergthCancel Acknowledged) message; e

or

b) receives a Reeeption-Complete{Canecel-Acknewledged)-Return To Start message.

8.2.5.2.3.7.3 Transition ST_ITS6:Receive_Data_In to ST _ITS2:Initiator_Send_Frame

This transition shall occur after this state receives a Transmission Status (NAK Received) confirmation for a
COMMAND frame for a command pererming-requesting a read operation.
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8.2.5.3 ST_T (transport layer for SSP target ports) state machines

8.2.5.3.1 ST_T state machines overview

The ST_T state machines are as follows:

a) ST_TFR (target frame router) state machine (see 8.2.4.3.2); and
b) ST_TTS (target transport server) state machine (see 8.2.4.3.3).

The SAS target port includes:

a) one ST_TFR state machine; and

b) one ST_TTS state machine for each possible task and task management function (i.e., for each tag).

Fhe-ST—FFS-This state machine may maintain the timers listed in table 109.

Table 125 — ST_T state machine timers

Timer

Initial value

Initiator Response Timeout

The value in the INITIATOR RESPONSE TIMEOUT field in the
Protocol-Specific Port mode page (see 10.2.6.2).

SAS 1.1 - Transport layer retry and argument passing fixes

56



T10/05-143 revision 4

Figure 150 shows the ST_T state machines.
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Figure 152 — ST_T (transport layer for SSP target ports) state machines
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Editor’s Note 17: Added Transmission Status confirmation into ST_TTS3 to allow for
non-interlocked DATA frame transfers. Changed Cancel message to go to all states. Added ACK
Transmitted to ST_TTS5. Deleted ST_TTS1 to ST_TTS2 transition, ST TTS5t0 ST _TTS2
transition, ST_TTS7 to ST_TTS2 transition, and ST _TTS4 to ST_TTS2 transition. Added

ST _TTS1to ST _TTS3 transition, ST _TTS1to ST_TTS4 transition, ST TTS1to ST _TTS7
transition, and ST_TTS5 to ST_TTS4 transition. Change ST _TTS7to ST_TTS6.

8.2.5.3.2 ST_TFR (target frame router) state machine

8.2.5.3.2.1 Fhe-ST_TFR state machine pererms-thefelowing-funetions:overview

The ST_TFR state machine performs the following functions:

a) receives confirmations from the port layer;

b) receives transport protocol service requests from the SCSI application layer;
c) sends transport protocol service indications to the SCSI application layer;

d) sends messages to the ST_TTS state machine;

e) receives messages from the ST_TTS state machine;

f) receives Accept_Reject OPENSs requests from the SCSI application layer;

g) sends Accept_Reject OPENS requests to the port layer;

h) sends Nexus Loss event notifications to the SCSI application layer; and

i) sends Transport Reset event notifications to the SCSI application layer.

This state machine consists of one state.

This state machine shall be started after power on.

8.2.5.3.2.2 Processing Frame Received confirmations

If this state machine receives a Frame Received (ACK/NAK Balanced) or Frame Received (ACK/NAK Not
Balanced) confirmation, then this state machine shall check the frame type in the received frame (see table
104 in 9.2.1). If the frame type is not COMMAND, TASK, or DATA, then this state machine shall discard the
frame. If the confirmation was Frame Received (ACK/NAK Not Balanced) and the frame type is not DATA,
then this state machine shall discard the frame.

This state machine may check that reserved fields in the received frame are zero. If any reserved fields are
checked and they are not set to zero, then this state machine shall send the following to an ST_TTS state
machine that does not have an active task and discard the frame:

a) aReguest (Send Transport Response) message with the Transport Response arguments;

b) the destination SAS address argument set to the SAS address from which the invalid frame was
received; and

c) the Service Response argument set to Invalid Frame.

lhrs—sta%e—maehr—ne—may—The check that-of | reserved f|eIds +n—W|th|n the reeer-ved—frame are—zere—l-f—ecny—

not apply to the reserved fields W|th|n the CDB ina COMMAND frame. Checklng of reserved flelds ina CDB is
described in SPC-3.

The following is the list of Transport Response arguments:

connection rate;

initiator connection tag;

destination SAS address (i.e., the SAS address to which the RESPONSE frame is to be transmitted):
source SAS address set to the SAS address of the SAS port containing the state machine:

tag; and
Service response.

PRk
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If the frame type is correct relative to the Frame Received confirmation, then this state machine may check
that the hashed source SAS address matches the SAS address of the SAS port that transmitted the frame
and that the hashed destination SAS address matches the SAS address of the SAS port that received the
frame based on the connection information. If this state machine checks these SAS addresses, and they do
not match, then this state machine shall discard the frame.

If the frame type is COMMAND or TASK then this state machine shall check the length of the information unit.
If the Iength of the information un|t is not correct, then th|s state machine shall send a-Reguest{Send-

he following to the-ST—FFSt:Farget—Start-
statewran ST_TTS state machlne that does not have an act|ve task-task and discard the frame:

a) aRequest (Send Transport Response) message with the Transport Response arguments:;
b) the destination SAS address set to the SAS address from which the invalid frame was received; and
c) the Service Response argument set to Invalid Frame.

If the frame type is TASK, this state machine checks tags, the RETRANSMIT bit in the new TASK frame is set to
one, and the tag for the new TASK frame is the same as the tag for a previous TASK frame where the task
management function for the previous TASK frame is not complete, then this state machine shall discard the
new TASK frame and not send a Task Management Request Received confirmation to the port layer.

If the frame type is TASK and this state machine does not check tags, then this state machine shall ignore the
RETRANSMIT bit.

If the frame type is COMMAND or TASK, then this state machine may check the target port transfer tag. If this
state checks the target port transfer tag and the tag is set to a value other than FFFFh then this state machine
shall send s the following to
theémgﬂa%getétaﬁ—state—m—an ST TTS state machlne that does not have an actlve task-task and
discard the frame:

a) aReguest (Send Transport Response) message with the Transport Response arguments;
b) the destination SAS address set to the SAS address from which the invalid frame was received; and
c) the Service Response argument set to Invalid Frame.

If the frame type is TASK, then this state machine shall check the logical unit number. If the logical unit

number is unknown, then this state machine shall send a-Reguest{SendFranspertRespenselmessage-with-
anargomentotheorrectbogicalUnit-Number-the following to the- ST—FFStTFarget—Start-statetr-an ST_TTS

state machine that does not have an active task-task and discard the frame:

a) aReguest (Send Transport Response) message with the Transport Response arguments;
b) the destination SAS address set to the SAS address from which the invalid frame was received; and
c) the Service Response argument set to Incorrect Logical Unit Number.

If the frame type is DATA and this frame is for first burst data or this state machine did not assign a target port
transfer tag for the data transfer, then this state machine may check the target port transfer tag. If target port
transfer tag is set to a value other than FFFFh, then thls state machine may-shall send aReguest{Senrd-

he following to the-ST+—FFStTFarget—Start-
state—m—an ST _TTS state machme that does not have an actlve task-task and discard the frame:

&)

b}

a) aReguest (Send Transport Response) message with the Transport Response arguments;

b) the destination SAS address set to the SAS address from which the |nvaI|d frame was recelved and
€

&)

e)

the Service Response argument set to Invalid Frame.

If the frame type is COMMAND or TASK and the #ems-fields checked in the frame are correct, then this state
machine shall wait to receive an ACK Transmitted confirmation.
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If the frame type is COMMAND, the #tems-fields checked in the frame are correct, and this state machine
receives an ACK Transmitted confirmation, then this state machine shall send a SCSI Command Received
transport protocol service indication with the following arguments to the SCSI application layer:

a) source SAS address (i.e., the SAS address that transmitted the COMMAND frame);
b) tag;

c) logical unit number;

d) task attribute;

e) task priority;

f) CDB; and

g) additional CDB bytes, if any.

If the frame type is TASK, the items-fields checked in the frame are correct, and this state machine receives an
ACK Transmitted confirmation, then this state machine shall send a Task Management Request Received
transport protocol service indication with the following arguments to the SCSI application layer—Fhe-irdieation-
shalbngluea:

a) source SAS address (i.e., the SAS address that transmitted the TASK frame);
b) tag;

c) logical unit number;

d) task management function; and

e) tag of the task to be managed.

If the frame type is DATA, and the tag does not match a tag for an outstanding command performing write
operations, then this state machine shall discard the frame.

If the frame type is DATA, and the tag matches a tag for an outstanding command performing write operations
witheut-when first burst data-is not enabled (see x.x) or for which no Transmission Complete (Xfer_Rdy
Delivered) message has been received from an ST_TTS state machine, then this state machine shall discard
the frame.

If the frame type is DATA and a target port transfer tag was assigred-received in arxFER—RDBY-frameforthe-
reguesta Transmission Complete (Xfer_Rdy Delivered) message, then this state machine shall check the
target port transfer tag. If the target port transfer tag received in the DATA frame does not specify-a-valid-state-
rmaehinematch the Target Transport Tag argument in the Transmission Complete (Xfer_Rdy Delivered)
message, then this state machine shall discard the frame.

If the frame type is DATA and the #ems-fields checked in the frame are correct, and there-isfirst burst data-is
enabled (see x.x) or this state machine has received a Transmission Complete (Xfer_Rdy Delivered) from the
ST_TTS state machine for the request, then this state machine shall send a Data-Out Arrived message to the-
ST+TFS5:-ReceiveDBata—Outstate-inthe ST_TTS state machine specified by the tag in the frame. The
message shall include the content of the SSP-write DATA frame.

8.2.5.3.2.3 Processing transport protocol service requests and responses

If this state machine receives a Send Data-In transport protocol service request from the SCSI application
layer, then this state machine shall send a Request (Send Data-In) message to the-ST+—FFStTarget—Start
stateir-an ST_TTS state machine that does not have an active task-. The message shall include the following
Data-In arguments:

connection rate;

initiator connection tag;

destination SAS address (i.e., the SAS address to which the read DATA frame is to be transmitted):;
source SAS address set to the SAS address of the SSP target port:;

tag;

device server buffer;

request byte count; and

application client buffer offset.

EerrligpeiElR

If this state machine receives a Receive Data-Out transport protocol service request from the SCSI application
layer, then this state machine shall send a Request (Receive Data-Out) message to the-
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ST St Target——Startstate-ir-an ST_TTS state machine that does not have an active task-. The message
shall include the following Data-Out arguments:

a) connection rate;
b) initiator connection tag;
c) destination SAS address (i.e., the SAS address to which the XFER_RDY frame is to be transmitted);

d) destiration-source SAS address {ie-set to the SAS address te-which-of the XFER—RBY-frame-of
read-BDATA-frame-isto-be-transmitted)SSP target port;

e) tag;

f) device server buffer-and;

g) request byte count:,_

h) application client buffer offset; and

i) ARequest{Receive-Data-Out-message-shall-alse-include-the-target port transfer tag.

If first burst is enabled (see x.x.x), then the Request (Receive Data_Out) message shall also include the
Enable First Burst argument and First Burst Size argument. The First Burst Size argument shall be set to first
burst size from the Disconnect-Reconnect mode page (see 10.2.6.1.5).

If this state machine receives a Send Command Complete transport protocol service response from the SCSI
application layer with the Service Response argument set to TASK COMPLETE or LINKED COMMAND
COMPLETE, then this state machine shall send a Request (Send Application Response) message to the

ST+ FStTarget——Startstate-irthe-ST_TTS state machine specified by the tag. The message shall include the
following Application Response arguments:

a) connection rate;

b) initiator connection tag;

c) destination SAS address (i.e., the SAS address to which the RESPONSE frame is to be transmitted);

d) destiration-source SAS address {ies-set to the SAS address te-which-of the RESPONSEframe-isto-
be-trahsmittee)SSP target port;

e) tag;

f) status; and

g) sense data, if any.

If this state machine receives a Task Management Function Executed transport protocol service response
from the SCSI application layer, then this state machine shall send a-Reguest{SendTranspertRespense)-
message-the following to the SF—FFStTarget——Startstateiranr-ST_TTS state machine that-dees-rot-havean-
aemte—task—wrtuh—me—argﬂ-mem—speuﬂed -eble—20-and-by the fellewinrg—orenmenistaq:

a Request (Send Transport Response) message with the Transport Response arguments; and

the Service Response argument set as specified in table 110.

Eepe 222
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Table 110 specifies which argument to send with Request (Send Transport Response) based on the Service
Response argument that was received.

Table 126 — Task Management Function Executed Service Response argument mapphrgmapping to
Service Response argument

Task Management Function Executed protocol Request (Send Transport Response)
service response Service Response argument argumentte-sepgmessage Service
received Response argument

FUNCTION COMPLETE Task Management Function Complete
FUNCTION SUCCEEDED Task Management Function Succeeded
FUNCTION REJECTED Task Management Function Not Supported
INCORRECT LOGICAL UNIT NUMBER Incorrect Logical Unit Number

SERVICE DELIVERY OR TARGET FAILURE -

Overlapped Tag Attempted Overlapped Tag Attempted

If this state machine receives a Terminate Data Transfer protocol service request from the SCSI application
layer and this state machine has not sent a Request message to a ST_TTS state machine for the Send

Data-In or Receive Data-Out protocol service request to which the Terminate Data Transfer request applies,
then this state machme

1) discard the Terminate Data Transfer request and any corresponding Send Data-In or Receive

Data-Out request; and
2) send a Data Transfer Terminated protocol service confirmation to the SCSI application layer.

If this state machine receives a Terminate Data Transfer protocol service request from the SCSI application
layer and this state machine has sent a Request message to a ST_TTS state machine for the Send Data-In
protocol service request to which the Terminate Data Transfer request applies, then this state machine shall

| send a Cancel message to the ST +S2+Farget—Senea—Frame-state-in-the-ST_TTS state machine specified

by the tag and the Send Data-In protocol service request.

If this state machine receives a Terminate Data Transfer protocol service request from the SCSI application
layer and this state machine has sent a Request message to a ST_TTS state machine for the Receive
Data-Out protocol service request to which the Terminate Data Transfer request applies, then this state

| machine shall send a Cancel message to the ST—F+S5:Receive—bata—Out-state-in-the-ST_TTS state
machine specified by the tag and the Receive Data-Out protocol service request.

This state machine receives Transmission Complete and Reception Complete messages frem-the-ST+—T+S-
state-machires-that may result in this state machine sending a Nexus Loss event notification or a protocol
service confirmation to the SCSI application layer. If this state machine receives a Transmission Complete
(L_T Nexus Loss) message, then this state machine shall send a Nexus Loss event notification to the SCSI

| application layer. Table 111 defines the-messages received messages-thatreguire-a-protocot-serviee-
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eenfirmation-from ST_TTS state machines and the corresponding service eenfirmations-confirmations, if any,

that shall be sent upon receipt of the message.

. e Leati

apphenker-ayer

R ) argamentsetto DELNVERY FAHURE—NAK-
RECENMEDR
Troncraissien-Cemplete-LherRey Failed~ )
argamentsetto DELNVERY- FAHURE—
) COpRMECTOMN FALED
TFroncraissien-Completeato-Fadled A
. argumentsetto DEHVERY - FAILURE—NAK-
) RECENED
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Pesesten-Comelee-Poe-Sri-Ressired- )
ffgraenteete DELNVER SUCCES ST
- rodwith d . |
Pesesden-SempleteDo-Dfse-=rer Srgr e s DELRAERA L A R D AT A
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Reeeption-Complete{Too-Much-Write-Data) argument set to DELIVERY FALURE - TOO
MUCEAIRITE DATA
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Table 128 — Confirmations sent to the SCSI application layer

Message received from ST _TTS state machine

Protocol service confirmation sent to SCSI
application layer

Transmission Complete (Xfer Rdy Delivered) None
Transmission Complete (Response Delivered) None
Transmission Complete (Response Failed) 2 None

Transmission Complete (Data-In Delivered)

Data-In Delivered with the Delivery Result
argument set to DELIVERY SUCCESSFUL

Transmission Complete (Xfer_Rdy Failed, NAK

Received)

Data-Out Received with the Delivery Result
argument set to DELIVERY FAILURE - NAK
RECEIVED

Transmission Complete (Xfer_Rdy Failed, ACK/NAK

Timeout

Data-Out Received with the Delivery Result
argument set to DELIVERY FAILURE -
CONNECTION FAILED

Transmission Complete (Data-In Failed, NAK

Received)

Data-In Delivered with the Delivery Result
argument set to DELIVERY FAILURE - NAK
RECEIVED

Transmission Complete (Data-In Failed, ACK/NAK
Timeout

Data-In Delivered with the Delivery Result
argument set to DELIVERY FAILURE -
CONNECTION FAILED

Reception Complete (Data-Out Received)

Data-Out Received with the Delivery Result
argument set to DELIVERY SUCCESSFUL

Reception Complete (Data Offset Error)

Data-Out Received with the Delivery Result
argument set to DELIVERY FAILURE - DATA
OFESET ERROR

Reception Complete (Too Much Write Data)

Data-Out Received with the Delivery Result
argument set to DELIVERY FAILURE - TOO
MUCH WRITE DATA

Reception Complete (Information Unit Too Short)

Data-Out Received with the Delivery Result
argument set to DELIVERY FAILURE -

INFORMATION UNIT TOO SHORT.

Reception Complete (Initiator Response Timeout)

Data-Out Received with the Delivery Result
argument set to DELIVERY FAILURE -

INITIATOR RESPONSE TIMEOUT

Reception Complete (Data Transfer Terminated)

Data Transfer Terminated

2 SAM-3 does not define a mechanism for the device server to determine the result of its Send

Command Complete and Task Management Function Executed transport protocol service response

calls.

Each protocol service confirmation shall include the tag as an argument.
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8.2.5.3.2.4 Processing Accept_Reject OPENSs requests and HARD _RESET received confirmations

If this state machine receives an Accept_Reject OPENs (Accept SSP) request or Accept_Reject OPENs
(Reject SSP) request, then this state machine shall send a corresponding Accept_Reject OPENSs request to
the port layer.

If this state machine receives a HARD_RESET Received confirmation, then this state shall send a Transport
Reset event natification to the SCSI application layer.

8.2.5.3.3 ST_TTS (target transport server) state machine

8.2.5.3.3.1 ST_TTS state machine overview
The ST_TTS state machine performs the following functions:

a) receives and processes messages from the ST_TFR state machine;

b) sends messages to the ST_TFR state machine;

c) communicates with the port layer using requests and confirmations regarding frame transmission;
and

d) receives HARD_RESET Received confirmations from the port layer.

This state machine consists of the following states:

a) ST_TTS1:Target_Start (see 8.2.4.3.3.2) (initial state);
b) ST_TTS2:Target Send_Frame (see 8.2.4.3.3.3);

c) ST_TTS3:Prepare_Data_In (see 8.2.4.3.3.4);

d) ST_TTS4:Prepare_Xfer_Rdy (see 8.2.4.3.3.5);

e) ST_TTS5:Receive Data Out (see 8.2.4.3.3.6):; and

fy ST _TTS6: Preeess—Daféa—QHt—ésee—S.—%éé.—H—andPrepare Response (see 8.2.4.3.3.7).

If this state machine receives a HARD_RESET Received confirmation, then this state machine shall transition
to the ST_TTS1:Farget—StartInitiator_Start state from any other state.

This state machine shall maintain the state machine variables defined in table 112.
Table 129 — ST_TTS state machine variables

State machine variable Description

Read Data Offset Offset into the application client buffer for read data

Offset into the device server buffer for read data of last
Balance Point Read Data Offset| DATA frame to have received an ACK Transmitted
confirmation

Device server requested offset in the application client
buffer for write data

Requested Write Data Offset

Amount of write data requested by the Device server
from the application client buffer

Requested Write Data Length
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| This state machine shall maintain the state machine arguments defined in table 113.

Table 130 — ST_TTS state machine arguments

State machine argument Description
The Data-In arguments received in the Request (Send
Data-In
= Data-In) message
Data-Out The Data-Out arguments received in the Request

(Receive Data-Out) message

8.2.5.3.3.2 ST_TTS1:Target_Start state

8.2.5.3.3.2.1 State description
This state is the initial state of the-an ST_TTS state machine.
Upon entry into this state, this state shall set the following state machine variables to zero:

a) Read Data Offset;
b) Balance Point Read Data Offset; and
c) Requested Write Data Offset.

If this state was entered without an Enable First Burst argument, then the Requested Write Data Length state
machine variable shall be set to the Request Byte Count Data-Out state machine argument.

If this state was entered with an Enable First Burst argument, then the Requested Write Data Length state
machine variable shall be set to the First Burst Size argument.

8.2.5.3.3.2.2 Transition ST_TTS1:Target_Start to
SHHS2ST_TTS3:Farget—Send—FramePrepare_Data In

This tran5|t|0n shaII occur after this state receives a Request (Send Data-ln) message from the ST_TFR state
v g erabledmachine.

8.2.5.3.3.2.3 Transition ST_TTS1:Target Start to ST TTS4:Prepare_Data Xfer Rdy

If this state was entered without an Enable First Burst argument, then this transition shall occur after a
Request (Receive Data-Out) message is received.

8.2.5.3.3.2.4 Transition ST_TTS1:Target_Start to ST_TTS5:Receive_Data_Out

If this state was entered with an Enable First Burst argument, then this transition shall occur after a Request
(Receive Data-Out) message is received.

8.2.5.3.3.2.5 Transition ST_TTS1:Target Start to ST TTS6:Prepare_Response

This transition shall occur after this state receives a Request (Receive-Bata-OutSend Transport Response)
message from the ST_TFR state machine-and-firstburstis-enrabledmachine.

This transition shall include the Transport Response arguments.

8.2.5.3.3.3 ST_TTS2:Target_Send_Frame state

8.2.5.3.3.3.1 State description

If this state is entered from the ST_TTS3:Prepare_Data_In state for transmission of a read DATA frame, then
this state shall send a Transmit Frame (Non-Interlocked) request to the port layer.

If this state is entered from the ST_TTS4:Prepare_Xfer_Rdy state for transmission of an XFER_RDY frame,
then this state shall send a Transmit Frame (Interlocked) request to the port layer.
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If this state is entered from the SF—FFS#ST_TTS6:Prepare_Response state for transmission of a
RESPONSE frame, then this state shall send a Transmit Frame (Interlocked) request to the port layer.

A-All Transmit Frame reguestrequests from this state shall include the read DATA frame from the
ST_TTS3:Prepare_Data_In state, the XFER_RDY frame from the SSP-ST_TTS4:Prepare_Xfer_Rdy state, or
the RESPONSE frame from the ST_TTS6:Prepare_Response state and the following arguments to be used
for any OPEN address frame:

a) initiator port bit set to zero;

b) protocol setto SSP;

&) initiator-connection-tag;

e) Connection Rate argument;

f) Initiator Connection Tag argument;

g) destiratien-Destination SAS addressAddress argument; and

B seuree-SAE—oddiesssoethe-SASnddressaheS S argeirerk

i) Source SAS Address argument.

After sending a Transmit Frame request this state shall wait to receive a Transmission Status confirmation.

If the confirmation or argument is Transmission Status (I_T Nexus Loss), then this state shall send a
Transmission Complete (I_T Nexus Loss) message to the ST_TFR state machine. The Transmission
Complete message shall include the tag as an argument.

If the confirmation or argument is not Transmission Status (Frame Transm|tted) or Transmission Status (I_T
Nexus Loss) me, then this
state shall send a-the Transm|SS|on Complete {Geprﬂeetten—l:at-led)—message defmed in table 114 to the
ST_TFR state machine. The message shall include the following arguments:

a) tag; and
b) arguments received with the Transmission Status confirmation.

If the confirmation is Transmission Status (Frame Transmitted) and the Transmit Frame request was for:

a) an XFER_RDY frame; or
b) a RESPONSE frame,

then this state shall wait to receive one of the following confirmations:

a) Transmission Status (ACK Received):

b) Transmission Status (NAK Received):

c) Transmission Status (ACK/NAK Timeout); or

d) Transmission Status (Connection Lost Without ACK/NAK).

If the confirmation or argument is Transmission Status (Frame Transmitted}and-), the Transmit Frame request
was for anXFER—RBY-frame-a RESRPONSEread DATA frame, erareadBDAFAframe-where-and the Aumber

efbytesthat-have-beentransmitted-Read Data Offset state machine variable is equal to the regquestbyte-
count{-e-Request Byte Count Data-In argument, al-data-hasbeentransferredfertheregquesty-then this state
shall wait to reeeive-ore-ef-the-fellowing-confirmationsreceive:

a) Transmission Status (ACK Received) confirmations or arguments for each outstanding read DATA
frame; or
b) one of the following:
A) Transmission Status (ASK-NAK Received);
B) Transmission Status (ACK/NAK ReeeivedTimeout);:: or
C) Transmission Status (Connection Lost Without ACK/NAKTFimesttNAK):-6f.
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NOTE 62 - If the number of data bytes that have been transmitted for a Request (Send Data-In) message are
fewer than the Data-In Request Byte Count argument, then this state transitions to the
ST_TTS3:Prepare_Data_lIn state to construct the additional read DATA frames for the request before
receiving a Transmission Status (ACK Received), Transmission Status (NAK Received), Transmission Status
(ACK/NAK Timeout), or Transmission Status (Connection Lost Without ACK/NAK) confirmation.

If a confirmation of Transmission Status (Frame Transmitted) is received and the Transmit Frame request was
for a read DATA frame, then this state shall set the Read Data Offset state machine variable to the current
read data offset plus the number of read data bytes in the transmitted read DATA frame. The Read Data Offset
state machine variable shall be adjusted before checking if the data transfer is complete.

If a Transmission Status (ACK Received) confirmation is received, and the Transmit Frame request was for a
read DATA frame, then this state shall set the Balance Point Read Data Offset state machine vairable to the
current balance point read data offset plus the number of read data bytes transmitted in the read DATA frame
assoicated with Transmission Status (ACK Received) confirmation.

If transport layer retries are enabled, the Transmit Frame request was for a RESPONSE frame, the
vendor-specific number of retries has not been reached, and this state receives one of the following
confirmations:

a) Transmission Status (NAK Received):
b) Transmission Status (ACK/NAK Timeout); or
c) Transmission Status (Connection Lost Without ACK/NAK),

then this state shall:

a) setthe RETRANSMIT bit to one; and
b) resend a Transmit Frame (Interlocked) request to the port layer for the failed RESPONSE frame.

If transport layer retries are enabled. the Transmit Frame request was for a XFER_RDY frame, the
vendor-specific number of retries has not been reached, and this state receives one of the following
confirmations:

a) Transmission Status (NAK Received):
b) Transmission Status (ACK/NAK Timeout); or
c) Transmission Status (Connection Lost Without ACK/NAK)-,

then this state shall:

a) setthe RETRANSMIT bit to one;

b) setthe value in the TARGET PORT TRANSFER TAG field to a value that is different than the target port
transfer tag in the previous XFER_RDY frame associated with the Data-out arguments and is different
than any other target port transfer tag currently in use. If write data is received for a subsequent
XFER_RDY frame for a command, then all target port transfer tags used for previous XFER_RDY
frames for the command are no longer in use; and

c) resend a Transmit Frame (Interlocked) request to the port layer for the failed XFER_RDY frame.

Table 114 defines the ;
Iransmﬁted)eedthe—messag&messages that shatl—besent—bythls state shaII send to the ST_TFR state
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machine upon receipt of the eenfirmation-listed confirmations, based on the conditions under which the-each
confirmation was received.
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Table 132 — Messages sent to the ST _TFER state machine

Confirmation received from

Conditions under which confirmation was

Message sent to the

the port layer

received

ST _TER state machine

Transmission Status (ACK

Received)

The Transmit Frame request was for an

Transmission Complete

XEFER_RDY frame.

(Xfer_Rdy Delivered)
with a Target Port
Transfer Tag argument

Transmit Frame request was for a
RESPONSE frame

Transmission Complete
(Response Delivered)

The Transmit Frame request was for a read

DATA frame and:

a) the Read Data Offset state machine
variable is equal to the Data-In Request

Transmission Complete

Byte Count argument; and
b) the Read Data Offset state machine
variable is equal to the Balance Point

Read Data Offset state machine variable.

(Data-In Delivered)

Transmission Status (NAK
Received), Transmission Status

(ACK/NAK Timeout), or
Transmission Status
(Connection Lost Without

ACK/NAK)

The Transmit Frame request was for a
RESPONSE frame and the vendor-specific
number of retries has been reached.

Transmission Complete
(Response Failed)

Transmission Status (NAK

Received)

Transmission Status (ACK/NAK

Timeout) or Transmission
Status (Connection Lost
Without ACK/NAK)

The Transmit Frame request was for an

XFER_RDY frame and:

a) if transport layer retries is disabled (see
X.X.X): or

b) if transport layer retries is enabled and
the vendor-specific number of retries has

Transmission Complete
(Xfer_Rdy Failed, NAK

Received)

been reached.

Transmission Complete
(Xfer_Rdy Failed,
Connection Failed)

Transmission Status (NAK

Received)

Transmission Status (ACK/NAK

Timeout) or Transmission
Status (Connection Lost
Without ACK/NAK)

The Transmit Frame request was for a read

DATA frame and:

a) if transport layer retries is disabled (see
X.X.X): or

b) if transport layer retries is enabled and
the vendor-specific number of retries has

Transmission Complete
(Data-In Failed, NAK

Received)

been reached.

Transmission Complete

(Data-In Failed,

Connection Failed)

If this state receives a Cancel message fremthe-ST—FH-R-state-maehinre-or a Cancel argument and this state
has received confirmations for all Transmit Frame requests sent to the port layer, then this state shall send a
Transmission Complete (Ganrcel-AckrewledgedData Transfer Terminated) message to the ST_TFR state

machine.

If this state receives a Cancel message fremthe-ST—FH-R-state-maehinre-or a Cancel argument and this state
has not received confirmations for all Transmit Frame requests sent to the port layer, then this state shall send
a Cancel request to the port layer to cancel previous Transmit Frame requests. The Cancel request shall

include the following arguments:

a) destination SAS address; and

b) tag.
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Upon receipt of a Transmission Status (Cancel Acknowledged) confirmation this state shall send a
Transmission Complete (Sancel-AckrewledgedData Transfer Terminated) message to the ST_TFR state
machine.

A Transmission Complete message to the ST_TFR state machine shall include the following arguments:
a) destination SAS address; and
b) tag.

8.2.5.3.3.3.3 Transition ST_TTS2:Target_Send_Frame to ST_TTS1:Target_Start

This transition shall occur after this state has sent a Transmission Complete message other than
Transmission Complete (Xfer_Rdy Delivered) to the ST_TFR state machine.

8.2.5.3.3.3.4 Transition ST_TTS2:Target_Send_Frame to ST_TTS3:Prepare_Data_In
i . I : . :

This transition shall occur after this state receives a Transmission Status (Frame Transmitted) confirmation for
aread DATA frame and Read Data Offset state machine variable is less than the Request Byte Count Data-In

argument.
If transport layer retries is enabled and the vendor-specific number of retries, if any, for the read DATA frame

has not been reached, this transition shall occur and include a Retry argument after this state receives one of
the following confirmations for a read DATA frame:

a) reeeivesa-Transmission Status (ASK-NAK Received}-cerfirmatiorforanxFER—RDY-frame);

2

d) Transmission Status (ACK/NAK Timeout); or
e) Transmission Status (Connection Lost Without ACK/NAK).

8.2.5.3.3.3.5 Transition ST_TTS2:Target_Send_Frame to
ST+THFS4ST_TTS5:Prepare—<fer—RdyReceive Data Out

This transition shall occur after this state machire-hasreeeived-sends a Reguest-Transmission Complete
(Receivebata—OutXfer Rdy Delivered) message and:to the ST _TFR state machine.
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8.2.5.3.3.4 ST_TTS3:Prepare_Data_In state

8.2.5.3.3.4.1 State description
This state retrieves the data from the Device Server Buffer and constructs a read DATA frame—Fhis-state-shal-

This state shall construct a read DATA frame using the Data-In arguments (see 8.2.4.3.2) as follows:

a) FRAME TYPE field set to O1h (i.e., DATA frame);

b) HASHED DESTINATION SAS ADDRESS field set to the hashed value of the specified-destiration-
Destination SAS addressAddress Data-In argument;

C) HASHED SOURCE SAS ADDRESS field set to the hashed value of the SSP target port's SAS address;

d) RETRY DATA FRAMES bit set to zero;

€) RETRANSMIT bit set to zero;

f) CHANGING DATA POINTER bit-set to-zereunless-otherwise-as specified in this subclause;

0) NUMBER OF FILL BYTES field set to the number of fill bytes needed for the specified read data;

h) TAG field set to the speeifiedtagTag Data-In argument;

i) TARGET PORT TRANSFER TAG field set to zero;

j) DATA OFFSET field set as specified in this subclause:; and

k) in the information unit, DATA field set to-the-as specified datain this subclause; and

I) fill bytes, if anryrequired.

If this state is entered without a Retry argument then this state shall:

a) setthe CHANGING DATA POINTER bit set to zero; and

b} at tho NaTA O ald cat to tha aintho Na
= S S > o =

c) setthe DATA OFFSET field to the Read Data Offset state machine variable;

d) in the information unit, DATA field set to the information that starts at the location in the specified
device server buffer pointed to by the Read Data Offset state machine variable and shall contain the
amount of data that is the lesser of:
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A) the Data-In Request Byte Count argument minus the Read Data Offset state machine variable;
and
B) the maximum size of the DATA information unit.

If this state is entered with a Retry argument then this state shall:

a) setthe CHANGING DATA POINTER bit in the frame to one; and

b) setthe DATA OFFSET field to a-data-offset-value-associated-with-aprevieus- ACKNAK-balaree-Balance
Point Read Data Offset state machine variable

c) inthe information unit, DATA field set to the information that starts at the location in the specified
device server buffer pointed to by the Balance Point Read Data Offset state machine variable and
shall contain the amount of data that is the lesser of:
A) the Data-In Request Byte Count argument minus the Balance Point Read Data Offset state

machine variable; and

B) the maximum size of the DATA information unit.

If a confirmation of Transmission Status (Frame Transmitted) is received, then this state shall set the Read
Data Offset state machine variable to the current read data offset plus the number of read data bytes in the
transmitted read DATA frame.

If a Transmission Status (ACK Received) confirmation is received, and the Transmit Frame request was for a
read DATA frame, then this state shall set the Balance Point Read Data Offset state machine vairable to the
current balance point read data offset plus the number of read data bytes transmitted in the read DATA frame
assoicated with Transmission Status (ACK Received) confirmation.

8.2.5.3.3.4.2 Transition ST_TTS3:Prepare_Data_In to ST_TTS2:Target_Send_Frame

This transition shall occur after this state:

a) Thistransiton-shalleceurafterthisstate-constructs a read DATA frame-;_or
b) receives a Cancel message.

This transition shall include the received Transmission Status, if any, as an argument and the:

a) read DATA frame as an argument; or
b) if a Cancel message was received, then a Cancel argument.

8.2.5.3.3.5 ST_TTS4:Prepare_Xfer_Rdy state

8.2.5.3.3.5.1 State description

This state shall construct an XFER_RDY frame using argumments+eceivedin-the Reguest{Receive-Data-Outy-
message-{see-8-24-3-2)0ut state machine arguments:

a) FRAME TYPE field set to 05h (i.e., XFER_RDY frame);

b) HASHED DESTINATION SAS ADDRESS field set to the hashed value of the specified-destiration-
Destination SAS addressData-Out address argument;

C) HASHED SOURCE SAS ADDRESS field set to the hashed value of the SSP target port's SAS address;

d) RETRY DATA FRAMES bit set to the value of the TRANSPORT LAYER RETRIES bit in the Protocol-Specific
Logical Unit mode page (see 10.2.6.3);

e) setthe RETRANSMIT bit set to zero-urtess-etherwise-specifiedn-this-subeladse;

f) CHANGING DATA POINTER bit set to zero;

0g) NUMBER OF FILL BYTES field set to zero;

h) TAG field set to the speeifiedtagTag Data-Out argument;

) TAR o - -

I} TARGET PORT TRANSFER TAG field set to a vendor-specific value, unless the TRANSPORT LAYER RETRIES
bit is set to one in the Protocol-Specific Logical Unit mode page (see x.x.X), in which case the TARGET
PORT TRANSFER TAG field is set to a:

A) value that is different than the target port transfer tag in the previous XFER_RDY frame
associated with the Data-Out arguments; and
B) different from any other target port transfer tag currently in use.

R A
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If write data is received for a subsequent XFER_RDY frame for a command, then all target port
transfer tags used for previous XFER_RDY frames for the command are no longer in use;

k) DATA OFFSET field set to zero:,_and

[) in the information unit, REQUESTED OFFSET field set to the speeified-data-ofisetRequested Write Data
Offset state machine variable; ard

m) in the information unit, WRITE DATA LENGTH field set te-the-as specified write-datatength-in this
subclause; and

¢) no fill bytes.

If the SSP target port has the resources available to receive all of the write data as indicated by the Requested

Write Data Length state machine variable, then this state shall set the WRITE DATA LENGTH field in the
XEFER_RDY information unit to the Requested Write Data Length state machine variable.

If the SSP target port does not have the resources available to receive all of the write data as indicated by the
Requested Write Data Length state machine variable (e.q., the SSP target port has a vender specific limit as
to how much write data may be received during one operation), then this state shall set the WRITE DATA
LENGTH field in the XFER_RDY information unit and the Requested Write Data L ength state machine variable
to a value representing the amount of write data for which the SSP target port has available resources to
receive.

8.2.5.3.3.5.2 Transition ST_TTS4:Prepare_Xfer_Rdy to ST_TTS2:Target_Send_Frame
This transition shall occur after this state-eenstractsanxFERRBY-frame-state:

a) constructs an XFER_RDY frame; or
b) receives a Cancel message.

This transition shall include the:

a) Iif a Cancel message was received, then a Cancel argument; or
b) XEER_RDY frame as an argument.

8.2.5.3.3.6 ST_TTS5:Receive_Data_Out state

8.2.5.3.3.6.1 State description

On entry into this state the Write Data Received variable is set to the Requested Write Data Offset state
machine variable.

If this state receives a Data-Out Arrived message-from-the-ST—FFR-state-machiremessage, then this state

shall verify the write DATA frame received with the Data-Out Arrived values as specified in table 115. If the
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verification test fails, then this state sends the message as-fellews:specified in table 115 to the ST _TFR state
machine.

Table 133 — Reception Complete message for write DATA frame verification failures

Message sentto ST TER 2 | Condition

Transport layer retries are not supported, and the DATA OFFSET field is not
equal to the Write Data Received variable.

The DATA OFFSET field is:
Reception Complete a) less than the Requested Write Data Offset state machine variable;
(Data Offset Error) or
b) greater than or equal to the Requested Write Data Offset state
machine variable plus the Requested Write Data Length state
machine variable.

The number of bytes in the DATA field plus the Write Data Received
variable is greater than the Request Byte Count Data-Out state machine

argument.

Reception Complete
(Too Much Write Data)

Reception Complete
(Information Unit Too Short)

The number of bytes in the DATA field is zero.

2 |f more than one condition is true, then this state shall select which message to send to the ST_TFR state
machine using the following order:
1) Reception Complete (Data Offset Error):;
2) Reception Complete (Too Much Write Data); or
3) Reception Complete (Information Unit Too Short).

a) transport layer retries are supported;

b) the CHANGING DATA POINTER bit is set to zero; and
c) the value in the DATA OFFSET field is not equal to the Write Data Received variable,

then this state should discard all Data-Out Arrived messages until the CHANGING DATA POINTER bit is set to one.
This state shall resume processing additional Data-Out Arrived messages when it receives a Data-Out Arrived
message with the CHANGING DATA POINTER bit set to one.

If the WRITE data frame verification is successful and the Data-Out Arrived message in not discarded, then
this state shall:

a) setthe Write Data Received variable to the current Write Data Received variable plus the number of
bytes received in the DATA field of the write information unit; and
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b) process the write data as indicated in the Data-Out state machine arguments using the Device Server
Buffer (e.q., logical block address) to which the write data is to be transferred.

If the WRITE data frame verification is successful and the CHANGING DATA POINTER bit set to one, then this
state shall:

a) setthe Write Data Received variable to the Requested Write Data Offset state machine variable; and
b) process the write data as indicated in the Data-Out state machine arguments using the Device Server
Buffer (e.q., logical block address) to which the write data is to be transferred.

If the Initiator Response Timeout timer is implemented, then this state shall initialize and start the Initiator

Response Timeout timerafterany-of-thefelowing-oeceurtimer:
. ' od-and first] . bled:
a) upon entry into this state; and
b) when this state isentered-frem-receives and verifies the write DATA frame received with the
ST+TFFS6:Process—bBata—Out-state-Data-Out Arrived values (i.e., Data-Out data was received and
processed).

If the Initiator Response Timeout timer is running, then this state shall stop the timer before transitioning from
this state.

If the Initiator Response Timeout timer expires-expires, then this state shall send a Reception Complete
(Initiator Response Timeout) message to the ST_TFR state machine.

If Write Data Received variable equals the Request Byte Count Data-Out state machine argument, then this
state shall send a Reception Complete (Data-Out Received) message to the ST _TFER state machine after a
Reception Complete (ACK Transmitted) confirmation is received for each write DATA frame previously
received.

If this state i

ReqﬂesHReeewe-Da{a—Gﬂﬁ—ﬁes&ag&equamh&Feqﬁeskbﬂ&eeHMrecelves a Cancel message, then this
state shall send a Reception Complete (Bata—Out-ReeceivedData Transfer Terminated) message to the

ST_TFR state machine.

The Reception Complete message, if any, shall include the tag as an argument.

8.2.5.3.3.6.2 Transition ST_TTS5:Receive_Data_Out to
SHHS6ST_TTS1:Precess—bata—OutTarget Start

This transition shall occur after this state receivesand-verifies-sends a Bata-Out-Arrived-messageReception
Complete message to the ST _TFR state machine.

8.2.5.3.3.6.3 Transition ST_TTS5:Receive_Data_Out to
SHHSAST _TTS4:Farget—StartPrepare Xfer Rdy

This transition shall occur:

1) if the Write Data Received variable is less than Request Byte Count Data-Out state machine
argument and equal to the Requested Write Data Offset state machine variable plus the Requested
Write Data Length state machine variable;

2) aReception Complete (ACK Transmitted) confirmation is received for each write DATA frame previ-

ously received;
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3) after setting the Requested Write Data Length state machine variable to the Request Byte Count
Data-Out state machine argument minus the Requested Write Data Offset state machine variable:;
and

4) after setting the Requested Write Data Offset state machine variable to the Write Data Received state
machine variable.

8.2.5.3.3.7 ST_TTS6:Precess—bata—Out-Prepare_Response state

8.2.5.3.3.7.1 State description

This state shall construct a RESPONSE frame using the received Application Response arguments or the

received Transport Response arguments as follows:

a) FRAME TYPE field set to 07h (i.e., RESPONSE frame);
b) HASHED DESTINATION SAS ADDRESS field set to the hashed value of the speeified-Application Response
or Transport Response destination SAS addressaddress argument;

C) HASHED SOURCE SAS ADDRESS field set to the hashed value of the SSP target port's SAS address;

d) RETRY DATA FRAMES bit set to zero;

€) RETRANSMIT bit set to zero;

f) CHANGING DATA POINTER bit set to zero;

d) TAG field set to the Tag Application Response argument or the Tag Transport Response argument;

h) TARGET PORT TRANSFER TAG field set to the-speeified-tagzero;

i) TFARGEFPORTFFRANSFER-FAG-DATA OFFSET field set to zero:and;

j) BAaFAoFFseEFfield-information unit set as specified in this subclause:;; and

lg  prom-ersieldseiie—=eres

) fill bytes. if needed as specified in this subclause.
If this state was entered as-aresult-ef-this-state-machinereceivingaReguest{Send-with the Transport
Respense}Response arguments, then this state shall set the fields relatingto-the-irformationunit-as follows:

a) NUMBER OF FILL BYTES field set to the number of fill bytes, based on the length of the response data, if
any;

b) in the information unit, set the DATAPRES field set-to RESRPONSE-DAFARESPONSE DATA;

¢) inthe information unit, set the sTATUS field setto zero;

d) in the information unit, set the SENSE DATA LENGTH field setto zero;

e) in the information unit, set the RESPONSE DATA LENGTH field setto 00000004h;

f) in the information unit, set the RESPONSE DATA field set-as specified in table 116;

g) in the information unit, do not include the SENSE DATA field-retinetudedfield; and

B ElHytes ey
i) NUMBER OF FILL BYTES field set to the number of fill bytes, based on the length of the response data, if
needed.
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Table 116 speecifies-defines how the RESPONSE DATA field shall be set based on the arguments received with
the Request (Send Transport Response) message.

Table 134 — Request argument to RESPONSE frame RESPONSE DATA field mapping

Request argument RESPONSE frame RESPONSE DATA field
Invalid Frame INVALID FRAME
Function Complete TASK MANAGEMENT FUNCTION COMPLETE
Function Succeeded TASK MANAGEMENT FUNCTION SUCCEEDED
Function Not Supported TASK MANAGEMENT FUNCTION NOT SUPPORTED
Function Failed TASK MANAGEMENT FUNCTION FAILED
Incorrect Logical Unit Number | INCORRECT LOGICAL UNIT NUMBER
Overlapped Tag Attempted OVERLAPPED TAG ATTEMPTED

If this state was entered as-aresuit-ef-this-state-machinereceivirgaReguest{Send-with the Application
Respense}-messageResponse arguments, then this state shall shal-set the fields relating-to-the-trfermation-

whit-as follows:

a) in the information unit, set the DATAPRES field setto SENSE_DATA if sense data is speetied-to be
included in the information unit or NO_DATA if sense data is not speeifiedto be included in the infor-
mation unit;

b) in the information unit, set the STATUS field set-to the speeified-status;

¢) inthe information unit, set the SENSE DATA LENGTH field setto the length of the speeified-sense data, if
any;

d) in the information unit, set the RESPONSE DATA LENGTH field set-to zero;

e) in the information unit, do not include the RESPONSE DATA field-retireludedfield;

f) inthe information unit, set the SENSE DATA field to the sense data, if any; and

g) irtheinformationunit-SENSEBATA-NUMBER OF FILL BYTES field set to the number of fill bytes, based on

the length of the specified-sense data, if any—andneeded.

8.2.5.3.3.8.2 Transition S—FS#ST_TTS6:Prepare_Response to ST_TTS2:Target_Send_Frame

This transition shall occur after this state constructs a RESPONSE frame.

This transition shall include:

a) the RESPONSE frame; or
b) TFhistransition-shalleceurafterthisstatecoenstruets-if a Cancel message was received, then a
RESPONSE+frameCancel argument.
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