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Overview

In most cases, SAS recovers fairly gracefully from single-bit errors. If a single bit error occurs in an IDENTIFY
address frame, however, the only recovery mechanism available is to rerun the entire link reset sequence
(OOB + speed negotiation). Although the IDENTIFY address frame includes a CRC, there is no NAK to trigger
retransmission on failed reception.

To better tolerate single-bit errors, the IDENTIFY address frame should be sent 3 times rather than just 1 time.
Transmitting 3 times rather than 2 allows for DFE receiver error expansion of a single-bit error on the wire to a
short burst of errors in the receiver and allows the frames to be sent back-to-back (SOAF ... EOAF, SOAF ...
EOAF, SOAF ... EOAF).

This should not confuse a SAS-1.1 receiver, which is supposed to only honor the first SOAF it sees. As noted
by Jeff Gauvin (LSI), the SL_IR state machine in SAS-1.1 (which handles IDENTIFY address frames) differs
from the SL_RA state machine (which handles OPEN address frames) in its handling of unexpected address
frames and SOAFs before EOAFs. SL_IR only honors the first SOAF it sees, while SL_CC restarts on any
SOAF. ltis likely that some SL_IR implementations don’t make that distinction and restart on each SOAF, to
share logic with SL_RA. If they do make the distinction, then SAS-2 to SAS-1.1 just falls back to the SAS-1.1
case of rerunning the link reset sequence if an error occurs.

This proposal:

a) Changes SL_IR_RIF to restart reception of an address frame on any SOAF

b) Changes SL_IR_RIF to keep receiving address frames until it finds a correct IDENTIFY address
frame. It does not quit if the CRC is bad.

c) Allows SL_IR_TIF to transmit either one or three IDENTIFY address frames.

Suqggested changes to SAS-2

7.8.2 IDENTIFY address frame

Table 116 defines the IDENTIFY address frame format used for the identification sequence. The IDENTIFY
address frame is sent by each logical phy after the phy reset sequence completes if the physical link is a SAS
physical link. The IDENTIFY address frames sent by each logical phy in a physical phy shall be identical.

7.9 Identification and hard reset sequence

7.9.1 Identification and hard reset sequence overview

After the phy reset sequence (see 6.7) has been completed indicating the physical link is using SAS rather
than SATA, each logical phy either:

a) performs and identification sequence by transmitting arone or three IDENTIFY address frames (see
7.8.2); or
b) performs a hard reset sequence by transmitting a HARD_RESET primitive sequence (see 7.2.5.9).

If multiplexing (see 6.10) is enabled (see table 86 in 6.7.4.2.3.3), the identification sequence and hard reset
sequence begin with a multiplexing sequence (see 6.7.4.3).
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Figure 1 shows two phys with multiplexing disabled performing the identification sequence._Only one
IDENTIFY address frame is shown in this example.
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NOTE: Phys transmit deletable primitives for clock skew management after the phy reset sequence.

Figure 1 — Identification sequence
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Figure 2 shows phy A performing the identification sequence and phy B performing the hard reset sequence.
Multiplexing is disabled and only one IDENTIFY address frame is shown in this example.
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NOTE: Phys transmit deletable primitives for clock skew management after the phy reset sequence.
Figure 2 — Hard reset sequence

Each logical phy receives an IDENTIFY address frame or a HARD _RESET primitive sequence from the
logical phy to which it is attached. The combination of a phy reset sequence, an optional hard reset sequence
followed by another phy reset sequence, and an identification sequence is called a link reset sequence (see
4.4.1).

If a phy receives a valid IDENTIFY address frame within 1 ms of phy reset sequence completion, the SAS
address in the outgoing IDENTIFY address frame(s) and the SAS address in the incoming IDENTIFY address
frame determine the port to which a phy belongs (see 4.1.4). The phy ignores subsequent IDENTIFY address
frames and HARD_RESET primitives until another phy reset sequence occurs.

If a phy receives a HARD_RESET primitive sequence within 1 ms of phy reset sequence completion, it shall
be considered a reset event and cause a hard reset (see 4.4.2) of the port containing that phy.

If a phy does not receive a HARD_RESET primitive sequence or a valid IDENTIFY address frame within 1 ms
of phy reset sequence completion, it shall restart the phy reset sequence.
7.9.2 SAS initiator device rules

After a link reset sequence, or after receiving a Broadcast (Change), a management application client behind
an SMP initiator port should perform a discover process (see 4.7).
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When a discover process is performed after a link reset sequence, the management application client
discovers all the devices in the SAS domain. When a discover process is performed after a Broadcast
(Change), the management application client determines which devices have been added to or removed from
the SAS domain.

The discover information may be used to select connection rates for connection requests (see 7.8.3).

After receiving a Broadcast (Expander), a management application client behind an SMP initiator port should
issue a REPORT GENERAL function (see 10.4.3.3) to all expander devices to determine:

a) the expander devices, if any, that are reducing their functionality (i.e., the REDUCED FUNCTIONALITY bit
is set to one in the REPORT GENERAL response)(see 4.6.8); and

b) the amount of time remaining until the reduced functionality occurs (i.e., the contents of the TIME TO
REDUCED FUNCTIONALITY field in the REPORT GENERAL response).

7.9.3 Expander device rules

After completing the link reset sequence on a phy and completing internal initialization, the ECM within an
expander device shall be capable of routing connection requests through that phy. The expander device may
return OPEN_REJECT (NO DESTINATION) until it is ready to process connection requests.

After a link reset sequence, or after receiving a Broadcast (Change), the management application client
behind an SMP initiator port in a self-configuring expander device shall follow the SAS initiator device rules
(see 7.9.2) to perform a discover process (see 4.7).

The ECM of an externally configurable expander device is dependent on the completion of the discover
process (see 4.7) for routing connection requests using the table routing method.

7.9.4 SL_IR (link layer identification and hard reset) state machines

7.9.4.1 SL_IR state machines overview

The SL_IR (link layer identification and hard reset) state machines control the flow of dwords on the physical
link that are associated with the identification and hard reset sequences. The state machines are as follows:

a) SL_IR_TIR (transmit IDENTIFY or HARD_RESET) state machine (see 7.9.4.3);
b) SL_IR_RIF (receive IDENTIFY address frame) state machine (see 7.9.4.4); and
c¢) SL_IR_IRC (identification and hard reset control) state machine (see 7.9.4.5).

The SL_IR state machines send the following messages to the SL state machines (see 7.14) in SAS devices
or the XL (see 7.15) state machine in expander devices:

a) Enable Disable SAS Link (Enable); and
b) Enable Disable SAS Link (Disable).

The SL_IR_IRC state machine shall maintain the timers listed in table 1.

Table 1 — SL_IR_IRC timers

Timer Initial value

Receive Identify Timeout timer 1ms
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Figure 3 shows the SL_IR state machines.

SL_IR (link layer identification and hard reset) state machines
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Figure 3— SL_IR (link layer identification and hard reset) state machines
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7.9.4.2 SL_IR transmitter and receiver

The SL_IR transmitter receives the following messages from the SL_IR state machines indicating primitive
sequences, frames, and dwords to transmit:

a) Transmit IDENTIFY Address Frame;
b) Transmit HARD_ RESET; and
c) Transmit Idle Dword.

The SL_IR transmitter sends the following messages to the SL_IR state machines:

a) HARD_RESET Transmitted; and
b) IDENTIFY Address Frame Transmitted.

The SL_IR receiver sends the following messages to the SL_IR state machines indicating primitive
sequences and dwords received from the SP_DWS receiver (see 6.9.2):

a) SOAF Received;

b) Data Dword Received;

c) EOAF Received,;

d) ERROR Received,;

e) Invalid Dword Received; and
f) HARD_RESET Received.

The SL_IR receiver shall ignore all other dwords.
7.9.4.3 SL_IR_TIR (transmit IDENTIFY or HARD_RESET) state machine

7.9.4.3.1 SL_IR_TIR state machine overview

The SL_IR_TIR state machine’s function is to transmit a-sirgletBENTHFY-addressframeone or three
IDENTIFY address frames or a HARD_RESET primitive after the phy layer enables the link layer. This state

machine consists of the following states:

a) SL_IR_TIR1:Idle (see 7.9.4.3.2)(initial state);

b) SL_IR_TIR2:Transmit_ldentify (see 7.9.4.3.3);

¢) SL_IR_TIR3:Transmit_Hard_Reset (see 7.9.4.3.4); and
d) SL_IR_TIR4:Completed (see 7.9.4.3.5).

This state machine shall start in the SL_IR_TIR1:ldle state. This state machine shall transition to the
SL_IR_TIR1:Idle state from any other state after receiving a Phy Layer Not Ready confirmation.

7.9.4.3.2 SL_IR_TIR1:Idle state

7.9.4.3.2.1 State description
This state shall request idle dwords be transmitted by repeatedly sending Transmit Idle Dword messages to
the SL_IR transmitter.
7.9.4.3.2.2 Transition SL_IR_TIR1:Idle to SL_IR_TIR2:Transmit_Identify
This transition shall occur after both:
a) a Phy Layer Ready (SAS) confirmation is received; and
b) a Transmit IDENTIFY Address Frame request is received.
7.9.4.3.2.3 Transition SL_IR_TIR1:ldle to SL_IR_TIR3:Transmit_Hard Reset
This transition shall occur after both:

a) a Phy Layer Ready (SAS) confirmation is received; and
b) a Transmit HARD_RESET request is received.
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7.9.4.3.3 SL_IR_TIR2:Transmit_ldentify state

7.9.4.3.3.1 State description

Upon entry into this state, this state shall send aeither one or three Transmit IDENTIFY Address Frame
messages to the SL_IR transmitter.

NOTE 1 - Phys compliant with previous versions of this standard only transmitted one Transmit IDENTIFY
Address Frame message. Future versions of this standard may require transmitting three Transmit IDENTIFY
Address Frame messages.

After this state receives an IDENTIFY Address Frame Transmitted message_in response to its final Transmit
IDENTIFY Address Frame message, this state shall send an Identify Transmitted message to the SL_IR_IRC
state machine.

7.9.4.3.3.2 Transition SL_IR_TIR2:Transmit_ldentify to SL_IR_TIR4:Completed

This transition shall occur after sending an Identify Transmitted message to the SL_IR_IRC state machine.
7.9.4.3.4 SL_IR_TIR3:Transmit_Hard_Reset state

7.9.4.3.4.1 State description

Upon entry into this state, this state shall send a Transmit HARD _RESET message to the SL_IR transmitter.
After this state receives a HARD_RESET Transmitted message, this state shall send a HARD_RESET
Transmitted confirmation to the management application layer.

7.9.4.3.4.2 Transition SL_IR_TIR3:Transmit_Hard_Reset to SL_IR_TIR4:Completed

This transition shall occur after sending a HARD_RESET Transmitted confirmation to the management
application layer.

7.9.4.3.5 SL_IR_TIR4:Completed state

This state shall request idle dwords be transmitted by repeatedly sending Transmit Idle Dword messages to
the SL_IR transmitter.

7.9.4.4 SL_IR_RIF (receive IDENTIFY address frame) state machine

7.9.4.4.1 SL_IR_RIF state machine overview

The SL_IR_RIF state machine receives an IDENTIFY address frame and checks the IDENTIFY address
frame to determine if the frame should be accepted or discarded by the link layer.

This state machine consists of the following states:

a) SL_IR_RIF1l:Idle (see 7.9.4.4.2)(initial state);
b) SL_IR_RIF2:Receive_ldentify _Frame (see 7.9.4.4.3); and
¢) SL_IR_RIF3:Completed (see 7.9.4.4.4).

This state machine shall start in the SL_IR_RIF1:ldle state. This state machine shall transition to the
SL_IR_RIF1:ldle state from any other state after receiving a Phy Layer Not Ready confirmation.

7.9.4.4.2 SL_IR_RIF1:ldle state

7.9.4.4.2.1 State description

This state waits for an SOAF to be received from the physical link, indicating an address frame is arriving.
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7.9.4.4.2.2 Transition SL_IR_RIF1:Idle to SL_IR_RIF2:Receive_ldentify Frame
This transition shall occur after both:

a) a Start SL_IR Receiver confirmation is received; and

b) an SOAF Received message is received.

7.9.4.4.3 SL_IR_RIF2:Receive_ldentify_Frame state

7.9.4.4.3.1 State description

This state receives the dwords of an address frame and the EOAF.

If thrs state receives an SOAF Recerved message then this state shall disenretheaddressrametherhe

discard any previously received
dwords for the address frame, send an Address Frame Failed confrrmatron to the management application
layer to indicate that an invalid IDENTIFY address frame was received, and start receiving the new address
frame.

If this state receives more than eight Data Dword Received messages after an SOAF Received message and
before an EOAF Received message, then this state shall discard the address frame and send an Address
Frame Failed confirmation to the management application layer to indicate that an invalid IDENTIFY address
frame was received.

If this state receives an Invalid Dword Received message or an ERROR Received message after an SOAF
Received message and before an EOAF Received message, then this state shall:

a) ignore the invalid dword or ERROR; or
b) discard the address frame and send an Address Frame Failed confirmation to the management
application layer to indicate that an invalid IDENTIFY address frame was received.

After receiving an EOAF Received message, this state shall check if it the received frame is a valid IDENTIFY
address frame.

This state shall accept an IDENTIFY address frame and send an Identify Received message to the
SL_IR_IRC state machine if:

a) the ADDRESS FRAME TYPE field is set to Identify;
b) the number of bytes between the SOAF and EOAF is 32; and
c) the crc field contains a good CRC.

Otherwise, this state shall discard the {BENTHY- address frame and send an Address Frame Failed
confirmation to the management application layer to indicate that an invalid HBENFHY address frame was
received.

7.9.4.4.3.2 Transition SL_IR_RIF2:Receive_ldentify_Frame to SL_IR_RIF3:Completed

This transition shall occur after sending an Identify Received message erAddressrame-Failed-confirmation.

7.9.4.4.4 SL_IR_RIF3:Completed state

This state waits for a Phy Layer Not Ready confirmation.
7.9.4.5 SL_IR_IRC (identification and hard reset control) state machine

7.9.45.1 SL_IR_IRC state machine overview

The SL_IR_IRC state machine ensures that IDENTIFY address frames have been both received and
transmitted before enabling the rest of the link layer, and notifies the link layer if a HARD_RESET primitive
sequence is received before an IDENTIFY address frame has been received.

This state machine consists of the following states:

a) SL_IR_IRC1:Idle (see 7.9.4.5.2)(initial state);
b) SL_IR_IRC2:Wait (see 7.9.4.5.3); and
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c) SL_IR_IRC3:Completed (see 7.9.4.5.4).

This state machine shall start in the SL_IR_IRCZ1.:ldle state. This state machine shall transition to the
SL_IR_IRC1:Idle state from any other state after receiving a Phy Layer Not Ready confirmation.

7.9.4.5.2 SL_IR_IRC1:ldle state

7.9.4.5.2.1 State description
This state waits for the link layer to be enabled. Upon entry into this state, this state shall:

a) send an Enable Disable SAS Link (Disable) message to SL state machines (see 7.14) or XL state
machine (see 7.15) halting any link layer activity; and

b) send a Phy Disabled confirmation to the port layer and the management application layer indicating
that the phy is not ready for use.

7.9.4.5.2.2 Transition SL_IR_IRC1:Idle to SL_IR_IRC2:Wait

This transition shall occur after a Start SL_IR Receiver confirmation is received.
7.9.4.5.3 SL_IR_IRC2:Wait state

7.9.4.5.3.1 State description

This state ensures that an IDENTIFY address frame has been received by the SL_IR_RIF state machine and
that athe IDENTIFY address frame(s) have has been transmitted by the SL_IR_TIR state machine before
enabling the rest of the link layer. The IDENTIFY address frames may be transmitted and received on the
physical link in any order.

After this state receives an Identify Received message, it shall send a Stop SNTT request to the phy layer.

After this state receives an Identify Transmitted message, it shall initialize and start the Receive Identify
Timeout timer. If an Identify Received message is received before the Receive Identify Timeout timer expires,
this state shall:

a) send an ldentification Sequence Complete confirmation to the management application layer, with
arguments carrying the contents of the incoming IDENTIFY address frame;

b) send an Enable Disable SAS Link (Enable) message to the SL state machines (see 7.14) in a SAS
logical phy or the XL state machine (see 7.15) in an expander logical phy indicating that the rest of the
link layer may start operation; and

¢) send a Phy Enabled confirmation to the port layer and the management application layer indicating
that the phy is ready for use.

If the Receive Identify Timeout timer expires before an ldentify Received message is received, this state shall
send an Identify Timeout confirmation to the management application layer to indicate that an identify timeout
occurred.

If this state receives a HARD _RESET Received message before an Identify Received message is received,
this state shall send a HARD_RESET Received confirmation to the port layer and the management
application layer and a Stop SNTT request to the phy layer.

If this state receives a HARD_RESET Received message after an ldentify Received message is received, the
HARD_RESET Received message shall be ignored.
7.9.4.5.3.2 Transition SL_IR_IRC2:Wait to SL_IR_IRC3:Completed

This transition shall occur after sending a HARD_RESET Received confirmation, Identify Timeout
confirmation, or an ldentification Sequence Complete and an Phy Enabled confirmation.

7.9.4.5.4 SL_IR_IRC3:Completed state

This state waits for a Phy Layer Not Ready confirmation.
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7.14.3 SL_RA (receive OPEN address frame) state machine

The SL_RA state machine’s function is to receive address frames and determine if the received address
frame is an OPEN address frame and whether or not it was received successfully. This state machine consists
of one state.

This state machine receives SOAFs, dwords of an OPEN address frames, and EOAFs.

This state machine shall ignore all messages except SOAF Received, Data Dword Received, and EOAF
Received.

If this state machine receives a subsequent SOAF Received message after receiving an SOAF Received
message but before receiving an EOAF Received message, then this state machine shall discard the Data
Dword Received messages received before the subsequent SOAF Received message.

If this state machine receives more than eight Data Dword Received messages after an SOAF Received
message and before an EOAF Received message, then this state machine shall discard the address frame.

If this state machine receives an Invalid Dword Received message or an ERROR Received message after an
SOAF Received message and before an EOAF Received message, then this state machine shall:

a) ignore the invalid dword or ERROR; or
b) discard the address frame.

After receiving an EOAF Received message, this state machine shall check if the address frame is a valid
OPEN address frame.

This state machine shall accept an address frame if:

a) the ADDRESS FRAME TYPE field is set to Open;
b) the number of data dwords between the SOAF and EOAF is 8; and
c) the crc field contains a good CRC.

Otherwise, this state machine shall discard the address frame. If the frame is not discarded then this state
machine shall send a OPEN Address Frame Received message to the SL_CCQO:ldle state and the
SL_CC1:ArbSel state with an argument that contains all the data dwords received in the OPEN address
frame.
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