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INFORMATION TECHNOLOGY -
SMALL COMPUTER SYSTEM INTERFACE (SCSI) -

Part 223: Fibre channel protocol, third version (FCP-3)

FOREWORD

ISO (International Organization for Standardization) and IEC (International Electrotechnical Commission)

form the

specialized system for worldwide standardization. National bodies that are members of ISO or IEC parti
the development of International Standards. Their preparation is entrusted to technical committees;\any

cipate in
ISO and

IEC member body interested in the subject dealt with may participate in this preparatory wark:-Inteqnational

governmental and non-governmental organizations liaising with ISO and IEC also participate inthis prepz

In the field of information technology, ISO and IEC have established a joint technical committee, ISO/IE
Draft International Standards adopted by the joint technical committee are circulated, o, national bodies fg
Publication as an International Standard requires approval by at least 75 % of the national bodies casting

The formal decisions or agreements of IEC and ISO on technical matters (express, as nearly as pos
international consensus of opinion on the relevant subjects since each technical committee has repres
from all interested IEC and ISO member bodies.
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International Standard ISO/IEC 14776-223 was prepared by subcommittee 25: Interconnection of informa-
tion technology equipment, of ISO/IEC joint technical committee 1: Information technology.

The list of all currently available parts of the ISO/IEC 14776 series, under the general title Information
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technology — Small computer system interface, can be found on the IEC web site.

This International Standard has been approved by vote of the member bodies and the voting results may be
obtained from the address given on the second title page.
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INTRODUCTION

The Small Computer System Interface (SCSI) command set is widely used and applicable to a wide variety of
device types. The transmission of SCSI command set information across Fibre Channel links allows the large
body of SCSI application and driver software to be successfully used in the high performance Fibre Channel
environment.

This standard describes the protocol for transmitting SCSI commands, data and status using Fibre Channel
FC-FS-2 Exchanges and Information Units. Fibre Channel is a high speed serial architecture that allows either
optical or electrical connections. The topologies supported by Fibre Channel include point-to-point, fabric
switched and arbitrated loop. All Fibre Channel connections use the same standard frame format and standard

hierarchHy of transr on U O 113 s nformation U atcarry OrMmation.

This sta
Clau
Clau
Clau
Clau
Clau

dard is divided into the following clauses:

e 1 is the scope of this standard.

e 2 enumerates the normative references that apply to this standard.

e 3 describes the definitions, abbreviations and conventions used in this standard.

e 4 provides an overview of the protocol for transmitting SCSI information‘over Fibre Channel

e 5 describes the Information Units used to transfer SCS| commands;“data and status across|a Fibre

e 6 describes the Basic Link Services and Extended Link Services used by the protocol for tranpmitting

e 8 describes the FCP FC-4 Link Service definitions for the protocol for transmitting SCSI information

e 10 defines the SCSI management features for Fibre Channel, including the SCSI mode paggs used

Clau
Clau

e 11 defines the timers used.for' FCP-3 error recovery algorithms.
e 12 defines the error recovery algorithms for FCP-3.
The Fibfe Channel Protocol for SCSI, Third revision (FCP-3) standard has the following annexes:

Anngx A is a normative /description of the relationship between the services defined by SAM-3 and the
corrg¢sponding funetions defined by this standard.

Anngx B is apJinformative annex that provides examples of the protocol for transmitting SCSI infgrmation
over|Fibre Channel.

Anngx<C is’an informative annex providing examples of the FCP-3 error recovery mechanisms.

Annex D is an informative annex describing techniques for discovering SCSI device capabilities over Fibre
Channel.

Annex E is an informative annex providing examples of the content of ELSs used during FCP-3 recovery
operations.

This standard is part of the SCSI family of standards developed to facilitate the use of the SCSI command sets
for many different types of devices across many different types of physical interconnects. The architectural
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model for the family of standards is ISO/IEC 14776-413, Information technology - SCSI Architecture Model - 3
(SAM-3).
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INFORMATION TECHNOLOGY -
SMALL COMPUTER SYSTEM INTERFACE (SCSI) -

Part 223: Fibre channel protocol, third version (FCP-3)

1 Scope

This standard defines a third version of the SCSI Fibre Channel Protocol (FCP). This standard is a mapping
protocol for applying the SCSI command set to Fibre Channel. This standard defines how the Fibre Channel

services and the defined Information Units (IUs) are used to perform the services defined by the SCSI
Architecture Maodel - 3 (QAI\/I-?) This third version includes additions and clarifications ta the second

vergion, removes information that is now contained in other standards, and describes additional error
recqvery capabilities for the Fibre Channel Protocol.

2 | Normative references

The| following referenced documents are indispensable for the application of this. doCument. Fqr dated
references, only the edition cited applies. For undated references, the latestjedition of the ref¢renced
docpment, including any amendments, applies.

Thel| provisions of the referenced specifications other than ISO/IEC, IEC,) SO and ITU documgnts, as
identified in this clause, are valid within the context of this InternationahStandard. The reference tq such a
spegification within this International Standard does not give it any_further status within 1ISO or|IEC. In
particular, it does not give the referenced specification the status of‘an International Standard.

ISOYIEC 14165-122, Information technology - Fibre Channél’- Part 122: Arbitrated Loop - 2 (FC-AL
[INGITS 332:1999]

ISOYIEC 14165-252, Information technology - Fibre Channel - Part 252: Framing and Signaling - 2 (FC-FS-
2) (under consideration) [ANSI/INCITS 424-2007/AM1-2007]

2)

ISOYIEC 14165-261, Information technology - Fibre Channel - Part 261: Link Services (FC-LS) (ungler con-
sidgration) [ANSI/INCITS 433-2007]

ISOYIEC 14165-414, Information technology - Fibre Channel - Part 414: Generic Services - 4 (FC-GS-4)
[ANSI/INCITS 414-2007]

ISOYIEC 14165-341, Information technology - Fibre Channel - Part 341: Device Attach (FC-DA) (under
corlsideration) [INCITS TR-36-2004]

ISOYIEC 14776-413, Information technology - Small Computer System Interface - Part 413: SCSI Architec-
turg Model - 3 (SAM-3) TANSI/INCITS 402-2005]

ISOYIEC 14776-453, Information technology - Small Computer System Interface - Part 453: SCSI Architec-
turg Model {SCSI Primary Commands-3 (SPC-3)(under consideration) [ANSI/INCITS 408-2005]

INCITS Project 1683-D, SCS/ Architecure Model - 4 (SAM-4)

SFF

3 Definitions, abbreviations and conventions

3.1 Terms and definitions

3.1.1 acknowledged class: Any class of service that acknowledges transfers (e.g., Class 1, Class 2, and
Class 4). See FC-FS-2.

3.1.2 address identifier: An address value used to identify the source (S_ID) or destination (D_ID) of a
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frame. See FC-FS-2.
3.1.3 application client: An object that is the source of SCSI commands. See SAM-3.

3.1.4 application client buffer offset: Offset in bytes from the beginning of the application client’s buffer
(data-in or data-out) to the location for the transfer of the first byte of a data delivery service request. See SAM-3.

3.1.5 autosense data: Sense data (see 3.1.51) that is returned in the FCP_RSP IU payload. See SAM-3.
3.1.6 command: A request describing a unit of work to be performed by a device server. See SAM-3.

3.1.7 command descriptor block: A structure used to communicate a command from an application client
to a device server. See SAM-3.

by the SCSI

to the application client. See SAM-3.

3.1.10 Data-Out delivery service: A confirmed service used by the device seryento request th¢ transfer of
data from the application client. See SAM-3.

3.1.11 Data frame: An FC-4 Device_Data frame, an FC-4 Video_Data frame; or a Link_Data frame. See FC-
FS-p.

3.1.12 data overlay: The use of random buffer access capability where data is transmitted usirl]g the same
application client buffer offset more than one time during the,set-of delivery actions performed by a single
conmpmand. See SAM-3.

3.1/13 Destination_ldentifier (D_ID): The address idenfifier used to indicate the destination of the transmitted
frame. See FC-FS-2.

3.1.14 device server: An object within the logicakunit that processes SCSI tasks and enforces {he rules for
tasf management. See SAM-3.

3.115 discard: The term used in FC-FS-2‘to describe removing a frame or sequence from the| destination
buffer without making use of the frame onsequence and without notifying upper layers of the receipt pf the frame
or sequence. See FC-FS-2.

3.1/16 Exchange: The basic_ nmiechanism that transfers information consisting of one or more rfelated non-
conturrent Sequences that may flow in the same or opposite directions. The Exchange is identified by an
Originator Exchange_ID (OX:_ID) and a Responder Exchange_Identifier (RX_ID). See FC-FS-2.

3.117 Execute Command service: A peer-to-peer, confirmed service requested by the applicafion client to

3.1{18 FCP.Exchange: A SCSI I/O operation for the Fibre Channel FC-2 layer. The SCSI I/O gperation for
Fibe Channelis contained in a Fibre Channel Exchange. See FC-FS-2 and 4.1.

3.1.19/ FCP 1/0O operation: A SCSI I/O operation for the Fibre Channel FC-4 layer, as defined in this standard.
3.1.20 FCP_Port: An N_Port or NL_Port that supports the SCSI Fibre Channel Protocol.

3.1.21 fully qualified exchange identifier: A set of addresses and values used to uniquely identify an FCP
I/0 operation. See 4.16.

3.1.22 image pair: The originating and responding processes related by a Process Login operation. For the
Fibre Channel Protocol, the image pair is composed of one initiator FCP_Port and one target FCP_Port. See
FC-LS.
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3.1.23 L|_T nexus loss: A condition resulting from the events defined by SAM-3 in which the SCSI device
performs the operations described in SAM-3 and this standard.

3.1.24 |I_T nexus loss event: A SCSI transport protocol specific event that triggers |I_T nexus loss as
described in SAM-3.

3.1.25 Information Unit (IU): An organized collection of data specified by the Fibre Channel Protocol to be
transferred as a single Sequence by the Fibre Channel service interface (see FC-FS-2).

3.1.26 initiator: A SCSI device containing application clients that originate device service requests and task
management functions to be processed by a target SCSI device. In this standard, the word initiator also refers
to an FCP_Port using the Fibre Channel Protocol to perform the SCSI initiator functions defined by SAM-3.

3.1.27 |initiator port identifier: A value by which a SCSl initiator port is referenced within a domain.Sge SAM-
3.

3.1.28 |initiator port name: A SCSI port name of a SCSI initiator port or of a SCSI target/initiator pgrt when
operatirlg as a SCSl initiator port. See SAM-3.

3.1.29 |interconnect tenancy: The period of time that an FCP device owns or may ‘access a shargd Fibre
Channe] link such as an FC-AL-2 loop. See 10.2.1.

3.1.30 |logical unit: A SCSI target device object, containing a device server and task managgr, that
implemgnts a device model and manages tasks to process commands sent by’an application client. See|SAM-3.

3.1.31 |logical unit number: An encoded 64-bit identifier for a logical-unit. See SAM-3.

3.1.32 |loop initialization primitive: A primitive used in Fibrei Channel arbitrated loops to start loop
initializgtion. See FC-AL-2.

3.1.33 |Name_ldentifier: A 64-bit identifier, with a 60-bit value preceded with a 4 bit Network_
Addresg_Authority Identifier, used to identify entities in Fibre Channel such as N_Port, Node, F_Port, off Fabric.
See FC{FS-2.

3.1.34 |Name Server: A Fibre Channel service acecessed through a well-known address identifier that yses the
Common Transfer (CT) protocol as defined in FE€-GS-4 to allow a client to determine the address identifier and
properties of devices attached to a Fibre Channel switching fabric. See FC-GS-4.

3.1.35 |[Node_Name: A Name_ldentifier'associated with a Node. See FC-FS-2.

3.1.36 |NL_Port: An N_Port that contains arbitrated loop functions associated with the Fibre Channel arbitrated
loop topology. See FC-AL-2.

3.1.37 |N_Port: A hardware entity that supports the FC-FS-2 FC-2 layer. It may act as an Origipator, a
Responger, or both. See FC-FS-2.

3.1.38 |Originator:) The logical function associated with an N_Port responsible for originating an Ex¢hange.
See FC{FS-2.

3.1.39 |Originator Exchange Identifier: An identifier assigned by an Originator to identify an Exchanpe. See
3.1.50 gnd FC-FS-2.

3.1.40 Port Identifier: An address identifier (see 3.1.2) assigned to an N_Port or NL_Port during implicit or
explicit Fabric Login (see FC-LS).

3.1.41 Port (N_Port) Login (PLOGI): The Fibre Channel Extended Link Service (ELS) that exchanges
identification and operation parameters between an originating N_Port and a responding N_Port. See FC-LS.

3.1.42 Port_Name: A Name_Ildentifier associated with an N_Port or an NL_Port.


https://iecnorm.com/api/?name=bc6ff2e8b640eb754e317914eb0edc2b

14776-223 © ISO/IEC:2008(E) -17 -

3.1.43 private loop: A loop operating with no attached fabric loop ports. See FC-DA.
3.1.44 public loop: A loop operating with an attached fabric loop port. See FC-DA.

3.1.45 random buffer access: The occurrence of device server data transfer requests that request data
transfers to or from segments of the application client’s buffer with an arbitrary offset and extent. See SAM-3.

3.1.46 read operation: An operation that uses the Data-In action, IU 13 (see 9.1).

3.1.47 recovery abort: An FC-LS protocol that recovers FCP_Port resources by terminating the Exchange

and FCP 1/O operation. See 12.3.

3.1.48 request byte count: The number of bytes to be moved by a data delivery service request. See SAM-3.

3.1.
Ori

3.1,
me

3.1,
SE
3.1,
uni
res

3.1.
fra

esponder: The logical function in an
inator in another N_Port. See FC-FS-2.

ort responsible for supporting the Exchange jni

0 Responder Exchange Identifier: An identifier assigned by a Responder to identifylan Ex
ningful only to the Responder. See FC-FS-2.

1 sense data: Data returned to an application client as a result of an autosghse operation of
SE command. See SPC-3.

2 Sequence: A set of one or more Data frames with a common Sequence_ID (SEQ_ID),

onse to each Data frame. See FC-FS-2.

3 Source_ldentifier (S_ID): The address identifier used to-indicate the source port of the
e. See FC-FS-2.

3.1.64 SCSI device: A device that originates or services SCSI commands. See SAM-3.

3.1.65 SCSI /O operation: An operation defined byca SCSI command, a series of linked SCSI co
a task management function. See SAM-3.

3.166 SCSI initiator port: A SCSI initiator<device object that acts as the connection between

iated by the

change and

REQUEST

transmitted

irectionally from one N_Port to another N_Port with a corresponding response, if applicable, transmitted in

transmitted

mmands, or

application

clients and the service delivery subsystem-through which requests, indications, responses, and confirmations

are routed (see SAM-3). In all cases whenthis term is used it refers to an initiator port or a SCSI ta
porf operating as a SCSI initiator port_in this standard, the term SCSI initiator port also refers to a
usirj]g the Fibre Channel protocol to-perform the SCSI initiator port functions defined by SAM-3.

3.1.67 SCSI target port: ASCSI target device object that contains a task router and acts as the
betyween device servers and task managers and the service delivery subsystem through which ind
responses are routed (See SAM-3). In this standard, the term SCSI target port also refers to an FCH
the Fibre Channel protocol to perform the SCSI target port functions defined by SAM-3.

3.1.68 status))A single byte returned by the device server to the application client to indicate the
and|completion state of a command. See SAM-3.

3.1.69, tag: The application client specified component of a task identifier that uniquely identifi
amagngthe several tasks coming from an application client to a logical unit. The fully qualified exchan

Fget/initiator
h FCP_Port

connection
cations and
_Port using

completion

ps one task
ge identifier

performs the function of the SCSI tag in this standard. See 4.16 and SAM-3.

3.1.60 target port identifier: An address identifier (see 3.1.2) that a SCSI initiator port uses to
SCSI target port. See SAM-3.

identify the

3.1.61 target port name: A SCSI port name of a SCSI target port or of a SCSI target/initiator port when

operating as a SCSI target port. See SAM-3.
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3.1.62 task: An object within the logical unit representing the work associated with a command or group of
linked commands. See SAM-3.

3.1.63 task attribute: The queuing specification for a task (e.g., SIMPLE, ORDERED, HEAD OF QUEUE,

ACA). See SAM-3.

3.1.64 task identifier: The information uniquely identifying a task. See SAM-3.

3.1.65 task management function: A peer-to-peer confirmed service provided by a task manager that may
be invoked by an application client to affect the processing of one or more tasks. See SAM-3.

3.1.66 unacknowledged class: Any class of service that does not acknowledge transfers (e.g., Class 3). See
FC-FS-2.

3.1.67
binary vi

3.1.68
referend

3.1.69

ABT
CRN
D_IC
ELS
FC

FC-A

FC-F

FC-(

FC-L

S

\L-2

S-2

5S-4

Worldwide_Name: A Name_ Identifier that is worldwide unique, and represented by a 64-bitu
plue. See FC-FS-2.

word: A string of four contiguous bytes occurring on boundaries that are zero module /4 from a s
e. See FC-FS-2.

write operation: An operation that uses the Data-Out action, IU T6 (see 9.1).

3.2 Apbbreviations

Abort Sequence (see FC-FS-2).

Command Reference Number (see 4.4 and 9.2(2)2).
Destination_Identifier (see 3.1.13).

Extended Link Service (see FC-LS).

Fibre Channel (see FC-FS-2).

nsigned

pecified

ISO/IEC 14165-122, Information)technology - Fibre Channel - Part 122: Afbitrated

Loop - 2 (FC-AL-2) (see 2),

ISO/IEC 14165-252, Information technology - Fibre Channel - Part 252: Fram
Signaling Interface <.2(FC-FS-2) (see 2).

ISO/IEC 14165-414, Information technology - Fibre Channel - Part 414:
Services - 4 (FC-GS-4) (see 2).

ISO/IEC(14165-261, Information technology - Fibre Channel - Part 261: Link
(FC-LS)-(see 2).

Refers to this standard.

FCP FC-4 Link Service Reject link service (see 8.3).

This standard (Fibre Channel Protocol for SCSI, third version).
Fibre Channel Layer 4 mapping layer (see FC-FS-2).

ing and

(Generic

ervices

Fabric Login ELS (see FC-LS).

fully qualified exchange identifier (see 3.1.21).
identifier
Information Unit (see 3.1.25).

Loop Initialization Fabric Assigned (see FC-AL-2).
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LIHA Loop Initialization Hard Assigned (see FC-AL-2).

LIP Loop Initialization Primitive (see FC-AL-2).

LIPA Loop Initialization Previously Assigned (see FC-AL-2).

LISA Loop Initialization Soft Assigned (see FC-AL-2).

LISM Loop Initialization Select Master (see FC-AL-2).

LOGO Log Out ELS (see FC-LS).

NA Not Applicable

OoX_ID Originator Exchange Identifier (see FC-FS-2).

PLOGI Port (N_Port) Login ELS (see FC-LS).

PRLI Process Login ELS (see 6.3 and FC-LS).

PRLO Process Logout ELS (see 6.4 and FC-LS).

REC Read Exchange Concise ELS (see 6.5 and FC-LS).

RX_ID Responder Exchange Identifier (see FC-FS-2).

$AM-3 ISO/IEC 14776-413, Information technology -(Small Computer System Interface
(SCSI) - Part 413: Architecture Model - 3 (SAM<3) [INCITS Project 1561D] (see 2).

$CSI Small Computer System Interface, any revision.

$_ID Source_ldentifier (see 3.1.53).

$PC-3 IISO/IEC 14776-453, Information~technology - Small Computer System| Interface -

Part 453: SCSI Architecture Model - SCSI Primary Commands-3 (SPCF3) [INCITS
Project 1416D] (see 2).

$RR Sequence Retransmissioh Request FC-4 Link Service (see 8.2).
TPRLO Third Party ProcessLogout ELS (see FC-LS).
JLP upper layer protocol (see FC-FS-2).

3.3| Keywords

3.31 expected: A keyword.used to describe the behavior of the hardware or software in the degign models
asspmed by this standard. Other hardware and software design models may also be implemented

3.32 invalid: A keyword used to describe an illegal or unsupported bit, byte, word, field or pode value.
Redeipt of an invalid bit; byte, word, field or code value shall be reported as error.

3.3 ignored=A keyword used to describe a bit, byte, word, field or code value that shall not be examined
by the receiving SCSI device. The bit, byte, word, field or code value has no meaning in the specified context.

3.3, mandatory: A keyword indicating an item that is required to be implemented as defined in this standard.

3.3, may: A keyword that indicates flexibility of choice with no implied preference (equivalent to jmay or may
not”).

3.3.6 may not: A keyword that indicates flexibility of choice with no implied preference (equivalent to “may or
may not”).

3.3.7 obsolete: A keyword indicating that an item was defined in a prior SCSI standard but has been removed
from this standard.
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3.3.8 optional: A keyword that describes features that are not required to be implemented by this standard.
However, if any optional feature defined by this standard is implemented, then it shall be implemented as
defined in this standard.

3.3.9 reserved: A keyword referring to bits, bytes, words, fields and code values that are set aside for future
standardization. A reserved bit, byte, word or field shall be set to zero, or in accordance with a future extension
to this standard. Recipients are not required to check reserved bits, bytes, words or fields for zero values.
Receipt of reserved code values in defined fields shall be reported as an error.

3.3.10 restricted: A keyword referring to bits, bytes, words, and fields that are set aside for use in other SCSI
standards. A restricted bit, byte, word, or field shall be treated as a reserved bit, byte, word or field for the
purposes_of the requirements defined in this standard

3.3.11 |shall: A keyword indicating a mandatory requirement. Designers are required to implement’all such
mandatpry requirements to ensure interoperability with other products that conform to this standagd. This
standargl prescribes no specific response by a component if it receives information that violates a mandatory
behavior.

3.3.12 |should: A keyword indicating flexibility of choice with a strongly preferred altérnative; equivalent to the
phrase fit is strongly recommended”.

3.4 Hditorial conventions

Certain jwords and terms used in this standard have a specific meaning-beyond the normal English meaning.
These Words and terms are defined either in 3.1 or in the body of the standard where they first appear.|Names
of commands, statuses, task management functions, task attributes, Information Units, sense keys, additional
sense cpdes, and additional sense code qualifiers are in all uppercase (e.g., REQUEST SENSE). Loyercase
is used for words having the normal English meaning.

The names of fields are in small uppercase (e.g., ALLOCATION LENGTH). When a field name is a concatenation of
acronyms, uppercase letters may be used for readability (e.g., NORMACA). Normal case is used when the
contents of a field are being discussed. Fields containing only one bit are usually referred to as the NAME bit
instead |of the NAME field. Where fields defined in another standard are referenced in this standard, the
capitaligation conventions of the originating standard are used.

Numbertls that are not immediately followed by lower-case b or h are decimal values.
Numbers immediately followed by lower-case b (0101b) are binary values.
Numberls or upper case letters immediately followed by lower-case h (FA23h) are hexadecimal values.

In all of the figures, tables,and text of this standard, the most significant bit of a binary quantity is shown on the
left side] Bit order and byte order are as specified in FC-FS-2.

The I1ISQ convention,of*'numbering is used (i.e., the thousands and higher multiples are separated by alspace).
A commja is used as the decimal point. A comparison of the American and ISO conventions is shown Helow:

ISO American
0,6 0.6

1 000 1,000

1323 462,9 1,323,462.9

Lists sequenced by letters (e.g., a-red, b-blue, c-green) show no ordering relationship between the listed items.
Numbered lists (e.g., 1-red, 2-blue, 3-green) show an ordering relationship between the listed items.
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If a conflict arises between text, tables, or figures, the order of precedence to resolve the conflicts is text, then
tables, and finally figures. Exceptions to this convention are indicated in the appropriate subclauses. Not all

tables or figures are fully described in the text. Tables show data format and values. Notes do not constitute any
requirements for implementors.
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4 General
4.1  Structure and concepts

Fibre Channel (FC) is logically a point-to-point serial data channel. The architecture has been designed

so that

it may be implemented with high performance hardware that requires little real-time software management. The
Fibre Channel Physical layer (FC-2 layer) described by FC-FS-2 performs those functions required to transfer
data from one N_Port or NL_Port to another. In this standard, N_Ports and NL_Ports capable of supporting Fibre

Channel Protocol transactions are collectively referred to as FCP_Ports. The FC-2 layer may be treat
very powerful delivery service with information grouping and several defined classes of service.

A switching fabric allows communication among more than two FCP_Ports.

ed as a

Fibre Channel Arbitrated Loop-2 (FC-AL-2) is an alternative multiple port topology that allows commu
between two ports on the loop or between a port on the loop and a port on a switching fabric attached.fot

An FC-4 mapping layer uses the services provided by FC-FS-2 to perform the functions defined’by th
The profocol is described in terms of the stream of FC |Us and Exchanges generated by.a pair of FC
that support the FC-4.

The detgiled implementation that supports that stream is not defined by this standard. Originator and Rej
FCP_Ports are assumed to have a common service interface, for use by ‘all FC-4s, that is si
charactgristics to the service interface defined in FC-FS-2. The requirements for the service interface f
are confained in SAM-3.

This standard defines four kinds of functional management:

a) dgvice management;

b) task management;

c) Process Login and Process Logout management; and

d) link management.
The Fibfe Channel Protocol device and task management protocols define the mapping of the SCSI fy
defined[in SAM-3 to the Fibre Channel interface.defined by FC-FS-2. Link control is performed by |
FC-FS-2 protocols. The task management functions defined by SAM-3 are mapped as described in 4.
standargl. The 1/O operation defined by SAM-3 is mapped into a Fibre Channel Exchange. A Fibre (
Exchange carrying information for a SCSI I/O operation is an FCP Exchange. The request and rg
primitivgs of an I/O operation are mapped into Information Units (IUs) as shown in table 1.

hication
he loop.
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Table 1 - SCSI and Fibre Channel Protocol functions

SCSI function FCP equivalent
I/O operation Exchange
Protocol Service request and response Sequence
Send SCSI Command request Unsolicited command IU (FCP_CMND)
Data delivery request Data descriptor IU (FCP_XFER_RDY)
Data delivery action Solicited data IU (FCP_DATA)
Send Command Complete response Command status IU (FCP_ RSP)
REQ/ACK for Command Complete Confirmation IU (FCP_CONF)

Thel number of Exchanges that may simultaneously be open between anhinitiator FCP_Port and a target
FCR_Port is defined by the FC-FS-2 implementation. The architectural limit for this value is §5 535. The
maximum number of active Sequences that may simultaneously be operrbetween an initiator FCP|_Port and a
target FCP_Port is restricted by the allowable range of values of the'\Sequence ID to 256, as defingd in FC-FS-
2. Tp allow task management Exchanges to be originated, a certain number of extra Exchange IDsjand at least
one|extra Sequence_ID should always be available.

4.2| FCP I/O operations

An Bpplication client begins an FCP 1/O operation when it invokes a Send SCSI Command SC§8I transport
profocol service request or a Send Task Management Request SCSI transport protocol service request (see
SAM-3). The Send SCSI Command SCSI transport protocol service request conveys a single reqyest or a list
of linked requests from the application clientto the FCP service delivery subsystem. Each request|contains all
the |nformation necessary for the processing of one SCSI command or task management function, ipcluding the
locdl storage address and characteristics of data to be transferred by the SCSI command. The Filpre Channel
Protocol then performs the following actions using FC-FS-2 services to perform the SCSI commiand or task
mamagement function. The preecessing of the individual steps of the protocol is consistent with the SCSI
architectural model as definedby SAM-3.

SCS invoke the
Senld SCSI Gommand SCSI transport protocol service request (see SAM-3) and start the FCP 1/Q operation.
Th b remainder

""”v””"’ TaSTHITE 1€ TaSCeteT M Tata W E ETratoS -

prepared to request the data delivery service, it sends a data descriptor IU containing the FCP_XFER_RDY IU
payload to the initiator indicating which portion of the data is to be transferred. The initiator FCP_Port then
transmits a solicited data IU to the target containing the FCP_DATA IU payload requested by the
FCP_XFER_RDY IU. The FCP_XFER_RDY IU and FCP_DATA IU payloads constitute the Receive Data-Out
protocol service request and Data-Out Received service confirmation described in SAM-3. Data delivery
requests containing FCP_XFER_RDY IU and returning FCP_DATA IU payloads continue until the data transfer
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requested by the SCSI command is complete. One FCP_DATA IU shall follow each FCP_XFER_RDY IU. If the
initiator and target have negotiated to disable the initial FCP_XFER_RDY IU (see 6.3.4), a first burst shall be
transferred (see 10.2.10).

When the device server has interpreted the command and has determined that a read operation is required, the
target FCP_Port transmits a solicited data 1U to the initiator FCP_Port. The solicited data IU shall contain the
FCP_DATA IU payload. The FCP_DATA IU constitutes the Send Data-In protocol service request described in
SAM-3. Data deliveries containing FCP_DATA IU payloads continue until all data described by the SCSI
command is transferred.

When the device server has interpreted the command and has determined that bidirectional transfer is required,
it selects_the fi P_DATA 0 be transferred he mayv be either a Data-ln or a Data-O ansfer. If the
device perver chooses to request a Data-Out transfer first, it sends a data descriptor IU contairling the
FCP_XKFER_RDY IU payload to the initiator to indicate which portion of the data is to be transferred.\Fhelinitiator
FCP_Part then transmits the solicited data IU to the target FCP_Port. The solicited data IU-shall confain the
FCP_DATA IU payload requested by the FCP_XFER_RDY IU. The FCP_XFER_RDY IUyahd FCP_DATA IU
payloads constitute the Receive Data-Out protocol service request and Data-Out Received service confirmation
describgd in SAM-3. If the device server chooses to send a Data-In transfer first, the‘target FCP_Port transmits
a solicited data 1U to the initiator FCP_Port. The solicited data U shall contain the FCP_DATA IU payload. The
FCP_DATA IU constitutes the Send Data-In protocol service request described in SAM-3. The device server
then selects the next FCP_DATA IU to be transmitted and performs the approptiate procedure to transriit. Data
deliverigs continue until all data described by the SCSI command is(transferred. This standard plgces no
restrictions on the order that the device server performs Data-In and,Data-Out transfer operations. If thelinitiator
and tardet have negotiated to disable the initial FCP_XFER_RDY IU(see 6.3.4), a first burst shall be transferred
(see 10]2.10).

After all the data has been transferred, the device server transmits the Send Command Complete protocol
service [response (described in SAM-3) by requestingsthe transmission of an IU containing the FCP_RSP U
payload, That payload contains the SCSI status and,(ifithe SCSI status is CHECK CONDITION, the aujosense
data depcribing the condition. The FCP_RSP IU, indicates completion of the SCSI command. If no cgmmand
linking, lerror recovery, or confirmed completion®is requested, the FCP_RSP IU is the final sequencg of the
Exchange. The device server determines whether additional linked commands are to be performed in the FCP
I/0O opefation. If this is the last or only command processed in the FCP 1/O operation, the FCP 1/O operafion and
the Exdhange are terminated. If an”FCP protocol error occurred during processing of the commgnd, the
FCP_R$P IU payload carries the(FCP Response information instead of the SCSI status and autosensé¢ data.

When the command is completed, returned information is used to prepare and return the Command Cpmplete
Receivdd protocol service_confirmation to the application client that requested the operation. The returned
status indicates whether-or not the command was successful. The successful completion of the cgmmand
indicatep that the SCSI device performed the requested operations with the transferred data and that the
information was( successfully transferred to or from the initiator. Status other than successful completion
indicatep that-either SCSI sense data or warnings about unexpected FCP behaviors are being provided. In this
case, the‘sense data or warning is interpreted to determine whether the desired operation was sucdgessfully
completedThedevite Server may Tequesta protocot Service indication thatTonf detiveryof the FCP_RSP
IU payload, as described in 4.5.

If the command is linked to another command, the FCP_RSP IU payload shall contain the proper status (i.e.,
INTERMEDIATE or INTERMEDIATE-CONDITION MET) indicating that another command shall be processed.
The target FCP_Port shall present the FCP_RSP using the U that allows command linking, I5 (see 9.1). The
initiator FCP_Port shall continue the same Exchange with an FCP_CMND IU, beginning the next SCSI
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command. All SCSI commands linked in the FCP I/O operation except the last are processed in the manner
described above. SAM-3 defines the cases that interrupt and terminate a series of linked commands. In those
cases, the FCP_RSP IU of the last command in the set of linked commands shall be transmitted using the U
that does not allow command linking, 14 (see 9.1). See 4.5.

The number of FCP 1/O operations that may be active at one time depends on the queuing capabilities of the
FCP device. If command queueing resources are unavailable in the logical unit when a command is received,
the device server returns TASK SET FULL status or BUSY status in the FCP_RSP IU as specified by SAM-3.

The Fibre Channel Protocol takes full advantage of the multiplexing and shared bandwidth capabilities provided

FCP_Port.
CSl initiator
bst to host
br device to
s, the SCSI

iator port role is adopted by the managing FCP device.

Bidirectional and unidirectional commands and FCP_RSP IU format

A device server that does not support bidirectional éommands shall use the unidirectional FCP_RSH

for

recgives a command that requests read and write operations by setting both the RDDATA and WRDATA

the
add

4.4

In g
veri
seq
may

SAM-3 defines.asmechanism to assure ordering of commands. If the initiator transmits a single co
s for GOOD status before transmitting the next command, the commands are guaranteed to b¢ processed

wai
in o

This

pvice server that supports bidirectional commands may implement.both unidirectional and
mands. Two FCP_RSP IU formats are defined. For commands'that set both the RDDATA and
he, the bidirectional FCP_RSP IU payload shall be used for presenting all status and error cor
mands that set either the RDDATA or WRDATA bit or both to)zero, the unidirectional FCP_RSP|
| be used for presenting all status and error conditions. The format of the FCP_RSP |U that
ends only on the state of the RDDATA and WRDATA bits.

bresenting all status and error conditions. If . a/device server that does not support bidirectional

Hevice server may return CHECK CONDITION status with the sense key set to ILLEGAL REQU
tional sense code of INVALID FIELD: IN COMMAND INFORMATION UNIT.

Precise delivery of SCSI commands

pplications were SCSI communications between an application client and a device server ar
fication of the delivery and processing of SCSI commands is often not critical. Any changes in
Lience caused by linkifailures or switch latencies are not important and the recovery and retry n
be performed while' other activities are continued by the application client and the device serv

rder.

standard defines a second optional mechanism called precise delivery to assure ordering of

bidirectional
WRDATA bits
ditions. For
IU payload
is returned

IU payload
commands
bits to one,
FST and an

e stateless,
processing
nechanisms
br.

mmand and

commands.

ThisTmay be used by any FCP device, but may be useful for devices performing ordered command queuing
where device state is preserved from one command to the next. An application client may determine if a device
server supports the precise delivery function by using the MODE SENSE and MODE SELECT commands to
examine and set the enable precise delivery checking (EPDC) bit in the Fibre Channel Logical Unit Control mode
page. See 10.3.
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If a SCSI command requires precise delivery and the device server has the EPDC bit set to one, the application
client provides the Command Reference Number (CRN) argument to the Send SCSI Command protocol
service. The initiator FCP_Port then places the CRN value in the COMMAND REFERENCE NUMBER field in the
FCP_CMND IU.

The CRN is a one byte unsigned integer that starts at the reset value of one and shall be incremented by one
for each command requiring precise delivery for that device server. Separate increment counters are maintained
for each I_T_L nexus (i.e., each initiator maintains a separate counter for each device server using precise
delivery). After the number of precisely delivered commands causes the integer to increment to 255, the integer
wraps back to a value of one. The value of zero is reserved and shall be used for those commands that do not
require precise delivery and for task management functions.

The follpwing rules specify how the application client and device server use the CRN to determing-thiat each
command requiring precise delivery has been properly received and processed:

a) sge table 4 and table 5 for the actions that cause the CRN to be transmitted by the initiator FCP] Port to
b¢ set to one and the CRN expected by the device server to be set to one;

b) thie CRN shall be equal to one for the first FCP_CMND IU requiring precise delivery;between the gpplica-
tign client and device server and shall be incremented by one for each subsequent command requiring
prlecise delivery;

c) the CRN shall wrap from 255 to one (i.e. a value of zero in the CRN field-is not valid for an Exchgnge us-
ing precise delivery);

d) the initiator shall not transmit the same CRN again until delivery of.the first FCP_CMND IU transmitted
w[th that CRN has been confirmed by receipt of an FCP_XFER=RDY IU, the first Data frame of an
FCP_DATA IU, an FCP_RSP IU, an ACK, or a response to an REC;

e) the device server shall not accept a command with a nonzer@ CRN into the dormant or enabled state un-
tillafter all commands with a previous CRN have been-received by the device server. The commmands
shall be assumed to be received in the order of increasing CRN, and accounting for a wrap from 255 to
one, the highest CRN last. The order of processing-of the commands shall be managed by thelnormal
task set management algorithms;

f) the device server shall accept any valid command with a CRN of zero into the dormant or enabled state

ardless of whether or not all commands, with a nonzero CRN have been received. The processing or-

d¢r of the commands shall be managed by the normal task set management algorithms. See SAM-3;

g) task management functions shall have the CRN set to zero and shall not be tested for precise deljvery by

Any commmand may use a CRN of zero if precise delivery is not required for that command (e.g., commands

Some HCP devices require an acknowledgment of successful delivery of FCP_RSP information. Such an
acknow|edgment is’ provided by the optional confirmed completion function. The CONFIRMED COMPLETION
ALLOWED bit in the PRLI request FCP Service Parameter page request (see 6.3.4) and PRLI accept FCP|[Service
Paramefefpage (see 6.3.5) is used to negotiate the use of confirmed completion function.

If the CONFIRMED COMPLETION ALLOWED bit is set to one in the PRLI accept FCP Service Parameter page, the
target FCP_Port may request the confirmed completion function by setting the FCP_CONF_REQ bit to one in the
FCP_RSP IU. Upon receiving the request in the FCP_RSP IU, the initiator FCP_Port shall transmit an
FCP_CONF IU to the target FCP_Port, indicating to the target FCP_Port that the FCP_RSP IU has been
received by the initiator FCP_Port.
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The confirmed completion function allows the retry of unsuccessful notifications of errors and confirms that the
initiator FCP_Port and the target FCP_Port both agree upon the state of a state dependent device. Retry
mechanisms for unsuccessful transmission of FCP_RSP |Us and FCP_CONF IUs are defined in this standard.

Target FCP_Ports shall not request confirmed completion for FCP_RSP IUs responding to task management
requests.

If confirmed completion is not enabled, the FCP_CONF IU shall not be requested by the FCP_RSP |U.

If command linking is being performed, the target FCP_Port shall not request confirmed completion for an
FCP_RSP IU containing INTERMEDIATE or INTERMEDIATE-CONDITION MET status. The target FCP_Port
may request confirmed completion:

a
b

when providing the FCP_RSP IU for the last command of the set of linked commands; or
when providing the FCP_RSP IU for a command that terminates linking because of an.erro
CONDITION status.

firmed completion may assist initiators and targets in many environments. Particularjexamples|

or CHECK

Cor include:

received an
osense da-
ense data;

been com-
FCP_Port.
P_CONF IU

the confirmed completion function may be used to confirm that an initiator FCP_Port has

FCP_RSP IU reporting a SCSI CHECK CONDITION status, together witaccompanying au
ta. Upon receiving the FCP_CONF IU, the target FCP_Port may discard \its copy of the autos
the confirmed completion function may be used to confirm that a queued SCSI command has
pleted and that the completion information has been successfully transferred to the initiato
That allows subsequent queued state dependent operations to.be performed, since the FC
confirms that the FCP_RSP IU has been received by the initiater FCP_Port; and

the confirmed completion function may be used to confirm\that an initiator FCP_Port has r
FCP_RSP |U for target FCP_Ports that require state dependent synchronization w
FCP_Ports.

Retransmission of unsuccessfully transmitted/lUs

eceived the
th initiator

4.6
Errd

The
ong
Ser

r detection and IU retransmission algorithms ate.defined in clause 12.

Read Exchange Concise (REC) ELS may«be used by the initiator FCP_Port to determine thg
ping Exchange. See 6.5. Target FCP_Rorts that do not support REC indicate this by perfor
ice Reject (LS_RJT). See 8.3.

state of an
ming a Link

If an error is identified by any of thesmechanisms defined in clause 12 and if the data retransmissign capability
is sppported by both the initiator"FCP_Port and target FCP_Port as indicated by the RETRY bit jn the PRLI
reqliest FCP Service Parameterpage and PRLI accept FCP Service Parameter page (see 6.3.4 and 6.3.5):

a) the initiator FCP_Port may request retransmission using the Sequence Retransmission Request (SRR)
FCP FC-4 Link Service Request. See 8.2; and

the initiator FCP,_Port and target FCP_Port shall support REC and task retry identification (s
Task retry.identification

b
4.7

pe 4.7).

Tas
req

k retry identification provides an additional mechanism for relating commands that are being r
eststhat are sensing the requirement for recovery (REC) and performing the recovery (SRR). T

btried to the
e particular

casg.that has been identified as a problem is related to the recovery procedure diagrammed in figlire C.7. It is

pos

us situation

where the status being preserved in the target FCP_Port for possible retransmission and the new command
being presented to the target FCP_Port may have the same ox_ID field values. When recovery of a transmission
failure for the new command is attempted, the target FCP_Port instead indicates that the recovery is related to
the previous command’s status and the initiator FCP_Port is provided status for the completed command. That
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information is mistakenly interpreted as status for the failed command. Many small variations on this scenario
may exist.

FCP_Ports that agree to perform recovery shall support task retry identification. If the initiator FCP_Port and
target FCP_Port agree to support task retry identification, a task retry identifier shall be provided in the
PARAMETER field of each FCP_CMND IU frame. The Link Services associated with retransmission of IUs (i.e.,
REC and SRR) each contain the same task retry identifier, unambiguously relating them to the particular
command. If the initiator FCP_Port and target FCP_Port do not agree to support task retry identification, the
PARAMETER field shall be zero for FCP_CMND IU, REC, and SRR frames.

4.8 Discovery of FCP capabilities

p target
FCP_Port and the initiator FCP_Port that such capabilities may or shall be used. Table 2 provides-references
to the discovery process for each of the Fibre Channel Protocol capabilities.

Table 2 - Discovery of FCP-3 capabilities

Capability Discovery mechanism Refereng¢e
Inftiator FCP_Port Process Login 6.3
Tgrget FCP_Port Process Login 6.3
Injtiator FCP_Port accepts data overlay Process Login 6.3.4
Tdrget FCP_Port performs data overlay DisconnectéReconnect mode page EMDP bit 10.2.8
Injtiator FCP_Port generates FCP_CONF |U Process/Login 6.3
Tqrget FCP_Port requests FCP_CONF U Proeess Login 6.3
Injtiator FCP_Port performs REC None required, Process Login allowed 4.6
Tdrget FCP_Port accepts REC LS_RJT if REC not accepted 4.6
Inftiator FCP_Port performs SRR Process Login 6.3
T4rget FCP_Port accepts SRR Process Login 6.3
Inftiator FCP_Port provides CRN E':gs g:‘a””e' Logical Unit Control mode page |, , 4 1h 3
Tqrget FCP_Port accepts CRN ELbDrg Eiltf\annel Logical Unit Control mode page 4.4 and 1P.3
Tgsk Retry Identification Process Login 6.3

4.9 Task management

An application ciient Tequests a task management function to controf expticitly the processing of one or more
FCP 1/O operations (see 9.2.2.5).

The ABORT TASK task management function is mapped to the FC-FS-2 ABTS basic link service while the other
task managment functions are mapped into control bits (see table 20) in the FCP_CMND IU. Task management
functions that use the FCP_CMND IU are transmitted as the first IlU in a new Exchange. A task management
function that uses the FCP_CMND IU ends with an FCP_RSP IU that indicates the completion status of the
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function. If the addressed logical unit is not supported or is not available (e.g., not connected or not configured)
the FCP_CMND IU:

a)

b)

The FCP_CDB field in FCP_CMND IUs that perform task management functions is ignored.

should end with an FCP_RSP IU completion status of 09h (i.e., Task Management function incorrect log-

ical unit number) (see table 24); and

may end with an FCP_RSP U completion status of 00h (i.e., Task Management function complete) (see

table 24).

The QUERY TASK task management function is not supported.

The task management function mappings are specified in table 3.

FC
mar

The)
recq
fung
Thel
with
resq
alre

In &
mar
by &

4.10 Clearing effects of task management, FCP, FC-FS-2, FC-LS, and FC-AL-2 actions

Tab)

Table 3 - Task management functions, SAM-3 to FCP-3

SAM-3 function

FCP-3 equivalent

ABORT TASK FCP recovery abort @

ABORT TASK SET FCP_CMND ABORT TASK SET
CLEAR TASK SET FCP_CMND CLEAR TASK SET
CLEAR ACA FCP_CMND CLEAR ACA

LOGICAL UNIT RESET

FCP_CMND LOGICAL UNK-RESET

a FC-FS-2 basic link services are used to perform the ABORT-TASK function.

FS-2 basic link services and FC-LS extended link services are used to perform the ABORT]
agement function, to recover Exchange resources, and to re-establish other initial conditions.

ABORT TASK task management function-causes the device server to abort the specified tas
very abort protocol, if the task exists. The action is defined in SAM-3. The ABORT TASK task
tion is performed by the initiator FCP._Port (i.e., Exchange Originator) using the recovery abori
specified Exchange shall be terminated by the initiator FCP_Port using the recovery abort. To

FC-FS-2, the ABORT TASK' task management function may not immediately release al
urces, since a Recovery \Qualifier may be established to allow for the management of informat
ady have been delivered-to the fabric.

ddition to recovering Exchange resources that may have been left unavailable while prog
agement functions, recovery abort may be used to recover Exchange resources left in an und

ny of the task-abort events defined in SAM-3 or by any similar events

es 4 and 5 summarlze the clearlng effects resultmg from Flbre Channel link actlons and SCSI

TASK task

bk using the
anagement
(see 12.3).
e compliant

Exchange
on that may

essing task
efined state

operations,
successful

completion of the specified act|on The clearlng effects are appllcable only to Sequences and Exchanges asso-
ciated with Fibre Channel Protocol actions. Sequences and Exchanges associated with other actions follow
rules specified in FC-FS-2 or other relevant protocol standards. An ‘N’ in the corresponding column indicates

the clearing effect is not performed by the specified action. A *~’

in the column indicates that the clearing effect

is not applicable. Rows indicating a clearing effect for all initiator FCP_Ports have the specified clearing effect
on all initiator FCP_Ports, regardless of the link that attaches the initiator FCP_Port to the target FCP_Port.
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Table 4 - Clearing effects of link related functions

FC link action
] =] =
3 . N (] []
) Se *5,"‘?{"66 "—"b% PRAR-
Clearing effect <3|82/09 E"E:' z |Bh&EES
50 |x& Qa |ag| & |<g|<7F
s gl @
=
PLOGI parameters set to default values (see FC-LS)
For all logged-in initiator FCP_Ports Y Y N N N N N
Only for initiator FCP_Port associated with the action - - Y N N N N
Open FCP Exchanges terminated
For all initiator FCP_Ports Y Y N N Y N N
Only for initiator FCP_Port associated with the action - - Y Y - N N
Only for FCP Exchange associated with ABTS - - - - - Y -
FCP Sequence associated with ABTS terminated - - - - - - Y
Login BB_Credit_CNT set to login value (see FC-FS-2)
For all Logged-In NL_Ports Y Y N N N N N
For transmitting NL_Port only - - Y N N N N
Hafd Address Acquisition Attempted YT | v N N N N N
Prqcess Login parameters cleared®
For all logged-in initiator FCP_Ports Y Y N N Y N N
Only for FCP_Port associated with the action - - Y Y - N N
CRN set to one
For all initiator FCP_Ports Y Y N N Y N N
Only for initiator FCP_Port associated with the action - - Y Y - N N

NPTE 1 |If the NL_Port has an AL_PA different than its hard address and thé NL_Port experiences a power cyclge of
recognizes LIP(AL_PD,AL_PS), the NL_Port shall relinquish its curfent’AL_PA and attempt to acquire its fard
address.

NPTE 2 This is also known as LIP(AL_PD,AL_PS). If the destination fecognizes a selective hard reset LIP where]| the
AL_PD matches the AL_PA of the receiving NL_Port, the receiving NL_Port shall perform the behavior descr|bed
in this column.

NOTE 3 For a TPRLO, the actions listed shall be performed when the GLOBAL bit is set to one. If the GLOBAL bit is s¢t tg
zero, then the actions listed under PRLI/PRLO shallbe performed for the designated initiator FCP_Port. See
FC-LS.

NPTE 4 The target FCP_Port shall clear the object only.if ESTABLISH IMAGE PAIR is set to one and if the referenced infage
pair is FCP type. See 6.2.

NPTE 5 Logout and Process Logout may be-either implicit or explicit. Implicit logout and Process Logout are specifigd in
FC-LS.

NPTE 6 A target FCP_Port should senda’ PRLO to all logged-in initiator FCP_Ports that are logged out as a resujt of
processing a TPRLO with tHe GLOBAL bit set to one. The PRLO(s) may be sent before or after sending| the
LS_ACC for the TPRLO,
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Table 5 - Clearing effects of initiator FCP_Port actions

4.1
An

O 0 T Qo

4.17

An
eve

4.1

Initiator FCP_Port
action
T— o~ ]
Y el b o
Clearing effect 3 K 52102
| 0
3g|°2|<%
3 = ~
PLOGI parameters set to default values (see FC-LS)
For all logged-in initiator FCP_Ports N N N
Only for initiator FCP_Port associated with the action N N N
Open FCP Sequences Terminated
Eor all initiator ECP_Parts with open FCP Sequences y' | y! N
Only for initiator FCP_Port associated with the action - - \4
Only for FCP Sequences associated with Aborted FCP| - - -
Exchanges
Login BB_Credit_CNT set to login value (see FC-FS-2)
For all Logged-In NL_Ports N N N
For transmitting NL_Port only N N N
Hard Address Acquisition Attempted N N N
Process Login parameters cleared
For all logged-in initiator FCP_Ports N N N
Only for FCP_Port associated with the action N N N
CRN set to one
For all initiator FCP_Port Y Y N
Only for initiator FCP_Port associated with the action - - Y
NOTE 1 Exchanges are cleared internally within the target FCP_Port, but open FCP
Sequences shall be individually aborted by.the initiator FCP_Port via the
recovery abort protocol that also has the effect of aborting the associated
FCP Exchange. See 12.3.
NOTE 2  For multiple-logical unit SCSI target,devices, CLEAR TASK SET, ABORT TASK
SET, and LOGICAL UNIT RESET affect only the addressed logical unit.

I_T nexus loss notification events

FCP_Port shall deliver an I_T nexus loss natification (see SAM-3) for the following:
sending or receiving a LOGO (expli¢it or implicit);

sending or receiving a PRLO (explicit or implicit);

receiving a TPRLO;

sending a TPRLO with a, Third Party Originator N_Port_ID (see FC-LS) that matches the N_Port_ID of
the sending FCP_Port;cor

sending a TPRLO with the GLOBAL bit set to one to a target FCP_Port that has an I_T nexus with the
sending initiator FCP._Port.

Transport Reset'notification events

NL_Port shall.deliver a Transport Reset notification (see SAM-3) for a Reset LIP(y,x) (see FC-AL-2) FC link
ht if the ALXPD matches the AL_PA of the receiving NL_Port.

b PortLogin/Logout

The

N XPort Login (PLOGI) ELS is optionally used to establish the Fibre Channel operating paramet?rs between

any

If a
the

two Fibre Channel ports, including FCP_Ports. Implicit login functions are allowed.

target FCP_Port receives a PLOGI request and it finds there are not enough login resources to complete
login, the target FCP_Port responds to the PLOGI with LS_RJT and reason code “Unable to perform

command request” and reason code explanation “Insufficient resources to support Login” as defined in FC-LS.
By means outside the scope of this standard, the target FCP_Port may select another initiator FCP_Port and
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release some login resources by performing an explicit logout of the other initiator FCP_Port, thus
resources for a future PLOGI.

4.14 Process Login and Process Logout

freeing

The Process Login ELS (PRLI) request is used to establish the FCP operating relationships between two
FCP_Ports (see 6.3). The Process Logout ELS (PRLO) request is used to de-establish the FCP operating

relationships between two FCP_Ports (see 6.4). Implicit Process Login and Process Logout parameters
defined for FCP_Ports. Such definitions are outside the scope of this standard.

415 Link management

may be

FC-FS-2 allows management protocols above the FC-FS-2 interface to perform link data functions. The

standargdl primitive sequences, link management protocols, basic link services, and extended link sefv
used as|required by FCP devices (see FC-FS-2 and FC-LS).

416 FLCP addressing and Exchange identification

composged of the initiator port identifier, the target port identifier, the ox_ID field valué,\and the RX_ID fiel
Other definitions of FQXID are outside the scope of this standard. The method used to identify F
operatigns internal to the application client and the device server is not defined.by this standard.

Ces are

CP 1/0
QXID is
d value.
CP 11O

Addresdability of logical units uses the FCP_LUN field provided in the FCP~CMND IU. Subsequent identjfication

of the FCP 1/O operation and the Exchange that carries the protocol interactions for the FCP 1/O operati
the FQXID. FCP devices do not use the Process_Associator.

The target FCP_Port uses the ox_ID field value, and, if it has-been assigned, the RX_ID field value to
error re¢overy and task management functions. The task retry identifier is used as a supplemental task i
if task retry identification is supported and enabled.

DN uses

perform
Hentifier

| Name.
-3 for a

initiator
ntifier of
g those
P _Port
t with a
existing

Device
0, the

device. Th; Worldwide_Name for the FCP_Port shall be different from the Worldwide__Name for the node.

b target
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5 FC-FS-2 frame header

5.1 FC-FS-2 frame header overview

The format of the standard FC-FS-2 header as used by the Fibre Channel Protocol is defined in table 6.

Table 6 - FCP frame header

Bits 31-24 23-16 15-08 07-00

Word

0 R_CTC DD

1 cs_ctl S_ID

2 TYPE F_CTL

3 SEQ_ID DF_CTL SEQ_CNT

4 OX_ID RX_ID

5 parameter

All fields in the FCP frame header use the standard FC-FS-2 definitions»Fhe following explanations
proyide information about the use of those fields to implement FCR functionality.

5.2 FC-FS-2 frame header fields
5.21 R_cTL field

The values in the R_CTL field identify the frame as part.of an FCP 1/O operation and identify the

of the fields

information

catggory. All Sequences containing FCP command,_data, response, and data descriptor informafjon shall be

composed of Device_Data frames.

The information category associated with each 1U is defined in table 16 and table 17.

5.22 Dp_ib field

The value in the D_ID field is the D_ID of the frame. For FCP FC-4 Device_Data frames, the D_ID
by the Exchange Originator is:the address identifier of the target FCP_Port. The D_ID transm
Exchange Responder is the address identifier of the initiator FCP_Port.

5.23 cs_cTL field

The values in the cS-CTL field are defined by FC-FS-2 for class specific control information and do
with the Fibre Ghannel Protocol.

5.2,

Th

by g 3
Exchange Responder is the address identifier of the target FCP_Port.

s.ID field

value’in the s_ID field is the S_ID of the frame. For FCP FC-4 Device_Data frames, the S_ID

5.2.5 TYPE field
The value in the TYPE field shall be 08h for all frames of SCSI FCP Exchanges.

transmitted
tted by the

not interact

transmitted

itted by the
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5.2.6 F_crTL field

The bits in the F_CTL field manage the beginning and normal or abnormal termination of Sequences and
Exchanges. The bits and definitions shall be as defined by FC-FS-2. See 5.2.12.

5.2.7 sea_ID field

The value in the SEQ_ID field identifies each Sequence between a particular Exchange Originator and Exchange
Responder with a unique value as defined by FC-FS-2.

5.2.8 DF_cTL field

The bits in the DF_CTL field indicate any optional headers that may be present. The DF_CTL field shall be set to
00h (i.e], no optional' headers) or 40h (i.e., Encapsulating Security Payload).

5.2.9 |[SEQ_CNT field

The valyie in the SEQ_CNT field indicates the frame order within the Sequence as defined by-FC-FS-2.

5.2.10 |ox_ip field

The valye in the ox_ID field is the Originator Exchange Identifier and is one of the.identifiers contained in the
FQXID.|The ox_ID field shall be assigned and shall have a value other than FFFFh.

5.2.11 |Rx_ID field

The valyie in the RX_ID field is the Responder Exchange Identifier andrisrene of the identifiers containdgd in the
FQXID.[The Rx_ID field shall have the unassigned value of FFFFHK. until the Exchange Responder agsigns a
differen{ value in its response to the Exchange Originator. The Exchange Originator shall use the value agsigned
by the Hxchange Responder for subsequent frames.

5.2.12 |PARAMETER field
The PARAMETER field has two definitions for Device_[Data frames with the FCP type (i.e., 08h).

For frames of the solicited data category (i.e., FECP_DATA IUs) (see 9.1 and 9.4), the PARAMETER figld shall
contain ja relative offset. The RELATIVE OFFSETZPRESENT bit of the F_CTL field shall be set to one, indicaling that
the PARAMETER field value is a relative offset. For the solicited data category (FCP_DATA IUs), the relatije offset
is the application client buffer offset as described by SAM-3. For solicited data category frames, the|relative
offset shall have a value that is a_multiple of 4 (i.e., each frame of each FCP_DATA IU shall begin on[a word
boundaty).

For frames of the unsolicited-control category (i.e., FCP_CMND IUs) (see 9.1 and 9.2), the PARAMETER field
value depends on whether'task retry identification (see 4.7) is active. If the target FCP_Port and |initiator
FCP_Port have agreed.upon performing task retry identification, the PARAMETER field shall contain the tgsk retry
identifief. If the target FCP_Port and initiator FCP_Port have not agreed upon performing tagk retry
identificption, the-PARAMETER field shall contain a value of zero. In both cases, the RELATIVE OFFSET PREBENT bit
of the F| cTL(field shall be set to zero.

For all ather Device Data frames with the FCP type (i e ()P.h) the RFI ATIVE OFFSET PRESENT bit of the F_CTL

field shall be set to zero and the PARAMETER field shall contain a value of zero.

For FCP FC-4 Link Service frames, the PARAMETER field is specified in the description of the individual link
services.
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6
6.1

- 35—

FCP link service definitions

Overview of link service requirements

The FCP link-level protocol includes the basic link services (see FC-FS-2) and extended link services defined
by FC-LS. The protocol also includes the PRLI and PRLO defined by FC-LS, the PRLI FCP Service Parameter
pages defined in 6.3, and the REC ELS with usage as defined in this standard.

Link-level protocols are used to configure the FC environment, including the establishment of configuration
information and address information. FCP devices introduced into a configuration or modifications in the
addressing or routing of the configuration may require the login and discovery procedures to be performed

aga

in.

6.2

Pro
FCH

initipting FCP_Port to the recipient FCP_Port. The recipient FCP_Port indicates its acceptance or

the
Sin
Log
poir

PRI
targ

Ani
ani
Log
Pro
FCH

by & target FCP_Port from an Nx_Port that does not have an image pair with that target FCP_H

disg
con
and
targ

C

Pro

Overview of Process Login and Process Logout

cess Login allows for a process at one FCP_Port to be related to a corresponding process
P_Port as an image pair. In addition, the PRLI allows one or more FC-4 capabilities to bé rep

capabilities in its response to the PRLI request.

e implicit login may be established by configuration conventions outside the scope of this standg
n is optional except in the case where an initiator FCP_Port is not using implicit login and is of
t-to-point topology. In this case, the initiator FCP_Port shall always send an explicit PRLI.

topology is to remove a deadlock condition. Consider the case where the target’FCP_Port WWPN is larger than t
FCP_Port WWPN. In this case the target FCP_Port PLOGI request will be processed, but the target FCP_Port is prohi
sending a PRLI. If the initiator FCP_Port does not send a PRLI, a deadloek*occurs.

LI requests shall only be initiated by devices having the<nitiator FCP_Port capability. Devices
et FCP_Port capability shall not perform a PRLI request.

hitiator FCP_Port shall have successfully completed Process Login with a target FCP_Port that
mage pair before any FCP IUs are exchangedZAn image pair may also be established by an imp
n established by methods outside the sCepe of this standard. An image pair is removed by
cess Logout or explicit PRLO (see 6.4)-fan image pair is not established by an initiator FCP_Po
P_Port, the initiator FCP_Port and target FCP_Port shall not exchange any FCP 1Us. Any FCP |

arded. In addition, a target FCP_Port that receives an FCP_CMND IU from an Nx_Port that has
pleted PLOGI, but does rnotyhave an image pair with that target FCP_Port, shall discard the FCH
respond with an explicit PRLO (see 12.6). Reasons why the Nx_Port does not have an image
et FCP_Port include:

the Nx_Port.has'not established an image pair with that target FCP_Port;
the targetREP_Port performed an implicit Process Logout of the Nx_Port; or
the target\FCP_Port processed a TPRLO that effected the Nx_Port.

Cess~Associators shall not be used in initiator FCP_Ports and target FCP_Ports. If multiple

req

NOTE The requirement to send a PRLI for an initiator FCP_Port that is not usingnimplicit login and operating in a po:_Fto-point

at another

brted by the

rejection of

rd, Process
erating in a

initiator
ited from

having only

establishes
icit Process
an implicit
't to a target
s received
ort shall be
sucessfully
P_CMND IU
bair with the

images are
ntifier of the

ired,in an initiator FCP_Port, they shall be provided by transparent aliasing of the N_Port Ide

The creation of image pairs behind an FCP_Port has no effect on the Fibre Channel Protocol.

The FC-4 Service Parameter pages for the Fibre Channel Protocol are defined in 6.3.4 and 6.3.5.

Pro

cessing of a PRLI or PRLO command performs the clearing actions defined in 4.10.

8CSl logical
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Process Login has two actions that may be performed, selected by the ESTABLISH IMAGE PAIR bit (see 6.3.4):

a) informative action - service parameter information is exchanged during the Process Login enabling sub-
sequent negotiation for image pair establishment; or
b) binding action - service parameter information is exchanged that establishes an image pair relationship
between processes in the communicating N_Port or NL_Ports. The relationship does not allow any com-
munication types or paths other than those established by the PRLI.
6.3 PRLI

6.3.1 Use of PRLI by the Fibre Channel Protocol

The PRLI request is transmitted from an Originator FCP_Port to a Responder FCP_Port to identify to the

deStIna* an-the-—eanabiitica-that thao Oricginatar ECD _Daort Avinantc 0 Lo vaith tha DAacnan dar ECD DAy

and to

Ot CapaomtiT ot at oy otor T ot T Ot CAPCTto o oot Wit tric Ty oporaCTr—T ot T Ot

determine the capabilities of the Responder (see FC-LS).

If the PRLI is requesting an informative action by setting the ESTABLISH IMAGE PAIR bit to zero, the:PRL
reports the capabilities of the Responder to the Originator.

If the PRLI is requesting a binding action by setting the ESTABLISH IMAGE PAIR bit to one, the PRLI accept
the cappbilities of the responder to the Originator and establishes an image pain. An image pair {

accept

reports
hall be

established only if the FCP devices have complementary initiator FCP_Port and,target FCP_Port capabilities.

If both FCP devices have both initiator FCP_Port and target FCP_Port capabilities, a single image pai

both inifiator FCP_Ports to access the complementary target FCP_Port capabilities of the other device

pair. Some capabilities require support by both the Originator and Responder before they may be us
6.3.4). The IMAGE PAIR ESTABLISHED bit in the PRLI accept indicates’/that an image pair was sucg
established.

An accept response code indicating other than REQUEST EXECUTED (see 6.3.5 and FC-LS) shall be g
if the PRLI FCP Service Parameter page is incorrect or if a requested image pair is not established.

I allows
in the
ed (see
essfully

rovided

A Link Service Reject (LS_RJT) indicates that the PRLkrequest is not supported or is incorrectly formajted.

The PHLI common service parameters and aceept response codes are defined in FC-LS. FC-4
paramelers for mappings other than the Fibre Channel Protocol are defined in other FC-4 standards.

6.3.2 |Process_Associator requirements

Operatipn of the Process Login “depends on the Originator's and Responder's requireme
Procesd_Associators as specified-in"\FC-LS. Process_Associators are not used in the Fibre Channel |
and shall not be used by FCP devices.

The Fibfe Channel Protocohassumes that the Originator has knowledge of the capabilities of the Res|
That information may be obtained by performing a PRLI requesting an informative action or b
mechanisms outsidesthe scope of the this standard.

6.3.3 |New orrepeated Process Login

After thé completion of any new or repeated binding Process Login, all clearing actions specified in 4.

service

nts for
Protocol

ponder.
y other

10 shall

be perfqrmed.

After the completion of any new or repeated informative Process Login, the state of the Originator and

Responder remains unchanged.

FCP devices may have default Process Login information provided in a manner outside the scope of this
standard. Such devices do not require the processing of a PRLI to perform normal FCP |/O operations. If default

Process Login information is complete enough so that login (i.e., PLOGI) is sufficient to perform an

implicit
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Process Login, then PLOGI shall perform the same clearing actions and establish the same Unit Attention

condition that would normally be performed and established by Process Login.

6.3.4 PRLI request FCP Service Parameter page format

The FCP Service Parameter page for the PRLI request is shown in table 7.

Table 7 - FCP Service Parameter page, PRLI request

Wo
pag
Wo
defi

FCP service parameter Word Bit
SCSI FCP (08h) 0 31t0 24
Reserved for TYPE code extension 0 2310 16
ORIGINATOR PROCESS_ASSOCIATOR VALID 0 15
RESPONDER PROCESS_ASSOCIATOR VALID 0 14
ESTABLISH IMAGE PAIR 0 13
Reserved 0 12to 0
ORIGINATOR PROCESS_ASSOCIATOR 1 31t00
RESPONDER PROCESS_ASSOCIATOR 2 31t00
Reserved 3 31to 10
TASK RETRY IDENTIFICATION REQUESTED 3 9
RETRY 3 8
CONFIRMED COMPLETION ALLOWED 3 7
DATA OVERLAY ALLOWED 3 6
INITIATOR FUNCTION 3 5
TARGET FUNCTION 3 4
OBSOLETE 3 3
OBSOLETE 3 2
READ FCR_XFER_RDY DISABLED (shall be one) 3 1
WRITE'ECP_XFER_RDY DISABLED 3 0

e is defined for the Fibre Channel Protocol. (See FC-FS-2.)

zer(q

, indicating that the ORIGINATOR PROCESS_ASSOCIATOR is not valid.

rd 0, Bits 31-24:FCP specific code: The value of 08h in this byte indicates that this Service

rd 0, Bit\15: ORIGINATOR PROCESS_ASSOCIATOR VALID: The ORIGINATOR PROCESS_ASSOCIATO
hed inFC-FS-2. For the Fibre Channel Protocol, the ORIGINATOR PROCESS_ASSOCIATOR VALID

Parameter

R VALID bit is
bit shall be

Word 0, Bit 14: RESPONDER PROCESS_ASSOCIATOR VALID: The RESPONDER PROCESS_ASSOCIATOR VALID bit is
defined in FC-FS-2. For the Fibre Channel Protocol, the RESPONDER PROCESS_ASSOCIATOR VALID bit shall be
zero, indicating that the RESPONDER PROCESS_ASSOCIATOR is not valid.

Word 0, Bit 13: ESTABLISH IMAGE PAIR: If the ESTABLISH IMAGE PAIR bit is set to zero, the PRLI only exchanges
service parameters as defined in FC-LS.
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If the ESTABLISH IMAGE PAIR bit is set to one, the PRLI exchanges service parameters and attempts to establish
an image pair as defined in FC-LS.

Word 1: ORIGINATOR PROCESS_ASSOCIATOR: The ORIGINATOR PROCESS_ASSOCIATOR field is the Originator
Process_Associator as defined by FC-FS-2.

Word 2: RESPONDER PROCESS_ASSOCIATOR: The RESPONDER PROCESS_ASSOCIATOR field is the Responder
Process_Associator as defined by FC-FS-2.

Word 3, Bit 9: TASK RETRY IDENTIFICATION REQUESTED: When the TASK RETRY IDENTIFICATION REQUESTED bit is
set to one, the Originator of the PRLI requests that task retry identification (see 4.7) be used. If both the
Originator of the PRLI and the Responder to the PRLI request that task retry identification be used, then it shall
be usedbetwee CP—Portand—atttogicalunitsadaressed o]8[0 atimitiato CP—Port. The
PARAMETER field for each FCP_CMND IU shall be set to a unique non-zero value. The PARAMETER(fie
REC ELUS request or SRR FCP FC-4 Link Service request for that command shall be set to thesame

When the TASK RETRY IDENTIFICATION REQUESTED bit is set to zero by either the Originator of|or the Regponder
to the PRLI, task retry identification shall not be used. The PARAMETER fields for FCP_CMND IUs, for REC ELS
request$, and for SRR FCP FC-4 Link Service requests shall be zero.

Word 3| Bit 8: RETRY: When the RETRY bit is set to one, the Originator or Responder is indicating that it
supports as an initiator FCP_Port the capability of requesting a retransmission of unsuccessfully trarjsmitted
data or @s a target FCP_Port the capability of performing a requested retransmission. When the RETRY bit is set
to zero| the Originator or Responder is indicating that it does not ssupport the capability of requepting or
performjng retransmissions of unsuccessfully transmitted data.

If the prpcess has both initiator FCP_Port and target FCP_Port capabilities, the RETRY bit shall apply fo both.
SRR mjy be both transmitted by and accepted by the process.

An initigtor FCP_Port and target FCP_Port shall use the retransmission capability only if the RETRY bit |s set in
both thg request payload and in the accept payload. If the RETRY bit is set to zero in either the request payload
or the gccept payload, the SRR shall not be perforhied by the initiator FCP_Port. If an SRR FCP F(-4 Link
Servicel|is received by a target FCP_Port that_has set the RETRY bit to zero, the SRR shall be rejecled with
FCP_RJT.

If the imjage pair is allowed to use the retransmission capability, overlay of data as defined for SRR shall be
allowed|regardless of the state of the-DATA OVERLAY ALLOWED bit.

Word 3{ Bit 7: CONFIRMED COMPLETION ALLOWED: \When the CONFIRMED COMPLETION ALLOWED bit is sef to one,
the Originator's or Responder’s initiator FCP_Port function has the capability of supporting canfirmed
completion. When the CONFIRMED COMPLETION ALLOWED bit is set to zero, the initiator FCP_Port functipn does
not have the capability of supporting confirmed completion. The CONFIRMED COMPLETION ALLOWED bit shall be
zero for[FCP devices having only target FCP_Port function. If the initiator FCP_Port function supports confirmed
completion, then‘aytarget FCP_Port may request an FCP_CONF IU by setting the FCP_CONF_REQ bit to one
as spedified by 4.5. If the initiator FCP_Port function does not have the capability of supporting confirmed
completion /the target FCP_Port shall not set the FCP_CONF_REQ bit to one.

Word 3, Bit 6: DATA OVERLAY ALLOWED: When the DATA OVERLAY ALLOWED bit is set to one, the Originator or
Responder is indicating that its initiator FCP_Port function has the capability of supporting data overlay. When
the data overlay allowed bit is set to zero, the initiator FCP_Port function does not have the capability of
performing data overlay. The data overlay allowed bit shall be zero for FCP devices having only target FCP_Port
function. If the initiator FCP_Port function supports data overlay, then a target FCP_Port may perform random
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buffer access that performs a transfer to or from the same offset in the application client buffer more than once
during processing of a command.

Data transmission requested by the initiator FCP_Port during the optional retry procedures defined by this
standard is managed by the initiator FCP_Port. Such data retransmissions are not considered data overlays,
even if retransmission occurs to the same offset in the application client buffer.

Word 3, Bit 5: INITIATOR FUNCTION: \When the INITIATOR FUNCTION bit is set to one, the Originator or Responder
is indicating it has the capability of operating as an initiator FCP_Port. When the INITIATOR FUNCTION bit is set to
zero, the process does not have the capability of operating as an initiator FCP_Port.

Word 3, Bit 4: TARGET FUNCTION: When the TARGET FUNCTION bit is set to one, the Originator or Responder is

indigat
zerg
and|the TARGET FUNCTION bits may be set to one. If neither the INITIATOR FUNCTION nor the TARGET §
is set to one, the service parameters for the FCP Service Parameter page are assumed to b
Regponder receiving such an invalid FCP Service Parameter page shall notify the Originator with a
response code of SERVICE PARAMETERS ARE INVALID and the IMAGE PAIR ESTABLISHED bit se
Orig
operations with the Responder.

Word 3, Bit 1: READ FCP_XFER_RDY DISABLED: The READ FCP_XFER/ RDY DISABLED bit shall b
Target FCP_Ports shall not send FCP_XFER_RDY on read operations.

Word 3, Bit 0: WRITE FCP_XFER_RDY DISABLED: When the WRITE FCP_XFER_RDY DISABLED

, FCP_XFER_RDY IUs shall be transmitted by the targét) FCP_Port to request each of the
_DATA IUs from the initiator FCP_Port. When the WRITE FCP_XFER_RDY DISABLED bit is
_XFER_RDY IUs shall not be used before the first FCP_DATA IU to be transferred in the
operation. If both the Originator and Responder choose'to disable write FCP_XFER_RDY |Us, then
opefations performing SCSI writes between the ECP_Ports shall operate without using the FCP_
IU before the first FCP_DATA IU. The FCP>XFER_RDY IU shall be transmitted to request eac|
FCR_DATA IU, if any. If either the Originatorior the Responder requires the use of FCP_XFER_RD
SC#$I writes, then the Exchange Responder shall transmit an FCP_XFER_RDY IU requesting each
IU, |ncluding the first, from the Exchanhge Originator.

bit is set to
R FUNCTION
UNCTION bit
b invalid. A
PRLI accept
to zero. An

inator receiving such an invalid FCP Service Parameter page shall not perform Fibre Chanmel Protocol

b set to one.

bit is set to
SCSI write
set to one,
SCSI write
all FCP I/O
XKFER_RDY
h additional
IUs during
FCP_DATA
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PRLI accept FCP Service Parameter page format

The FCP Service Parameter page for the PRLI accept is shown in table 8.

Table 8 - FCP Service Parameter page, PRLI accept

With the
and acd

Word 0
PAIR ES

FCP service parameter Word Bit
SCSI FCP (08h) 0 31-24
Reserved for TYPE Code Extension 0 23-16
QRIGINATOR PROCESS ASSOCIATOR VALID 0 15
RESPONDER PROCESS_ASSOCIATOR VALID 0 14
IMAGE PAIR ESTABLISHED 0 13
Reserved 0 12
ACCEPT RESPONSE CODE 0 11-8
Reserved 0 7=0
Originator Process_Associator 1 31-0
Responder Process_Associator 2 31-0
Reserved 3 31-10
TASK RETRY IDENTIFICATION REQUESTED 3 9
RETRY 3 8
CONFIRMED COMPLETION ALLOWED 3 7
DATA OVERLAY ALLOWED 3 6
INITIATOR FUNCTION 3 5
TARGET FUNCTION 3 4
OBSOLETE 3 3
OBSOLETE 3 2
READ FCP_XFER'_RDY DISABLED (shall be one) 3 1
WRITE ECR_XFER_RDY DISABLED 3 0

following exceptions, the service parameter definitions are identical for the PRLI request (see
ept FCP Sérvice Parameter pages.

Bit 13:\IMAGE PAIR ESTABLISHED: The IMAGE PAIR ESTABLISHED bit is defined in FC-LS. If th
TABLISHED bit is set to zero, the image pair was not established. The ACCEPT RESPONSE Cd

addition|

table 7)

b IMAGE
DE has

al\information.

If the IMAGE PAIR ESTABLISHED bit is set to one, the image pair was established.

PRLI AccePT RESPONSE CODE: The PRLI ACCEPT RESPONSE CODE field is defined in FC-LS. The values of the
PRLI AccerpT REsPONSE CODE field indicate whether the image pair was successfully created. If the image pair
was not created, the value of the PRLI ACCEPT RESPONSE CODE indicates why the request failed or was rejected.
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6.4

PRLO

The format for the PRLO request and PRLO accept is specified in FC-LS.

The PRLO request is transmitted from an Originator FCP_Port to a Responder FCP_Port to indicate to the
Responder that the image pair specified in the FCP Service Parameter pages of the PRLO is being discontinued
by the Originator. If the PRLO logs out the image pair between an initiator FCP_Port and a target FCP_Port,
then all clearing actions specified in 4.10 shall be performed and an I_T nexus loss natification shall be delivered
(see 4.11).

For the Fibre Channel Protocol, the PRLO FCP Service Parameter page identifies an image pair where neither
the Originator or Responder supports Process_Associators by marking the Originator Process_Associator and

RegporderProcess—Associatorasinvatid:

The PRLO accept is returned to the Originator FCP_Port to indicate that the Responder FCP-.Pori
that| the image pair is being discontinued. The accept shall present a response FCP Service-Parg

for
doe

AL

Aftg
NL |

The
6.5
Sed

a

e request FCP Service Parameter page. It is not an error to perform Process Logout fer an ima

5 not exist.
nk Service Reject (LS_RJT) indicates that the PRLO request is invalid and not'accepted.

r Process Logout, no further Fibre Channel Protocol communication is_possible between thosg
Ports.

PRLO accept response codes are defined in FC-LS.
Read Exchange Concise (REC)
FC-LS for a description of the REC ELS. FCP-3 specific usage of REC is as follows:

if task retry identification is active for the Originatorvand the Responder, the PARAMETER fie
quest Sequence shall contain the task retry identifier for the task specified by the ox_ID fiel
RX_ID field value;

if the destination FCP_Port of the REC, réquest determines that the ORIGINATOR S_ID, OX_|
fields, or task retry identifier are inconsistent, then it shall respond with an LS_RJT Sequence
son code of “Logical error’ and a reason code explanation of “Invalid OX_ID-RX_ID combina
the REC shall be sent in a new Exchange. The Exchange shall be ended by the response to
if the RX_ID field value in the REC request payload was FFFFh, the Rx_ID field value in the

payload may be set to the value selected by the Responder when the first frame of the Excha
ceived; and

the FC4VALUE field is the/number of bytes successfully received by the Device Server for a
number of bytes transmitted by the target FCP_Port for a read.

recognizes
meter page
ge pair that

N_Ports or

d of the re-
i value and

D, or RX_ID
with a rea-
tion”;

the REC;
REC accept
hge was re-

write or the
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7 FC-4 specific Name Server registration and objects
7.1  Overview of FC-4 specific objects for the Fibre Channel Protocol
The Name Server for a Fibre Channel fabric is defined by FC-GS-4. FCP specific objects are defined in this

clause for use by the Name Server. FC-GS-4 provides complete descriptions of the operations that are
performed to register objects with a Name Server and to query the Name Server for the value of the objects.

7.2 FC-4 TYPEs object

The FC-4 TYPEs object (see FC-GS-4) indicates a set of supported data structure type values for Device_Data
and FC-4 Link_Data frames (see FC-FS-2). An FCP_Port shall register the FCP TYPE (08h) with the Name
Server using the RFT_ID Request CT_IU. This registration shall precede registration of the FC-4 Features
object.

7.3 FC-4 Features object

The FC14 Features object (see FC-GS-4) defines a 4-bit field for each possible FC TYPE code; The object is a
32-word array of 4-bit values. The 4-bit FC-4 Feature field for FCP is inserted in bits 3 - 0 6f word 1. The format
of the 41bit FC-4 Feature field for FCP is shown in table 9.

Table 9 - FCP definition of FC-4 Feature bits

W(:,ri? 1 Description of bit
3 Reserved
2 Reserved
1 FCP initiator function supported
0 FCP target function supported

An FCP|_Port shall register its FC-4 Features object'with a Name Server using the RFF_ID Request CT_IU.

The FCt4 Features object may be obtained by-any N_Port or NL_Port from a Name Server using a GFF_ID
Request CT_IU, which requests the FC-4 Features object for a specified Port Identifier. The object is grovided
in the GIFF_ID Accept CT_IU.

A list offall the Port Identifiers matching the domain and area addressing and a specified FC-4 Featurep object
may be |obtained by any N_Port or NL_Port from a Name Server using the GID_FF Request CT_IU. The FC-4
Featurep object is a parametér.in the GID_FF Request CT_IU.
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8 FC-4 Link Service definitions
8.1 FC-4 Link Services for the Fibre Channel Protocol

FC-4 Link Service functionality is specified in FC-LS. For FCP FC-4 Link Services, the FCP frame h
(see 5.2) shall be set as follows:

a) R_CTL bits 31-28 (Word 0) shall be set to 0011b (i.e., an FC-4 Link_Data frame);
b) the TYPE field shall be set to 08h (i.e., FCP FC-4 Link Service frame); and

eader fields

c) the R_cCTL Information Category bits 27-24 shall be set to 0010b (i.e., unsolicited control) for request Se-

quences and 0011b (i.e., solicited control) for response Sequences.

The FCP FC-4 Link Service Requests and Responses defined in this standard are shown in table 10.

Table 10 - FCP FC-4 Link Service Requests and Responses

Encoded Value Request/
Word 0 of Payload Description Abbr. Resq onbd Reference
(bits 31-24) P
14h Sequence Retransmission Request SRR Request 8.2
01h FCP FC-4 Link Service Reject FCP_RJT Response 8.3

8.2

The
targ

If ta
req

Sequence Retransmission Request (SRR)

SRR FCP FC-4 Link Service request Sequence is transmitted-by an initiator FCP_Port to re
et FCP_Port retransmit information or request retransmission ‘of information for the specified E

sk retry identification (see 4.7) is active for the Originater and the Responder, the PARAMETER
est Sequence shall contain the task retry identifier for the task specified by the 0x_ID and RX_ID

If the target FCP_Port determines that the ORIGINATOR'S_ID, OX_ID, or RX_ID field values, or task re
are [inconsistent, then it shall respond with an FCP_RJT (see 8.3) Sequence with a reason code o
perform the command request” and a reason cade explanation of “Invalid OX_ID-RX_ID combinati

If the target FCP_Port is unable to retransmit the Sequence or data at the requested Relative Offsq
FCP_Port shall respond with an FCP_RJT Sequence with a reason code of “Unable to perform th
reqliest” and a reason code explanation of “Unable to supply requested data”.

If thie initiator FCP_Port receives-an FCP_RJT response, the initiator FCP_Port shall terminate th
refdrenced by the SRR using'recovery abort (see 12.3.2).

The SRR shall be sent-in;a new Exchange. The Exchange shall be ended by the response to the §

Seduence Initiative for the Exchange referenced by the SRR shall be transferred to the target R
resg¢nd the requésted Sequence.

uest that a
xchange.

field of the
field values.

try identifier
f “Unable to

pon-.

t, the target
e command

b Exchange

RR.
CP_Port to

Forlunacknowledged classes, the Sequence Count for a retransmitted FCP_DATA IU shall start af zero, even

if cdntindously increasing sequence count is being used. For acknowledged classes, the Sequence
retransiitted FCP_DATA IU shall start at one higher than the last Sequence Count used in the H

Count for a
xchange to

prevent it from being within the range of the Recovery_Qualifier.

Addressing:

The s_ID field designates the initiator FCP_Port requesting the information retransmission. The D_ID field
designates the target FCP_Port that is to receive the request. In the event that the target FCP_Port responds
to the SRR with an FCP_RUJT, the target FCP_Port shall return CHECK CONDITION status with the sense key
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set to HARDWARE ERROR and the additional sense code set to INITIATOR DETECTED ERROR MESSAGE
RECEIVED. A target FCP_Port that has agreed during Process Login to support retransmission should not
reject requests for retransmission of the requested frames unless unusual conditions make the retransmission
impossible. SRR requests for exchanges involving logical units that do not support retransmission on a target
FCP_Port that supports retransmission for other logical units shall be rejected with an FCP_RJT containing a
reason code of “Unable to support command request” and a reason code explanation of “Unable to supply
requested data”.

Payload for SRR FCP FC-4 Link Service request:

The format of the Payload is shown in table 11.

Table 11 - SRR Payload

Bits Bits 31-24 Bits 23-16 Bits 15-8 Bits 7-0
Word
0 14000000h
1 OX_ID RX_ID
2 relative offset
3 r_ctl for iu | Reserved

The R_ETL FOR IU field encoding is as described in FC-FS-2 (i.e., Data Descriptor (FCP_XFER_RPY IU),
Commalnd Status (FCP_RSP IU), Solicited Data (FCP_DATA IU)).

The RELATIVE OFFSET parameter is only valid if the R_CTL FOR IUfield is set to 01h for Solicited Data or tq 05h for
Data Dgscriptor. The RELATIVE OFFSET field contains the Relative Offset of the lowest byte the initiator FCP_Port
has identified as requiring retransmission. The two low-order bits of the RELATIVE OFFSET field shall be zefo, such
that the|data to be retransmitted begins on a four-byte boundary.

The ampunt of data to transfer is implicitly the remainder of that for the Exchange.
Possible responses to SRR FCP FC-4 Link'Service request:
FCP_RJT
Signifies rejection of the SRR request.
SRR Accept
Signifies that the Payload is accepted.

SRR Adgcept Payload:
The payload for the/SRR Accept is shown in table 12.

Table 12 - SRR Accept Payload

Bits || Bits 31-24 Bits 23-16 Bits 15-8 Bits 7-0

Word

0 02000000n
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8.3 FCP FC-4 Link Service Reject (FCP_RJT)

FCP_RJT notifies the originator of an FCP FC-4 Link Service request that the FCP FC-4 Link Service request
Sequence has been rejected. A four-byte reason code shall be contained in the Data_Field (see table 13).

An FCP_RJT may be a response Sequence to any FCP FC-4 Link Service request.

Addressing:
The D_ID field designates the source of the FCP FC-4 Link Service request being rejected. The s_ID field
designates the destination of the request FCP FC-4 Link Service frame Sequence being rejected.

Payload for FCP_RJT:

The first word of the Payload shall contain the FCP_RJT code (01000000h). The next four byteg of this field
s$hall contain a reason code and reason code explanation for rejecting the request. The)fogrmat of the
FCP_RJT Payload is shown in table 13.

Table 13 - FCP_RJT Payload

Bits Bits 31-24 Bits 23-16 Bits 15-8 Bits 7-0
Word
0 01000000h
1 Reserved Reason Code Reason vendor
Explanation specific

Thelreason codes for FCP_RJT are specified in table 14.

Table 14 - FCP_RJT \reason codes

Fncoded Value Description Meanin
(Bits 23-16) P 9

01h Invalid FCP FC-4 Link Service Command code The FCP_LS Command code in th¢ Sequence
being rejected is invalid.

03h Logical error The request identified by the FCP|LS Com-
mand code and Payload content i invalid or
logically inconsistent for the conditjons
present.

05h Logical busy The Link Service is logically busy and unable
to process the request at this time

07h Pretocol error This indicates that an error has be¢n detected
that violates the rules of the FC-FS}2 signaling
protocol, but that is not specified by other error
codes.

09h Unable to perform command request The Recipient of a Link Service command is
unable to perform the request at ttfis time.

0Bh Command not supported The Recipient of a Link Service command
does not support the command requested.

FFh Vendor Specific Error (See Bits 7-0) The Vendor Specific Error bits may be used by
vendors to specify additional reason codes.

other Reserved

The first error condition encountered shall be the error reported.
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FCP_RJT reason code explanations

Table 15 lists the reason code explanations for FCP FC-4 Link Service commands.

Table 15 - FCP_RJT reason code explanations

Encoded Value

(Bits 15 to 8) Description Applicable commands
00h No additional explanation SRR
17h Invalid OX_ID-RX_ID combination SRR

2Ah Unable to supply requested data SRR
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9 FCP Information Unit (IU) usage and formats
9.1 FCP Information Unit (IU) usage

The IUs used by the Fibre Channel Protocol and their characteristics are shown in table 16 for [lUs sent to target
FCP_Ports, and in table 17 for IlUs sent to initiator FCP_Ports. Each IU shall be contained in a single Sequence
(see 3.1.52). Each Sequence carrying an FCP U shall contain only one IU. Examples of typical Fibre Channel
Protocol operations using these IUs are included in Annex C.

Table 16 - FCP Information Units (IUs) sent to target FCP_Ports

I Ses FML |81 | mio
P CAT Content
T1 Command / Task Mgmt Rgst 6 FCP_CMND F T M
T2 Command request 6 FCP_CMND F Hf| O
T3 Command request (Linked) 6 FCP_CMND M T (0]
T4 Command request (Linked) 6 FCP_CMND M H|| O
T6 Data-Out action 1 FCP_DATA M T M
T12 | Confirm 3 none L T 0]
NOTE 1 T5,T7,T8, T9, T10, and T11 are obsolete.
NOTE 2 T2 and T4 are only permitted when transfer ready |Us\are disabled (see table 7).
NOTE 3 T3 and T4 are only permitted for linked SCSI commands.
NOTE 4 T2 and T4 allow optional sequence streaming‘'during write operations.
NOTE 5 T12 is only permitted in response to an\{5,frame requesting the confirmed completion protocol.
See table 17
Key:
U Information Unit identifier
CAT Information category of Device_Data frames carrying the data bjock
(see FC-FS-2)
Content Contents (payload) of data block
F/M/L First/Middle/Last Sequence of Exchange (FC-FS-2)
F First
M Middle
L Last
Sl Sequence Initiative: Held or Transferred (FC-FS-2)
H Held
T Transferred
M/O Mandatory/Optional Sequence
M Mandatory
O Optional
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Table 17 - FCP Information Units (IUs) sent to initiator FCP_Ports

U prisnc'n:i?ilve Data Plock F/IM/L | SI | M/O
CAT Content

11 Data delivery request 5 FCP_XFER_RDY (Write) M T | M

I3 | Data-In action 1 FCP_DATA M H (M

4 | Command/Task Mgmt Response 7 FCP_RSP L T M

I5 | Response (Linked or confirm request) | 7 FCP_RSP M T D

Key:
U
CAT

Content
F/M/L

SI

M/O

NQTE 1 12,16, and 17 are obsolete.
NQTE 2 15 is permitted for linked SCSI commands or to request the confirm completion protocol.

NQTE 3 13 allows optional sequence streaming to 13, 14, or I5.

Information Unit identifier

Information category of Device_Data frames carrying the data block
(FC-FS-2)

Contents (payload) of data block

First/Middle/Last Sequence of Exchange (FC-FS-2)

F First

M Middle

L Last

Sequence InitiativezHeld or Transferred (FC-FS-2)
H Held

T Transferred

Mandatory/Qptional Sequence

M Mandatory

0] Optional

9.2 FCP_CMND IU

9.2.1 |Overview and format of FCP_CMND IU

The FCP_CMND IU carries either a SCSI Command or a task management request. If an invalid com

bination

of bits ig set in the FCP_CMND IU, the target FCP_Port shall respond with an FCP_RSP IU with the RSp_CODE
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field set to 02h (i.e., FCP_CMND fields invalid). The FCP_CMND IU shall contain the values and control fields
defined in table 18 in its payload.

Table 18 - FCP_CMND IU Payload

Bit 7 6 5 4 3 2 1 0
Byte
0
FCP_LUN
7
8 COMMAND REFERENCE NUMBER
9 Reserved PRIORITY TASK ATTRIBUTE
10 TASK MANAGEMENT FLAGS
11 ADDITIONAL FCP_CDB LENGTH = (N-27)/4 RDDATA | WROATA
12
FCP_CDB
27
28
ADDITIONAL FCP_CDB (if an$)
n
n+1 (MSB)
n+2
FeP{DL
n+3
n+d (LSB)
n+5 (MSB)
n+6
FCP_BIDIRECTIONAL_READ_DL (if any)
n+7
n+8 (LYB)
9.22 FCP_CMND IU field descriptions
9.2P.1 FCP_LUN field
The FCP logical unitndmber (FCP_LUN) field contains the address of the logical unit (i.e., the logical ynit number)
in the SCSI targét-device. See SAM-3.
Eagh target 'ECP_Port shall accept an INQUIRY command addressed to LUN 0. If LUNs other thgn zero are
supported by the SCSI target device, LUN 0 shall implement the REPORT LUNS command. See $PC-3.
If the FEP_LUN field contains a valid logical unit address the command or task managmenent funcfion shall be

routed to the addressed logical unit. If the addressed logical unit does not exist, the SCSI target device shall
follow the rules for selection of incorrect logical units as specified in SAM-3.

9.2.2.2 COMMAND REFERENCE NUMBER field

The coOMMAND REFERENCE NUMBER (CRN) field contains the number sent by the initiator FCP_Port to assist in
performing precise delivery checking for FCP commands. If precise delivery is enabled, a nonzero value in the
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CRN field shall be treated as a command reference number in determining the receipt and ordering of
commands from a particular initiator FCP_Port to the particular logical unit as described in 4.4. If precise delivery
is enabled, a zero value in the CRN field indicates that command shall not be verified for precise delivery. If
precise delivery checking is not enabled, the COMMAND REFERENCE NUMBER field shall be ignored by the device
server. If the FCP_CMND IU specifies a task management function, the CRN field shall be reserved and set to
zero and the FCP_CMND IU shall not be verified for precise delivery.

9.2.2.3 PRIORITY field

The PRIORITY field specifies the relative scheduling of this task in relation to other tasks already in the task set
for processing by the device server (see SAM-3). If the TASK ATTRIBUTE field contains a value other than
SIMPLE_ then this field is reserved.

9.2.2.4 | TASK ATTRIBUTE field

The TASK ATTRIBUTE field contains values that specify the task attribute (see SAM-3) associated with tHe CDB,
as shown in table 19.

Table 19 - TASK ATTRIBUTE field values

Task
attribute Task attribute Description

code
Requests that the task be managed according to the rules for a simple
task attribute (see SAM-3).

000b SIMPLE
Requests that the task-be managed according to the rules for a simple
task attribute and priority (see SAM-3).

001b HEAD OF QUEUE Requests that the'task be managed according to the rules for a head
of queue task.attribute (see SAM-3).

010b ORDERED Requests that the task be managed according to the rules for an
ordered task attribute (see SAM-3). Mechanisms to assure delivery of
commands to a device server in the correct order are described in 4.4.

011b Reserved

100b ACA Requests that the task be managed according to the rules for an auto-
matic contingent allegiance task attribute (see SAM-3).

101b Obsolete

110b to 111b | Reseryed

9.2.2.5| TASK MANAGEMENT FLAGS field

The TA9K MANAGEMENT FLAGS field contains flags that request that a task management function be performed.
Task management functions shall be requested by the initiator FCP_Port (Exchange Originator) usinT;a new

Exchangedfany task management flag bit is set to one, the FcP_cDB field, the FCP_DL field, the TASK AT[TRIBUTE
field, the RDDATA bit, and the WRDATA bit shall be ignored. It any bit in the TASK MANAGEMENT FLAGS field is set to
one, the FCP_BIDIRECTIONAL_READ_DL field shall not be included in the FCP_CMND IU payload. If more than one
task management flag bit is set to one in any FCP_CMND IU, the task management functions shall not be
processed and the FCP_RSP |U shall contain the RSP_coDE field set to 02h (i.e., FCP_CMND fields invalid).
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The clearing actions performed by task management functions are specified in table 5. The format of the TASK
MANAGEMENT FLAGS field is specified in table 20.

Table 20 - TASK MANAGEMENT FLAGS field

The
the

spe
acc
con

Wh
The

Dep
ope
con
The
Sup
bit 1
INQ
The

fund
pert

bit task management function?
7 Obsolete
6 CLEAR ACA
5 Obsolete
4 LOGICAL UNIT RESET
3 Reserved
2 CLEAR TASK SET
1 ABORT TASK SET
0 Reserved
a The ABORT TASK management func-
tion is specified in 4.9.

ACA condition, any task within that task set may be completed subject to the rules for task mn

epted and the FCP_RSP IU shall contain a RsP_C@DE field set to 00h (i.e., Task Managem
plete).

bn set to zero, the ACA condition remains unchanged.
use of the ACA bit in the CDB control field and the implementation of ACA is described in SAN

ending on the mode page parameéters that have been established (see SPC-3), addition
rations may have to be aborted by the recovery abort as part of the process of clearing th
ingent allegiance.

CLEAR ACA is transmitted by the initiator FCP_Port (Exchange Originator) using a new Exch

port of the CLEAR ACA bit is mandatory in the Fibre Channel Protocol if the FCP device sets th
p one in the INQUIRY data. It shall not be sent to a logical unit with a NORMACA bit equal tg
UIRY data.

LOGICALCUNIT RESET bit, when set to one, performs a LOGICAL UNIT RESET task m
tion as defined in SAM-3. LOGICAL UNIT RESET aborts all tasks in the task set for the logi
orms.a LOGICAL UNIT RESET for all dependent logical units. Support of the LOGICAL UNIT H

mandatory for the Fibre Channel Protocol.

I

CLEAR ACA bit, when set to one, causes the ACA condition\te-be cleared. When the task manager clears

anagement

cified by SAM-3. If there is no ACA condition present, the CLEAR ACA task management funcfion shall be

ent function

1-3.

al FCP 1/0
e automatic

nge.

NORMACA
zero in the

anagement
cal unit and
ESET bit is

The LOGICAL UNIT RESET is transmitted by the initiator FCP_Port (Exchange Originator) using a new
Exchange. LOGICAL UNIT RESET resets the internal states of the target FCP_Port and logical unit as shown

in4

.10. Exchange resources to be cleared may be cleared by the following mechanisms:

a) a recovery abort sequence (see 12.3) may be generated by the initiator FCP_Port that sent the LOGI-

CAL UNIT RESET for each task in the logical unit known to that initiator FCP_Port;
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a task, if any, for an initiator FCP_Port other than the initiator FCP_Port that sent the LOGICAL UNIT
RESET is ended in the logical unit. The initiator FCP_Port for that task shall determine by a timeout that
the task did not finish. Subsequent retries fail because the task resources have been cleared in the logi-
cal unit, so the initiator FCP_Port shall clear the Exchange resources with a recovery abort sequence.
See 12.3; or

a task for an initiator FCP_Port other than the initiator FCP_Port that sent the LOGICAL UNIT RESET
may be completed by returning CHECK CONDITION status with the sense key set to UNIT ATTENTION
and the additional sense code set as specified in SAM-3.

NOTE 1 SAM-3 has defined the TASK ABORTED status for tasks terminated by a LOGICAL UNIT RESET task management function
if the Control mode page indicates that the TASK ABORTED status is supported.

The CLEAR TASK SET bit causes all tasks from all initiator FCP_Ports in the specified task set to be aborted

as defined in SAM-3. Support of the CLEAR TASK SET bit is mandatory for the Fibre Channel Protocd|.

The CLEAR TASK SET is transmitted by the initiator FCP_Port (Exchange Originator) using a néwEx¢hange.
CLEAR|TASK SET resets internal states of the target FCP_Port as shown in 4.10. Exchange resourcgs to be

cleared |may be cleared by one or more of the following mechanisms:

a)

b)

a recovery abort sequence (see 12.3) may be generated by the initiator FCP_Pofbthat sent the [CLEAR
TASK SET for each task known to that initiator FCP_Port;
a task, if any, for an initiator FCP_Port other than the initiator FCP_Port that sent the CLEAR TABK SET
islended in the logical unit. The initiator FCP_Port for that task shall detérmine by a timeout that the task
dig not finish. Subsequent retries fail because the task resources havé€ been cleared in the logital unit,
s@ the initiator FCP_Port shall clear the Exchange resources with@arecovery abort sequence. Sg¢e 12.3;
of
a fask for an initiator FCP_Port other than the initiator FCP_Part that sent the CLEAR TASK SET|may be
campleted by returning CHECK CONDITION status with the 'sense key set to UNIT ATTENTION jand the
adlditional sense code set as specified in SAM-3.

NOTE 2 SAM-3 has defined the TASK ABORTED status for tasks térmihated by a CLEAR TASK SET task managemerjt function

if the Cpntrol mode page indicates that the TASK ABORTED status is 'supported.

The ABORT TASK SET bit set to one requests the ABORT TASK SET task management function to be
performed as defined in SAM-3. Support of the ABORT TASK SET bit is mandatory in the Fibre Channel

Protoco].

The ABDRT TASK SET is transmitted by the initiator FCP_Port (Exchange Originator) using a new Ex¢hange.
ABORT|TASK SET resets internal states’of the target FCP_Port as shown in 4.10. Exchange resourdes may
be cleaned by a recovery abort sequence (see 12.3) generated by the initiator FCP_Port that sent the ABORT

TASK SET for each task known to-the initiator FCP_Port.

9.2.2.6 | ADDITIONAL FCP_CDB LENGTH field

The ADDITIONAL FCP_CDB LENGTH field contains the length in 4-byte words of the ADDITIONAL FCP_CDB fig¢ld. The

value off the ADDITIONAL'FCP_CDB LENGTH field shall be set to zero for task management requests.

9.2.2.7 | RDDATA and WRDATA bits

If the RPDATA bit is set to one, the initiator FCP_Port expects to receive FCP_DATA IUs from th¢ target

FCP_P(Prt. This is a SCSI read operation.

If the WRDATA bit is set to one, the initiator FCP_Port expects to transmit FCP_DATA IUs to the target FCP_Port.
This is a SCSI write operation.

If the RDDATA bit and WRDATA bit are both set to one, the initiator FCP_Port expects both a SCSI read operation
and a SCSI write operation. This is a bidirectional SCSI command. The FCP_BIDIRECTIONAL_READ_DL field shall
be included in the FCP_CMND IU payload. The initiator FCP_Port shall not set both the RDDATA bit and the
WRDATA bit to one except for a bidirectional SCSI command.
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If the RDDATA bit and WRDATA bit are both set to zero, there shall be no FCP_DATA IUs and the FCcP_DL field shall
be set to zero.

The device server shall return CHECK CONDITION status with the sense key set to ILLEGAL REQUEST and
the additional sense code set to INVALID FIELD IN COMMAND INFORMATION UNIT if the following protocol
errors are detected:

a) aread operation has the RDDATA bit set to zero or the WRDATA bit set to one;
b) a write operation has the WRDATA bit set to zero or the RDDATA bit set to one;
c) a bidirectional SCSI command has either the RDDATA bit set to zero or the WRDATA bit set to zero; or
d) the RDDATA bit and WRDATA bit are both set to zero and the FCP_DL value is not zero.

N
the

9.2,

The
bytd
FCP

The

P RSP_ CODE field set to 02h (i.e., FCP CMND f|e|ds invalid) (see table 24) for some protocol errors.

2.8

FcP_cDs field contains the CDB to be sent to the addressed logical unit. The maximum”CDB
s unless the ADDITIONAL FCP_CDB_LENGTH field has specified that there is an ADDITIONAL_FCP_CI
| cDB shall be ignored if any task management flag is set to one.

Fcp_cDB field

Bytés between the end of a CDB and the end of the Fcp_cDB field or, if applicable, the ADDITIONAL_F
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| be reserved.

2.9 ADDITIONAL_FCP_cDB field

ADDITIONAL FCP_cDB field contains any CDB bytes beyond those’contained within the 16 byte FQ
ADDITIONAL FCP_cDB field shall not be present if any task Management flag is set to one. The
field shall be those bytes of an extended CDB beyond-the first 16 bytes of the CDB as defined
mand standards.

2.10 FcP_pL field

a SCSI read operation, the FcP_bDL field\contains a count of the maximum number of all
sferred to the application client buffer in FCP_DATA IU payloads by the SCSI command. The
e Data-In Buffer Size defined by SAM=3.

a SCSI write operation, the FCR_DL field contains a count of the maximum number of all
sferred from the application client buffer in FCP_DATA IU payloads by the SCSI command. The
e Data-Out Buffer Size defined by SAM-3

a bidirectional SCSI command, the FCP_DL field contains a count of the maximum number of al
sferred from the application client buffer in FCP_DATA IU payloads by the SCSI command. The
e Data-Out Buffer)Size defined by SAM-3.

FCP_DL valuge of zero indicates that no data transfer is expected regardless of the state of the
ATA bits(and that no FCP_XFER_RDY or FCP_DATA IUs shall be transferred.

2.11(_FCP_BIDIRECTIONAL_READ_DL field

a bidirectional SCSI command, the ECP_BIDIRECTIONAL_READ_DI field contains a count of th

P_RSP U with

ength is 16
bB field. The

CDB format is defined by SAM-3 and the contents of the CDB are defined in the SCSI command standards.

CP_cDB field

P_cDB field.
contents of
in the SCSI

bytes to be
FCP_DL field

bytes to be
FCP_DL field

bytes to be
FCP_DL field

RDDATA and

For

P maximum

number of all bytes to be transferred to the application client buffer in FCP_DATA IU payloads by the SCSI
command. The FCP_BIDIRECTIONAL_READ_DL field is the Data-In Buffer Size defined by SAM-3.

An FCP_BIDIRECTIONAL_READ_DL value of zero indicates that no read operation is expected regardless of the
state of the RDDATA bit and that no FCP_DATA |Us shall be transferred for read data.
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If either RDDATA or WRDATA is set to zero, the FCP_BIDIRECTIONAL_READ_DL field is not included in the
FCP_CMND IU payload.

9.3 FCP_XFER_RDY IU

9.3.1 Overview and format of FCP_XFER_RDY IU

The FCP_XFER_RDY IU indicates that the target FCP_Port is prepared to receive part or all of the data for a
write operation. The FCP_XFER_RDY IU contains those parameters of the SAM-3 data delivery service
required by the initiator FCP_Port, including the length and beginning relative offset of the FCP_DATA IU that
is requested. Since the target FCP_Port has established buffering and caching resources based on the
requested data, the initiator FCP_Port shall provide the described data in the requested FCP_DATA IU. The
initiator FCP_Port shall be ready to transmit any part or all of the number of bytes indicated in the FCP]DL field
if requested.

An FCP_XFER_RDY IU shall be transmitted preceding each write FCP_DATA IU when thg WRITE
FCP_XFER_RDY DISABLED bit is set to zero by Process Login. If the target FCP_Port and initiator F¢P_Port
have nggotiated write FCP_XFER_RDY disabled, FCP_XFER_RDY IUs shall be transmitted to requdst each
write FQP_DATA IU after the first FCP_DATA IU of the command. The first FCP_DATA\U is transmitted)without
a precefling FCP_XFER_RDY IU (see 6.3.4).

The firs{ 8 bytes of the FCP_XFER_RDY IU payload are defined in FC-FS-2 far all IUs of category 5, re data
descriptor category. The fields defined in FC-FS-2 are given FCP names foruse in this standard. The format of
the FCHR_XFER_RDY IU payload is shown in table 21.

Table 21 - FCP_XFER_RDY IU-payload

Bit 7 6 5 4 3 2 1 0
Byte
0 (MSB)
FCP_DATA_RO
3 (LSB)
4 (MSB)
FCP_BURST_LEN
7 (LSB)
8
Reserved

11

9.3.2 |FCP_DATA_RO field

The FCR_DATA_RO/field contains a value specifying the relative offset in the PARAMETER field for the fifst data
byte of [the requested FCP_DATA IU (see 5.2.12). The FCP_DATA_RO field is the "Offset of the dath being
transferfed" field specified in FC-FS-2.

The FCH_BATA_RO field may be used by the target FCP_Port to request data out of order on writes if allgwed by
the EMDP bit in the Disconnect-Reconnect mode page (see 10.2.8). This is the same as the SAM-3 application
client buffer offset.

The FCP_DATA_RO field shall have a value that is a multiple of 4 (i.e., each FCP_DATA IU shall begin on a word
boundary).
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9.3.3 FCP_BURST_LEN field

The FCP_BURST_LEN field contains a value indicating the amount of buffer space prepared for all bytes to be
transferred in the next FCP_DATA IU and requests the transfer of an FCP_DATA IU of that length from the
initiator FCP_Port. The FCP_BURST_LEN field is the "Length of the data being transferred" field specified in FC-
FS-2 and the value in the FCP_BURST_LEN field is the same as the SCSI data delivery request byte count (see
SAM-3).

The value in the FCP_BURST_LEN field shall not exceed the MAXIMUM BURST SIZE field value defined in the
Disconnect-Reconnect mode page (see 10.2.7). The sum of the value of FCP_BURST_LEN field and the value of

FCP_DATA_RO shall not exceed the value of FCP_DL. The value in the FCP_BURST_LEN field shall not be zero.

9.4

9.4,

The
FCH

SC{
no |

a
b
If m
use
isu
diffe
FCH

If ref
FCH

— FCP_DATA1U

1 FCP_DATA IU overview

P CMND IU requesting the transfer.

Bl data transfers may be performed by one or more data delivery requests, each-one performir
bnger than:

the FIRST BURST sIzZE field value (see 10.2.10) if the WRITE FCP_XFER; RDY DISABLED bit is s
THE MAXIMUM BURST SIZE field value (see 10.2.7) if a FCP_XFER.RDY IU was received.
ore than one FCP_DATA IU is used to transfer the data, the relative offset value in the PARAM
i to ensure that the SCSI data is reassembled in the proper order (see 5.2.12). If an FCP_XF
5ed to describe a data transfer and the first frame of the requested FCP_DATA IU has a relativ
rs from the value in the FCP_DATA_RO field of the FCR~XFER_RDY IU, the target FCP_Port sh
PRSP IU with the RSP_CODE field set to 03h (i.e., FEP_DATA parameter mismatch with FCP_]

quired by the PRLI FCP Service Parameters, eaech Data-Out action FCP_DATA IU shall be pre
P XFER_RDY IU containing a standard data.descriptor payload that indicates the location and |

dat

delivery. If the wRITE FCP_XFER_RDY DBISABLED bit is set to one in the PLRI FCP Service Par3

(seg¢ 6.3), the first FCP_DATA IU shall bedransmitted without a preceding FCP_XFER_RDY IU.

If the DATA OVERLAY ALLOWED bit is setto one in the PLRI FCP Service Parameter page (see 6.3) fof
FCPR_Port, the target FCP_Port may request that data be overlaid. If the DATA OVERLAY ALLOWED bit i
in the PLRI FCP Service Parameter page (see 6.3) for the initiator FCP_Port, the target FCP_P

req
the

The
Reg
zer(
in th

est that data be overlaid."If data overlay is not allowed and the target FCP_Port attempts to o
nitiator FCP_Port may.not be able to guarantee data integrity and may indicate service delivery
nsmission as part.of an error recovery process is not considered data overlay, even if retransmis

retr
to trre same offsetin;the application client buffer.

target ECP~Port may request data bursts in any order if allowed by the EMDP bit in the
onnectmode page (see 10.2). By the time data transfer has been terminated, all data between

data associated with a particular FCP 1/O operation is transmitted in the same Ex¢hange that sent the

g a transfer

bt to one; or

ETER field is
FR_RDY IU
b offset that
bl return an
DATA RO).

eded by an
ength of the
meter page

the initiator
5 set to zero
brt shall not
verlay data,
ailure. Data
sion occurs

Disconnect-
the offset of

and.the highest offset shall have been transferred. If error conditions occur that prevent the tra
e\middle of a data transfer, the FCP_SNS_INFO shall indicate that only data from the offset of ero up to the

sfer of data

first byte of missing data has been transferred. Even if data of a higher offset was successfully transferred, it
shall not be considered valid.

FC-FS-2 specifies the mechanisms used to transfer an IlU. The mechanisms vary with the class of service being
used and the service parameters that are in effect.
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FCP_DATA IUs for read and write operations

During any data transfer, the initiator FCP_Port shall have available a buffer of length FCP_DL. The buffer
contains data to be transferred to the target FCP_Port if the operation is a write operation (i.e., an operation that
uses the Data-Out action, IU T6). The buffer receives the data if the operation is a read operation (i.e., an
operation that uses the Data-In action, IU 13). The target FCP_Port shall not request or deliver data outside the
buffer length defined by FCP_DL.

If the command requested that data beyond FcP_DL be transferred, the device server shall set the
FCP_RESID_OVER bit (see 9.5.8) to one in the FCP_RSP IU and:

a) process the command normally except that data beyond the FCP_DL count shall not be requested or

t £ o
rgAsrerree:

b) transfer no data and return CHECK CONDITION status with the sense key set to ILLEGAL-REQUEST

and the additional sense code set to INVALID FIELD IN COMMAND INFORMATION UNIT; or

c) mpay transfer data and return CHECK CONDITION status with the sense key set to ABORTELD COM-
MAND and the additional sense code set to INVALID FIELD IN COMMAND INFORMATION UNIT.

During

transferfed all the required data by transferring Sequence Initiative to the target FCP\_Port.

write operation that is not using FCP_XFER_RDY IUs, the initiator FCP_Port’indicates that it has

The initiator FCP_Port shall not transfer data outside the buffer length defined by RCP_DL. If the write operation
requirey a total amount of data less than the amount of data provided by/the’initiator FCP_Port, the target

FCP_P
the FcP

according to the rules specified by the SCSI command set for that command.

If the an

value o

procedy

abort (s

rt shall discard the excess bytes. Because there were fewer bytes provided than required by FcpP_bDL,
| RESID_UNDER bit (see 9.5.7) shall be set to one in the FCP_RSP IU. The command is completed

hount of data requested or transferred does not match_the number of bytes of data calculated from the
the Fcp_pL field and the value of the FCP_RESID field/(see 9.5.12), the error detection and recovery
re described in clause 12 may be invoked or the £CP 1/O operation may be terminated with a recovery
ce 12.3) or other failure indication. The mechanism an initiator FCP_Port uses to determine that the

correct amount of data has been returned is vendor.specific. Data that has been retransmitted and overlgid shall

be counted only once for the purposes of calculating residual values.

9.4.3
During
specifie
outside
During
specifie
not tran

If a bidi
FCP_RE

a p

b) tr 1 G O atrG H N O att v 7
GAL REQUEST and the additional sense code set to INVALID FIELD IN COMMAND INFORMATION

FCP_DATA IUs for bidirectional commands

b bidirectional command, the. initiator FCP_port shall always have available a buffer with the¢ length
H by the FCP_DL field to transfer data to the target FCP_Port. The target FCP_Port shall not request data
the buffer length specified-by the FCP_DL field.

b bidirectional command, the initiator FCP_Port shall always have available a buffer with the length
H by the FCP_BIDIREETIONAL_DL field to receive data from the target FCP_Port. The target FCP_Pprt shall
sfer data outside-the buffer length specified by the FCP_BIDIRECTIONAL_DL field.

ectional command requested that data beyond FCp_DL be transferred, the device server shall set the
5ID_OVER bit (see 9.5.8) to one in the FCP_RSP IU and:

ocess the command normally except that data beyond the FCP_DL count shall not be transferred; or
sferno-data-in-eitherdirectionandreturr ONDITHON-statts-with-the-sense ey-seto ILLE-

UNIT.

¢) may transfer data in either direction and return CHECK CONDITION status with the sense key set to
ABORTED COMMAND and the additional sense code set to INVALID FIELD IN COMMAND INFORMA-
TION UNIT.
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If a bidirectional command requests that data beyond the value specified in the FCP_BIDIRECTIONAL_READ_DL
field be transferred, the device server shall set the FCP_BIDI_READ_RESID_OVER bit (see 9.5.5) to one in the
FCP_RSP IU and:

a) process the command normally except that data beyond the FCP_BIDIRECTIONAL_READ_DL count shall not

be transferred; or

b) transfer no data in either direction and return CHECK CONDITION with the sense key set to ILLEGAL

REQUEST and the additional sense code set to INVALID FIELD IN COMMAND INFORMAT

ION UNIT.

If the amount of data requested or transferred does not match the number of bytes of data calculated from the
value of the Fcp_DL field and the value of the FCP_RESID field (see 9.5.12) for the write data operation of a

bidirectional

SCSI command or the number of bytes of data calculated from the va

lue of the

FCP| BIDIRECTIONAL_READ_DL field and the value of the FCP_BIDIRECTIONAL_READ_RESID field (see.Y.
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operation of a bidirectional SCSI command, the FCP /O operation may be terminated with @'re
12.3) or other failure indication. The mechanism an initiator FCP_Port uses to deterniine’tha
unt of data has been returned is vendor specific. Data that has been retransmitted and overl
hted only once for the purposes of calculating residual values.

4 FCP_DATA IU use of fill bytes

ng transfer of data in response to an FCP_CMND_IU with the RDDATA bit set to one and the WR
ero, all frames of FCP_DATA_IUs except the frame with the highestelative offset within the D3
| have no fill bytes.

ng transfer of data in response to an FCP_CMND_IU with the WRDATA bit set to one and the RL

| have no fill bytes.

ng transfer of data in response to an FCP_CMND_d with the WRDATA bit set to one and the RO

he, all frames of FCP_DATA_IUs except the frame with the highest relative offset within the Dg

the frame with the highest relative offset within the Data-Out Buffer shall have no fill bytes.
FCP_RSP IU

1 Overview and format of FCP_RSP 1U

FCP_RSP IU provides completion information for FCP I/O operations. The information ing

br each task management function delivered with an FCP_CMND |U, indicating the completion
management function in the RSP_CODE field.

meaning and walidity of other fields in the FCP_RSP IU. Bytes 10 and 11 shall be zero upor
pletion of @n“FCP 1/O operation, indicating that no other information is present in the FCP/|

b.13) for the
overy abort
the correct
aid shall be

DATA bit set
ta-In Buffer

DATA bit set

ero, all frames of FCP_DATA_IUs except the frame with the-highest relative offset within the Data-Out Buffer

DATA bit set
ta-In Buffer

udes SCSI

LIS, protocol verification, and.any applicable autosense data. The target FCP_Port shall send ap FCP_RSP

status of the

bits and fields in.bytes 10 and 11 summarize the completion status of an FCP 1/O operation and indicate

successful
RSP 1U. A

zero value in either byte 10 or byte 11 should cause the application client to examine the fields i

FCP_RSP

b determine whether a failure, a retryable temporary condition, or an expected response occurred.

mmand linking is being performed, an FCP_RSP IU is provided for each command. For linked jcommands,

INTERMEDIATE status or INTERMEDIATE - CONDITION MET status indicates successful completion of a
command with no other information valid if all other fields are zero. If command linking is requested, the use of
the INTERMEDIATE or INTERMEDIATE-CONDITION MET status indicates that linking shall be performed. The
LINKED COMMAND COMPLETE Or LINKED COMMAND COMPLETE (WITH FLAG) Service Response defined by SAM-3 is
implicit in the presentation of INTERMEDIATE or INTERMEDIATE-CONDITION MET status in the FCP_RSP
IU.
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If data retransmission is enabled and a Sequence error is detected, a target shall not transmit an FCP_RSP 1U
with CHECK CONDITION status. See 12.3.5 for additional target error recovery.

If a SCSI device error is detected by a target FCP_Port while the target FCP_Port has Sequence Initiative for
the Exchange associated with the error, the target FCP_Port should complete any Sequence that has already
been started, keep Sequence Initiative, and transmit an FCP_RSP 1U with CHECK CONDITION status and
sense data that describes the error. If a SCSI device error is detected by a device server while the target
FCP_Port does not have Sequence Initiative for the Exchange associated with the error, the target FCP_Port
shall wait until Sequence Initiative has been returned and then transmit an FCP_RSP IU with CHECK
CONDITION status and sense data that describes the error.

In the eyent that Sequence Initiative is not received within RR TOVeo e (see 11 4) the target FCP_Port may

implicitly terminate the affected Exchange. B
The corftent of the FCP_RSP IU is indicated in table 22.
Table 22 - FCP_RSP IU Payload
Bit 7 6 5 4 3 2 1 0
Byte
0
Reserved
7
8 (MSB)
retry delay timer.
9 (LSB)
10 FCP_ FCP_
FCP_ BIDI_ BIDI_ FCP_. FCP_ FCP_ gﬁg— FF{(S:g
BIDI_ READ_ READ_ CONEY RESID_ RESID_ LEN LEN
RSP RESID_ RESID_ REQ UNDER OVER VALID VALID
UNDER OVER
11 SCSI STATUS CODE
12 (MSB)
fcp_resid
15 (LSB)
16 (MSB)
FCP_SNS_LEN (= n)
19 (LSB)
20 (MSB)
FCP_RSP_LEN (= m)
23 (LSB)
24
FCP_RSP_INFO (m bytes long)(if any)(see table 23)
23+m
24+m
FCP_SNS_INFO (n bytes long)(if any)
23+m+n
24+m+n (MSB)
FCP_BIDIRECTIONAL_READ_RESID (if any) -
27+m+n (LSB)
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9.5.2 RETRY DELAY TIMER field

The RETRY DELAY TIMER field contains the retry delay timer code (see SAM-4).

9.5.3 FCP_BIDI_RSP bit

If the FCP_BIDI_RSP bit is set to one, the FCP_BIDIRECTIONAL_READ_RESID field is present, and the
FCP_BIDI_READ_RESID_OVER and FCP_BIDI_READ_RESID_UNDER bits are valid. If the FCP_BIDI_RSP bit is set to
zero, the FCP_BIDIRECTIONAL_READ_RESID field is not present, and the FCP_BIDI_READ_RESID_OVER and the

FCP_BIDI_READ_RESID_UNDER bits are not valid.

9.5.4 FCP_BIDI_READ_RESID_UNDER bit

If th
con
sha
whe

e FCP_BIDI_READ_RESID_UNDER bit is set to one, the FCP_BIDIRECTIONAL_READ_RESID fieldHi
ains the count of bytes that were expected to be transferred, but were not transferred. The appli
| examine the FCP_BIDIRECTIONAL_READ_RESID FIELD field in the context of the command i
ther or not an error condition occurred.

9.5,

If th
the

5 FCP_BIDI_READ_RESID_OVER bit

b FCP_BIDI_READ_RESID_OVER bit is set to one, the FCP_BIDIRECTIONAL_READVRESID field is valid 3
count of bytes that were not transferred because the FCP_BIDIRECT(ONAL_READ_DL value w3

s valid and
cation client
determine

nd contains
s not large

enough. The application client shall examine the FCP_BIDIRECTIONAL_READ/RESID FIELD field in the cpntext of the
conjmand to determine whether or not an error condition occurred,

9.5.6 FCP_CONF_REQ bit

If the FCP_CONF_REQ bit is set to one, the initiator FCP_Portshall transmit an FCP_CONF [U to confirm receipt

e FCP_RSP Sequence. If the FCP_CONF_REQ bit is(set’to zero, the initiator FCP_Port shall not

transmit an

ESID field in

9.5. FCP_RESID_OVER bit

If the FCP_RESID_OVER bit is set to one, the FCP_RESID field is valid and contains the count of bytes that could
not [be transferred because the FCP_DL was not sufficient. The application client shall examine thg FCP_RESID
field in the context of-the command to determine whether or not an error condition occurred.

9.5. FCP_SNS=-LEN_VALID bit

If thie FCP_SNS) LEN_VALID bit is set to one, the FCP_SNS_INFO field contains valid information, the F¢P_SNS_LEN

ine-the FCP_sNs_INFO field to determine whether or not an error condition occurred.

is valid and non-zero and contains the count of bytes in the FCP_SNS_INFO field. The application client shall

If the FCP_SNS_LEN_VALID bit is set to zero, the FCP_SNS_LEN field is not valid and shall be treated a
were zero. See 9.5.14.

9.5.10 FCP_RSP_LEN_VALID bit

s if its value

If the FCP_RSP_LEN_VALID bit is set to one, the FCP_RSP_INFO field contains valid information, the FCP_RSP_LEN
field is valid and non-zero and contains the count of bytes in the FCP_RSP_INFO field. The application client shall
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examine the FCP_RSP_INFO field to determine whether or not an error condition occurred. When the
FCP_RSP_LEN_VALID bit is set to one, the content of the SCSI STATUS CODE field is not reliable and shall be
ignored by the application client.

For task management functions transmitted to the logical unit using an FCP_CMND IU, the FCP_RSP_LEN_VALID
bit shall be set to one, the FCP_RSP_LEN field shall be set to the specified value, and the information in the
RsP_coDE field shall indicate the completion status of the task management function.

If the FCP_RSP_LEN_VALID bit is set to zero, the FCP_RSP_LEN field is not valid and shall be treated as if its value
were zero. When the FCP_RSP_LEN_VALID bit is set to zero, the FCP_RSP_INFO field shall have a length of zero
and shall not be present.

9.5.11 [SCSI sTATUS CODE field

The SCBI STATUS CODE field contains the status code for the SCSI command being completed, @s-defined by
SAM-3.

9.5.12 |Fcp_RESID field

For read operations and write operations, if the FCP_RESID_UNDER bit is set to one, the ECP_RESID field gontains
a countof the number of residual data bytes that were not transferred in FCP_DATA [Us.

For reaI operations and write operations, if the FCP_RESID_OVER bit is set toroné, the FCP_RESID field gontains
the excéss of the number of bytes required by the SCSI command to be transferred over the number of bytes
specifiefl by the FCP_DL field.

For bidifectional SCSI commands, if the FCP_RESID_UNDER bit is set-foe one, the FCP_RESID field contains|a count
of the niimber of residual data bytes that were not transferred in€¢he Data-Out FCP_DATA IUs for the coI‘umand.
i

For bidirectional SCSI commands, if the FCP_RESID_OVER<bit"is set to one, the FCP_RESID field contains the
excess pf the number of bytes required to be transferred in.the Data-Out FCP_DATA IUs by the commgnd over
the nuniber of bytes specified in the FCP_DL field.

For bidirectional SCSI commands, the FCP_BIDIRECTIONAL_READ_RESID field (see 9.5.13) contadins the
corresppnding count for Data-In FCP_DATA 1Us:

Upon sliccessful completion of an FCP 1/© operation, the residual value is normally zero and the FCP_RESID
value is|not valid. FCP devices having.indeterminate data lengths may have a nonzero residual byte colint after
completing valid operations. There:is.no requirement to verify that the data length implied by the contenis of the
CDB does not cause an overrun orunderrun before beginning the processing of a SCSI command.

If the FCP_RESID_UNDER bit.iS'set to one, a transfer that did not fill the buffer to the expected displacement/Fcp_DL
was pefformed and the yalue of FCP_RESID is defined as follows:

FCP_|RESID = FCR.SDL - (highest offset of any byte transmitted + 1)
A condition of FGP_RESID_UNDER may not be an error for some FCP devices and some commands.

If the FQP_RESID_OVER bit is set to one, refer to 9.4.2 or 9.4.3. The FCP_RESID value is defined as follow

2

FCP \RESiB—= Lrancfar loanath raoniend by capamaand) o N
oo e Srer g regqumre ooy commana—rcr—or

If the FCP_RESID_UNDER and the FCP_RESID_OVER bits are set to zero, the FCP_RESID field is not meaningful and
may have any value. The FCP_RESID field is always included in the FCP_RSP IU.
NOTE 4 Some early implementations presented the FCP_RSP IU without the FCP_RESID, FCP_SNS_LEN, and FCP_RSP_LEN fields if the

FCP_RESID_UNDER, FCP_RESID_OVER, FCP_SNS_LEN_VALID, and FCP_RSP_LEN_VALID bits were all set to zero. This non-standard behavior
should be tolerated.
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9.5.13 FCP_BIDIRECTIONAL_READ_RESID field
The FCP_BIDIRECTIONAL_READ_RESID field is included in the FCP_RSP IU for all bidirectional SCSI commands.

For bidirectional commands, if the FCP_BIDI_READ_RESID_UNDER bit is set to one, the
FCP_BIDIRECTIONAL_READ_RESID field contains a count of the number of residual data bytes that were not
transferred in Data-In FCP_DATA IUs.

For bidirectional commands, if the FCP_BIDI_READ_RESID_OVER bit is set to one, the
FCP_BIDIRECTIONAL_READ_RESID field contains the excess of the number of bytes required by the command to
be transferred in Data-In FCP_DATA IUs over the number of bytes specified by the FCP_BIDIRECTIONAL_READ_DL
field.

Upgn successful completion of an FCP /O operation, the residual value is normally zefo and the
FCP| BIDIRECTIONAL_READ_RESID value is not valid. FCP devices having indeterminate data lengths [may have a
nongero residual byte count after completing valid operations. There is no requirement to. verify that the data
length implied by the contents of the CDB does not cause an overrun or underrun)before bgginning the
progessing of a SCSI command.

If the FCP_BIDI_READ_RESID_UNDER bit is set to one, a transfer that did notill ‘the buffer to tHe expected
disglacement FCP_BIDIRECTIONAL_READ_DL was performed and the value of FCP_ BIDIRECTIONAL_RHEAD_RESID is
defined as follows:

FCP_BIDIRECTIONAL_READ_RESID = FCP_BIDIRECTIONAL_READ_DL -(highest offset of any byte transmitted + 1)
A condition of FCP_BIDI_READ_RESID_UNDER may not be an error fot. some FCP devices and some gommands.

If thie FCP_BIDI_READ_RESID_OVER bit is set to one, refer to 9.4'3. The FCP_BIDIRECTIONAL_READ_RHSID value is
defined as follows:

ffCP_BIDIRECTIONAL_READ_RESID = (read transfer length required by command) -
FCP_BIDIRECTIONAL_READ_DL

If the FCP_BIDI_READ_RESID_UNDER and w«fhe FCP_RESID_OVER bits are both set to |zero, the
FCP| BIDIRECTIONAL_READ_RESID field is not.meaningful and may have any value.

9.5/14 FCP_SNS_LEN field
If the FCP_SNS_LEN_VALID bit is onel.the FCP_SNS_LEN field specifies the number of valid bytes of FCB_SNS_INFO.

If thie FCP_SNS_LEN_VALID bit(s zero, the FCP_SNS_LEN field is not valid and shall be treated as if itd value were
zerg. No FCP_SNS_INFO is,provided.

The FCP_sSNs_LEN field is always included in the FCP_RSP IU.

9.515 FCP_RSR.LEN field

If the FCP_RSP)LEN_VALID bit is one, the FCP_RSP_LEN field specifies the number of valid bytes of FCB_RSP_INFO.
The numbershall be 00000004h, or 00000008h.

If thesFCP_RSP_LEN_VALID bit is zero, the FCP_RSP_LEN field is not valid and shall be treated as if itd value were
zero. No FCP_RSP_INFO Is provided.

The FcP_RSP_LEN field is always included in the FCP_RSP IU.

9.5.16 FcP_RSP_INFO field

The FCP_RSP_INFO field contains information describing only the protocol failures detected during the processing
of an FCP 1/O operation. If none of the specified protocol failures have occurred, the FCP_RSP_INFO field shall
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not be included in the FCP_RSP IU and the FCP_RSP_LEN_VALID bit shall be zero. The FCP_RSP_INFO does not
contain link error information, since FC-FS-2 provides the mechanisms for presenting such errors. The
FCP_RSP_INFO field does not contain SCSI logical unit error information, since that is contained in the
FCP_SNS_INFO field as described in 9.5.17. The FCP_RSP_INFO field shall contain valid information if the target
FCP_Port detects any of the conditions indicated by an FCP RsP_CODE. The format of the FCP_RSP_INFO field
is specified in table 23.

Table 23 - FcP_RsSP_INFO field format

Bit 7 (] 5 4 3 2
Byte

0

Reserved
2
3 RSP_CODE
4

Reserved (if any)

7

The val

The comnpletion status of the task management function is indicated by the RsP_CODE. If the Exch
befare the FCP_RSP IU is returned, the completion status is unknown. If the RSP_CODE is se

aborted

d RSP_CODE values are specified in table 24.

Table 24 - RsP_CODE definitions

Value RSP_CODE 'definition
00h Task Management function complete
01h FCP_DATA length different than FCP_BURST_LEN
02h FCP_CMND fields invalid
03h FCP_DATA parameter mismatch with FCP_DATA_RO
04h? Task Management function rejected
05h? Task Management function failed
09h? Task Management function incorrect logical unit number
06h to 08h Reserved
0Ah to FFh
@ Only validiwhen responding to task management functions,

(i.e., Ta

sk.Management function failed), the state of the logical unit is unknown.

ange is
| to 05h

Activities started by a task management function may continue after the FCP_RSP U for the task management
has been delivered.

9.5.17 FcP_SNS_INFO field

The FCP_SNS_INFO field contains the autosense data specified by SPC-3. The proper FCP_SNS_INFO shall be
presented when the SCSI status byte of CHECK CONDITION is presented as specified by SAM-3. If no
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conditions requiring the presentation of SCSI sense data have occurred, the FCP_SNS_INFO field shall not be
included in the FCP_RSP IU and the FCP_SNS_LEN_VALID bit shall be zero. FCP devices shall perform
autosense.

9.6 FCP_CONF IU

The FCP_CONF IU has no payload. It is used as described in 4.5 for an initiator FCP_Port to confirm the receipt
of the FCP_RSP IU from a target FCP_Port. The frame shall be transmitted by an initiator FCP_Port when the
confirmed completion protocol is supported by both the target FCP_Port and the initiator FCP_Port and when
the confirmation has been requested by the FCP_CONF_REQ bit in the FCP_RSP IU.
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10 SCSI mode parameters for the Fibre Channel Protocol

10.1 Overview of mode pages for the Fibre Channel Protocol

This clause describes the mode pages used with the MODE SELECT and MODE SENSE commands to control
and report the behavior of the Fibre Channel Protocol. All mode parameters not defined in this standard shall
control the behavior of the FCP devices as specified in the appropriate command set standard. The mode pages
are addressed to the device server of a logical unit. The logical unit shall provide the appropriate control
parameters, if any, to the state machine implementing the connection to the Fibre Channel loop or link in a
vendor-specific manner. The mode pages associated with Fibre Channel Protocol operation are listed in table

14776-223 © ISO/IEC:2008(E)

25.
Table 25 - Mode pages for FCP
Page code Description Reference)

02h Disconnect-Reconnect mode page 10.2

18h Fibre Channel Logical Unit Control mode page 10.3

19h Fibre Channel Port Control mode page 10.4

3Fh Return all mode pages (valid only for the MODE SENSE command) SPC-3
10.2 Disconnect-Reconnect mode page
10.2.1 |Overview and format of Disconnect-Reconnect mode page for FCP
The Disfonnect-Reconnect mode page (see table 26) allows)the application client to modify the behavigr of the
service [delivery subsystem. This subclause specifies the\parameters defined by SPC-3 that are used py FCP
devices|and defines how FCP devices interpret the parameters. The application client communicates With the
device perver to determine what values are most’ appropriate for a device server. The devicg server
communicates the parameter values in this mode page to the target FCP_Port, normally the Fibre Channel
interfac¢ circuitry. This communication is intérnal to the SCSI target device and FCP device and is outgide the
scope of this standard. If a field or bit contains a value that is not supported by the FCP device, the device server
shall reurn CHECK CONDITION status. The sense key shall be set to ILLEGAL REQUEST and the additional

sense Ci

pde set to ILLEGAL FIELDIN-PARAMETER LIST.
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Table 26 - Disconnect-Reconnect mode page (02h)

Bit 7 6 5 4 3 2 1 0
Byte
0 PS Reserved PAGE CODE (02h)
1 PAGE LENGTH (OEh)
2 BUFFER FULL RATIO
3 BUFFER EMPTY RATIO
4 (MSB)
bus inactivity limit
4 (LSB)
¢ (MSB)
disconnect time limit
(LSB)
(MSB)
connect time limit
(LSB)
1P (MSB)
maximum burst size
1 (LSB)
1R emdp faa fab fac restricted restricted
1B Reserved
19 (MSB)
first burst size
16 (LSB)
An interconnect tenancy is the period of time.when an FCP device owns or may access a shared FiIre Channel
intefconnect. For arbitrated loops (see FC-AL-2) and Fibre Channel Class 1 connections, a tenancy typically
begjns when an FCP device successfully opens the connection and ends when the FCP device releases the
conhection for use by other device_pairs. Data and other information transfers take place during interconnect
tenIncies.
Point-to-point or fabric-attached Class 2 or Class 3 links and many other configurations do not have a concept
of interconnect tenancy-and may perform transfers at any time.
10.2.2 BUFFER FULL-RATIO field

Thel BUFFER FULL-RATIO field indicates to the device server, during read operations, how full the buffg¢r should be
priof to requesting an interconnect tenancy. Device servers that do not implement the requested fatio should
round down to the nearest implemented ratio as defined in SPC-3. FCP devices attached to links| that do not
havTe the' concept of interconnect tenancy shall round the ratio to zero and transmit data in a vendor specific

manner.

The value contained in the BUFFER FULL RATIO field is defined by SPC-3.

10.2.3 BUFFER EMPTY RATIO field

The BUFFER EMPTY RATIO field indicates to the device server, during write operations, how empty the buffer
should be prior to transmitting an FCP_XFER_RDY IU that requests the initiator FCP_Port to send data. Device
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servers that do not implement the requested ratio should round down to the nearest implemented ratio as
defined in SPC-3.

The value contained in the BUFFER EMPTY RATIO field is defined by SPC-3.

10.2.4 BUS INACTIVITY LIMIT field

The BUS INACTIVITY LIMIT field indicates the maximum time that the target FCP_Port is permitted to maintain an
interconnect tenancy without data or information transfer, measured in transmission word increments. If the bus
inactivity limit is exceeded or if the bus is inactive and the target FCP_Port holding the bus detects that the limit
is going to be exceeded, the device server shall end the interconnect tenancy. This value may be rounded as
defined in SPC-3. A value of zero indicates that there is no bus inactivity limit.

NOTE | Because of the low overheads associated with initiating and closing bus tenancy on Fibre Channel links, device seerrs should
end terfancies immediately upon completing the required transfers.

INACTIVITY LIMIT field is not applicable for FCP devices attached to links that do not have the copcept of

The DISCONNECT TIME LIMIT field indicates the minimum delay between interconnect tenancies meagured in
nts of 128 transmission words. Target FCP_Ports in configurations having the concept of interconnect
tenancy shall delay at least this time interval after each interconnect tenancy’before beginning arbitratipn. The
device gerver may round this value to any value it prefers. A value of zerd/indicates that the disconnect time limit
does ngt apply.

The DISCONNECT TIME LIMIT field is not applicable for FCP devices attached to links that do not have the goncept
of intergonnect tenancy.

10.2.6 [CONNECT TIME LImIT field

The CONNECT TIME LIMIT field indicates the maximumpduration of a single interconnect tenancy, meagured in
increments of 128 transmission words. If the connéct time limit is exceeded the device server shall conclude the
interconnect tenancy, within the restrictions placed on it by the applicable Fibre Channel configuratipn. The
device gerver may round this value to any value it prefers. A value of zero indicates that there is no connpct time
limit.
The CONINECT TIME LIMIT field is not.applicable for FCP devices attached to links that do not have the copcept of
intercornect tenancy.

10.2.7 [MAXIMUM BURST SizEfield

The MAXIMUM BURST SIZEfield indicates the maximum size of all bytes in an FCP_DATA IU that the target
FCP_Port shall transfer to the initiator FCP_Port in a single Data-In FCP_DATA IU or request from thelinitiator
FCP_Port in an FEP_XFER_RDY IU. This parameter does not affect how much data is transferred in p single
interconnect tenancy. This value is expressed in increments of 512 bytes (e.g., a value of 1 means 51 bytes,
two means’ 1024 bytes, etc.). The device server may round this value down as defined in SPC-3. A valug of zero
indicateb—there-is—no-limit-on-the-amount-of data-transferred-per data-transfer operation—This—value-shall be
implemented by all FCP devices. The initiator FCP_Port and target FCP_Port may use the value of this
parameter to adjust internal maximum buffering requirements.

10.2.8 EMDP bit

The enable modify data pointers (EMDP) bit indicates whether or not the target FCP_Port may use the random
buffer access capability to reorder FCP_DATA IUs for a single SCSI command. If the EMDP bit is set to zero, the
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target FCP_Port shall generate continuously increasing relative offset values for each FCP_DATA IU for a
single SCSI command. If the EMDP bit is set to one, the target FCP_Port may transfer the FCP_DATA IUs for a

single SCSI command in any order. If the EMDP bit is set to zero, data overlay is prohibited even if

it is allowed

by the state of the PRLI FCP Service Parameter page DATA OVERLAY ALLOWED bit. The EMDP bit does not affect
the order of frames within a Sequence. The enable modify data pointers function is optional for all FCP devices.

For bidirectional commands, the EMDP bit applies independently to the read operation and write ope

ration. If the

EMDP bit is set to zero, the target FCP_Port shall generate continuously increasing relative offset values for the
read operation and the write operation, but there is no read operation to write operation or write operation to

read operation ordering requirement.

10.2-9—FAAFABFAC-bits

Thel fairness access (FA) bits, FAA, FAB, and FAC, indicate whether a target FCP_Port attached\.to 4
loop} (see FC-AL-2) shall use the access fairness algorithm when beginning the interconneg¢t/tenan

An A bit set to one indicates that the target FCP_Port shall use the access fairness algayithm for t
frames. An FA bit set to zero indicates that the target FCP_Port may choose to not’ Use the acc
alggrithm. The FAA bit controls arbitration when the target FCP_Port has one or.more FCP_DATA |
senf to an initiator FCP_Port.

n arbitrated

Cy.

he specified

ss fairness
frames to

Thel FAB bit controls arbitration when the target FCP_Port has one or more\ ECP_XFER_RDY IU franes to send

to an initiator FCP_Port.

The FAC bit controls arbitration when the target FCP_Port has an”FCP_RSP IU frame to send td
FCR_Port. If the target FCP_Port intends to send multiple frame types, it may choose to not use
fairpess algorithm if any applicable FA bit is set to zero. FCP devices attached to links that do n

an initiator
the access
ot have the
bS.

CP Service

trat shall be
[

all data is
FCP_Port. If
. the target

CP Service
the initiator
hs from the

5 512 bytes,
ST SIZE field
set to one.

buffering requirements.

I maximum


https://iecnorm.com/api/?name=bc6ff2e8b640eb754e317914eb0edc2b

10.3 Fi

- 68— 14776-223 © ISO/IEC:2

bre Channel Logical Unit Control mode page

008(E)

The Fibre Channel Logical Unit Control mode page (see table 27) contains those parameters that select FCP
logical unit operation options. The implementation of any parameter and its associated functions is optional. The
mode page follows the MODE SENSE and MODE SELECT command rules specified by SPC-3.

Table 27 - Fibre Channel Logical Unit Control mode page (18h)

Bit 7 6 5 4 3 2 1 0

Byte

0 PS SPF (Ob) PAGE CODE (18h)

1 PAGE LENGTH (06h)

2 Reserved PROTOCOL IDENTIFIER (FCP =_0h)

3 Reserved epdc

4 Reserved

5 Reserved

6 Reserved

7 Reserved
An ENABLE PRECISE DELIVERY CHECKING (EPDC) bit of one indicates that the logical unit shall use the |precise

delivery|
use the
9.2.2.2)
and the
masked
by SPC

If the Fibre Channel Logical Unit Control mode page is not supported by a logical unit, the initiator shall

that the

10.4 Fjibre Channel Port Control mode-page

10.4.1

The Fibfe Channel Port Control'mode page contains those parameters that select FCP_Port operation
The mogle page policy shall-be*per target port (see SPC-3). The mode page shall be implemented by log

0 and n
associa
rules spj

Some o
more of

function defined by this standard (see 4.4). When the EPDC\bit is set to zero, the logical unit g
precise delivery function and shall ignore the contents of the crN field in the FCP_CMND

Fibre Channel Logical Unit Control mode page is.supported by the logical unit, the EPDC bit
as not changeable and shall follow the MODE<SENSE and MODE SELECT command rules s
3.

precise delivery function is not supported by that logical unit.

Overview and format of Fibre Channel Port Control mode page

nay be implemehted by logical units other than logical unit 0. The implementation of any bit
ed functions.is\optional. The mode page follows the MODE SENSE and MODE SELECT co
ecified by-SPC-3.

f the bits'defined by the Fibre Channel Port Control mode page require the FCP_Port to violats
the Fibre Channel standards. The non-standard behaviors have been identified as useful fon

hall not
IU (see

The EPDC bit is valid for all types of link connections: If the precise delivery function is not supported

shall be
becified

assume

pptions.
ical unit
and its
mmand

one or
certain

speciali

bad anaratina ana e a s St e
o U OpPTTratm g ChvirOTTTCTItST
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The

format of the Fibre Channel Port Control mode page is shown in shown in table 28.

Table 28 - Fibre Channel Port Control mode page (19h)

Bit 7 6 5 4 3 2 1 0

Byte

0 PS SPF (Ob) PAGE CODE (19h)

1 PAGE LENGTH (06h)

2 Reserved PROTOCOL IDENTIFIER (FCP = 0h)

3 dtfd plpb ddis dim rha alwi dtipe dtoli

4 Reserved

5 Reserved

6 Reserved rr.tov units

7 sequence initiative resource recovery timeout value (rr_tovggqCinit)
10.4.2 DISABLE TARGET ORIGINATED LOOP INITIALIZATION (DTOLI) bit
If thie DISABLE TARGET ORIGINATED LOOP INITIALIZATION (DTOLI) bit is set tolene, a target FCP_Port atfached to an
arbifrated loop (see FC-AL-2) shall not generate a LIP following insertion into the loop. The targdt FCP_Port
sha|l respond to a LIP when it is received. If the DTOLI bit is set fo)zero, the target FCP_Port attached to an

arbi

frated loop shall generate LIP(F7,xx) after it enables a portinto a loop. If the target FCP_Port is|attached to

an arbitrated loop and detects loop failure at its input, it shall follow the error initialization procesg defined by

FCA
the

10.4

If th
loop
befq
stat
add
LPE
sha
FCH
atta

10.4

If th
arbi

.3 DISABLE TARGET INITIATED PORT ENABLE (DTIPE) bit

AL-2 regardless of the state of the DTOLI bit. Target EER/Ports not attached to an arbitrated loop|shall ignore
PTOLI bit.

b DISABLE TARGET INITIATED PORT ENABLE (DTIPE) bit is set to one, a target FCP_Port attached to gn arbitrated
(see FC-AL-2) shall wait for an initiatob FCP_Port to send the Loop Port Enable (LPE) primitive sequence
re inserting itself into an arbitrated lToop (see FC-AL-2). The target FCP_Port shall wait in a participating
b with the Port Bypass circuit, if any, set to bypass the target FCP_Port. The target FCP_Port uges the hard
Fess available in the SCA-2 connector (see SFF-8067) or in device address jumpers to determjne whether
primitive sequences are‘addressed to it. An LPE primitive sequence addressed to the broadcast address
| also cause the target FCP_Port to insert itself into the loop. If the DTIPE bit is set to zerd, the target
P_Port shall enablé itself onto the loop in according to the rules specified in FC-AL-2. Target FCP_Ports not
ched to an arbitrated loop shall ignore the DTIPE bit.

.4 ALLOW-LOGIN WITHOUT LOOP INITIALIZATION (ALWLI) bit

e ALLOW*LOGIN WITHOUT LOOP INITIALIZATION (ALWLI) bit is set to one, a target FCP_Port attached to an
frated-loop (see FC-AL-2) shall use the hard address available in the SCA-2 connector (see SFF-8067) or

ind

ceaaafreSSHHRperS—entertReoRterg-StateHparHeipathRgRoeae—aRaacce ptHogHis .Utusingthe

loop initialization procedure (see FC-AL-2). If the ALWLI bit is set to zero, the target FCP_Port shall perform the

normal loop initialization procedure before entering the monitoring mode and accepting a login ELS. Target
FCP_Ports not attached to an arbitrated loop shall ignore the ALWLI bit.
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10.4.5 REQUIRE HARD ADDRESS (RHA) bit

If the REQUIRE HARD ADDRESS (RHA) bit is set to one, a target FCP_Port attached to an arbitrated loop (see FC-
AL-2) shall only attempt to obtain its hard address available in the SCA-2 connector (see SFF-8067) or device
address jumpers during loop initialization. The target FCP_Port shall not attempt to obtain an address during
the LISA phase of initialization (see FC-AL-2). If there is a conflict for the hard address selection during loop
initialization or the target FCP_Port does not have a valid hard address available, the target FCP_Port shall
enter the nonparticipating state. If the target FCP_Port detects loop initialization while in the nonparticipating
state, the target FCP_Port shall again attempt to get its hard address. If the hard address has not changed from
the address obtained in a previous successful loop initialization, the target FCP_Port shall attempt to obtain the
address in the LIFA phase if a valid Fabric Login exists or LIPA phase of loop initialization. If the hard address
has changed, the target FCP_Port shall attempt to obtain the new address in the LIHA phase.

If the RHA bit is set to zero, the target FCP_Port follows the normal initialization procedure, including the
possibility of obtaining a soft address during the loop initialization process.

Target FCP_Ports not attached to an arbitrated loop shall ignore the RHA bit.

10.4.6 |DISABLE LOOP MASTER (DLM) bit

If the DI$ABLE LOOP MASTER (DLM) bit is set to one, a target FCP_Port attached to an arbitrated loop (see|FC-AL-
2) shall not participate in loop master arbitration and shall not become loop master. The target FCP_Pprt shall
only regeat LISM frames it receives. If the DLM bit is set to zero, the target\FCP_Port may participatg in loop
master arbitration in the normal manner and, if successful, may become-loep master during the loop initiglization
process]. Target FCP_Ports not attached to an arbitrated loop shall ignore the bDLM bit.

10.4.7 [DISABLE DISCOVERY (DDIS) bit

If the D|SABLE DISCOVERY (DDIS) bit is set to one, a target{FCP_Port without a valid FLOGI attached to an
arbitratgd loop (see FC-AL-2) shall not require receipt of Address or Port Discovery (i.e., ADISC or PDISC ELSs)
following loop initialization as described in FC-DAZ, The logical units shall resume processing tgsks on
completion of loop initialization. If the DDIS bit is set‘to zero, the target FCP_Port shall wait to completg target
discovefy, as defined by FC-DA, before allowing:processing of tasks to resume.

Target FCP_Ports not attached to an arbitrated loop shall ignore the DDIs bit. A target FCP_Port witH a valid
FLOGI ghall ignore the DDIS bit.

10.4.8 |PREVENT LOOP PORT BYPASS'(PLPB) bit

If the PREVENT LOOP PORT BYPASS (PLPB) bit is set to one, a target FCP_Port attached to an arbitrated loop (see
FC-AL-2) shall ignore any(Loop Port Bypass (LPB) and Loop Port Enable (LPE) primitive sequences. The loop
port sh3ll always remain-participating. If the PLPB bit is set to zero, the target FCP_Port allows the Ldop Port
Bypass|(LPB) andyLoop Port Enable (PBE) primitive sequences to control the port bypass cirquit and
participation on the“loop as specified by FC-AL-2. Target FCP_Ports not attached to an arbitrated lopp shall
ignore the PLPBbit.

The DTIPE @and PLPB bits shall not both be set to one at the same time. If an invalid bit combination is serjt by the
application client, the device server shall return CHECK CONDITION status and the sense key shall be set to
ILLEGAL REQUEST and the additional sense code shall be set to INVALID FIELD IN THE PARAMETER LIST.

10.4.9 DISABLE TARGET FABRIC DISCOVERY (DTFD) bit

If the DISABLE TARGET FABRIC DISCOVERY (DTFD) bit is set to one, a target FCP_Port attached by an arbitrated
loop (see FC-AL-2) shall not recognize the presence of a fabric loop port on the loop. The target FCP_Port shall
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perform only the private loop functions defined for target FCP_Ports defined by FC-DA. If the DTFD bit is set to
zero, the target FCP_Port attached by an arbitrated loop shall discover a fabric loop port if present on the loop
and perform the public loop functions defined for target FCP_Ports as described in FC-DA. Target FCP_Ports
not attached to an arbitrated loop shall ignore the DTFD bit.

10.4.10 SEQUENCE INITIATIVE RESOURCE RECOVERY TIMEOUT VALUE (RR_TOVggq vi7) field
The RR_TOVSEQ_INIT (see 11.4) timer is defined by the RR_TOVgeq 7 field and the RR_TOV UNITS field.

The RR_TOV UNITS field indicates the units for the RR_TOVg.q 7 field value, according to table 29.

Table 29 - Values for RR_TOV UNITS

Byte 6 Units of measure for

bit2 | bit1 | bit0 RR_TOVsea_mir
0 0 0 No timer is specified
0 0 1 0.001's
0 1 1 0.1s
1 0 1 10s
All other values Reserved

ThelRR_TOVgeq 7 field indicates the number of time units specified by the RR_TOV UNITS field that shall be used
by the timer that performs the RR_TOVgq 7 timeout function:-if no timer is specified, the RR_TOVgt-q 7 Value

shall be ignored by the device server and a vendor specific)default value shall be used for RR_TOVgeq nir-
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11 Timers for FCP operation and recovery
11.1 Summary of timers for the Fibre Channel Protocol

This clause indicates the use of timers defined by other standards in performing the FCP-3 recovery procedures.
In addition, the clause defines those timers used only by this standard.

Table 30 - Timer summary

Implementation
Mandatory (M)
Timer or Optional (O) Description Default Value Notes | Ref

Initiator | Target

E_D_TIOV M (0] Error_Detect_Timeout 2s 2,3 11.2
Value

R_A_TOVseq_quat M o} Resource_Allocation Private loop =0 s 1,2 11.3
Timeout Value Public loop = 10,§

R_A_T[OV¢¢ M M Private loop.=2 s 1,2 11.3

Public loop, =10 s

RR_TQVuth M Resource Recovery 2's 11.4
Timeout Value

RR_TQVgeq i M IFRETRY bit is set to 0: 1.4

2s

If RETRY bit is set to 1:
>REC_TOV + 2xR_A_TOV¢ g+ 1
s

REC_ToOV M M REC Timeout Value >E D TOV+1s 4 115
(minimum)
ULP_TIOV M Upper Level Protocol If RETRY bit is set to 0: 11.6
Timeout Value > Operation-specific timer +
E D TOV+1s

If RETRY bit is set to 1:
> Operation-specific timer +
2xRR_TOVgeq it

NOTE 1 R_A_TOV is defined by FC-FS-2:
This standard defines the defadlt R_A_TOV for Sequence Qualifiers as zero for private loops and 10 s for public
loops. This standard defifies the default R_A_TOV for ELS responses as 2 s for private loops and 10 s for public
loops. If ELSs are used to'set R_A_TOV, the same value is applied for both uses. Other Fibre Channel standardis
may specify differentidefault values for R_A_TOV for different topologies.

NO]E 2 Target FCP_Ports that support Class 2 delivery service shall implement this timer.

NOTE 3 E_D_TOV defadlt timeout values are defined by FC-FS-2, and FC-DA. ELSs are provided to set values other than the

default vatue. This standard defines the default value required by the recovery protocol, deriving the value as foljows:

a Publicloop devices compliant with FC-DA use an E_D_TOV value of 2 s before fabric login and
the-value obtained in the FLOGI ACC after fabric login;

b Rrivate loop devices compliant with FC-DA use the default E_D_TOV value of 2 s; or

c.Devices attached through a fabric or point-to-point connection use the default E_D_TOV value specified
by FC-FS-2 before fabric login and the value obtained in the FLOGI ACC after fabric login.

NOTE 4 REC_TOV is required by the target FCP_Port for FCP_CONF IU error detection.
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11.2 Error_Detect Timeout (E_D_TOV)

E_D_TOV is a general error detect timeout value (see FC-FS-2, FC-AL-2, FC-LS, and FC-DA).
Sequence recovery, it is used to time the following:

a) the maximum time permitted for a Sequence Initiator between the transmission of conse
frames within a single Sequence;

For FCP-3

cutive Data

b) the minimum time that a Sequence Recipient shall wait for the reception of the next frame within a single

Sequence before recognizing a Sequence timeout; and

c) the minimum time a Sequence Initiator shall wait for an ACK response before it considers the ACK to be

missing and begins recovery actions.

Target FCP_Ports that support Class 2 shall implement this timer for the purpose of timing out missing ACKs.

Loop attached Class 2 devices may require a complete fairness cycle plus the fabric and link delay-f
an ACK is received.

Redovery Qualifier (RRQ) ELS.

Usimg a value of zero for this timeout value assumes that a Sequence Initiator does not transmit any
a S¢quence after an ABTS is sent for that Sequence. If a design-uses a queuing mechanism for the t
of Sequences, the queue for a given Sequence shall be empty before an ABTS for that Sequence is
act pf sending the ABTS purges the queue.

A value of two times R_A_TOVE_ g is used to detefmine the minimum time that the Originator of g
LinK Service or FC-4 Link Service request shalliwait for the response to that request.

Aftg
FLQ

11.4
RR]

r completion of FLOGI, Public Loop devices shall use the value of R_A_TOV specified by the H
Gl ACC.

!
| TOV has two separate components, labeled RR_TOV 1y and RR_TOVgeq -

Resource Recovery Timeout(RR_TOV)

RR]
Aut
OP
FCH
(eg
con
exp

hentication followingythe completion of the Loop Initialization Protocol (i.e., the receipt of CLS
EN-INIT state) (see FC-DA). RR_TOVgeq 7 is the minimum time a target FCP_Port shall wait fo
P_Port response following transfer of Sequence Initiative from the target FCP_Port to the initiatg
., following“transmission of the FCP_XFER_RDY IU during a write command). If either o
Hitions<is: not recovered successfully before expiration of RR_TOV, a target FCP_Port may
icitly~perform a LOGO with that initiator FCP_Port and reclaim the resources associated

mes before

wait before
pomposed of
h Sequence
a Reinstate

Frames for
ansmission
sent, or the

n Extended

abric in the

| TOV yy1y is the minimum time a target FCP_Port shall wait for a specific initiator to performp Exchange

while in the
r an initiator
r FCP_Port
[ these two
implicitly or
with those

Exdcl anges (Qpp 1241 ’-'\)

The value of RR_TOVgq it Mmay be set using the Fibre Channel Port Control mode page (see 10
11.5 Read Exchange Concise Timeout Value (REC_TOV)

REC_TOV is used by the initiator FCP_Port to provide a minimum polling interval for REC and b
FCP_Port for FCP_CONF IU error detection. The REC_TOV timer shall be implemented such that

4.10).

y the target
at least one
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REC_TOV period passes between transmission of a command and the first polling for Exchange status with the
REC ELS. Table 31 describes REC_TOV usage pertaining to the initiator FCP_Port.

Table 31 - Initiator FCP_Port REC_TOV Usage

Timer starts or restarts after: Timer stops without sending REC after:

FCP_CMND IU has been sent. FCP_RSP IU is received for the FCP_CMND IU or the
Exchange is aborted.

FCP_DATA IU Sequence has been sent by the initiator FCP_RSP IU is received for the FCP_CMND IU or the
FCP_Port (optional) Exchange is aborted.

REC was sent for an FCP_CMND IU and an ACC was FCP_RSP IU is received for the FCP_CMND IU or the
repeived indicating the command is in progress (i.e. REC Exchange is aborted.

pdlling interval).

Table 3P describes REC_TOV usage pertaining to the target FCP_Port.

Table 32 - Target FCP_Port REC_TOV usage

Timer starts after: Timer stops without sending REC after:

FEP_RSP IU requesting an FCP_CONF |U has been sent. | FCP_CONF IU.is’féceived or the Exchange is aborted.

11.6 Upper Level Protocol Timeout (ULP_TOV)

ULP_TQV is an operation-specific timer maintained by the Upper Level Protocol. ULP_TOV is used to {ime the
completion of Exchanges associated with ULP operations;'Since the amount of time required varies depending
upon the operation, the value assigned for this timer is determined by the operation being timed. Some
operatigns may require extended periods of time to.complete.

ULP tinpers take into account response timé&sincrements caused by command queuing and multijinitiator
FCP_Pagrt congestion.
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12 Link error detection and error recovery procedures

12.1 Error detection and error recovery overview

12.1.1 Exchange level

This standard provides several mechanisms for FCP devices to identify protocol errors caused by frames and
responses that have been corrupted and discarded in accordance with the requirements of FC-FS-2. See 12.2
for a list of these mechanisms.

To recover from these errors, all FCP compliant initiator FCP_Ports shall be capable of invoking the recovery
abort function to terminate a failing Exchange and to recover the associated resources as described in 12.3. All
FCP compliant target FCP_Ports shall be capable of processing the requested recovery abort to finish clearing
the [Exchange and to recover the associated resources. The failed command may then be reissugd by higher
levdl programs according to protocols beyond the scope of this standard.

Thig standard allows the use of the REC ELS to monitor the progress of active Exchanges."An FCP-3 device
may accept or reject error detection inquiries.

12.1.2 Sequence level
Seduence level error recovery as described in 12.4 shall not be used for bidirectional SCSI commgnds.

To recover from errors, FCP-3 compliant devices may perform retransmission procedures thgt allow the
commands to be completed without requiring higher level programs te-perform command retries. Such recovery
may be useful for SCSI logical units that depend critically on command ordering and maintaining records of
intefnal device state. The initiator FCP_Port and the target FGP_Port shall agree to perform retfansmission
usirjg the SRR FCP FC-4 Link Service by setting the RETRY bit to one in the PRLI before performing the
retransmission of individual IUs (see 6.3.4). An FCP-3 déevice that has agreed to perform retransnpission shall
and accept the REC ELS and SRR FCP FC-4.Link Service as defined by this standard to perform the
nsmission.

Even after agreeing to perform retransmission;(the initiator FCP_Port may choose to request a regovery abort

While the basic error detection and errorrecovery procedures are class independent, acknowledgef classes of

clause defines the error.detection and recovery mechanisms for fabrics that guarantee in-prder frame
deliyery. However, if continuously increasing sequence count is used and if support for recovery [qualifiers is
implemented as defined in FC-FS-2, the same recovery mechanisms may be used for fabricq that do not

The subclauses of 12.2 describe the initial events that indicate an error may have occurred. The error may be
recovered at the Exchange level or at the Sequence level.

12.2.2 FCP-3 error detection using protocol errors for all classes of service
The Exchange Originator (i.e., initiator FCP_Port) shall detect any of the following errors:

a) a Sequence error is detected in a Sequence transmitted from a target FCP_Port to an initiator FCP_Port;
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b) aread command completed with the data count smaller than FCP_DL and the FCP_RESID_UNDER bit is set
to zero;
c) aread command completed with the data count smaller than FCP_DL, the FCP_RESID_UNDER bit is set to
one, and the data count plus FCP_RESID is not equal to FCP_DL; or
d) an ABTS is received.
The Exchange Originator (i.e., initiator FCP_Port) shall detect the following errors for bidirectional SCSI
commands:
a) a bidirectional SCSI command completed with the write data count smaller than FCP_DL and the

b)
c)

d)

The Exghange Originator may further identify and recover additional errors as described-in 12.4.

FCP_RESID_UNDER bit is set to zero;
a bidirectional SCSI command completed with the read data count smaller than
FCP_BIDIRECTION RFAD_DI and the FCP_BIDI_RFAD_RFESID_UNDFER bit is set to zero;

a| bidirectional SCSI command completed with the write data count smaller than Fcp.pL, the
F¢P_RESID_UNDER bit is set to one, and the write data count plus FCP_RESID is not equal to #FCP._0OL; and
a| bidirectional SCSI command completed with the read data count ‘smallef than
FGP_BIDIRECTIONAL_READ_DL, the FCP_BIDI_READ_RESID_UNDER bit is set to one, and the_réad dafa count
pllis FCP_BIDIRECTIONAL_READ_RESID is not equal to FCP_BIDIRECTIONAL_READ_DL.

The Exghange Responder shall also initiate error detection and recovery after a Sequence error is detected in

a Sequegnce transmitted from an initiator FCP_Port to a target FCP_Port (see(12.3.5).

The Exghange Responder (i.e., target FCP_Port) may detect that REC\TOV times out and an ekpected
FCP_CONF IU has not been received. The Exchange Responder maythen use the methods described in 12.4
to determine the presence of an error, regardless of whether Exchange level or sequence level error recovery

is to be used.

12.2.3 [Error detection mechanisms for acknowledged<lasses of service
Acknowledged classes of service provide the additional-error detection mechanisms described below.

The Exghange Originator (i.e., initiator FCP_Port) shall detect any of the following errors:

a)
b)

c)
d)

The Exghange Originator may:further identify and recover additional errors as described in 12.4.

The Exghange Responderi\(i.e., target FCP_Port) shall detect any of the following errors:

a)
b)

c)

er E_D_TOV times out and no ACK has:been received for the FCP_CMND IU;
er E_D_TOV times out and no ACK\% has been received for an FCP_DATA IU frame or no|ACK_0
s been received for an FCP_DATA IU (see example in figure C.22);

er E_D_TOV times out and no A€K has been received for the FCP_CONF IU; or
ACK with the F_cTL field Abort Sequence Condition bits set to Abort Sequence, Perform ABT[S is re-
ived. (See FC-FS-2.)

[ VI <V [ i V)

after E_D_TQW-iimes out and no ACK has been received for the FCP_XFER_RDY IU (see exgmple in
figure C.6);
after E_D.TOV times out and no ACK_1 has been received for an FCP_DATA IU frame or no|ACK_0
has been‘received for an FCP_DATA IU (see example in figure C.21); or

aftere&, D_TOV times out and no ACK has been received for the FCP_RSP |U.

The Exchange Responder may further identify and recover additional errors as described in 12.4.

If an ABTS is transmitted by a Sequence Initiator because it had detected a missing ACK and the BA_ACC
response to the ABTS indicates the Sequence was correctly received by the Sequence Recipient, no error
detection or recovery is required.
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12.3 Exchange level recovery using recovery abort

12.3.1 Recovery abort overview

The recovery abort is an FC-FS-2 protocol that recovers FCP_Port resources associated with an Exchange that
is being terminated, either because of a task management request or because of an error.

Recovery abort may be used whether or not the FCP devices have agreed to Sequence level error recovery.

All initiator FCP_Ports shall be capable of invoking the recovery abort protocol to terminate failing commands
for later retry (see 9.2.2.5). All target FCP_Ports shall be capable of accepting and completing the recovery abort
protocol.

12.3

The
of {
EX(
to b
Seq
sha
FCH

Red
con
BA_
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Aftg
Exd
9.2,

Foll
initi
Ifa

sec

12,3
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and
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.2 Initiator FCP_Port invocation of recovery abort

he Exchange being terminated. The ABTS sequence shall have the PARAMETER-field set
CHANGE. The ABTS sequence shall be generated using the 0x_ID and Rx_ID field.Values of th
e aborted. FC-FS-2 allows ABTS to be generated by an FCP_Port regardless-of whether g
uence Initiative. Following the transmission of ABTS, any Device_Data Frames received for thi
| be discarded until the BA_ACC with “Last Sequence of Exchange” bit sef toone is received fro
P_Port.

overy abort may not take effect immediately (e.g., if ABTS is_sent following transmission
mand, the initiator FCP_Port may receive some or all of the requested read data before rg

rder for the target FCP_Port to send the BA_ACC.

r the processing of a task management function that.clears tasks, recovery abort shall be iny
hanges not successfully terminated with an FER_RSP U status set to COMMAND CLEA
P.5).

pwing receipt of the BA_ACC in responsé.to an ABTS, and after R_A_TOVggq quaL has €
htor FCP_Port shall transmit RRQ.

BA_ACC, BA_RJT, LOGO, or PRLO4is not received from the target FCP_Port within 2 times R |
bnd level error recovery as described in 12.5 shall be performed.

.3 Target FCP_Port response to recovery abort

bn an ABTS (Abort Exchange) is received at the target FCP_Port, it shall abort the designate
return one of the fellowing responses:

the target FCP—Port shall discard the ABTS and return LOGO if the N_Port or NL_Port issuin
is not curréntly logged in (i.e., no PLOGI);
the target.FCP_Port shall return BA_RJT with Last Sequence of Exchange bit set to one if t
ABT.S:contains an assigned RX_ID field value and a FQXID that is unknown to the target FCH
the target FCP_Port shall return BA_ACC with Last Sequence of Exchange bit set to one.

n fransmission of any of the above responses, the target FCP_Port may reclaim any resourced

initiator FCP_Port terminating the Exchange sends an ABTS sequence to the D_ID of thetarget FCP_Port

to ABORT
b Exchange
r not it has
5 Exchange
M the target

of a READ
ceiving the

ACC to the ABTS). The initiator FCP_Port shall be capable.of.receiving this data and providing BB_Credit

oked for all
RED. (See

lapsed, the

A_TOVgs,

j Exchange

g the ABTS

he received
_Port; or

associated

Up

with the designated Exchange after R_A_TOVggq quaL has elapsed or a Reinstate Recovery Qualifier (RRQ)
ELS request has been received.

If the RXx_ID field is FFFFh, target FCP_Ports shall qualify the FQXID of the ABTS based only upon the combined
values of the D_ID field, s_ID field, and the 0x_ID field, not the RX_ID field.
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If the Exchange resources were not reclaimed upon responding to the ABTS, they shall be reclaimed at the time
the response to the RRQ is sent.

When an RRQ is received at the target FCP_Port, it shall return one of the following responses:

a) the target FCP_Port shall discard the RRQ and return LOGO if the N_Port or NL_Port issuing the RRQ is
not currently logged in (i.e., no PLOGI);

b) the target FCP_Port shall return LS_RJT with Last Sequence of Exchange bit set to one if the received
RRQ contains an RX_ID field value, other than FFFFh, that is unknown to the target FCP_Port. The rea-
son code shall be “Logical error” with a reason code explanation set to “Invalid OX_ID-RX_ID combina-
tion”; or

c) the target FCP_Port shall return ACC with Last Sequence of Exchange bit set to one.

12.3.4
This prd

If ULP_
resourc
resourc

12.3.5
This prd

If a targ
policy s
2).

For ack
by send
range i
R_A_T(

For una
The targ

Target §
toanin

Additional error recovery by initiator FCP_Port
cedure may be used whether or not the FCP devices have agreed to Sequence level recovery

TOV times out and the Exchange is not complete, the application client shall cleap the EX
bs using the ABORT TASK task management request or the initiator FCP_Port shalliclear the EX
ps using the recovery abort protocol (see 4.9).

Additional error recovery by target FCP_Port
cedure may be used whether or not the FCP devices have agreed to,Sequence level recovery

et FCP_Port detects a Sequence error, it shall discard the Sequénce(s) based on the Exchan
becified by the F_CTL field Abort Sequence Condition bits in the-first frame of the Exchange (see

nowledged classes of service, if a target FCP_Port detects a Sequence error, it may abort the sg
ing an ABTS with the PARAMETER field to ABORT_SEQUENCE (see FC-FS-2). If a Recovery (
5 returned in the BA_ACC for the ABTS the\target FCP_Port shall send a RRQ EL
DVseq_qual times out after receipt of the BACACC.

cknowledged classes of service, the target-FCP_Port shall not attempt recovery for Sequencs
et FCP_Port shall depend on initiator #FCP_Port timeouts for recovery.

FCP_Ports shall implement RR_TQV as described in 11.4 to facilitate recovery of resources a
tiator FCP_Port that is no longer responding. The target FCP_Port may send a LOGO to the

FCP_P
a) th

RR_TOV, 1, (see FCIDA); or
b) RR_TOVggq 7 times’ out without the initiator FCP_Port transmitting any expected Sequence
open Exchangetat. this target FCP_Port (e.g., FCP write Data-In response to an FCP_XFER_RD

12.4

12.4.1 [Usingiinformation from REC to perform Sequence level recovery

12.4.1.

rt and terminate all open Exehanges for that initiator FCP_Port upon detection of the following

initiator FCP_Port_has failed to perform target FCP_Port Exchange authentication

equence level error detection and recovery

polling exchange state with rec

change
change

he error
FC-FS-

quence
Dualifier
S after

errors.

located
initiator
within

for any
Y 1U).

REC is periodically transmitted by the initiator FCP_Port to poll each outstanding Exchange to determine if a
SCSI task is progressing properly and if any Sequences have been received incorrectly. Timing of polling with
the REC ELS is controlled by REC_TOV. REC_TOV is normally selected to be long enough that processing the
transfers of Sequence Initiative in the Exchange and completing the Exchange occur before REC_TOV times
out. If REC_TQV times out, then an REC ELS is performed. The information returned in the REC ACC payload
is compared with the expected state information known by the initiator FCP_Port and target FCP_Port. If the
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information is inconsistent, indicating that a link error occurred, error recovery actions may be performed to
complete the Exchange. Optional error detection and recovery procedures for acknowledged and
unacknowledged classes of service are specified in 12.4.1.2, 12.4.1.3, 12.4.1.4, 12.4.1.5, 12.4.1.6, 12.4.1.7,
and 12.4.1.8.

12.4.1.2 detection of errors while polling with rec

If an Exchange Originator receiving an acknowledged service Sequence detects a Sequence error, it shall send
an ACK Frame with the F_cTL field Abort Sequence Condition bits set to “Abort Sequence, Perform ABTS”
before issuing the REC (see FC-FS-2). The REC for the Exchange containing the FCP_CMND IU shall be

issued in a new Exchange.

If the ; - —
supported”, the initiator FCP_Port shall assume the target FCP_Port is an FCP device not stpf
detgction using REC. The initiator FCP_Port shall perform recovery using recovery abort-as)dog
12.3.

If ap ACC, LS_RJT, LOGO, or PRLO is not received from the target FCP_Port within/2 times R |
secpnd level error recovery as described in 12.5 shall be performed.

A" cl vV cl S0 OC O

12.4.1.3 fcp_cmnd iu recovery

Thig procedure may be used whether or not the FCP devices have agreed to Sequence level reco
If the FCP_CMND IU was not received by the target FCP_Port (i.e., the\initiator FCP_Port receives
for fhe REC with the reason code of “Logical error” and reason code explanation set to “Invalid O

combination”), retransmit the FCP_CMND IU using a new Exchange. If the precise delivery functior
the CRN value shall remain the same in the retransmitted ECP_CMND |U.

mmand not
orting error
umented in

A_TOVg_s,

ery.
an LS_RJT
_ID-RX_ID
is enabled,

If the ACC for the REC indicates that the FCP_CMND |¢ was received by the target FCP_Port and that no reply

Seduence has been sent (i.e., by indicating that the initiator FCP_Port does not hold Sequence In
thafl the Exchange is not complete), the command is in process and no recovery is needed at thi
minjmum interval of REC_TOV, the REC shallbe retransmitted to more quickly determine if a repl
has|been lost.

Forlexamples of such recoveries, see figure C.1 and figure C.2.

12.4.1.4 fcp_xfer_rdy iu recoveny
Thig procedure shall be used,enly’by FCP devices that have agreed to Sequence level recovery.

If the ACC for an REC indicates that an FCP_XFER_RDY IU was sent by the target FCP_Port (i.e., K
thaf|the initiator FCP_Part'holds Sequence Initiative, that all bytes were not transferred, and that th
is npt complete), but not received by the initiator FCP_Port, the initiator FCP_Port shall issue an S
Exchange to request retransmission of the FCP_XFER_RDY IU. The target FCP_Port shall first
ACC for the SRR and then shall retransmit the FCP_XFER_RDY IU in a new Sequence containir]
Relative Qffset as the originally transmitted FCP_XFER_RDY IU. After the FCP_XFER_RDY IU is
received,.the FCP 1/O operation continues normally.

itiative, and
S time. At a
y Sequence

y indicating
e Exchange
RR in a new
ransmit the
g the same
successfully

FOI’ a 15 O Voe O cCoVvery,; » 9

12.4.1.5 fcp_rsp iu recovery
This procedure shall be used only by FCP devices that have agreed to Sequence level recovery.

An error in transmitting an FCP_RSP IU is detected if:
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the ACC for the REC ELS indicates that an FCP_RSP IU was sent by the target FCP_Port and no
FCP_CONF IU was requested (i.e., E_STAT indicates that the Exchange is complete), but the initiator
FCP_Port has not yet received the FCP_RSP IU; or

the ACC for the REC ELS indicates that an FCP_RSP IU Sequence was sent by the target FCP_Port
and an FCP_CONF IU was requested (i.e., E_STAT indicates that the Exchange is not complete, that
the initiator FCP_Port has Sequence Initiative, and that, if the data transfer was from the initiator
FCP_Port to the target FCP_Port, the data transfer indicates that all of the bytes expected to be trans-

ferred by the command have been transferred.)

When an error in transmitting an FCP_RSP IU is detected, the initiator FCP_Port shall issue an SRR FC-4 Link
Service frame in a new Exchange to request retransmission of the FCP_RSP IU. The target FCP_Port shall first

transmit the ACC for the SRR, then shall retransmit the FCP_RSP IU in a new Sequence.

An Exchange carrying a command that was terminated by a CHECK CONDITION requesting an EGR)
IU prior|to transferring data may have the same REC values as an Exchange carrying a command-hg
FCP_XKFER_RDY IU not received by the initiator FCP_Port. For a command transferring data,from the
FCP_Port to the target FCP_Port with a non-zero FCP_DL, the parameters for the SRR shall indicate
FCP_XKFER_RDY IU is expected from the target FCP_Port. The target FCP_Port is aware’of the actual
state of|the transfer and response and shall either retry the FCP_XFER_RDY IU or)\if\the actual data
length for the command was zero, retry the FCP_RSP |U.

For nonftagged command queuing operations, the target FCP_Port shall retain.the Exchange informati

a) the next FCP_CMND IU has been received for that LUN from the same initiator FCP_Port;
b) am FCP_CONF IU is received for the Exchange; or
c) after RR_TOVggq 7 times out.

For tagged command queuing operations, the target FCP_Port‘shall retain Exchange information until:

a) aw FCP_CONF IU is received for the Exchange; or
b) after RR_TOVgq iy times out.

The Exghange information retained shall include datastransfer information, data descriptors, and FCP_|

information.

If retrangmission is enabled between the initiatoh FCP_Port and target FCP_Port, FCP_RSP IU informati
be:
a) dipcarded RR_TOVgcq vy afterthe FCP_RSP IU was transmitted to the initiator FCP_Port; or,

b) discarded after a new Exchange with the same 0Xx_ID and S_ID field values and task retry identifi
cegived.

If retransmission is not enabled between the initiator FCP_Port and target FCP_Port, FCP_RSP info
may be|discarded immediately after the FCP_RSP IU has been transmitted to the initiator FCP_Port.

The vaIIe of RR_TOV;gq N is set using the Fibre Channel Port Control mode page (see 10.4.10).

If task retry identification has been agreed to by both the initiator FCP_Port and target FCP_Port, the sa
retry value identifier value shall not be used within RR_TOVggq -

Examples. 6fFCP_RSP IU recoveries are provided in figure C.8 through figure C.12.

| CONF
ving an
initiator
that an
present
fransfer

bn until:

RSP IU

on shall

er is re-

rmation

me task

12.4.1.6 fcp_data iu recovery - write operations

This procedure shall be used only by FCP devices that have agreed to Sequence level recovery.

If the ACC for an REC indicates that an FCP_DATA IU was sent by the initiator FCP_Port, but not received by

the target FCP_Port (i.e., the data received count in the REC response is smaller than what the
FCP_Port sent, and the target FCP_Port indicates it does not hold Sequence Initiative), then the

initiator
initiator
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FCP_Port shall send a SRR FC-4 Link Service frame in a new Exchange to request retransmission of an
FCP_XFER_RDY IU to request the missing data. The target FCP_Port discards the Sequence in error, but does
not initiate any recovery action for Class 3 (see 12.3.5). After first transmitting the ACC for the SRR, the target
FCP_Port transmits an FCP_XFER_RDY IU in a new Sequence with the Relative Offset parameter specified
by the SRR. The initiator FCP_Port responds with the requested data.

The FCP_DATA IU shall be retransmitted in a new Sequence. For acknowledged classes, the SEQ_CNT field
value shall be one greater than that used to transmit the last Sequence, usually the ABTS. For unacknowledged
classes, the SEQ_CNT field value may start at zero, even if continuously increasing sequence count is being

used.

Examples of dats 0 d A 3 3

12.4.1.7 fcp_data iu recovery - read operations

Thig procedure shall be used only by FCP devices that have agreed to Sequence level recovery.

If the ACC for the REC indicates that data was sent by the target FCP_Port but not suceessfully rec
initiptor FCP_Port (i.e., by indicating a data sent count greater than the initiator ECP_Port has

recgived), then the initiator FCP_Port shall send a SRR FC-4 Link Service framelin\a new Exchang
retransmission of the FCP_DATA IU that was not successfully received. The \initiator FCP_Port 3
RELATIVE OFFSET field in the SRR to that of the next data requested. |f the initiator FCP_Port i
detg¢rmine the Relative Offset of the next data requested, the initiator KEP_Port shall set the RELA
field to zero. The target FCP_Port shall first transmit the ACC for thé SRR, then shall retransmit th
data specified by the SRR in a new Sequence, and then complete'the Exchange in the normal mann

bived by the
successfully
e to request
hall set the
S unable to
TIVE OFFSET
b requested
br, including

transmitting or retransmitting the FCP_RSP |U. If the target FCPR:_Port responds to the SRR with

FCP_RJT

andlan FCP_RSP IU has not yet been sent or is again requested, the device server shall send an FCP_RSP 1U

with CHECK CONDITION status and sense data containing a sense key of HARDWARE ER
addjtional sense code of INITIATOR DETECTED ERROR MESSAGE RECEIVED.

Thel FCP_DATA IU shall be retransmitted in a new Sequence. For acknowledged classes, the SH
valye shall be one greater than that used to transmit the last Sequence, usually the ABTS. For unac
clagses, the SEQ_CNT field value may start at zero, even if continuously increasing sequence co
usef.

It is|the responsibility of the initiator FCP_Port to determine the action (e.g., retry, allow ULP timeo|

:F
OR and an

Q_CNT field
nowledged
Lint is being

ut, or return

stathis to ULP) based on the information determined by REC and other internal states. The targgt FCP_Port
doep not initiate error recovery-for Class 3 (see 12.3.5).

Examples of data recovery during read operations are provided in figure C.17 through figure C.20.

12.4.1.8 fcp_confiwrecovery

Thig procedure-may be used whether or not an FCP device has agreed to Sequence level recovery.

Thig recovery-procedure is used by target devices using all service classes.

Target’FEP_Ports that implement confirmed completion shall set the RX_ID field value to a unique|value other

than

If the target FCP_Port has requested that the initiator FCP_Port transmit an FCP_CONF IU by setting the
FCP_CONF_REQ in the FCP_RSP IU, then the target FCP_Port may periodically poll the initiator FCP_Port by
transmitting REC to the initiator FCP_Port to determine if the FCP_CONF has been transmitted. Timing of
polling with the REC ELS is controlled by REC_TOV.
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If the initiator FCP_Port has sent the FCP_CONF IU, the reply to the REC from the target FCP_Port shall be a
LS_RJT with the reason code of “Logical error’ and reason code explanation set to “Invalid OX_ID-RX_ID
combination”. The target FCP_Port shall assume that the FCP_CONF IU was sent and release the Exchange.

If the initiator FCP_Port has received the FCP_RSP IU with the FCP_CONF_REQ bit set to one and has not
sent the FCP_CONF IU before the REC is received, the REC reply shall be an ACC indicating the Exchange is
still open. In this case the target FCP_Port shall wait REC_TOV and, if the FCP_CONF IU has not been
received, send another REC. The target FCP_Port shall repeat this process until the FCP_CONF IU is received,
a new FCP_CMND IU is received with the same ox_ID field value as the Exchange waiting for the FCP_CONF
IU, or until the Exchange is aborted.

If another ECP_CMND IU is received by the target FCP_Port with the same 0x_1ID field value as an Exchange

waiting for an FCP_CONF IU and with the RX_ID field value unassigned, the target FCP_Port shall assuyme that
the FCH_CONF IU was sent and release the Exchange.

Examples of recovery of FCP_CONF IUs are provided in figure C.23 through figure C.25.

12.4.2 [(Additional error recovery requirements
12.4.2.1 error indicated in ack
If an AQK is received with the F_CTL field Abort Sequence Condition bits set to Abort Sequence, Perform ABTS,

the Sequence Initiator shall send an ABTS for the Sequence. After R_A_TQV times out, an RRQ shall|be sent
by the §equence Initiator.

12.4.2.4 missing ack

FC-FS-2 requires that an ABTS(Sequence) be transmitted by a, Séquence Initiator detecting a missing|ACK. If
no ACKJhas been received within E_D_TOV, the target FCP_Port shall abort the sequence by sending an ABTS
request|with the PARAMETER field set to ABORT SEQUENCE. If a Recovery Qualifier range is returned in the
BA_ACC for the ABTS the target FCP_Port shall send an\RRQ at least R_A_TOVggq quaL after receipt of the
BA_ACC. Adjustment of subsequent sequence counts may be required as specified by FC-FS-2.

12.4.2.3 distinguishing exchange to be aborted

When gx_ID field values are reused within RCA_TOV and RX_ID field values are not used, and if there is a
missing|ACK to an FCP_RSP IU, a target-FCP_Port may attempt to abort a more recent Exchange that used
the same ox_ID field value. To prevent that, a target FCP_Port using acknowledged service behayior and
performjng error recovery shall:

a) sgt the RX_ID field to a_value other than FFFFh to distinguish outstanding Exchanges as described in
FC-FS-2; or

b) always request FCP.CONF IU.

If a Sequence error js\detected for an FCP_DATA IU performing a Data-Out action, the target FCP_Port shall

send an ACK Frame-with the Abort Sequence Condition bits set to “Abort Perform ABTS”.

Examplgs of data recovery for acknowledged services are shown in Annex C.

Recovefy‘abort shall be invoked for Exchanges that were not successfully recovered by the specififd error
recovery procedures.

12.5 Second-level error recovery

12.5.1 ABTS error recovery

If aresponse to an ABTS is not received within 2 times R_A_TOVE g, the initiator FCP_Port may send the ABTS
again, attempt other retry operations allowed by FC-FS-2, or explicitly logout the target FCP_Port. If those retry
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operations attempted are unsuccessful, the initiator FCP_Port shall explicitly logout (i.e., use FC-LS Logout,
LOGO) the target FCP_Port. All outstanding Exchanges with that target FCP_Port are terminated at the initiator
FCP_Port.

12.5.2 REC error recovery

If a

response to an REC is not received within 2 times R_A_TOVE g, the initiator FCP_Port shall:

1) send an ABTS(Exchange) for the REC followed by an RRQ if a BA_ACC is received for the ABTS; and

2) send another REC in a new Exchange.

If the response to the second REC is not received within 2 times R_A_TOVg_g, the initiator FCP_Port should

sen

an ABTS(Exchange) for the REC followed by an RRQ if a BA ACC is received for the ABTS:

Oth

ABT
me(

Ses

12.9

If a
AB1
sha

Ses

er retry mechanisms after the second REC fails are optional and, if implemented, shall compfy.w

hanisms are not successful.

figure C.26 through figure C.29.

).3 SRR error recovery

response to an SRR is not received within 2 times R_A_TOVg g, the initiator FCP_Port sh
[S(Exchange) for the SRR followed by an RRQ if a BA_ACC is receivedfor the ABTS. The initiatd
| then perform an ABTS(Exchange) for the original Exchange.

figure C.30 through figure C.33.

12.

Responses to FCP type frames before PLOGI or PRLI

If ajtarget FCP_Port receives an FCP_CMND IU from‘an"FCP_Port that is not successfully logge

tar
an
the
disg
Ifa
imp

t FCP_Port using either an implicit or explicit login*(i.e. PLOGI), it shall discard the FCP_CMN
w Exchange, send a LOGO request to that FECP_Port. No Exchange is created in the target F
Hiscarded request, and the Originator of the'discarded request terminates the Exchange associa
arded request and any other open Exchanges for the target FCP_Port sending the LOGO.

target FCP_Port receives an FCP_CMND IU from an FCP_Port that has not successfully comg
icit or explicit Process Login with.the target FCP_Port, it shall discard the FCP_CMND IU and

to the initiator FCP_Port. No Exchange is created in the recipient FCP_Port for the discarded requ

Orig

inator of the discarded réguest terminates the Exchange associated with the discarded reques

dev
Log

If a
FC’%
fra

device has not-performed successful implicit or explicit login and Process Login with the s¢
e, the FCP device shall discard and ignore the content of the frame. If login is not completg
ce may transmit a LOGO request to the source of the unexpected frame. If login is completed,
n is not completed, the FCP device may transmit a PRLO request to the source of the unexpe

th FC-FS-2.

S(Exchange) may be required to clear resources associated with the original failing Exchangg if the retry

all send an
r FCP_Port

d on to the
D |U and, in
CP_Port for
ted with the

leted either
send PRLO
pst, and the
t.

FCP device receives a frame of category 0001b or 0011b (i.e., solicited data or solicited confrol) and the

urce of the
d, the FCP
but Process
tted frame.
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Annex A - FCP-3 mapping to SAM-3

(normative)
A.1 Definition of procedure terms

FCP-3 services are provided to the application client by the initiator FCP_Port to request and manage tasks as
described by the SAM-3 standard. SAM-3 further defines how the target FCP_Port enables the device server
to receive and process the tasks addressed to a logical unit. The Fibre Channel protocol is described in terms
of the services provided by the initiator FCP_Port and target FCP_Port.

See table A.1 for the mapping of objects and identifiers used in this standard to the equivalent remote procedure

ABA

call ternrs—arnddefimtionsusedimtheSAV=3:

Table A.1 - FCP-3 procedure terms mapped to terms from SAM-3 standard

FCP-3 standard procedure terms Equivalent SAM-3.terms
afidress identifier of initiator FCP_Port initiator port identifier
afldress identifier of target FCP_Port target portdentifier
Pprt_Name of initiator FCP_Port initiator port name
Pprt_Name of target FCP_Port target port name
fLIIIy qualified exchange identifier I_T_L_Q Nexus
fdlly qualified exchange identifier + logical unit number I_T_L_Q Nexus

See table A.2 for the definitions of the terms used by this standard-ahd the equivalent SAM-3 namep of the
terms, the name of the standard where the procedure terms are defined, the standard where the binary qontents
of the tgrms are defined, and the routing of the terms. The routing shows:

a) the originating object of the term;
b) the object that is the final destination of the term; and
c) the objects that the term moves through to reach the final destination object.
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Table A.2 - Procedure terms

Standard Standard where
FCP terms where term | binary contents Term routing
defined of term defined
application client buffer offset SAM-3 SAM-3 .
DS & targ—® init
data buffer size SAM-3 SAM-3 .
AC & init
command descriptor block SAM-3 SAM-3/cmd L.
(rotet) AC & injt & targ » DS
Data-In Buffer SAM-3 cmd (note 2) O
DS —» targ—® init AC
Data-Out Buffer SAM-3 cmd (note 2 L.
( ) AC & init #»."targ —L DS
device server buffer SAM-3 cmd (note 2) L.
DS —»_ targ—® init
linitiator SCSI ID SAM-3 this standard
DS targ
or'TM = targ
link control function this standard this standard L.
AC & init ® targ
ogical unit number SAM-3 this standard .
AC & init & targ #» DS
or AC - init » targ = TM
or DS & targ—® ini
request byte count SAM-3 SAM-3
Y DS - targ
[service response SAM-3 this standard L.
DS & targ—® init # AC
or targ # DS
|status SAM-3 SAM-3 .
DS & targ—® init ¥ AC
task ta SAM-3 this standard L.

9 AC —» init # targ —L DS
or AC & init # targ » TM
or DS » targ—® ini

target port identifier SAM-3 this standard L.
AC —» init # targ # DS
or AC & init » targ = TM
or DS & targ
target port identifier #~initiator port identifier|  this standard this standard
targ # DS
or targ & TM
task attribute SAM-3 this standard .
AC & init & targ #» DS
Keyi"AC = application client, cmd = SCSI command standards, DS = device server, init 5 initiator,
SAM-3 = SAM-3, TM = task manager, targ = target
NOTE 1 The portions not defined in SAM-3 are defined in the SCSI command standards (e.g. SPC-3).
NOTE 2 Parameter lists are defined within one of the SCSI command standards (e.g., SPC-3). SCSI standards do not defing
non-parameter list information.
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Annex B - FCP examples
(informative)

B.1 Examples of the use of FCP Information Units (IUs)
B.1.1 Overview of examples

This annex provides examples of the use of FCP IUs. The functions enclosed in square brackets summarize
actions that are not specified by this standard, but are typically performed by SCSI initiators or targets.
Sequence streaming may be performed between any two |Us that do not transfer Sequence Initiative.

B.1.2 SCSI FCP read operation
A typicdl SCSI FCP read operation with a single data IU is shown in table B.1.

Table B.1 - FCP read operation, example

nitiator FCP_Port function U Target’FCP_Port function

Command request T1, FCP_CMND -

[Prepare data transfer]

<« 13, FCP_DATA Data-In action

[Prepare response message]

«— 14, FCP_RSP Response

[

ridicate command completion]
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B.1.3 SCSI FCP write operation
A typical SCSI FCP write operation with three data IUs and using FCP_XFER_RDY is shown in table B.2.

Table B.2 - FCP write operation, example

Initiator FCP_Port function U Target FCP_Port function
Command request T1, FCP_CMND -
[Prepare Data-Out transfer
buffer]
«— 1, FCP_XFER_RDY First data delivery request
First Data-Out Action T6, FCP_DATA -
«— 1, FCP_XFER_RDY Second data-delivery requégst
Second Data-Out Action T6, FCP_DATA -
“«— 1, FCP_XFER_RDY Last\data delivery request
Last Data-Out Action T6, FCP_DATA -
[Prepare response messade]
«— 14, FCP_RSP Response
[Indicate command completion]

B.1.4 SCSI FCP operation with no data transfer or with check condition

A typical SCSI FCP operation terminating without-data transfer, either because of an error or becauge the SCSI
command does not require any data transfer,is.shown in table B.3.

Table B.3 - FCR operation without data transfer, example

Initiator FCP_Port function U Target FCP_Port functioh

Command request T1, FCP_CMND -

[perform command]

« 14, FCP_RSP Response

[Indicate"eommand completion]
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B.1.5 SCSI FCP read operation with multiple FCP_DATA IUs
A typical SCSI read operation with multiple FCP_DATA IUs is shown in table B.4.

Table B.4 - FCP read operation, example

Initiator FCP_Port function U Target FCP_Port function

Command request T1, FCP_CMND -

[Prepare data transfer]

r= I3, FCP_DATA Data-n action
«— 13, FCP_DATA Data-In action
«— I3, FCP_DATA Data-In action

[Prepare response message]

«— 14, FCP_RSP Response

[Indicate command completion]

B.1.6 SCSI FCP write operation with FCP_XFR_RDY disabled

A typicdl SCSI write operation performed with FCP_XFER_RDY disabled is shown in table B.5. Only
transferlis performed without a requesting FCP_XFER_RDY.

Table B.5 - FCP write operation with FCP. XFER_RDY disabled, example

the first

Initiator FCP_Port function V) Target FCP_Port function

Cpmmand request T2, FCP_CMND -
Dqta-Out Action T6, FCP_DATA -

<« 11, FCP_XFER_RDY Second data delivery request
Data-Out Action T6, FCP_DATA -

“«— 1, FCP_XFER_RDY Last data delivery request
Data-Out Action T6, FCP_DATA -

[Prepare response message]

<« 14, FCP_RSP Response

[Indicate command completion]
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B.1.7 SCSI FCP bidirectional command with write before read

A typical SCSI FCP bidirectional command with a single data U transferred in each direction is shown in table
B.6. The command in the example accepts write data before returning read data.

Table B.6 - FCP bidirectional command with write before read, example

Initiator FCP_Port function U Target FCP_Port function
Command request T1, FCP_CMND -
[Prepare Data-Out transfer
buffer]
“— 1, FCP_XFER_RDY Data-Out delivery request
Data-Out action T6, FCP_DATA -
[Prepare Data-In transfer]
«— 13, FCP_DATA Data-In action
[Prepare response messade]
«— 14, FCP_RSP Response

[indicate command completion]

B.1.8 SCSI FCP bidirectional command with read before write

A typical SCSI FCP bidirectional command with a singleldata IU transferred in each direction is shpwn in table
B.7| The command in the example accepts write data before returning read data.

Table B.7 - FCP bidirectional command with read before write, example

Initiator FCP_Port function U Target FCP_Port funcfion

Command request T1, FCP_CMND -

[Prepare Data-In transfer]

<« 13, FCP_DATA Data-In action
[Prepare Data-Out transfer
buffer]
«— 1, FCP_XFER_RDY Data-Out delivery request
Data;Out action T6, FCP_DATA -
[Prepare response messade]
«— 14, FCP_RSP Response

[indicate command completion]
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B.1.9 SCSI FCP bidirectional command, write first, write FCP_XFER_RDY disabled

A SCSI FCP bidirectional command with three write data |Us and one read data IU is shown in table B.8. The
command in the example accepts write data before returning read data. The initial write FCP_XFER_RDY U
has been disabled during Process Login.

Table B.8 - FCP bidirectional command, write FCP_XFER_RDY disabled, example

Initiator FCP_Port function U Target FCP_Port function
Command request T1, FCP_CMND -
DJzta-Out action T6, FCP_DATA -
<« 11, FCP_XFER_RDY Second Data-Out delivery
request
Data-Out action T6, FCP_DATA -
«— 1, FCP_XFER_RDY Last Data-QOut delivery request
Data-Out action T6, FCP_DATA -

[Rrepare Data-In transfer]

<« 13, FCP_DATA Data-In action

[Prepare response message]

<« 14, FCP_RSP Response

[

rldicate command completion]
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B.1.10

A SCSI FCP bidirectional command with three data |Us transferred in each direction is shown in table B.9. The
command in the example accepts some write data before returning read data, but intermixes writes and reads

thereafter.

—91-—

SCSI FCP bidirectional command with intermixed writes and reads

Table B.9 - FCP bidirectional command with intermixed writes and reads, example

Initiator FCP_Port function

U

Target FCP_Port function

Command request

T1, FCP_CMND

[Prepare Data-Out transfer
buffer]

1, FCP_XFER_RDY First Data-Out delivery reqpest
Data-Out action T6, FCP_DATA
[Prepare‘\Data-In transfer]
13, FCP_DATA First Data-In action
11, FCP_XFER_RDY Second Data-Out delivery
request
Data-Out action T6, FCP_DATA
11, FCP_XFER,RDY Last Data-Out delivery reqpiest

Data-Out action T6, FCP~DATA
13, FCP_DATA Second Data-In action
13) FCP_DATA Last Data-In action
[Prepare response messade]
14, FCP_RSP Response

[indicate command completion]
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B.1.11 SCSI linked commands

A SCSI WRITE command linked after a SCSI READ command is shown in table B.10. The WRITE command
is using the FCP_XFER_RDY IU. INTERMEDIATE Status in the FCP_RSP, together with the link control bits
present in the CDB of the FCP_CMND indicate that the second operation is linked to the first.

Table B.10 - FCP linked commands, example

Initiator FCP_Port function U Target FCP_Port function

Command request (READ) T1, FCP_CMND —

[Prepare data transfer]

<« I3, FCP_DATA Data-In action

[Prepare response message]

<« 15, FCP_RSP Response (INTERMEDIATE or
INTERMEDIATE CONDITION
MET status)
[Perform command linking]
Command request (WRITE) T3, FCP_CMND -

[Prepare data transfer buffer]

“«— 11, FCP_XFER_RDY Data delivery request

Data-Out Action T6, FCP_DATA -

[Prepare response message]

“«— 14, ECP_RSP Response

[

rldicate command completion]
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B.1.12 SCSI WRITE command with confirmed completion

A SCSI WRITE command with confirmed completion is shown in table B.11.

Table B.11 - FCP write command with confirmed completion

Initiator FCP_Port function U Target FCP_Port function

Command request (WRITE) T1, FCP_CMND -

[Prepare data transfer]

<~ I'T, FCF_AFER_RDY Data delivery request

Data-Out action T6, FCP_DATA -

[Prepare response messade]

«— 15, FCP_RSP Response, with
FCP_CONF_REQ

[indicate command completion]

Confirm completion T12, FCP_CONF — |(JAccept confirmation]

B.1.13 SCSI FCP task management function

An example of a SCSI Task Management function is shown-in table B.12. Additional link serviges may be
required in some cases to complete the activities initiated by.the Task Management function.

Table B.12 - FCP task management function, example

Initiator FCP_Port function U Target FCP_Port fungtion

Command request, no CDB T1, FCP_CMND -

[Do Task Management]

<« 14, FCP_RSP Response

[Indicate task management complete]
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B.2 FCP write example, frame level

A chart of the Sequences and frames typically transmitted to perform an FCP write is shown in figure B.1. All
frames of a Sequence have a frame level FC-FS-2 acknowledgment returned automatically as part of the link

control.

Figure B.1 - Example of class 2 FCP write operation

Initiator Seq Initiator Frames Target Frames  Target Seq

FCP_CMND
FCP_CMND Frame (T1)

— SOFi2, ox_ID, Originator,
Initiator, First Seq, End Seq,
Xfer Seq Initiative, EOFn
ACK
RX_ID, EOFt
— FCP_XFER_RDY

FCP_XFER_RDY Frame (11)
-+— SOFi2, FQXID, Responder,
Initiator, End Seq,
Xfer Seq Initiative, EOFn

ACK, EOFt —
FCP_DATA —
FCP_DATA Frames (T6)
(See figure B 2) —
ACKs
(See figure B.2)

FCP_RSP

FCP_RSP Frame (14)
SOFi2, FQXID, Responder, —
-~ Initiator, Last Seq, End Seq,
Xfer Seq Initiative, EOFn

ACK, EOFt e
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Figure B.2 - Example of class 2 FCP_DATA write

— 05—

Initiator Seq

Initiator Frames

Target Frames

Target Seq

FCP_DATA

FCP_DATA Frame (T6)

— SOFi2, FQXID, Originator,
Initiator, RO,
Hold Seq Initiative, EOFn

FCP_DATA Frame (T6)
SOFn2, FQXID, Originator,
Initiator, RO,

Hold Seq Initiative, EOFn

FCP_DATA Frame (T6)
SOFn2/-FQXID, Originator,
Initiator, RO, End Seq,
Xfer Seq Initiative, EOFn

ACK

ACK

ACK, EOFt
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B.3 FCP read example, frame level

A chart of the Sequences typically transmitted to perform an FCP read is shown in figure B.3. All frames of a
Sequence have a frame level FC-FS-2 acknowledgment returned automatically as part of the link control.

Figure B.3 - Example of class 2 FCP read operation

[nitiator Seq Initiator Frames Target Frames  Target Seq

FCP_CMND
FCP_CMND Frame (T1)
SOFi2, ox_Ip, Originator,

Initiator, First Seq, End Seq,
Xfer Seq Initiative, EOFn
ACK
-« RX_ID, EOFt

FCP_DATA
FCP_.DATA Frames (13)

(See figure B.4)
ACKs
(See figure B.4) >
FCP_RSP
FCP_RSP Frame (14)
[ — SOFi2, FQXID, Responder,
Initiator, Last Seq, End Seq,
Xfer Seq Initiative, EOFn
ACK, EOFt
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Figure B.4 - Example of class 2 FCP_DATA read

FCP FCP
Initiator Seq Initiator Frames

FCP
Target Frames

ACK

ACK

ACK, EOFt

FCP_DATA Frame (13)
SOFi2, FQXID, Responder,
Initiator, RO,

Hold Seq Initiative, EOFn

—
[ ]

FCP_DATA Frame (I3)
SOFn2, FQXID, Responder,
Initiator, RO,

Hold Seq Initiative, EOFn

—
°
°
°

FCP_DATA Frame (I3)
SOFn2, FQXID, Responder,
Initiator, RO, End Seq,
Hold Seq initiative, EOFn

.

Target Seq
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Annex C - Error detection and recovery action examples
(informative)

C.1 Introduction

This informative annex diagrams various error detection and recovery procedures for FCP devices conforming
to this standard. These examples include cases where recovery mechanisms specified by FC-FS-2 interact with
recovery mechanisms specified by this standard. The conventions for the diagrams are shown in table C.1.

Table-CA—Di Drawine-C G

Drawing Convention Meaning

. Acknowledged or
UnacknowledgedFrame

______________ > Acknowledgement Frame

r——-

fimeout value exceeded,
I caused transmission of IU,
L— FC-4 Link Service, or ELS

IU or ELS received is
processed to transmit 1U,
. FC-4 Link Service, or ELS

X Frame lost or dropped

Error detection complete.
. Operation continues with
Cl Continue specified error recovery if
continuously increasing
Sequence count
prerequisites are met.

Error detection complete.
Operation continues with
specified error recovery if
continuously increasing
Sequence count
prerequisites are not met.

Continue
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Figure C.1 - Lengthy FCP_CMND or Lost ACK

Status Detection

Unacknowledged Classes

Acknowledged Classes

REC may be used at any time to ascertain status of an Exchange. It may also
be used in conjunction with ABTS(Sequence) to obtain additional information

useful in the error recovery progess.

No Error Recovery

The LS_ACC for the‘REC indicates the Exchange is open and the target
FCP_Port holds Sequence Initiative. No error recovery is required.

FCP_CMND FCP_CMND
REC_TOV - REC_TOV _ _ -
| o
L | REC - EDTOV | | q — _ _ ACK |
|
< ACC L REC -
Init Targ ACK
Continue Bl il
< ACQ
- _A% _—— — .»
Init Continue Targ
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Figure C.2 - FCP_CMND Lost, Unacknowledged Classes

Error Detection

REC_TOV FCP_CMND
r— +——»X
t
L REC -
LS RJT
-
Init Targ
Continue

Error Recovery
The LS_RJT (Logical Error, Invalid OX_ID’> RX_ID combination) for the REC

indicates the Exchange is unknown. The FCP_CMND is retransmitted in a
new Exchange using the same CRN.and in the same class of service.

| FCP_CMND

Init Targ
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Figure C.3 - FCP_CMND Lost, Acknowledged Classes

Error Detection

FCP_CMND
Eptov r— 1T—®»X
|

L g ABTS (Sequence)

R_A_TOV

]
!
Y

Ini Targ

The BA_ACC indicates thatthe FCP_CMND was never received. The
BA_ACC payload is SEQAID VALIDITY = invalid, LOWEST SEQ_CNT =0, HIGHEST
SEQ_CNT = SEQ_CNT.field value of the ABTS frame. Both the initiator
FCP_Port and target FCP_Port establish Recovery Qualifiers. The value |of
R_A_TOV for.in-order delivery is zero. The use of REC to determine statuis
for error recovery is optional. The FCP_CMND is retransmitted in a new Ex-
change using the same CRN and in the same class of service.

Error Recovery

FCP_CMND

Init Targ
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Figure C.4 - FCP_CMND Acknowledgement Lost, Acknowledged Classes

Error Detection

FCP_CMND
EDTOV r — >
' ACK
| X e -—=—-
|
t
L | ABTS (Sequence) o |
ACK
- — — — = —
BA ACC
r— -
| ACK
Cl T T T T T >
I
I
RATOV Exchange continues
Reclaim No recovery needed
Initiator
Recovery
Qualifier
Ini Targ

No Error Recovery
The BA_ACC(Payload indicates that FCP_CMND was received. The
BA_ACC payload is SEQ_ID VALIDITY, SEQ_ID field value of the FCP_CMND,
LOWEST-SEQ_CNT = HIGHEST SEQ_CNT = SEQ_CNT field value of the
FCP_CMND. The issuance of RRQ is not necessary in this case, since the
target-FCP_Port has not established a Recovery Qualifier. However, the ini-
tiator FCP_Port is not able to reclaim the resources associated with its Re-
covery Qualifier until R_A_TOV timeout expires. The value for R_A_TOV is
zero for in-order delivery. The use of REC to determine status for error recov-
ery is optional.
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Figure C.5 - FCP_XFER_RDY Lost, Unacknowledged Classes

-103 -

Error Detection

SRR

REC_TOV FCP_CMND
r— |
| FCP_XFER_RDY
I (RO=0)
| X=—]
|
L | REC -
ACC
REC_ Tov: "~ T
Wait REC_TOV*. If !
FCP_XFER_RDY is returned, |
continue with the Exchange. |
(ACC to REC arrived before |
FCP_XFER_RDY, outof or- L
der). Otherwise continue re-
covery. Continue
Init Targ

Error Recovery

The ACC for the REC indicatessthe initiator FCP_Port holds Sequence Initiative an
Exchange is open. The initiator FCP_Port sends an SRR requesting the
FCP_XFER_RDY be resent. The target FCP_Port resends the FCP_XFER_RDY
the same Relative Offset: A new SEQ_ID is used for retransmission of the
FCP_XFER_RDY.For in-order delivery, the value of REC_TOV* is zero.

ACC

LoD YOCD DN/ /DA

d the

Ising

Init

¢

POl _AFLIN,_INUT \I\\J_\J}

Targ
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Figure C.6 - FCP_XFER_RDY Lost, Acknowledged Classes

Error Detection
FCP_CMND

FCP_XFER_RDY

x (RO=0) E_D_TOV

ABTS (Sequence)

Jd1

A

P — 1 RATOV
ACK |

______ |
|
|
-t - )

Continue
Init * Targ
Error Recovery

Fgr acknowledged classes, the.BA_ACC indicates that the FCP_XFER_RDY was never|re-
cqived by the initiator. The BALACC payload is SEQ_ID VALIDITY = invalid, LOWEST SEQ_CNT
=D, HIGHEST SEQ_CNT = SEQCNT field value in ABTS frame = 1. Both target and initiato
FCP_Ports establish Recovery Qualifiers. The value for R_A_TOV* for in-order delivery |is
zdro. A new SEQ_ID.is:used in the retransmission of FCP_XFER RDY. The use of REC|to
dgtermine status far error recovery is optional.

SRR
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Figure C.7 - FCP_XFER_RDY Received, ACK Lost, Acknowledged Classes

- 105 -

Error Detection

FCP_CMND
|
ACK
FCP_XFER_RDY
(RO=0) oy
C_U_TUV
-l 1
|
ACK
- — — X |
|
- ABTS (Sequence) oy
ACK
______ _>
BA_ACC
- — )~ 7 RATOW
ACK |
- == ] | Reclaim
Initiator
Exchange continues Recqyery
Qualifier
No recovefy needed

Init Targ

No Error Recovery

The BA_ACC indicates that the FCP_XFER_RDY was received by the initiator
The BA_AEC payload is SEQ_ID VALIDITY, SEQ_ID = SEQ_ID field of the
FCP_XFER_RDY frame, LOWEST SEQ_CNT = HIGHEST SEQ_CNT = SEQ_CNT fielg
value of the ABTS frame. No error recovery is required. There is no need for th
target FCP_Port to issue the RRQ since no Recovery Qualifier was established
bythe initiator FCP_Port in this case. It still lets R_A_TOV* expire before reclain
ing the resources associated with its Recovery Qualifier. The value of R_A_TOV|
for in-order delivery is zero, The use of REC to determine status for error recover

D

*

Is optional.



https://iecnorm.com/api/?name=bc6ff2e8b640eb754e317914eb0edc2b

- 106 —

14776-223 © ISO/IEC:2008(E)

Figure C.8 - FCP_RSP Lost, FCP_CONF not requested, Unacknowledged Classes

Error Detection

REC_TOV FCP_CMND
r— -
| FCP_RSP
I X4 — — -
: | RR_TOVSEO INI
Lol REC > :
.| A
REC_TOV* | - cc v
Wajt REC_TOV. If FCP_RSP |
is r¢turned, continue with the |
Exghange. ACCto RECar- L _p
rived before FCP_RSP was ,
sent). Otherwise, perform error Continue
recpvery.
Init Targ

D.

efined in 12.4.1.5.

7o N3 NE —

SRR

Error Recovery

he ACC for the REC indicates the initiator holds‘Sequence Initiative and the Exchange
complete. The initiator sends an SRR requesting the FCP_RSP be resent. The target
CP_Port retransmits the FCP_RSP. For insorder delivery, the value of REC_TOV* is ze

or Sequence level recovery, the target FCP_Port keeps the context of this Exchange as

or Exchange level recovery, the context of the Exchange may be purged by the target
CP_Port after FCP_RSP is\transmitted.

ACC

Infalnllinlalnl

LA AN
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Figure C.9 - FCP_RSP Lost, FCP_CONF not requested, Acknowledged Classes

-107 -

Error Detection
FCP_CMND

Xe—— |

FCP_RSP ED TOV

1 |

ABTS (Sequence)

Init

Error Recovery

A_

R_A,TOV*

BA_ACC to ABTS indicates that the FCP_RSP was never received by the initiator FCR_Port
. The payload is SEQ_ID VALIDITY = invalid, LOWEST SEQ_CNT = 0, HIGHEST SEQ_CNT 3
SEQ_CNT field value in ABTS frame = 1. Both initiator and target FCP_Ports establish Recov-
ery Qualifiers. The value of R_A_TOV* for in-order delivery is zero. A new SEQ_ID ig used
in the retransmission of FCP_RSP. The use of REC to determine status for error recoyery is
optional.
SRR
-
ACK
€ — — — — — — — — -
ACC
-
ACK
_________ E =
FCP_RSP
¢
ACK
_________ _>
Init Targ
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Figure C.10 - FCP_RSP Lost Read Command, no FCP_CONF, Acknowledged Classes

Error Detection

FCP_CMND

FCP_DATA

ACK

FCP_RSP
X<4——+ -

ABTS (Sequence

Init Targ

Error Recovery

BA_ ACC to ABTS indicates that the FEP_RSP was never received by the initiator FCP_Pqrt.
THe payload is SEQ_ID VALIDITY = valid, SEQ_ID = SEQ_ID field of FCP_DATA Sequence, LQw-
EST SEQ_CNT = X, HIGHEST SEQ_'CNT = SEQ_CNT field value in ABTS frame. Both initiator apd
target FCP_Ports establish.Recovery Qualifiers. The value of R_A_TOV* for in-order deliv-
ery is zero. A new SEQ_ID,is used in the retransmission of FCP_RSP.
The use of REC to determine status for error recovery is optional.

SRR
-
ACK
i s
-
ACK
_________ _>
FCP_RSP
¢
ACK
_________ _>
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Figure C.11 - FCP_RSP Received, ACK Lost, Acknowledged Classes, Example 1

Error Detection

Acknowledged Classes

FCP_CMND
o
ACK
-t — — — — — A
< FCP_RSP
ACK 1
- — — X | E_D_TOV,
ACK -
______ L -
BA RJT
) gl Sy
ACK | ST
. — — — = — - | .
Reclaim
Target
. Recovery
Init Tar
g Qualifier

No Error Recovery

The BA_RJT for the ABTS'indicates with reason code of Logical Error and
the reason code explanation of Invalid OX_ID - RX_ID Combination that thg
Exchange is unknewh and therefore complete. No error recovery is required
The target FCP2Port establishes a Recovery Qualifier. The associated re-
sources arenot reused for a period of R_A_TOV. For in-order delivery, the
value of R- A”TOV* is zero. The target FCP_Port does not need to issue

RRQ as-no Recovery Qualifier was established by the initiator FCP_Port.
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Figure C.12 - FCP_RSP Received, ACK Lost, Acknowledged Classes, Example 2

Error Detection

FCP_CMND, 0X_ID=j, RX_ID=FFFFh

| E_D_TOV
-l
ABTS (Sequence),
OX_ID=j, RX_ID=h

g D TOV
E_D| TOV Timer
stops
R_A TOV*
- — 7
Reclaim Target
FCP_Port Recovery
Qualifier

No'Error Recovery

The BA_RJT for the ABTS indicates that the Exchange is unknown and therefore compldte
and no error recovery is required. The target FCP_Port establishes a Recovery Qualifief.
The associated resources-are not reused for a period of R_A_TOV.

Np action is taken onABTS until the ACK to the outstanding Sequence has been receivgd,
allowing the analysis to take into consideration the rRx_iD field value, to eliminate ambiguity.
For in-order delivery, the value of R_A_TOV* is zero.
The target ECP."Port need not issue RRQ, as no Recovery Qualifier was established by the
infitiator FER-. Port.
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