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INFORMATION TECHNOLOGY -
SMALL COMPUTER SYSTEM INTERFACE (SCSI) —
Part 224: Fibre Channel Protocol, fourth version (FCP-4)

FOREWORD

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission)
form the specialized system for worldwide standardization. National bodies that are members of ISO or IEC
participate in the development of International Standards through technical committees established by the

in liaison with ISO and IEC, also take part in the work. In the field of information technology, ISO and\IEC
established a joint technical committee, ISO/IEC JTC 1.

The formal decisions or agreements of IEC and ISO on technical matters express, as nearly) as possibl

from all interested IEC National Committees and ISO member bodies.

that the technical content of IEC, ISO and ISO/IEC publications is accurate, IEC or ISO cannot be
responsible for the way in which they are used or for any misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees/and 1SO member bodies underta
apply IEC, ISO and ISO/IEC publications transparently to the maximumextent possible in their nationa

national or regional publication should be clearly indicated in the latter.

assessment services and, in some areas, access to IEC marks of conformity. ISO or IEC are not responsib
any services carried out by independent certification badies.

All users should ensure that they have the latest edition’ of this publication.

No liability shall attach to IEC or ISO or its directors, employees, servants or agents including individual ex|
and members of their technical committees and [EC National Committees or ISO member bodies for any per
injury, property damage or other damage~0f any nature whatsoever, whether direct or indirect, or for

publication or any other IEC, ISO or ISO/IEC publications.

Attention is drawn to the normative references cited in this publication. Use of the referenced publicatio
indispensable for the correct application of this publication.

patent rights. ISO and_IEC shall not be held responsible for identifying any or all such patent rights.

[tees
ntal,
have

e, an

international consensus of opinion on the relevant subjects since each technical committee has representption

IEC, ISO and ISO/IEC publications have the form of recommendations for international\use and are acceptgd by
IEC National Committees and ISO member bodies in that sense. While all reasonable’efforts are made to erjsure

held

e to
and

regional publications. Any divergence between any ISO, IEC or¢JSO7IEC publication and the corresponjding

ISO and IEC do not provide any attestation of conformity. Andependent certification bodies provide confofmity

e for

berts
onal
osts

(including legal fees) and expenses arising out of the publication of, use of, or reliance upon, this ISQ/IEC

hs is

Attention is drawn to the possibility that some of the elements of this ISO/IEC publication may be the subjgct of

Intefrnational Standard ISO/IEC 14776-224 was prepared by subcommittee 25: Interconnegtion

of i
tech

The

nformatiofn/technology equipment, of ISO/IEC joint technical committee 1: Informa
nology.

list\of all currently available parts of the ISO/IEC 14776 series, under the general

Infg

rmadtion technology — Small computer system interface (SCSI), can be found on the

tion

title
IEC

and

The

ISO websites.

text for this standard is based on the following document:

CbhV Report on voting

JTC1-SC25/2833/CDV JTC1-SC25/2881/RVC

Full information on the voting for the approval of this standard can be found in the report on voting
indicated in the above table.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2 except as
indicated in 3.4.

A bilingual version of this publication may be issued at a later date.
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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-3 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 stangard
frame format and standard hierarchy of transmission units to transmit the Information Units that-garry
SC$l information.

Thig standard is divided into the following clauses:

Clause 1 is the scope of this standard.

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

Llause 3 describes the terms, definitions, abbreviations, and conventians used in this standard
Clause 4 provides an overview of the protocol for transmitting SCShinformation over Fibre Channel.
Clause 5 describes the FC-FS-3 frame header.

Clause 6 describes the Basic Link Services and Extended_Link Services used by the protocql for
ransmitting SCSI information over Fibre Channel.

L . WY . WY . WY . WY . WY . ¥

Clause 7 describes the Name Server objects definedfor FCP-4.

q
Clause 8 describes the FCP FC-4 Link Service definitions for the protocol for transmitting §CSI
information over Fibre Channel.

Clause 9 describes the Information Unjts Used to transfer SCSI commands, data, and status acyoss
g Fibre Channel connection.

Clause 10 defines the SCSI mode'pages used by the protocol for transmitting SCSI information pver
Fibre Channel.

Clause 11 defines the timers used for FCP-4 operation and recovery.

Clause 12 defines the\link error detection and error recovery procedures for FCP-4.

Thig standard hastthe following annexes:

Annex A issa normative description of the relationship between the services defined by SAM-5|and
he corresponding functions defined by this standard.

—

Anfex B is an informative annex that provides examples of the protocol for transmitting §CSI
i

P 4 cop.
HOTMMauorr over ror.

Annex C is an informative annex providing examples of the FCP-4 error recovery mechanisms.
Annex D is an informative annex describing techniques for discovering FCP device capabilities.

Annex E is an informative annex providing examples of the content of ELSs used during FCP-4
recovery operations.

This standard is part of ISO/IEC 14476 (all parts) 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 model for the family of standards is ISO/IEC 14776-415, Information technology - Small
computer system interface (SCSI) - Part 415: SCSI architecture model - 5 (SAM-5).
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INFORMATION TECHNOLOGY -
SMALL COMPUTER SYSTEM INTERFACE (SCSI) —
Part 224: Fibre Channel Protocol, fourth version (FCP-4)

Scope

This part of ISO/IEC 14776 defines a fourth 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

use
verg
rem
recd

The
con

app
ame

ISO
AL-

ISO
415

ISO
454

INC

INC
(FC

INC

ING
NV

ING
Map

INC
Dev

SFH

oves information that is now contained in other standards, and describes additional
very capabilities for the Fibre Channel Protocol.

Normative references

following documents are referred to in the text in such a way-that some or all of t
ent constitutes requirements of this document. For dated referenees, only the edition g
ies. For undated references, the latest edition of the referenced document (including
ndments) applies.

IEC 14165-122, Information technology - Fibre channel - Part 122: Arbitrated loop-2
)

IEC 14776-415, Information technology - Smatl~computer system interface (SCSI) -
- SCSI architecture model - 5 (SAM-5)

IEC 14776-454, Information technology - Small computer system interface (SCSI) -
- SCSI Primary Commands - 4 (SPC-4)

ITS 463-2010, Information Technology - Fibre Channel Generic Services - 6 (FC-GS-6

ITS 470-2011, Information Technoelogy - Fibre Channel Framing and Signaling Interface
-FS-3)

ITS 477-2011, Information{Technology - Fibre Channel - Link Services - 2 (FC-LS-2)

ITS 540, Information. Technology - Fibre Channel - Non-Volatile Memory Express
e)

ping Protocol.-- 6 (FC-SB-6)

ITS TR-49z2012, INCITS Technical Report For Information Technology - Fibre Chann
ice Attach - 2 (FC-DA-2)

document SFF-8067, 40-pin SCA-2 Connector w/Bidirectional ESI 1

d to perform the services defined by the SCSI Architecture Model - 5 (SAM-5). This f:Frth

ITS 544, Information technology - Fibre Channel - Single-Byte Command Code $

ion includes additions and clarifications to the third version (ISO/IEC 14776-223:2008),

rror

heir
ited
any

Fc-

Part

Part

FC-

ets

el -

1. SFF specifications are available from the SNIA SFF Technology Affiliate (see
http://www.snia.org/sff).
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3 Terms, definitions, abbreviations and conventions

3.1 Terms and definitions

3.141
acknowledged class
class of service that acknowledges transfers

Note 1 to entry: An example of an acknowledged class is class 2.
Note 2 to entry: See FC-FS-3.

3.1.2

addfess identifier
addfess value used to identify the source (S_ID) or destination (D_ID) of a frame
Notg 1 to entry: See FC-FS-3.

3.1.
application client
objgct that is the source of SCSI commands and task management function requests

Notg 1 to entry: See SAM-5.

ication client buffer offset

offset in bytes from the beginning of the application client’s buffery(i.e., data-in or data-out) tg
location for the transfer of the first byte of a data delivery service request

Notd 1 to entry: See SAM-5.

3.1.p
conpmand
reqyest describing a unit of work to be performed by a-device server

Notg 1 to entry: See SAM-5.

3186
conmmand descriptor block
CcDh
strugture used to communicate a command from an application client to a device server
Notd 1 to entry: See SAM-5.

31y
command identifier
nunerical identifier of a command

Notqg 1 to entry: See Apnex’A and SAM-5.

318
data buffer size

upper limit on-the amount of data (i.e., data-in or data-out) to be transferred by the command
Notd 1 tolentry: See SAM-5.

3.1.8

Data frame
FC-4 Device_Data frame, FC-4 Video_Data frame, or Link_Data frame
Note 1 to entry: See FC-FS-3.

3.1.10
data overlay

the

random buffer access capability where data is transmitted using the same application client buffer

offset more than one time during the set of delivery actions performed by a single command
Note 1 to entry: See 6.3.3, 6.3.4, and 9.4.
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3.1.1

Des

tination_ldentifier

D_ID
address identifier used to indicate the destination of the transmitted frame
Note 1 to entry: See FC-FS-3.

3.1.12

device server
object within the logical unit that processes SCSI commands and enforces the rules for task
management

Note 1 to entry: See SAM-5.

019

3.1.
disd
rem
and
Notg

3.1.
Exc
bas
Seq
Note
(RX
Note

3.1.
FCH
dev

3.1.
FCEF
SCS
Note
Notg

3.1
FCR
SCS

3.1.
FCH
Nx_|

31.
fully
FQX

13
ard
bve a frame or Sequence from the destination buffer without making use of the frame.or'Sequs
without notifying upper layers of the receipt of the frame or Sequence
1 to entry: See FC-FS-3.

14
hange
¢ mechanism that transfers information consisting of one or moére related non-concur
uences that may flow in the same or opposite directions

1 to entry: The Exchange is identified by an Originator Exchange_ID (©@X) D) and a Responder Exchang
| ID).

2 to entry: See FC-FS-3.

15
device
ce containing one or more FCP_Ports operating as.an initiator FCP_Port and/or a target FCP_|

16

Exchange

| I/O operation for the Fibre Channel FC:2 layer

1 to entry: The SCSI I/O operation for Fibre Channel is contained in a Fibre Channel Exchange.
2 to entry: See FC-FS-3 and 4.1.

17
1/0 operation
| I/O operation for the Fibre Channel FC-4 layer, as defined in this standard

18
_Port
Port that supparts the SCSI Fibre Channel Protocol

19
 qualified Exchange identifier
(1D

set

nce

rent

e ID

Port

bf addresses and values used to uniquely identify an FCP /O operation

Note 1 to entry: See 4.16.

3.1.20
image pair

origi

nating and responding processes related by a Process Login operation

Note 1 to entry: For the Fibre Channel Protocol, the image pair is composed of one initiator FCP_Port and one
target FCP_Port.

Note 2 to entry: See FC-LS-2.

3.1.21
L_T nexus loss
condition resulting from the events defined by SAM-5 in which the SCSI device performs the |_T nexus

loss

operations described in SAM-5, SPC-4, and this standard
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3.1.22
L_T nexus loss notification
SCSil transport protocol specific event that results in an |_T nexus loss as described in SAM-5

3.1.23

Information Unit

U

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-3)

3.1.24
initi tor EOD Dot

OT T Of T UTC

FCR_Port using the Fibre Channel Protocol to perform the SCSI initiator device functions definef by

initiptor port name
namle of a SCSI initiator port
Notqg 1 to entry: See SAM-5.

3.1.p7

interconnect tenancy
peripd of time that an FCP device owns or may access a'shared Fibre Channel link such as an FC{AL-
2 lopp

Notd 1 to entry: See 10.2.1.

3.1.28
logi
extgrnally addressable entity within a SGSI target device that implements a SCSI device model|and

initialization primitive
itive tiSed in Fibre Channel arbitrated loops to start loop initialization
Notd 140 entry: See FC-AL-2.

3.1.31

management logical unit

logical unit that only performs management functions (e.g., device configuration and discovery of
devices)

Note 1 to entry: See SAM-5.

3.1.32

Name_Ildentifier

64-bit identifier, with a 60-bit value preceded with a 4 bit Network _ Address_Authority Identifier, used to
identify entities in Fibre Channel (e.g., N_Port, Node, F_Port, or Fabric)

Note 1 to entry: See FC-FS-3.
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3.1.33

Name Server

Fibre Channel service accessed through a well-known address identifier that uses the Common
Transfer (CT) protocol as defined in FC-GS-6 to allow a client to determine the address identifier and
properties of devices attached to a Fibre Channel switching fabric

Note 1 to entry: See FC-GS-6.

3.1.34

Node_Name

Name_ldentifier associated with a Node
Note 1 to entry: See FC-FS-3.

ort that contains arbitrated loop functions associated with the Fibre Channel arbitrated |oop

logy
1 to entry: See FC-AL-2.

ort
ware entity that supports the FC-FS-3 FC-2 layer and may act as an Qriginator, a Responder, or

1 to entry: See FC-FS-3.

Channel Extended Link Service (ELS) that exchanges identification and operation paramgters
een an originating N_Port and a responding N_Port
1 to entry: See FC-LS-2.

.38
ort_Name
e_ldentifier (see FC-FS-3) associated with an Nx_Port

B9
Port

identifier assigned by an Originator to identify an Exchange
Note 1 to entry: See 3.1.48 and FC-FS-3.

3.1.42

private loop

arbitrated loop operating with no attached fabric loop ports
Note 1 to entry: See FC-DA-2.

3.1.43

public loop

arbitrated loop operating with an attached fabric loop port
Note 1 to entry: See FC-DA-2.
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3.1.44

random buffer access

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

Note 1 to entry: See SAM-5.

3.1.45
read operation
operation that uses the Data-In action, IU 13 (see 9.1)

3.1.46

request 'uyte count

nunber of bytes to be moved by a data delivery service request
Notqg 1 to entry: See SAM-5.

3.1.47
Resjponder
logi¢al function in an N_Port responsible for supporting the Exchange initiated\ by the Originator in
another N_Port

Notd 1 to entry: See FC-FS-3.

3.1.48
onder Exchange_ID

device that contains one or more SCSI ports thatare each connected to a service delivery subsygtem

SCSl initiator device
SC$I device (see 3.4.49) containing application clients (see 3.1.3) and SCSI initiator ports (see 3.1.52)
Notd 1 to entry: SCSI'Initiator devices originate device service and task management requests (see SAM-5) fo be

processed by a-SCSI target device (see 3.1.53) and receive device service and task management responses [from
SCY target devices.

Notd 2 to(entry: See SAM-5.

3.1.82

SCSil initiator port
SCSil initiator device (see SAM-5) object that acts as the connection between application clients and a
service delivery subsystem through which requests and responses are routed

Note 1 to entry: See SAM-5.

3.1.53

SCSI target device

SCSI device (see 3.1.49) containing logical units (see 3.1.28) and SCSI target ports (see 3.1.54)

Note 1 to entry: SCSI target devices receive device service and task management requests (see SAM-5) for
processing and send device service and task management responses to SCSI initiator devices.

Note 2 to entry: See SAM-5.
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3.1.54

SCSI target port

SCSI target device (see SAM-5) object that acts as the connection between device servers and task
managers and a service delivery subsystem through which requests and responses are routed

Note 1 to entry: See SAM-5.

3.1.55

sense data

data describing command completion information that a device server delivers to an application client in
an FCP_RSP IU along with the status or as parameter data in response to a REQUEST SENSE
command

Notqg 1 to entry: See SPC-4.

3.1.56
Sequence
set pf one or more Data frames (see 3.1.9) with a common Sequence_ID (SEQ_ID), transmitted
unidirectionally from one N_Port to another N_Port with a corresponding responsk, if applicdble,
trangmitted in response to each Data frame
Notd 1 to entry: See FC-FS-3.

and

d by

Not¢ 1ta entry: In this standard the address identifier of the target FCP_Port is a target port identiffer.

3.1.62

target port name

name of a SCSI target port
Note 1 to entry: See SAM-5.

3.1.63

task attribute

attribute of a command (see 3.1.5) that specifies the processing relationship of a command with regard
to other commands in the task set

EXAMPLE - Examples of task attributes are SIMPLE, ORDERED, HEAD OF QUEUE, ACA.

Note 1 to entry: See SAM-5.
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3.1

.64

task management function
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
Note 1 to entry: See SAM-5.

3.1

.65

task retry identifier
identifier that is used to associate a command and the Link Services used to retry any of the command

IUs
3.1.
unacknowledged class
clasp of service that does not acknowledge transfers
Notd 1 to entry: An example of an unacknowledged class is class 3.
Notd 2 to entry: See FC-FS-3.
3.1.67
Wor:LIdwide_Name
Name_ldentifier that is worldwide unique, and represented by a 64-bit value
Notqg 1 to entry: See FC-FS-3.
3.1.68
word
string of four contiguous bytes occurring on boundaries that are zero modulo 4 from a spec|fied
refefence
Notd 1 to entry: See FC-FS-3.
3.1.69
write operation
opefation that uses the Data-Out action, IU T6 (s€e 9.1)
3.2| Abbreviations
BTS Abort Sequénce Basic Link Service (see FC-FS-3)
BTS-LS ABTS with the PARAMETER field bit O set to zero (i.e., Abort Exchange) (see|FC-
FS-3)
A_ACC Basic Link Service Accept (Basic_Accept) (see FC-FS-3)
A_RJT Basic Link Service Reject (Basic_Reject) (see FC-FS-3)
LS Basic Link Service (see FC-FS-3)
DB command descriptor block (see 3.1.6)
RN Command Reference Number (see 4.4 and 9.2.2.2)
D_ID Destination_Identifier (see 3.17.77)
ELS Extended Link Service (see FC-LS-2)
FC Fibre Channel (see FC-FS-3)
FC-AL-2 Fibre Channel Arbitrated Loop-2 and Fibre Channel Arbitrated Loop-
2/Amd1 (see clause 2)
FC-FS-3 Fibre Channel Framing and Signaling Interface - 3 (see clause 2)
FC-GS-6 Fibre Channel Generic Services - 6 (see clause 2)
FC-LS-2 Fibre Channel - Link Services - 2 (see clause 2)

FCP Refers to this standard
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FCP_ACC FCP FC-4 Link Service Accept
FCP_LS FCP FC-4 Link Service
FCP_RJT FCP FC-4 Link Service Reject (see 8.4)
FCP-4 This standard
FC-4 Fibre Channel Layer 4 mapping layer (see FC-FS-3)
FLOGI Fabric Login (see FC-LS-2)
FQXID fully qualified Exchange identifier (see 3.1.19)
I identifier
I Information Unit (see 3.1.23)
IFA Loop Initialization Fabric Assigned (see FC-AL-2)
IHA Loop Initialization Hard Assigned (see FC-AL-2)
IP Loop Initialization Primitive (see FC-AL-2)
IPA Loop Initialization Previously Assigned (see FC-AL-2)
ISA Loop Initialization Soft Assigned (see FC-AL-2)
ISM Loop Initialization Select Master (see FC-AL-2)
oGO Logout (see FC-LS-2)
S Link Service
S _ACC Link Service Accept reply Sequénce
S _RJT Link Service Reject reply Sequence
UN logical unit number
A Not Applicable
X_ID Originator Exchange Identifier (see 3.1.41)
LOGI N_Port Login (see FC-LS-2)
RLI Process Login (see 6.3 and FC-LS-2)
RLO Rrocess Logout (see 6.4 and FC-LS-2)
EC Read Exchange Concise (see 6.5 and FC-LS-2)
RQ Reinstate Recovery Qualifier (see 6.5 and FC-LS-2)
X_ID Responder Exchange_ID (see 3.1.48)
AM-5 SCSI Architecture Model - 5 (see clause 2)
S_ID Source_ldentifier (see 3.1.58)
SEQ_ID Sequence_ID
SPC-4 SCSI Primary Commands - 4 (see clause 2)
SRR Sequence Retransmission Request (see 8.2)
TPRLO Third Party Process Logout (see FC-LS-2)

ULP upper layer protocol (see FC-FS-3)
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3.3 Keywords

3.31

invalid

keyword used to describe an illegal or unsupported bit, byte, word, field or code value
Note 1 to entry: Receipt of an invalid bit, byte, word, field or code value shall be reported as error.

3.3.2
mandatory
keyword indicating an item that is required to be implemented as defined in this standard

keyyvord that indicates flexibility of choice with no implied preference
Notqg 1 to entry: Equivalent to “may or may not”.

3.3.
may not

keyyvord that indicates flexibility of choice with no implied preference
Notqg 1 to entry: Equivalent to “may or may not”.

3.3.
obsplete
key\word indicating that an item was defined in a prior SCSI standard but has been removed from
standard

3.3.
optional
key\ord that describes features that are not required ti0«be implemented by this standard

Notd 1 to entry: If any optional feature defined by this standard is implemented, then it shall be implementg
defirjed in this standard.

3.3.
resérved

keyword referring to bits, bytes, words, fields and code values that are set aside for fu
standardization

Notg 1 to entry: A reserved bit, byte, wWord or field shall be set to zero, or in accordance with a future extensi
this $tandard.

Notqg 2 to entry: Recipients are notrequired to check reserved bits, bytes, words or fields for zero values.
Notq 3 to entry: Receipt of reserved code values in defined fields shall be reported as an error.

context’where the restricted designation appears.

this

d as

ture

bNn to

tion

3.3.9
shall
keyword indicating a mandatory requirement

Note 1 to entry: Designers are required to implement all such mandatory requirements to ensure interopera
with other products that conform to this standard.

Note 2 to entry: This standard prescribes no specific response by a component if it receives information
violates a mandatory behavior.

3.3.10

should

keyword indicating flexibility of choice with a strongly preferred alternative
Note 1 to entry: Equivalent to the phrase “it is strongly recommended”.

bility

that
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Editorial conventions

Certain words and terms used in this standard have a specific meaning beyond the normal
English meaning. These words and terms are defined either in clause 3 or in the text where
they first appear.

Names of signals, address frames, primitives and primitive sequences, state machines, SCSI
commands, SCSI statuses, SCSI sense keys, and SCSI additional sense codes are in all
uppercase (e.g., REQUEST SENSE command).

Names of messages, requests, confirmations, indications, responses, event notifications,
timers, SCSI diagnostic pages, SCSI mode pages, and SCSI log pages are in mixed case (e.g.,

Dis

Names of fields are in small uppercase (e.g., FCP_DL). Normal case is used when the-cont
of a

Normal case is used for words having the normal English meaning.

Ab
the

Underscores or spaces may be included between characters in binary, number representat
to increase readability or delineate field boundaries (e.g., 0 0101, 4010b or 0_0101_1010b}.

Ah

ronmect-Reconmnect mode page)-

inary number is represented in this standard by any sequence of digits‘consisting of
Western-Arabic numerals 0 and 1 immediately followed by a lower-¢ase b (e.g., 010

¢xadecimal number is represented in this standard by any sequence of digits consistin

bnts

field are being discussed. Fields containing only one bit are usually referred to as the NAME
bit instead of the NAME field.

bnly
1b).
ons

g of

only the Western-Arabic numerals 0 through 9 and/or the upper-case English letters A through
F immediately followed by a lower-case h (e.g., FA23h). Underscores or spaces may be

incl
deli

A decimal number is represented in this standard by any sequence of digits consisting of

the

(e.g., 25).

Thig standard uses the following conventions for representing decimal numbers:

In a]l of the figures, tables, and text of this standard, the most significant bit of a binary qua

iss
Tab

heate field boundaries (e.g., B FD8C FA23h or BAED8C_FA23h).

Arabic numerals 0 through 9 not immediately followed by a lower-case b or lower-cas

a) the decimal separator (i.e., separating the integer and fractional portions of the number) is
period;

b) the thousands separator (ile., separating groups of three digits in a portion of the number)
space; and

c) the thousands separator is used in both the integer portion and the fraction portion of a num

ided between characters in hexadecimal number répresentations to increase readability or

bNnly
e h

a
is a
ber.

ntity

nown on the left-side. Bit order and byte order are as specified in FC-FS-3.
e 1 shows some examples of decimal numbers using various numbering conventions.
Table 1 - Numbering conventions
French English This standard
0,6 0.6 0.6
3,141 592 65 3.14159265 3.141 592 65
1000 1,000 1 000
1323 462,95 1,323,462.95 1323 462.95

A decimal number represented in this standard with an overline over one or more digits
following the decimal point is a number where the overlined digits are infinitely repeating (e.g.,
666.6 means 666.666 666... or 666 2/3, and 12.142 857 means 12.142 857 142 857... or 12
1/7).
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Lists sequenced by letters (e.g., a) red, b) blue, c) green) show no ordering relationship
between the listed items. Lists sequenced by numbers (e.g., 1) red, 2) blue, 3) green) show an
ordering relationship between the listed items.

In the event of conflicting information the precedence for requirements defined in this standard
is:

1) text;

2) tables; and

3) figures.
Notes do not constitute any requirements for implementers.

Noté¢s are numbered consecutively throughout this standard.
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General

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-3 performs those
functions required to transfer data from one Nx_Port to another. In this standard, Nx_Ports capable of
supporting Fibre Channel Protocol transactions are collectively referred to as FCP_Ports. The FC-2
layer is a delivery service with information grouping and several defined classes of service.

A switching fabric allows communication among more than two FCP Ports.

Fibr

communication between two NL_Ports on an arbitrated loop.

An H
FC-

The
Res
simi
inte

Thig standard defines four kinds of functional management:

a
b
c
d

The
fung
stan
des
Exc
Exc
(lUs

e Channel Arbitrated Loop-2 (FC-AL-2) is an alternative multiple port topology that. al

detailed implementation that supports that stream is not defined by this _standard. Originator
ponder FCP_Ports are assumed to have a common service interface;-for use by all FC-4s, th

face for SCSI are contained in SAM-5.

device management;

task management;

Process Login and Process Logout management;xand
link management.

Fibre Channel Protocol device and task management protocols define the mapping of the S

dard FC-FS-3 protocols. The task management functions defined by SAM-5 are mapped
cribed in 4.9 of this standard. The I/Q 6peration defined by SAM-5 is mapped into a Fibre Cha
nange. A Fibre Channel Exchange carrying information for a SCSI I/O operation is an

nange. The request and response primitives of an 1/0 operation are mapped into Information U
) as shown in table 2.

OWS

FC-4 mapping layer uses the services provided by FC-FS-3 to perform the functions)defined by the
. The protocol is described in terms of the stream of FC |Us and Exchanges generated by a pair of
FCRH_Ports that support the FC-4.

and
At is

ar in characteristics to the service interface defined in FC-FS-3. The requirements for the serfvice

Csl

tions (see SAM-5) to the Fibre Channel“interface (see FC-FS-3). Link control is performed by

as
hnel
-CP
nits
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Table 2 - SCSI and Fibre Channel Protocol functions

SCSI function

FCP equivalent

1/0 operation

Exchange

Transport protocol service request and
response

Sequence

Send|[SCSI Command request

Sending an unsolicited command IU (FCP_CMNP)

SCSIl|Command Received indication

Receiving an unsolicited command IU (FCP-CMND)

Rece|ve Data-Out request

Data descriptor IU (FCP_XFER_RDY)

Data{Out Received confirmation

Receipt of solicited data IU (FCR\DATA)

Send|Data-In request

Sending solicited data 10 (FCP_DATA)

Datadln Delivered confirmation

Dependent on class of service

Send|Command Complete response

Sending a command 'status IU (FCP_ RSP)

Cominand Complete Received confirmation

Receiving a command status IU (FCP_RSP)

Send|Task Management request Sending the FCP equivalent specified in 4.9.

Task|Management Request Received indication | Receiving the FCP equivalent specified in 4.9.

Task [Management Function Executed response | Sending the response specified in table 4, table %, or
table 6.

Rece|ved Task Management Function Executed | Receiving the response specified in table 4, table|5, or

respgnse

table 6.

The|number of Exchanges that may-simultaneously be open between an initiator FCP_Port and a tgrget
FCR_Port is defined by the FC*ES<3 implementation. The architectural limit for this value is 65 535.|The
maximum number of active Sequences that may simultaneously be open between an initiator FCP_|Port
and|a target FCP_Port is festricted by the allowable range of values of the Sequence ID to 256 (see|FC-
FS-B). To allow task management Exchanges to be originated, a certain number of extra Exchangg IDs
and|at least one extfa Sequence_ID should always be available.

4.2 | FCP l/Operations

An gpplication client begins an FCP 1/O operation when it invokes a Send SCSI Command §CSI
trangport protocol service request or a Send Task Management Request SCSI transport protocol sefvice
reqyest(see SAM-5).

The use of the FCP_CMND IU for Send Task Management Request SCSI transport protocol service
requests is specified in 4.9.

The Send SCSI Command SCSI transport protocol service request conveys a single request from the
application client to the FCP service delivery subsystem. Each request contains all the information
necessary for the processing of one command, including the local storage address and characteristics
of data to be transferred by the command. The Fibre Channel Protocol then performs the following
actions using FC-FS-3 services to perform the command. The processing of the individual steps of the
protocol is consistent with the SCSI architectural model as defined by SAM-5.

The initiator FCP_Port starts an Exchange by transmitting an unsolicited command IU containing the
FCP_CMND IU payload, including some command controls, addressing information, and the command
descriptor block (CDB). The initiator FCP_Port transmits the FCP_CMND IU payload to start the FCP
I/O operation. The Exchange that is started is identified by its fully qualified Exchange identifier (FQXID)
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during the remainder of the FCP 1/O operation and is used only for the IUs associated with that FCP I/O
operation. See 4.16.

If the device server has interpreted the command, has determined that a write operation is required, and
is prepared to request the data delivery service, then it invokes the Receive Data-Out transport protocol
service request and the target FCP_Port transmits a data descriptor IU containing the FCP_XFER_RDY
IU payload to the initiator FCP_Port indicating which portion of the data is to be transferred. The initiator
FCP_Port then transmits a solicited data IU to the target FCP_Port containing the FCP_DATA U
payload requested by the FCP_XFER _RDY IU. Data delivery requests containing FCP_XFER_RDY IU
and returning FCP_DATA IU payloads continue until the data transfer requested by the command is
complete. One FCP_DATA IU shall follow each FCP_XFER_RDY IU. If the initiator FCP_Port and target
FCH Port have negotiated to disable the initial FCP_XFER_RDY IU (see 6.3.3), then a first bursi $hall
be tfansferred (see 10.2.10).

If the device server has interpreted the command and has determined that a read operation is’requjred,
then it invokes the Send Data-In transport protocol service request (see SAM-4) and the target FCP_[Port
tranpmits a solicited data IU containing the FCP_DATA IU payload to the initiator, FCP_Port. Data
deliyeries containing FCP_DATA IU payloads continue until all data described\by the command is
trangferred.

If the device server has interpreted the command and has determined/that bidirectional transféer is
required, then it selects the first FCP_DATA IU to be transferred. The lJ may be either a Data-In|or a
Data-Out transfer. If the device server chooses to request a Data-Outtransfer first, it invokes the Regeive
Data Out transport protocol service and the target FCP_Port transmits a data descriptor IU contaihing
the FCP_XFER_RDY IU payload to the initiator FCP_Port to indicate which portion of the data is tp be
trangferred. The initiator FCP_Port then transmits a solicited.data IU containing the FCP_DATA U
payload requested by the FCP_XFER_RDY IU. If the device server chooses to transmit a Data-In
trangfer first, then it invokes the Send Data-In transporf protocol service request (see SAM-4) and the
target FCP_Port transmits a solicited data IU containing the FCP_DATA IU payload to the initjator
FCRH_Port. The device server then selects the next.FCP_DATA IU to be transmitted and performq the
appfopriate procedure to transmit. Data deliveries’continue until all data described by the command is
trangferred. This standard places no restrictions-on the order that the device server performs Data-Injand
Da:I-Out transfer operations, except that ghly one Data-In or Data-Out transfer operation is allowgd at
a time in an Exchange. If the initiator FCP\ Port and target FCP_Port have negotiated to disable the ifitial
FCH_XFER_RDY IU (see 6.3.3), then_ a first burst shall be transferred (see 10.2.10).

After all the data has been transferred, the device server invokes the Send Command Complete
trangport protocol service response (see SAM-5) and the target FCP_Port transmits a command S?us
t

IU cpntaining the FCP_RSP IU payload. That payload contains the SCSI status and, if the SCSI status
is CHECK CONDITION;.the sense data describing the condition. The FCP_RSP IU indicates complgtion
of tHe command. If no error recovery or confirmed completion is requested, then the FCP_RSP IU ig the
finall Sequence of the Exchange, and the FCP 1/O operation and the Exchange are terminated. If an FCP
protpcol error gecurred during processing of the command, the FCP_RSP IU payload carries the FCP
resgonse information instead of the SCSI status and sense data.

When the command is completed, the initiator FCP_Port uses returned information to invoke invoke the
Command Complete Received transport protocol service confirmation to notify the application cljent.
Thmﬁm
of the command indicates that the SCSI target device performed the requested operations with the
transferred data and that the information was successfully transferred to or from the SCSI initiator
device. Status other than successful completion indicates 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 successfully completed. The device server may request
confirmed delivery of the FCP_RSP IU payload as described in 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, then the device server returns TASK SET FULL status or BUSY status in the FCP_RSP IU
as specified by SAM-5.

The Fibre Channel Protocol takes full advantage of the multiplexing and shared bandwidth capabilities
provided by Fibre Channel classes of service. The protocol is designed to operate with Class 2 or Class
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3 service and to provide options for reliable error detection and error recovery independent of the class
of service.

The SCSI initiator port function may exist in any FCP_Port and the SCSI target port function may exist
in any FCP_Port. For FCP I/O operations between a host and a peripheral subsystem, the host typically
takes on the SCSl initiator port role and the peripheral subsystem typically takes on the SCSI target port
role. For host to host communications, either one of the communicating pair may take on the SCSI
initiator port role. For device to device communications, typically used to implement extended copy and
other third-party operations, the SCSI initiator port role is adopted by the managing FCP device.

4.3 Bidirectional and unidirectional commands and FCP_RSP IU format

A d}evice server that supports bidirectional commands should implement both unidirectional |and
bidifectional commands. Two FCP_RSP IU formats are defined. For commands that set both the RDDATA
bit gnd WRDATA bit to one, the bidirectional FCP_RSP IU payload shall be used for presenting.all s}tus
and|error conditions. For commands that set either the RDDATA bit or WRDATA bit to oneserboth to Zero,
the pinidirectional FCP_RSP IU payload shall be used for presenting all status and error conditions.|The
format of the FCP_RSP IU that is returned depends only on the state of the RDDATADIt and WRDATA bit.

If a dlevice server that does not support bidirectional commands receives a command that requests fead
and|write operations by setting both the RDDATA bit and WRDATA bit to one,-then the device server may
return CHECK CONDITION status with the sense key set to ILLEGAL REQUEST and an additipnal
senge code of INVALID FIELD IN COMMAND INFORMATION UNIT.

4.4 | Precise delivery of commands

In applications where SCSI communications between an application client and a device server| are
statgless, verification of the delivery and processing of cammands may not be critical. Any changgs in
prodessing sequence caused by link failures or switch latencies may not be important and the recojery
and|retry mechanisms may be performed while otheractivities are continued by the application dient
and|the device server.

To assure ordering of commands, an initiatoroFCP_Port transmits a single command and wait$ for
GOOD status before transmitting the next.command (i.e., commands are guaranteed to be procegsed
in ofder).

Thig standard defines a second_optional mechanism called precise delivery to assure ordering of
commands. This may 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 dient
may| determine if a device server supports the precise delivery function by using the MODE SENSE
command and MODE SELECT command to examine and set the EPDC bit in the Fibre Channel Logical
Uniff Control mode page-to one (see 10.3).

If a CSI commandrequires precise delivery and the device server has the EPDC bit set to one, then the
application client provides the Command Reference Number (CRN) argument to the Send §CSI
Conmmand transport protocol service. The initiator FCP_Port then places the CRN value in the COMMAND
REFERENCE'NUMBER field in the FCP_CMND IU.

ThelCRN is a one byte unsigned integer that starts at the reset value of one and shall he incremehted
by one for each command requiring precise delivery for that device server. Separate increment counters
are maintained for each |_T_L nexus (i.e., each initiator FCP_Port 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 the COMMAND REFERENCE
NUMBER field shall be set to zero for task management functions.

The following rules specify how the application client and device server use the CRN to determine that
each command requiring precise delivery has been properly received and processed:

a) see table 8 and table 9 for the actions that cause the CRN to be transmitted by the initiator
FCP_Port to be set to one and the CRN expected by the device server to be set to one;
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b) the CRN shall be equal to one for the first FCP_CMND IU requiring precise delivery between the
application client and device server and shall be incremented by one for each subsequent
command requiring precise delivery;

c) the CRN shall wrap from 255 to one (i.e., a value of zero in the COMMAND REFERENCE NUMBER
field is not valid for an Exchange using precise delivery);

d) the initiator FCP_Port shall not transmit the same CRN again until delivery of the first

FCP_CMND IU transmitted with that CRN has been confirmed by receipt of:

A) an FCP_XFER_RDY IU;

B) the first Data frame of an FCP_DATA IU;

C)an FCP_RSP IU;

D) an ACK: or

E) a response to an REC ELS;

e)] the device server shall not accept a command with a nonzero CRN into the dormant or.enapled

state until after all commands with a previous CRN have been received by the device‘server.[The

commands 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 the normal task set management algorithms;
f)| the device server shall accept any valid command with a CRN of zero into the dormarnt or
enabled state regardless of whether or not all commands with a nonzero CRN have heen
received. The processing order of the commands shall be managed by the normal tasH set
management algorithms (see SAM-5); and

g)] task management functions shall have the FCP_CMND IU COMMAND REFERENCE NUMBER field set

to zero and shall not be tested for precise delivery by the device server.

Any| command may use a CRN of zero if precise delivery isynot required for that command (g.g.,
commands such as INQUIRY, TEST UNIT READY, RERORT LUNS, MODE SENSE, and MQDE
SELECT that are used for booting and initialization may-use a CRN of zero).

4.5| Confirmed completion of FCP I/O operations

Sonpe device servers require an acknowledgment‘of successful delivery of FCP_RSP information. Such
an pcknowledgment is provided by the optional confirmed completion function. The CONFIRMED
COMPLETION ALLOWED bits in the PRLI ELS>request FCP Service Parameter page (see 6.3.3) and FRLI
ELY accept FCP Service Parameter page (see 6.3.4) are used to negotiate the use of confirmed
completion function.

If the CONFIRMED COMPLETION ALLOWED bit is set to one in the PRLI ELS accept FCP Service Paranfeter
page, then 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 shalltransmit an FCP_CONF IU to the target FCP_Port, indicating to the tdrget
FCH_Port that the FCP—~RSP IU has been received by the initiator FCP_Port.

The|confirmed eompletion function allows the retry of unsuccessful notifications of errors and confjrms
that|the initiater. FCP_Port and the target FCP_Port both agree upon the state of a state depenflent
device. Retry mechanisms for unsuccessful transmission of FCP_RSP IUs and FCP_CONF |Ug are
defined in this standard.

T o COonD Dot hall 4 4 £ o lati £, Coep _ponp 1l P2 H + k
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management requests.

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

Confirmed completion may assist SCSI initiator devices and SCSI target devices in many environments.
Examples include:

a) the confirmed completion function may be used to confirm that an initiator FCP_Port has received
an FCP_RSP IU reporting a SCSI CHECK CONDITION status, together with accompanying
sense data. Upon receiving the FCP_CONF IU, the target FCP_Port may discard its copy of the
sense data;

b) the confirmed completion function may be used to confirm that a command has been completed
and that the completion information has been successfully transferred to the initiator FCP_Port.
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That allows subsequent queued state dependent operations to be performed, since the
FCP_CONF IU confirms that the FCP_RSP IU has been received by the initiator FCP_Port; and

c) the confirmed completion function may be used to confirm that an initiator FCP_Port has received
the FCP_RSP IU for target FCP_Ports that require state dependent synchronization with initiator
FCP_Ports.

4.6 Retransmission of unsuccessfully transmitted IUs
Error detection and IU retransmission algorithms are defined in clause 12.

The Read Exchange Concise (REC) ELS may be used by the initiator FCP_Port to determine the state
of an ongoing Exchange. See 6.5.

Support for the REC ELS by both the initiator FCP_Port and target FCP_Port is indicated by,the|REC
SUPPORT bit in the PRLI ELS request FCP Service Parameter page (see 6.3.3) and the PRLI ELS actept
FCR Service Parameter page (see 6.3.4).

If the target FCP_Port responds with the REC SUPPORT bit set to one and an error is identified by any of
the gdetection mechanisms defined in clause 12, then the initiator FCP_Port mayuJse the REC ELS to
detgrmine the nature of the error.

Target FCP_Ports that do not support the REC SUPPORT bit indicate they do-not'support the REC ELB by
retuning a Link Service Reject (LS_RJT) with a Reason Code of "Command‘not supported" in respgnse
to ap REC ELS. See 8.4.

If the data retransmission capability is supported by both the initiatoPFCP_Port and target FCP_Port as
indi¢ated by the RETRY bit in the PRLI ELS request FCP Service:Parameter page and PRLI ELS actept
FCR Service Parameter page (see 6.3.3 and 6.3.4), then the initiator FCP_Port and target FCP_[Port
shall support the REC ELS and task retry identification (see4.7).

If anl error is identified by any of the mechanisms defined in clause 12, then the initiator FCP_Port pnay
reqyest retransmission using the Sequence Retransimission Request (SRR) FCP_LS request (see 8.2).

4.7 | Task retry identification

Task retry identification provides an additienal mechanism for relating commands that are being refried
to the requests that are sensing the requirement for recovery (i.e., REC ELS request) and perforiing
the fecovery (i.e., SRR FCP_LS request).

For [example, it is possible thatuinitiator FCP_Ports may re-use ox_ID field values rapidly enough to
credte an ambiguous 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 reCoyery of a transmission failure for the new command is attempted, the tgrget
FCR_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 information is mistakienly
intefpreted as.status for the failed command.

FCH_Portsithat agree to perform recovery shall support task retry identification. If the initiator FCP_[Port
and|tafget FCP_Port agree to support task retry identification, then a task retry identifier shall be
provided in the PARAMETER field of each FCP CMND Il frame The |ink Services assaciated lwith
retransmission of 1Us (i.e., REC ELS and SRR FCP_LS) each contain the same task retry identifier. If
the initiator FCP_Port and target FCP_Port do not agree to support task retry identification, then the
PARAMETER field shall be set to zero for the FCP_CMND IU frame, REC ELS frame, and SRR FCP_LS
frame.
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4.8 Discovery of FCP capabilities

A number of Fibre Channel Protocol capabilities require the knowledge and agreement of both the target
FCP_Port and the initiator FCP_Port that such capabilities may or shall be used. Table 3 provides
references to the discovery process for each of the Fibre Channel Protocol capabilities.

Table 3 - Discovery of FCP-4 capabilities

Capability Discovery mechanism Reference

Initiafor FCP_Port Process Cogin 6.3

Target FCP_Port Process Login 6:3

Initiafor FCP_Port accepts data overlay Process Login 6.3.3

Target FCP_Port performs data overlay Disconnect-Reconnect mode page 10.2.8
EMDP bit

Initiafor FCP_Port transmits FCP_CONF U Process Login 6.3

Target FCP_Port requests FCP_CONF 1U Process Login 6.3

Initiafor FCP_Port transmits REC ELS request None required,-Rracess Login allowed 4612 arld

Target FCP_Port accepts REC ELS request Process’Login? 4.6 arld

6.3

Initiafor FCP_Port transmits SRR FCP_LS Process Login 6.3

requéest

Target FCP_Port accepts SRR FCP_LS request.* | Process Login 6.3

Initiafor FCP_Port provides CRN Fibre Channel Logical Unit Control 4.4 arld
mode page EPDC bit 10.3

Target FCP_Port accepts CRN Fibre Channel Logical Unit Control 4.4 ard
mode page EPDC bit 10.3

Task|Retry Identification Process Login 6.3

a)| If the target FCR_Port does not support the REC SUPPORT bit in the PRLI ELS, then the target

FCP_Port may'return an LS_RJT in response to an REC ELS (see 4.6).

4.9 | Task management functions

4.9.1 , Task management functions overview

An application cllent requests a task management function (See SAM-5) 1o control explicitly the
processing of one or more FCP 1/O operations (see 9.2.2.5).
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The

task management function mappings are specified in table 4.

Table 4 - Task management functions, SAM-5 to FCP-4

SAM-4 task management function FCP-4 implementation
ABORT TASK ABTS-LS (see 4.9.2 and FC-FS-3)
ABORT TASK SET FCP_CMND IU with TASK MANAGEMENT FLAGS field set to

FCP_ABORT_TASK_SET

CUEAR TASK SET FCP_CMND IU with TASK MANAGEMENT FLAGS field sef’tg
FCP_CLEAR_TASK_SET

CUEAR ACA FCP_CMND IU with TASK MANAGEMENT FLAGS field set tq
FCP_CLEAR_ACA

|_T NEXUS RESET Not supported (see SPC-4)

LQGICAL UNIT RESET FCP_CMND IU with TASK MANAGEMENT FLAGS field set tq
FCP_LOGICAL_UNIT_RESET

QUERY TASK REC ELS (see 4.9.2 and EC:LS-2)

QUERY TASK SET FCP_CMND IU with TASK/MANAGEMENT FLAGS field set tq
FCP_QUERY_TASK.SET

QUERY ASYNCHRONOUS EVENT FCP_CMND IYwith TASK MANAGEMENT FLAGS field set tq

FCP_QUERY.ASYNCHRONOUS_EVENT

Tas
Exc
indi
ava

a

The

FC
perf]
estg

hange. A task management function that uses the FCP_CMND IU ends with an FCP_RSP 1U
ates the completion status of the function. If the addressed logical unit is not supported or is
able (e.g., not connected or not configured), then the target FCP_Port:

function incorrect logical unitumber) (see table 29); or

function complete) (see table 29).

FCP_CDB field infapsFCP_CMND IU that performs task management functions is ignored.

management functions that use the FCPCCMND IU are transmitted as the first IU in a jnew

that
not

should end the Exchange with“an FCP_RSP IU completion status of 09h (i.e., Task Managerent

may end the Exchange-with an FCP_RSP IU completion status of 00h (i.e., Task Managerpent

-S-3 BLSs and.FC-LS-2 ELSs are used to perform the ABORT TASK task management functiop, to

brm the QUERY TASK task management function, to recover Exchange resources, and tdg
blish otherjinitial conditions.

re-
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Table 5 specifies the SCSI Service Response mappings for an initiator FCP_Port for FCP_CMND
delivered task management functions.

Table 5 - SCSI Service Response mapping for FCP_CMND delivered task management functions

SCSI Service Response Response to the FCP_CMND IU

FUNCTION_COMPLETE FCP_RSP IU with the RsP_coDE field set to TMF_COMPLETE

FUNCTION_REJECTED FCP_RSP IU with the RsP_coDE field set to TMF_REJECTED

INCORRECT LOGICAL FCP_RSP |U with the Rsp_coDE field set to TMF_INCORRECT (lUN
UNIT NUMBER

SERVICE DELIVERY OR All other responses, including:

TARGET FAILURE a) timeout; and
b) FCP_RSP IU with the RsP_coODE field set to, TMF_FAILED.

49.2 ABORT TASK task management function

The|ABORT TASK task management function causes the device server.te’abort the specified commgnd,
if it ¢xists, using ABTS-LS (see FC-FS-3). An example ABTS frame format is shown in Annex E.

The| ABORT TASK task management function may not immediately release all Exchange resources,
since a Recovery_Qualifier may be established to allow for the ‘'management of information that pnay
already have been delivered to the fabric.

In agldition to recovering Exchange resources that may have been left unavailable while processing fask
marjlagement functions, ABTS-LS is used to recover Exchange resources left in an undefined statd.

Table 6 specifies the SCSI Service Response mappings for an initiator FCP_Port for the ABORT TASK
taskd management function.

Table 6 - SCSI Service Response mapping for ABORT TASK

§CSI Service Response Response to the ABTS-LS

FUNCTION_COMPLETE Either:

a) BA_ACC;or

b) BA_RJT with Reason Code set to 03h (i.e., Logical error) apd
Reason Code Explanation set to 03h (i.e., Invalid OX_IP-
RX_ID combination.

FUNCTION_REJECTED BA_RJT with Reason Code set to 01h (i.e., Invalid command code
or 09h (i.e., Unable to perform command request).

INCORRECT COGICAL NG Tesponses map 1o this SCST Service Response.
UNIT NUMBER

SERVICE DELIVERY OR All other responses, including timeout.
TARGET FAILURE

4.9.3 QUERY TASK task management function

The QUERY TASK task management function maps to the REC ELS. The REC ELS shall be transmitted
in a new Exchange.
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Table 7 specifies the SCSI Service Response mappings for an initiator FCP_Port for the QUERY TASK

task management function.

Table 7 - SCSI Service Response mapping for QUERY TASK

SCSI Service Response

Response to the REC ELS

FUNCTION_COMPLETE

Either:

a) LS_ACC with E_STAT (i.e., word 5) bit 29 (i.e., Completion) set

to one (i.e., complete); or

b) LS_RJT with Reason Code set to 03h (i.e., Logical error)
09h (i.e., Unable to perform command request) and Reas
Code Explanation set to 17h (i.e., Invalid OX_ID=RX_
combination) or 15h (i.e., Invalid Originator S_ID).

or
og!
D

FUNCTION_SUCCEEDED

LS_ACC with E_STAT (i.e., word 5) bit 29 (i.e., Completion) set to
zero (i.e., open).

FUNCTION_REJECTED

LS_RJT with Reason Code set to:
a) 01h (i.e., Invalid ELS command codg); or
b) 0Bh (i.e., Command not supported),

INCORRECT LOGICAL
UNIT NUMBER

No responses map to this SCSI Service Response.

SERVICE DELIVERY OR
TARGET FAILURE

All other responses, including:
a) timeout; and

b) LS RJT with Reason Code set to 09h (i.e., Unable to perfof

command request) and Reason Code Explanation set to 1
(i.e., Invalid;Originator S_ID).

OT
0

4.1(Q Clearing effects of task management, FCP, FC-FS-3, FC-LS-2, and FC-AL-2 actions

Table 8 and table 9 summarize the clearing effects resulting from Fibre Channel link actions and S
opefations, respectively. The clearing effects are applicable only to Sequences and Exchar
assiciated with Fibre Channel.Rrotocol actions. Sequences and Exchanges associated with @

ns follow rules specified in FC-FS-3 or other relevant protocol standards. Rows indicating a cles
effegt for all initiator FCP _«Ports have the specified clearing effect on all initiator FCP_Ports, regard

acti

of the link that attaches-tRe initiator FCP_Port to the target FCP_Port.

Csl
ges
ther
ring
less
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Table 8 - Clearing effects of link related actions

FC link action
dh.) o - ©
N e =
2 |.aadfbnl 3|9 | §
Clearing effect oo $§lu'£ oo w 2 (2=
2 >e209 509 |k @3
OoxloOo|zZa o (<7
2 J|od|x 14 ]
® OfFlax o | < n
- - o - ~

PLOGI ELS parameters set to default values (see FC-LS-2)
For all logged-in initiator FCP_Ports

Iﬁnly for initiator ECP_Port associated with the action

<
<
< Z
Z Z
Z Z
Z Z
pzd

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 - - - - S Y -
FQP Sequence associated with ABTS terminated - - - - 4 - Y
Lggin BB_Credit_CNT set to login value (see FC-FS-3)

For all Logged-In NL_Ports Y Y N N N N N

For transmitting NL_Port only - - Y N N N N
Hard address acquisition attempted by NL_Port Y2 | v@ (N N N N N
Prpcess Login parameters cleared'

For all logged-in initiator FCP_Ports YAY | N | N Y | N|N

Only for FCP_Port associated with the action - -l Y| Y| - | NN
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

Key:

TRl

)

P)

“Y” indicates the clearing effect upon successfut‘completion of the specified action.
“N” indicates the clearing effect is not performed by the specified action.

indicates the clearing effect is not applicable.

If the NL_Port has an AL_PA different than its hard address and the NL_Port experienceq a
power cycle or recognizes LIP(AL_PD,AL_PS), then the NL_Port shall relinquish its currgnt
AL_PA and attempt to acquire its hard address.
This is also known as LIP(AL_PD,AL_PS). If the destination recognizes a selective hard redet
LIP where the AL_PB /matches the AL_PA of the receiving NL_Port, then the receiving
NL_Port shall perferm the behavior described in this column.
For a TPRLO ELS, the actions listed shall be performed when the GLOBAL bit is set to one] If
the GLOBAL bitis set to zero, then the actions listed under PRLI ELS/PRLO ELS shall be
performed for the designated initiator FCP_Port. See FC-FS-3.
The tafget FCP_Port shall clear the object only if ESTABLISH IMAGE PAIR is set to one and if
the referenced image pair is FCP type. See 6.2.
Lkogout and Process Logout may be either implicit or explicit. Implicit logout and Proceps
Logout are specified in FC-FS-3.

RLEG S-te-alHogged in-nitiater-FGR—Roris-that-are
a TPRLO ELS with the GLOBAL bit set to one. The PRLO
ELS(s) may be transmitted before or after transmitting the LS ACC for the TPRLO ELS.
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Table 9 - Clearing effects of initiator FCP_Port actions

Initiator
FCP_Port action
Ke)
Clearing effect 285G
earing effec gqugm%
oWy Qx
OE|l02%2|<?
SZTE 8
=)
PLOGI ELS parameters set to default values (see FC-LS-2)
ForatHogged=iminitator FEP—Ports N N N
Only for initiator FCP_Port associated with the action N N N
Open FCP Sequences Terminated va | ya N
For all initiator FCP_Ports with open FCP Sequences ) y ya
Only for initiator FCP_Port associated with the action
Only for FCP Sequences associated with Aborted FCP Exchanges| ~ i i
Login BB_Credit_CNT set to login value (see FC-FS-3)
For all Logged-In NL_Ports N N N
For transmitting NL_Port only N N N
Hard address acquisition attempted by NL_Port 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
Key:
“Y” indicates the clearing effect upan.successful completion of the specified action.
“N” indicates the clearing effect is not performed by the specified action.
“” indicates the clearing effect is-not applicable.
a) Exchanges are cleared)internally within the target FCP_Port, but open FCP
Sequences shall be individually aborted by the initiator FCP_Port using ABTS-
LS. This has the effect of aborting the associated FCP Exchange. See 12.3.
b) For multiple-logical unit SCSI target devices, CLEAR TASK SET, ABORT TASK
SET, and LOGICAL UNIT RESET affect only the addressed logical unit.

4.11 L_T nexus loss notification events

An FCP_Port shalldeliver an |_T nexus loss notification (see SAM-5) as a consequence of the folloying
events:

transmitting or receiving a LOGO ELS (explicit or implicit);

transmitting or receiving a PRLO ELS (explicit or implicit);

IUbUiV;Ilg d TPRLO ELS,

) transmitting a TPRLO ELS with a Third Party Originator N_Port_ID (see FC-LS-2) that matches
the N_Port_ID of the transmitting FCP_Port; or

e) transmitting a TPRLO ELS with the GLOBAL bit set to one to a target FCP_Port that has an |_ T

nexus with the transmitting initiator FCP_Port.

O 0O T o

4.12 Transport Reset notification events

If the AL_PD matches the AL_PA of the receiving NL_Port, then an NL_Port shall deliver a Transport
Reset natification (see SAM-5) for a Reset LIP(y,x) (see FC-AL-2) FC link event.

413 Port Login/Logout

The N_Port Login (PLOGI) ELS is optionally used to establish the Fibre Channel operating parameters
between any two Fibre Channel ports, including FCP_Ports. Implicit login functions are allowed.
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If a target FCP_Port receives a PLOGI ELS request and it finds there are not enough login resources to
complete the login, then the target FCP_Port shall respond to the PLOGI ELS 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-2. By means outside the scope of this standard, the target FCP_Port
may select another initiator FCP_Port and release some login resources by performing an explicit logout
of the other initiator FCP_Port, thus freeing resources for a future PLOGI ELS.

4.14 Process Login and Process Logout

The Process Login (PRLI) ELS request is used to establish the FCP operating relationships between two
FCP_Ports (see 6.3). The Process Logout (PRLO) ELS request is used to de-establish the FCP
ope atillg retationshipsbetweentwo FCP—Ports (DUU 64) tmplicitProcess Luyill andProcessto gout
pargmeters may be defined for FCP_Ports. Such definitions are outside the scope of this standard

418 Link management

FC-FS-3 allows management protocols above the FC-FS-3 interface to perform link data'functions.[The
standard primitive sequences, link management protocols, BLSs, and ELSs are,dsed as requiredl by
FCRH devices (see FC-FS-3 and FC-LS-2).

41§ FCP addressing and Exchange identification
The|address of each FCP_Port is defined by its address identifier as destribed in FC-FS-3.

Each FCP 1/O operation is identified by the FCP 1/O operation’s.fully qualified exchange idenfifier
(FQKID). The FQXID is composed of the initiator port identifier,cthetarget port identifier, the ox_ID ffield
value, and the RX_ID field value. Other definitions of FQXID aré_ outside the scope of this standard.|The
method used to identify FCP 1/0 operations internal to the-application client and the device server ig not
defined by this standard.

Logical unit numbers are contained in the FCP_LUNcfigld of FCP_CMD IUs. Subsequent identificatign of
the FCP 1/O operation and the Exchange that carries the protocol interactions for the FCP 1/O operation
use$ the FQXID.

The|target FCP_Port uses the ox_ID fieldvalue, and, if it has been assigned, the RX_ID field valye to
perfbrm error recovery and task management functions. The task retry identifier is used 3gs a
supplemental command identifier if task retry identification is supported and enabled.

4171 Use of Worldwide_Names

As dpecified in FC-FS-3, each Fibre Channel node shall have a Node_Name that is a Worldwide_ Name
and| each Fibre Channel port shall have an N_Port Name that is a Worldwide_Name. |The
Worldwide Name shall-be a unique name using one of the formats defined by FC-FS-3. See Anngx A
for g description of.\the mapping of FCP-4 terminology to SAM-5 terminology.

Each target FCP_Port and its associated logical units has knowledge of the N_Port_Name of gach
initigtor FCP.-Port through the Fibre Channel login process. As a result, the relationship between the
addfess(identifier of the initiator FCP_Port and a persistent reservation for a logical unit may be adjupted
(seq SP€-4) during those reconfiguration events that may change the address identifier of the init|ator
FCP_Port.

If a target FCP_Port receives a PRLI ELS or a PLOGI ELS from an initiator FCP_Port with a previously
known N_Port_Name, but with a changed initiator port identifier, then the device server shall:

a) assign the new initiator port identifier to the associated |_T nexus;
b) maintain the existing registration on that |_T nexus; and
c) set the reservation holder to the |_T nexus having the same N_Port_Name.

Each logical unit shall be able to present a Worldwide_Name through the INQUIRY command Device
Identification VPD page (see SPC-4). For devices compliant with this standard and having a LUN 0, the
Worldwide_Name of the logical unit having a LUN of 0 may be the same as the Node_Name of the SCSI
target device. The Worldwide_Name for the FCP_Port shall be different from the Worldwide_Name for
the node (i.e., the N_Port_Name shall be different than the Node_Name).
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Each FCP device should include a SCSI device name in NAA |IEEE Registered format (see SPC-4). If
the FCP device includes a Platform Name (see FC-GS-6), then the Platform Name should be the same

as the SCSI device name.

In the Device Identification VPD page, a device server in an FCP target device that implements a SCSI
device name:

a) shall report the SCSI device name in binary NAA format; and
b) should report the SCSI device name in SCSI name string format (e.g., "naa." followed by 16

hexadecimal digits followed by 4 ASCII null characters).
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FC-FS-3 frame header

FC-FS-3 frame header overview

019

The format of the standard FC-FS-3 header as used by the Fibre Channel Protocol is defined in table 10.

Table 10 - FCP frame header

All f]
the

5.2
5.2.

The
ROl
valu

5.2.

The
tran
tran

5.2.

The
inte

5.2.

The

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

Word

0 R_CTL D_ID

1 CS_CTL S ID

2 TYPE F_CTL

3 SEQ_ID DF_CTL SEQ_CNT

4 OX_ID RX_ID

5 PARAMETER

elds in the FCP frame header use the standard FC-FS-3 definitions. The following explanatior
ields provide information about the use of those fields to implement FCP functionality.

FC-FS-3 frame header fields
I R_CTL field

R_CTL field is subdivided into a ROUTING fieldand an INFORMATION field (see FC-FS-3).
UTING field shall be set to Oh (i.e., DevicecData) and the INFORMATION field shall be set tg
e specified in table 21 and table 22.

p  p_D field

value in the D_ID field is the D™D of the frame. For FCP FC-4 Device Data frames, the L[
smitted by the Exchange Qriginator is the address identifier of the target FCP_Port. The [
smitted by the Exchange Responder is the address identifier of the initiator FCP_Port.

B cs_cTL field

values in the cs_¢TL field are defined by FC-FS-3 for class specific control information and dg
act with the Eibre Channel Protocol.

1 s_ID(field

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

tran

LO-LO.

smitted by the Exchange Originator is the address identifier of the initiator FCP_Port. The

transmitted by the Exchange Responder is the address identifier of the target FCP_Port.

5.2.5 TYPE field

s of

The
the

D
1D

not

1D
o)

The value in the TYPE field shall be 08h (i.e., Fibre Channel Protocol) (see FC-FS-3) for all frames of
SCSI FCP Exchanges.

A TYPE field value of 08h is also used for Information Units specified in FC-NVMe and FC-SB-6.

5.2.6 F_cTL 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-3. See 5.2.12.
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5.2.7 seaq_lp 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-3.

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
5.2.

The
in th

5.2.

The
in th
assi
Exc

5.2.

The
Cha

For
the
sha

app
mulf

For
9.2)
targ
PAR

value in the SEQ_CNT field indicates the frame order within the Sequence as defined by FC-ES
10 ox_ID field

value in the ox_ID field is the Originator Exchange Identifier and is one of the identifiers conta
e FQXID. The ox_ID field shall be assigned and shall have a value other than FFFER.

11 RX_ID field

value in the RX_ID field is the Responder Exchange Identifier and is one of‘the identifiers conta
e FQXID. The Rx_ID field shall have the unassigned value of FFFFh/until the Exchange Respo
gns a different value in its response to the Exchange Originator\as specified in FC-FS-3.
nange Originator shall use the value assigned by the Exchange Responder for subsequent frar

12 PARAMETER field

PARAMETER field has two definitions for Device Data frames with the TYPE field set to 08h (i.e., F
nnel Protocol).

b frame with the R_CTL field set to 01h (i.e., solicited data) (i.e., an FCP_DATA IU) (see 9.1 and
PARAMETER field shall contain a relative offset;The RELATIVE OFFSET PRESENT bit of the F_CTL

be set to one, indicating that the PARAMETER field value is a relative offset. The relative offset ig
ication client buffer offset as described-by SAM-5. The relative offset shall have a value that
iple of 4 (i.e., each frame of each FCR“DATA IU shall begin on a word boundary).

b frame with the R_CTL field set t0°02h (i.e., unsolicited control) (i.e., an FCP_CMND IU) (see 9.1
the PARAMETER field value depends on whether task retry identification (see 4.7) is active. |
bt FCP_Port and initiator (FCP_Port have agreed upon performing task retry identification, ther

not

casgs, the RELATIVE,OFFSET PRESENT bit of the F_CTL field shall be set to zero.

For
fiel

For

link peryvices.

AMETER field shall contain, the task retry identifier. If the target FCP_Port and initiator FCP_Port |
greed upon performing task retry identification, then the PARAMETER field shall be set to zero. In

frame with«the 'R_CTL field other than 01h and 02h, the RELATIVE OFFSET PRESENT bit of the F|

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

CPAFC-4 Link Service frames, the PARAMETER field is specified in the description of the indivi

3.

ned

ned
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6 FCP link service definitions

6.1 Overview of link service requirements

The FCP link-level protocol includes the BLSs (see FC-FS-3) and ELSs defined by FC-LS-2. The
protocol also includes the PRLI ELS and PRLO ELS specified in FC-LS-2, the PRLI FCP Service
Parameter pages specified 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 again. Annex D includes a model for the discovery procedure.

6.2

Overview of Process Login and Process Logout

Progess Login allows for a process at one FCP_Port to be related to a corresponding processiat andther
FCH_Port as an image pair. In addition, the PRLI ELS allows one or more FC-4 capabilities t¢ be
repgrted by the initiating FCP_Port to the recipient FCP_Port. The recipient FCP_Peort indicatep its
accgptance or rejection of the capabilities in its response to the PRLI ELS requesti

Singe implicit login may be established by configuration conventions outside the*scope of this standard,
Progess Login is optional except in the case where an initiator FCP_Port is not using implicit loginfand
is operating in a point-to-point topology. In this case, the initiator FCP_Port shall always transmijt an
explicit PRLI ELS.

OTE 1 - The requirement to transmit a PRLI ELS for an initiator FCP-Port that is not using implicit login
nd operating in a point-to-point topology is to remove a deadlock*condition that occurs when the target
CP_Port N_Port_Name is larger than the initiator FCP_Port N_Port_Name. In this case the targef
CP_Port PLOGI ELS request is processed, but the target-FCP_Port is prohibited from transmitting a PRL
LS. If the initiator FCP_Port does not transmit a PRLI'ELS, then a deadlock occurs.

PRLUI ELS requests shall only be initiated by devices having the initiator FCP_Port capability. DeVices
having only target FCP_Port capability shall not perform a PRLI ELS request.

An initiator FCP_Port shall have successfully completed Process Login with a target FCP_Port|that
estgblishes an image pair before any FCP 1Us are exchanged. An image pair may also be establighed
by an implicit Process Login performedby methods outside the scope of this standard. An image pair is
rempved by an implicit Process Logout or explicit PRLO ELS (see 6.4). If an image pair is not establighed
by an initiator FCP_Port to a target FCP_Port, then the initiator FCP_Port and target FCP_Port shall not
exchange any FCP IUs. Any FCP IUs received by a target FCP_Port from an Nx_Port that does not have
age pair with that tafrget FCP_Port shall be discarded. In addition, a target FCP_Port that recdives
an HCP_CMND IU fromran Nx_Port that has successfully completed PLOGI ELS, but does not havg an
image pair with that target FCP_Port, shall discard the FCP_CMND IU and respond with an explicit
PRUO ELS (see 42:6). Reasons why the Nx_Port does not have an image pair with the target FCP_|Port
inclyde:

a) theNx>Port has not established an image pair with that target FCP_Port;
b] thetarget FCP_Port performed an implicit Process Logout of the Nx_Port; or
the target FCP_Port processed a TPRLO ELS that effected the Nx_Port.

(2]

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 6.3.3 and 6.3.4.
Processing of a PRLI ELS or PRLO ELS request performs the clearing actions defined in 4.10.

Process Login has two actions that may be performed, selected by the ESTABLISH IMAGE PAIR bit (see
6.3.3):

a) informative action - service parameter information is exchanged during the Process Login
enabling subsequent 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 Nx_Ports. The relationship does not allow
any communication types or paths other than those established by the PRLI ELS.
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6.3

PRLI ELS

6.3.1 Use of PRLI ELS by the Fibre Channel Protocol

The PRLI ELS request is transmitted from an Originator FCP_Port to a Responder FCP_Port to identify
to the destination the capabilities that the Originator FCP_Port expects to use with the Responder
FCP_Port and to determine the capabilities of the Responder (see FC-LS).

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

If the PRLI ELS is requesting a binding action by setting the ESTABLISH IMAGE PAIR bit to one, then the

PRUI ELS accept reports the capabilities of the Responder to the Originator and establishes an-ip
pair| An image pair shall be established only if the FCP devices have complementary initiator ECP_|
and|target FCP_Port capabilities. If both FCP devices have both initiator FCP_Port and target FCP_|
capabilities, then a single image pair allows both initiator FCP_Ports to access the complementary tg
FCH_Port capabilities of the other device in the pair. Some capabilities require support by both
Originator and Responder before they may be used (see 6.3.3). If the IMAGE PAIR ESTABLISHED bit i
to ope in the PRLI ELS accept, then an image pair was successfully established. If the IMAGE
ESTRABLISHED bit is set to zero in the PRLI ELS accept, then an image pair was not success
estgblished.

An accept response code indicating other than REQUEST EXECUTED. (see 6.3.4 and FC-LS-2)

be p
estg
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rovided if the PRLI ELS FCP Service Parameter page is incorrect or if a requested image pair is
blished.

hk Service Reject (LS_RJT) indicates that the PRLI ELS request is not supported or is incorr
atted.

PRLI ELS common service parameters and accept response codes are defined in FC-LS. H
ice parameters for mappings other than the *Fibre Channel Protocol are defined in other H
dards.

P New or repeated Process Login

I the completion of any new or repeated binding Process Login, all clearing actions specified in
be performed.

I the completion of any new or repeated informative Process Login, the state of the Originator
ponder remains unchanged.

devices may have-default Process Login information provided in a manner outside the scope of
dard. Such devices do not require the processing of a PRLI ELS to perform normal FCP
ations. If default Process Login information is sufficient for login (i.e., PLOGI ELS) to perforn
cit Process)Login, then the PLOGI ELS shall perform the same clearing actions and establish
e Unit Attention condition that is normally performed and established by Process Login.
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6.3.3 PRLI ELS request FCP Service Parameter page format

The FCP Service Parameter page for the PRLI ELS request is shown in table 11.

Table 11 - PRLI ELS request FCP Service Parameter page

Item Word | Bit(s)
TYPE CobpE (08h for this standard) 0 31-24
Y RE-COBEEXFENSION 8 23—46
Obsolete 0 15
Obsolete 0 14
ESTABLISH IMAGE PAIR 0 13
Reserved 0 12-0
Obsolete 1 31-0
Obsolete 2 31-0

Service Parameters

Reserved 3 31-12
ENHANCED DISCOVERY 3 11
REC SUPPORT 3 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 set to one) 3 1
WRITE FCP_XFER_RDY DISABLED 3 0

Word 0, Bits 31-24: TYPE CobpE: The value of 08h in this byte indicates that this Service Parameter
page is defined for the Fibre Channel Protocol (see FC-FS-3).

Word 0, Bit 13: ESTABLISH IMAGE PAIR: If the ESTABLISH IMAGE PAIR bit is set to zero, then the PRLI
ELS only exchanges service parameters as defined in FC-LS-2. If the ESTABLISH IMAGE PAIR bit is set to
one, then the PRLI ELS exchanges service parameters and attempts to establish an image pair as
defined in FC-LS-2.

Word 3, Bit 11: ENHANCED DISCOVERY: |f the ESTABLISH IMAGE PAIR bit is set to zero, then the ENHANCED
DISCOVERY bit shall be ignored. If the ENHANCED DISCOVERY bit is set to one, then the Originator is
requesting that an image pair be established only if the initiator FCP_Port has been authorized to access
one or more logical units, not including management logical units (see SAM-5), that are addressed
through the target FCP_Port. If the initiator FCP_Port is not authorized to access one or more logical
units, not including management logical units, then the image pair shall not be established, the PRLI ELS
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accept response code shall be set to THE EXCHANGE RECIPIENT HAS A PREDEFINED
CONFIGURATION THAT PRECLUDES ESTABLISHING THIS IMAGE PAIR (i.e., 0101b), and the
IMAGE PAIR ESTABLISHED bit shall be set to zero. If the ENHANCED DISCOVERY bit is set to zero by either
the Originator or the Responder to the PRLI ELS, then accessibility of logical units shall not affect
establishment of the image pair.

Word 3, Bit 10: REC SUPPORT: If the REC ELS supported (REC SUPPORT) bit is set to one, then the
Originator is indicating that it supports the transmission of the REC ELS when it is acting as an initiator
FCP_Port.

The capability of the initiator FCP_Port to retransmit unsuccessfully transmitted data is determined by

th rrrrr it L Po Y QiinpaonT it + 3+ o = aattadiaat +h poabioto, oD Dot TS~ rt
e RERY-bit O ad NECT OO T OURT O ST U UNMCUUC S TTOUT Ao atc—aTe—Ttiator T O T OTC oupro S

retrgnsmission of data). If the REC SUPPORT bit is set to zero, then the Originator is provjding no
information about whether it supports transmission of the REC ELS.

Word 3, Bit 9: TASK RETRY IDENTIFICATION REQUESTED: |f the TASK RETRY IDENTIFICATION,REQUESTED bit
is set to one, the Originator of the PRLI ELS requests that task retry identification (se€ 4.7) be usqd. If
both the Originator of the PRLI ELS and the Responder to the PRLI ELS request that task fetry
identification be used, then it shall be used between the initiator FCP_Port and allogical units addregsed
through the target FCP_Port. The PARAMETER field for each FCP_CMND IU shallbe set to a unique pon-
zerd value. The PARAMETER field for any REC ELS request or SRR FCP_LS request for that command
shall be set to the same value.

If th¢ TASK RETRY IDENTIFICATION REQUESTED bit is set to zero by eitherthe Originator of or the Respopder
to tHe PRLI ELS, then task retry identification shall not be used, The PARAMETER fields for FCP_CNIND
IUs,|for REC ELS requests, and for SRR FCP_LS requests shall*be zero.

Word 3, Bit 8: RETRY: If the RETRY bit is set to one, thenithe Originator or Responder is indicating|that
its imitiator FCP_Port functions support the capability. ofdequesting a retransmission of unsuccesgfully
tranpmitted data or that its target FCP_Port functions support the capability of performing a requefted
retrgnsmission. If the RETRY bit is set to zero, thep,the Originator or Responder is indicating that it does
not support the capability of requesting or perfforming retransmissions of unsuccessfully transmjtted
datg.

If th¢ process has both initiator FCP_Port'and target FCP_Port capabilities, then the RETRY bit shall apply
to bpth. The SRR FCP_LS request may be both transmitted by and accepted by the process.

An ipitiator FCP_Port and target ECP_Port shall use the retransmission capability only if the RETRY bit is
set {o one in both the request payload and in the accept payload. If the RETRY bit is set to zero in efther
the fequest payload or the accept payload, then the SRR FCP_LS request shall not be transmittefd by
the |nitiator FCP_Port Ifian SRR FCP_LS request is received by a target FCP_Port that has sef the
RETRY bit to zero, then;the SRR FCP_LS request shall be rejected with an FCP_RJT.

Word 3,/Bit 7: CONFIRMED COMPLETION ALLOWED: If the CONFIRMED COMPLETION ALLOWED bit is sgt to
one| thenthe Originator’s or Responder’s initiator FCP_Port function has the capability of suppofting
confirmed—cempletion- he—CONFRMED—GOMR ON—AL-OWED—bit—is—set—to—=zero—then—the—initlator
FCP_Port function 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 the target FCP_Port may request an
FCP_CONF IU by setting the FCP_CONF_REQ bit to one as specified by 4.5. If the initiator FCP_Port
function does not have the capability of supporting confirmed completion, then the target FCP_Port shall
not set the FCP_CONF_REQ bit to one.

Word 3, Bit 6: DATA OVERLAY ALLOWED: If the DATA OVERLAY ALLOWED bit is set to one, then the
Originator or Responder is indicating that its initiator FCP_Port function has the capability of supporting
data overlay. If the DATA OVERLAY ALLOWED bit is set to zero, then 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 the target FCP_Port may perform random 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.
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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: If the INITIATOR FUNCTION bit is set to one, then the Originator or
Responder is indicating it has the capability of operating as an initiator FCP_Port. If the INITIATOR
FUNCTION bit is set to zero, then the Originator or Responder does not have the capability of operating
as an initiator FCP_Port.

Word 3, Bit 4: TARGET FUNCTION: If the TARGET FUNCTION bit is set to one, then the Originator or
Responder is indicating that it has the capability of operating as a target FCP_Port. If the TARGET
FUNEFHENbBitis—settozerothenthe OriginatorerResponde dees-rothave-the-eapability-e ating
as g target FCP_Port. Both the INITIATOR FUNCTION bit and the TARGET FUNCTION bit may be sef to)pne.

Profocol operations with the Responder.

Word 3, Bit 1: READ FCP_XFER_RDY DISABLED: The READ FCP_XFER_RDY/DISABLED bit shall be s¢t to
one| Target FCP_Ports shall not transmit FCP_XFER_RDY on read operations.

Word 3, Bit 0: WRITE FCP_XFER_RDY DISABLED: |f the WRITE FCP_XFER _RDY DISABLED bit is set to Zero,
therf FCP_XFER_RDY IUs shall be transmitted by the target FCP “Port to request each of the SCSI yrite
FCH_DATA IUs from the initiator FCP_Port. If the WRITE FCP_XFER_RDY DISABLED bit is set to one, then
FCHR_XFER _RDY IUs shall not be used before the first EGP_DATA IU to be transferred in the yrite
opefation. If both the Originator and Responder choose-to.disable write FCP_XFER_RDY |Us, theh all
write¢ operations between the FCP_Ports shall operate:without using the FCP_XFER_RDY IU beforg the
firstf FCP_DATA IU. The FCP_XFER_RDY IU ¢shall be transmitted to request each additipnal
FCH_DATA IU, if any. If either the Originator or the’Responder requires the use of FCP_XFER_RDY IUs
during SCSI writes, then the Exchange Respeonder shall transmit an FCP_XFER_RDY IU requesting
each FCP_DATA IU, including the first, fromiithe Exchange Originator.
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6.3.4 PRLI ELS accept FCP Service Parameter page format

The FCP Service Parameter page for the PRLI ELS accept is shown in table 12.

Table 12 - PRLI ELS accept FCP Service Parameter page

Item Word | Bit(s)
TYPE CobpE (08h for this standard) 0 31-24
Y PRE-CoBEEXFENSION 8 23—46
Obsolete 0 15
Obsolete 0 14
IMAGE PAIR ESTABLISHED 0 13
Reserved 0 12
RESPONSE CODE 0 11-8
Reserved 0 7-0
Obsolete 1 31-0
Obsolete 2 31-0

Service Parameters

Reserved 3 31-12
ENHANCED DISCOVERY 3 11
REC SUPPORT 3 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 (Shail be one) 3 1
WRITE FCP_XFER_RDY DISABLED 3 0

With the following exceptions, the service parameter definitions are identical for the PRLI ELS request
(see table 11) and accept FCP Service Parameter pages.

Word 0, Bit 13: IMAGE PAIR ESTABLISHED: The IMAGE PAIR ESTABLISHED bit is defined in FC-LS-2. If the
IMAGE PAIR ESTABLISHED bit is set to zero, then the image pair was not established. The RESPONSE CODE
field has additional information. If the IMAGE PAIR ESTABLISHED bit is set to one, then the image pair was
established.
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WORD 0, BITS 11-8: RESPONSE CODE: The RESPONSE CODE field is defined in FC-LS-2. The values of
the REsPONSE CODE field indicate whether the image pair was successfully created. If the image pair was
not created, then the value of the RESPONSE CODE field indicates why the request failed or was rejected.

Word 3, Bit 11: ENHANCED DISCOVERY: If the ENHANCED DISCOVERY bit is set to one, then the Responder

is in

dicating that it supports enhanced discovery (i.e., an image pair is established only if the initiator

FCP_Port is authorized to access logical units, other than management logical units (see SAM-5), that

are

addressed through the target FCP_Port). If the ENHANCED DISCOVERY bit is set to zero, then the

Responder is indicating that it does not support enhanced discovery when it is acting as a target
FCP_Port.
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ponder is |nd|cat|ng that |t supports the receipt of the REC ELS when it is actmg as ja-igrget

_Port. The capability of the target FCP_Port to retransmit unsuccessfully transmitted, dafa is
rmined by the RETRY bit (i.e., a REC SUPPORT bit set to one does not indicate the target/FCP_[Port
ports retransmission of data). If the REC SUPPORT bit is set to zero, then the Responder is indicating
it may not support receipt of the REC ELS.

PRLO ELS
format for the PRLO ELS request and PRLO ELS accept is specified jn FC-LS-2.

PRLO ELS request is transmitted from an Originator FCP_Port to aResponder FCP_Port to indicate
e Responder that the image pair specified in the FCP Service Patameter pages of the PRLO ELS
bing discontinued by the Originator. If the PRLO ELS logs out’the image pair between an initjator
_Port and a target FCP_Port, then all clearing actions specified in 4.10 shall be performed anfl an
hexus loss notification shall be delivered (see 4.11).

PRLO ELS accept is returned to the Originator FCR/Port to indicate that the Responder FCP_|Port
gnizes that the image pair is being discontinued..The accept shall present a response FCP Sefvice

Parameter page for the request FCP Service Parameter page. It is not an error to perform Progess

Log
A Li

Afte
NXx_|

The
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Seeg|

but for an image pair that does not exist.
hk Service Reject (LS_RJT) indicates that the PRLO ELS request is invalid and not accepted.

I Process Logout, no further Fibre Channel Protocol communication is possible between those
Ports.

PRLO ELS accept responsé.codes are defined in FC-LS-2.
Read Exchange Concise (REC) ELS
FC-LS-2 for a description of the REC ELS. FCP-4 specific usage of the REC ELS is as follows:

if task retry-identification is active for the Originator and the Responder, the PARAMETER fie|d of
the requiest Sequence shall contain the task retry identifier for the command specified by the
0oX_|Dvfield value and RX_ID field value;
if the, destination FCP_Port of the REC ELS request determines that the ORIGINATOR S_ID, OX_1ID,
or RX_ID fields, or task retry identifier are inconsistent, then it shall respond with an LS RJT

chucubc withrtheReasomCode—setto63h (i.c., Lugibai UIIUI) or69h (i.c., Ymabteto proctess
command request), and the Reason Code Explanation set to 17h (i.e., Invalid OX_ID-RX_ID
combination);
the REC ELS shall be sent in a new Exchange. The Exchange shall be ended by the response to
the REC ELS;

d) if the Rx_ID field value in the REC ELS request payload was FFFFh, then the RX_ID field value in

the REC ELS LS_ACC payload may be set to the value selected by the Responder when the first
frame of the Exchange was received; and

e) the Fc4vALUE field in the REC ELS LS_ACC payload shall be set to:

A) for a write comand, the number of bytes successfully received by the device server. Data that
has been retransmitted or overlaid shall be counted only once;

B) for a read command, the number of bytes transmitted by the target FCP_Port. Data that has
been retransmitted or overlaid shall be counted only once;

C) for a non-data command, 00000000h;
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D) for a bidirectional command, 00000000h; and
E) for any other Exchange specified in this standard (e.g., a task management function, an SRR
ELS or another REC ELS), 00000000h.



https://iecnorm.com/api/?name=f443b67a3ebda6c2d99cd88da8384d19

7
71

-47- ISO/IEC 14776-224:2019 © ISO/IEC 2

FC-4 specific Name Server registration and objects

Overview of FC-4 specific objects for the Fibre Channel Protocol

019

The Name Server for a Fibre Channel fabric is defined by FC-GS-6. FCP specific objects are defined in
this clause for use by the Name Server. FC-GS-6 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-6) indicates a set of supported data structure type values for
Devfce_Data and FC-4 Link_Data frames (see FC-F5-3).

An FCP_Port shall register the FCP TYPE (08h) with the Name Server using the RFT_ID requéest CT|

Thig registration shall precede registration of the FC-4 TYPE 08h FC-4 Features object.

If additional FC-4 Features (see 7.3) are to be registered, then an FCP_Port shall register'the additi
FCRH Features TYPE (0OAh) with the Name Server using the RFT_ID request CT,IU; This registra

sha

7.3

The
Fea

precede registration of the additional FCP Features TYPE 0Ah FC-4 Featutes object.

FC-4 Features object

FC-4 Features object (see FC-GS-6) defines a 4-bit field for_.each FC TYPE code. The H
ures object is a 32-word array of 4-bit values. The 4-bit FC-4-Feature field for FCP TYPE 0§

inserted in bits 3 - 0 of word 1. The format of the 4-bit FC-4 Feature-field for FCP TYPE 08h is show

tabl

b 13.

Table 13 - FCP TYPE 08h definition/of FC-4 Feature bits

Wor:d 1 Description of bit

bit

3 Additional E€P Features

2 Contains one or more peripheral devices that are
not'peripheral device type 00h (i.e., direct access
block device).

1 FCP initiator function supported

0 FCP target function supported

If bi{ 3 of word 1 isyset’to one, then additional FCP FC-4 Features may be registered for additional
Feafures TYPE OAh (see table 14). If bit 3 of word 1 is set to zero, then no additional FCP H

Fea

The
The

ures arg registered for additional FCP Features TYPE OAh.

4-bjt-FC-4 Feature field for additional FCP Features TYPE 0Ah is inserted in bits 3 - 0 of wo

IU.
pnal

tion

C-4
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FCP
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format of the 4-bit FC-4 Feature field for additional FCP Features TYPE OAh is shown in table

14.

Table 14 - Additional FCP Features TYPE 0Ah definition of FC-4 Feature bits

Word 1 Description of bit
bit
3 Reserved
2 Reserved
1 Reserved
0 Reserved
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An FCP_Port shall register the FCP TYPE 08h FC-4 Features object with a Name Server using the
RFF_ID request CT_IU. An FCP_Port may register the additional FCP Features TYPE 0Ah FC-4
Features object with a Name Server using the RFF_ID request CT_IU.

The FC-4 Features object may be obtained by any Nx_Port from a Name Server using a GFF_ID request
CT_IU, which requests the FC-4 Features object for a specified Port Identifier (see FC-GS-6). The FC-
4 Features object is provided in the GFF_ID accept CT_IU.

A list of all the Port Identifiers matching the domain and area addressing and a specified FC-4 Features
object may be obtained by any Nx_Port from a Name Server using the GID_FF request CT_IU. The FC-4
Features object is a parameter in the GID_FF request CT_IU.
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FCP FC-4 Link Service (FCP_LS) definitions

FCP_LS overview

019

FC-4 Link Service functionality is specified in FC-LS. For FCP FC-4 Link Services, the FCP frame header

field

s (see 5.2) shall be set as follows:

a) R_CTL Routing field (word 0, bits 31-28) 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
c) the R_CTL Information field (word O, bits 27-24) shall be set to 0010b (i.e., unsolicited control) for

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

The

FUF_LS requests and responses defined In this standard are specified In table 195.

Table 15 - FCP_LS requests and responses

R_CTL .. Request/
(word 0 bits 31-2 4) Name Description Resqponse Reference
14h SRR Sequence Retransmission Request| Request 8.2
02h FCP_ACC |FCP_LS Accept Response 8.3
01h FCP_RJT | FCP_LS Reject Response 8.4

8.2

The
FCH

If ta
field
OX_|

If th
iden

“Unable to perform the command request” and the Reason Code Explanation set to “Invalid OX]

RX |

If th
then

“Unable to perform theicommand request” the Reason Code Explanation set to “Unable to su

requ

If th
Exc

The
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Sequence Retransmission Request (SRR) FCP_LS request

SRR FCP_LS request Sequence is transmitted by aninitiator FCP_Port to request that a tz
"_Port retransmit information or request retransmission,of information for the specified Exchang

5k retry identification (see 4.7) is active for the Originator and the Responder, then the PARAME
of the request Sequence shall contain the task retry identifier for the command specified by
D and RX_ID field values.

e target FCP_Port determines that the Originator S_ID, OX_ID, or RX_ID field values, or task
tifier are inconsistent, then it shall respond with an FCP_RJT (see 8.4) with the Reason Code s

ID combination”.

b target FCP_Port is unable to retransmit the Sequence or data at the requested Relative O
the target FCP_Port_shall respond with an FCP_RJT Sequence with the Reason Code s

ested data”.

b initiator FCR\Port receives an FCP_RJT response, then the initiator FCP_Port shall terminate
nange refereénced by the SRR FCP_LS request using ABTS-LS (see 12.3.2).

SRR FCP_LS request shall be sent in a new Exchange. The Exchange shall be ended by
onseto the SRR FCP_LS request.
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Sequence Initiative for the Exchange referenced by the SRR FCP_LS request shall be transferred to the
target FCP_Port to retransmit the requested Sequence.

For unacknowledged classes, the Sequence Count for a retransmitted FCP_DATA IU may start at zero,
even if continuously increasing sequence count is being used. For acknowledged classes, the Sequence
Count for a retransmitted FCP_DATA IU shall start at one higher than the last Sequence Count used in
the Exchange to prevent it from being within the range of the Recovery_Qualifier.

A target FCP_Port that has agreed during Process Login to support retransmission should not reject
requests for retransmission of the requested frames, but if the target FCP_Port does responds to the
SRR FCP_LS request with an FCP_RJT, then the target FCP_Port shall return CHECK CONDITION
status with the sense key set to HARDWARE ERROR and the additional sense code set to INITIATOR
DETECTED ERROR MESSAGE RECEIVED.
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SRR FCP_LS 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
with the Reason Code set to “Unable to support command request” and the Reason Code Explanation
set to “Unable to supply requested data”.

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.

SRR FCP_LS request payload:

The[format of the SRR FCP_LS request payload is specified in table 16.

Table 16 - SRR FCP_LS request payload

Bits || Bits 31-24 Bits 23-16 Bits 15-8 Bits 7-0
Word
0 14000000h
1 OX_ID RX_1D
2 RELATIVE OFFSET
3 R_CTL FOR IU Reserved

The|ox_ID field shall be set to the ox_ID of the Exchange fop which retransmission is being requested.
The|RX_ID field shall be set to the RX_ID of the Exchange)fer which retransmission is being requested.

The|RELATIVE OFFSET field is only valid if the R_CTL FORU field is set to 01h (i.e., Solicited Data) or to[05h
(i.e.| Data Descriptor). The RELATIVE OFFSET field contains the Relative Offset of the lowest bytg the
initiator FCP_Port has identified as requiring.retransmission. The two low-order bits of the RELATIVE
OFF$ET field shall be set to zero, such that the data to be retransmitted begins on a four-byte boundary.

Thelamount of data to transfer is implicitly‘the remainder of that for the Exchange.

The| R_CTL FOR IU field encoding”is as described in FC-FS-3 (i.e., Data Descriptor forl an
FCH_XFER_RDY IU, Command Status for an FCP_RSP IU, and Solicited Data for an FCP_DATA]IU).

Possible responses to the SRR FCP_LS request:
FCP_ACC

Specifies acceptance of the SRR FCP_LS request.
FER_RJT

Specifies rejection of the SRR FCP_LS request.
8.3 | FCP_LS Accept (FCP_ACC)

FCP_ACC notifies the originator of an FCP_LS request that the FCP_LS request Sequence has been
accepted. An FCP_ACC may be a response Sequence to any FCP_LS request.

Addressing:

The D_ID field specifies the source of the FCP_LS request being accepted. The s_ID field specifies
the destination of the FCP_LS request being accepted.
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FCP_ACC payload:
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The payload for the FCP_ACC is specified in table 17.

Table 17 - FCP_ACC payload

Bits 31-24

Bits 23-16

Bits 15-8

Bits 7-0

02000000h

8.4 —FEP—LSRejeet{FEP—RIF)
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FCH_RJT notifies the originator of an FCP_LS request that the FCP_LS request Sequencechas |

rejected. An FCP_RJT may be a response Sequence to any FCP_LS request.

Addressing:

FCH_RJT payload:

[ds) = =h ol

hown in table 18.

Table 18 - FCP_RJT payload

The D_ID field specifies the source of the FCP_LS request being rejected. The 3| D field specifieg
destination of the FCP_LS request being rejected.

[he first word of the FCP_RJT payload shall contain the FCP_RJT ‘cede (i.e., 01000000h). The
bur bytes of the FCP_RJT payload shall contain a Reason Code; Reason Code Explanation,
endor specific information, if any, for rejecting the request.<The format of the FCP_RJT payload is

Bits Bits 31-24 Bits23-16 Bits 15-8 Bits 7-0
Word
0 01000000h
1 Reserved REASON CODE | REASON CODE Vendor
EXPLANATION specific

een

the

hext
and
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The REASON CODE field value are specified in table 19.

Table 19 - FCP_RJT Reason Codes

Encoded Value

(Bits 23-16) Description Meaning

01h Invalid FCP_LS command code The FCP_LS command code in the
Sequence being rejected is invalid.

03h Logical error The request identified by the FCP_LS
command code and payload content is
invalid or logically inconsistent for the
conditions present.

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

07h Protocol error An error has been detected that violates the
rules of the FC-FS-3\signaling protoco|, but
that is not specified by other error codgs.

0%9h Unable to perform command request The Recipient-ef a Link Service commpand
is unable_to.perform the request at thig
time.

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

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

other Reserved

Thelfirst error condition encountered shalkbe the error reported.

The|Reason Code Explanation field values are specified in Table 20.

Table 20 - FCP_RJT Reason Code Explanations

Enco_ded Value Description Applicable FCP_LS
(Bits 1528) requests
Q0h 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 21 for IUs sent
to target FCP_Ports, and in table 22 for IUs sent to initiator FCP_Ports. Each IU shall be contained in a
single Sequence (see 3.1.56). Each Sequence carrying an FCP IU shall contain only one IU. Examples
of typical Fibre Channel Protocol operations using these IUs are included in Annex B.

Table 21 - FCP Information Units (IUs) sent to target FCP_Ports

Data block
iy2 Description F/IM/L |~SP| WM/O
R_CTL
iy Content
field
T Command / Task management request 06h FCP_CMND F T M
T2 7P ¢ | Command request 06h FCP_CMND F H 0]
T6 Data-Out action 01h FCP_DATA M T M
T144 Confirm 03h FER. CONF L T 0
Key:
U Information Unit identifier
Content Contents (payload) of data block
F/M/L First/Middle/Last Sequence\of Exchange (FC-FS-3)
F First
M Middle
L Last
Sl Sequence Initiative: Held or Transferred (FC-FS-3)
H Held
T Transferred
M/O Mandatory/Optional Sequence
M Mandatory
Q Optional

a| T3, T4,T5,T7, T8, T9, T10, and T11 are obsolete.

b| T2 is only permittediwhile transfer ready |Us are disabled (see table 11).
c| T2 allows optiopal.Sequence streaming during write operations.

d| T12 is only permitted in response to an 15 frame (see table 22).



https://iecnorm.com/api/?name=f443b67a3ebda6c2d99cd88da8384d19

ISO

/IEC 14776-224:2019 © ISO/IEC 2019 - 54 -

Table 22 - FCP Information Units (IUs) sent to initiator FCP_Ports

Data block
a - -
V) Description R CTL F/M/L | SI | M/O
iy Content
field
11 Data-Out delivery request 05h | FCP_XFER RDY (Write) M T M
130 || Data-In action 01h FCP_DATA M H M
14 Command/Task management response 07h FCP_RSP L T M
I5¢ || Response (Confirm request) 07h FCP_RSP M T 0]
18 Extended Response 08h (see FC-NVMe)
19 Extended Response (Confirm response) 08h (see FC-NVMe)
Key:
9] Information Unit identifier
Content Contents (payload) of data block
F/M/L First/Middle/Last Sequence of Exchange (FC-FS-3)
F First
M Middle
L Last
SI Sequence Initiative: Heldwer Transferred (FC-FS-3)
H Held
T Transferred
M/O Mandatory/Optional*Sequence
M Mandatory
0] Optional
a 13, 16, and |7 are obsolete.
b 13 allows optional Sequence.stteaming to 13, 14, or I5.
c 1§is permitted to request the confirm completion protocol.
9.2| FCP_CMND IU
9.2.1 Overview'and format of FCP_CMND IU
The|FCP_CMND IU carries either a command or a task management request. If an invalid combination
of b|ts is,set’in the FCP_CMND IU, then the target FCP_Port shall respond with an FCP_RSP IU |with
the RSP, cODE field set to INVALID_FIELD (see table 29). The format of the FCP_CMND |U is spedjfied
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in table 23.
Table 23 - FCP_CMND IU payload
Bit 7 6 5 4 3 2 1 0
Byte
0
FCP_LUN
7
8 COMMAND REFERENCE NUMBER
9 Rsvd COMMAND PRIORITY TASK ATTRIBUTE
10 TASK MANAGEMENT FLAGS
11 ADDITIONAL FCP_CDB LENGTH = (n-27)/4 RDDATA ¥| WRDATA|
12
FCP_CDB
27
28
ADDITIONAL FCP_CDB (if any.)
n
n+1 (MSB)
n+2
FCP)DL
n+3
n+4 (LSB)
n+5 (MSB)
n+6
FECP_BIDIRECTIONAL_READ_DL (if any)
n+7
n+8 (LSB)
9.2 FCP_CMND IU field descriptions
9.2.2.1 FcP_LUN field
If the value of byte*zero of the FCP_LUN field is equal to FDh and the value of byte one of the FCP|LUN
field is equalto28h, then see FC-NVMe.
If the valUe of byte zero of the FCP_LUN field is equal to FEh, then see FC-SB-6.
If thevalue of byte zero of the FcP 1 UN field is not equal to FDh or FEh, then the EcP_1 UN field confiains

the LUN of the logical unit in the scsl target device. See SAM-5.

If the FCP_LUN field contains a valid LUN, then the command or task managmenent function shall be
routed to the specified logical unit. If the addressed logical unit does not exist, then the SCSI target
device shall follow the rules for responding to selection of an incorrect logical unit as specified in SAM-5.

9.2.2.2 COMMAND REFERENCE NUMBER field

The COMMAND REFERENCE NUMBER 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, then a nonzero
value in the COMMAND REFERENCE NUMBER 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, then a zero value in the COMMAND
REFERENCE NUMBER field indicates that command shall not be verified for precise delivery. If precise
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delivery checking is not enabled, then the COMMAND REFERENCE NUMBER field shall be ignored by the
device server. If the FCP_CMND IU specifies a task management function, then the COMMAND
REFERENCE NUMBER field is reserved and set to zero and the FCP_CMND IU shall not be verified for
precise delivery.

9.2.2.3 COMMAND PRIORITY field

The COMMAND PRIORITY field specifies the relative scheduling importance of a command with the TASK
ATTRIBUTE field set to 000b (i.e., SIMPLE) in relation to other commands already in the task set with
SIMPLE task attributes (see SAM-5).

9.2.2.4 TASK ATTRIBUTE field

The|TASK ATTRIBUTE field contains values that specify the task attribute (see SAM-5) associatediwith the
CDB, as shown in table 24.

Table 24 - TASK ATTRIBUTE field

Task
attribute Task attribute Description
code
000b SIMPLE Requests that the task be.managed according to the

rules for a simple task attribute, and the rules for priority
if implemented (see SAM-5).

001b HEAD OF QUEUE | Requests that the'task be managed according to the
rules for a head of queue task attribute (see SAM-5).

010b ORDERED Requestsithat the task be managed according to the
rules fofzan ordered task attribute (see SAM-5). Mecha-
nisms.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 automatic contingent allegiance task attri-
bute (see SAM-5).

101b Obsolete

110b-111b | Reserved

9.2.2.5 TASK/MANAGEMENT FLAGS field

The|TASK-MANAGEMENT FLAGS field specifies the task management function to be performed.

Taskmanagement functions shall be requestied by the nitiator FCP_Port (Exchange originator) using a
new Exchange. If the TASK MANAGEMENT FLAGS field is set to a nonzero value, the FCP_cCDB field, then the
Fcp_DL field, the TASK ATTRIBUTE field, the RDDATA bit, and the WRDATA bit shall be ignored and the
FCP_BIDIRECTIONAL_READ_ DL field shall not be included in the FCP_CMND IU payload. If the TASK
MANAGEMENT FLAGS field is set to a reserved value, then the target FCP_Port shall return an FCP_RSP
IU containing the FCP_CODE field set to INVALID_FIELD.

The clearing actions performed by task management functions are specified in table 9 (see 4.10).
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The TASK MANAGEMENT FLAGS field is specified in table 25.

Table 25 - TASK MANAGEMENT FLAGS field

Code Name Task management function 2 Support
00h None P None P Mandatory
01h | FCP_QUERY_TASK_SET QUERY TASK SET Optional
02h— ECP_ABORT TASK _SET ABORT TASK SET Mandatory
04h| | FCP_CLEAR_TASK_SET CLEAR TASK SET Mandatory
08h| | FCP_QUERY_ASYNCHRONOUS_EVENT | QUERY ASYNCHRONOUS EVENT" |“Optional
10h| | FCP_LOGICAL_UNIT_RESET LOGICAL UNIT RESET Mandatory
20h Obsolete Obsolete
40h| | FCP_CLEAR_ACA CLEAR ACA Optional
80h| | Obsolete Obsolete
All Reserved Reserved

othens

a) | The ABORT TASK and QUERY TASK task management functions are specified in 4.9.
b) [ Indicates no task management function is performed\and the Fcp_cDB field shall be used.

The|QUERY TASK SET task management functionis specified in SAM-4.

The|ABORT TASK SET task management function is specified in SAM-4. The ABORT TASK SET
marjagement function resets internal states-6f'the target FCP_Port (see 4.10). Exchange resources
be dleared by an ABTS-LS (see 12.3) transmitted by the initiator FCP_Port that sent the ABORT T
task management function for each command known to the initiator FCP_Port.

SET

The|CLEAR TASK SET task management function is specified in SAM-4. The CLEAR TASK SET
marfagement function resets internal states of the target FCP_Port (see 4.10). Exchange resourcg

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

an ABTS-LS (see12.3) may be transmitted by the initiator FCP_Port that sent the CLEAR T
SET for each command known to that initiator FCP_Port;
a command;nif any, for an initiator FCP_Port other than the initiator FCP_Port that sent
CLEAR TASK SET is ended in the logical unit. The initiator FCP_Port for that command s
determine by a timeout that the command did not finish. If a timeout occurs, then the init
FCPPort shall clear the Exchange resources by transmitting an ABTS-LS. (see 12.3); or

NOTE 2 - SAM-5 has defined the TASK ABORTED status for commands terminated by a CLEAR TASK
SET task management function if the Control mode page (see SPC-4) indicates that the TASK ABORTED
status is supported.

The QUERY ASYNCHRNOUS EVENT task management function is specified in SAM-4.

task
may
A\SK

task
s to

ASK

the
hall
ator

ASK
INIT

The LOGICAL UNIT RESET task management function is specified in SAM-4. The LOGICAL UNIT
RESET task management function resets the internal states of the target FCP_Port and logical unit (see
4.10). Exchange resources to be cleared may be cleared by the following mechanisms:
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a) an ABTS-LS (see 12.3) may be transmitted by the initiator FCP_Port that sent the LOGICAL
UNIT RESET task management function for each command in the logical unit known to that
initiator FCP_Port;

b) a command, if any, for an initiator FCP_Port other than the initiator FCP_Port that sent the
LOGICAL UNIT RESET task management function is ended in the logical unit. The initiator
FCP_Port for that command shall determine by a timeout that the command did not finish. If a
timeout occurs, then the initiator FCP_Port shall clear the Exchange resources by transmitting an
ABTS-LS (see 12.3); or

¢) a command for an initiator FCP_Port other than the initiator FCP_Port that sent the LOGICAL

UNIT RESET task management function 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-5.

NOTE 3 - SAM-5 has defined the TASK ABORTED status for commands terminated by a LOGICAL UNIT|
RESET task management function if the Control mode page (see SPC-4) indicates that \thé TASK
ABORTED status is supported.

The|CLEAR ACA task management function is specified in SAM-4.

Whe¢n the task manager clears the ACA condition, any command within that task set may be completed
subject to the rules for task management specified by SAM-5. If there is ng ACA condition present, then
the CLEAR ACA task management function shall be accepted and the(lFCP_RSP IU shall contgin a
RSP| coDE field set to TMF_COMPLETE (see table 29).

The|use of the NACA bit in the CDB coNTROL field and the implementation of ACA is described in SAM-5.

Depending on the mode page parameters that have been e€stablished (see SPC-4), additional FCR 1/O
opefations may have to be aborted by transmitting an ABTS-LS as part of the process of clearing the
ACA condition.

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
field. The ADDITIONAL FCP_CDB LENGTH fieldsshall be set to zero for task management requests.

9.2.2.7 RDDATA bit and WRDATA bit

If the RDDATA bit is set to one, thenrthe initiator FCP_Port expects to receive FCP_DATA IUs fron| the
target FCP_Port (i.e., a read pperation).

If the WRDATA bit is set tovone, then the initiator FCP_Port expects to transmit FCP_DATA IUs td the
target FCP_Port (i.e., awrite operation).

If the RDDATA bit and " WRDATA bit are both set to one, then the initiator FCP_Port expects both a fead
opefation and aywrite operation (i.e., a bidirectional command). The FCP_BIDIRECTIONAL READ_DL ffield
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 command.

If thesRDDATA bit and WRDATA bit are both set to zero, then there shall be no FCP_DATA IUs and the
FCP_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 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.

NOTE 4 - Device servers compliant to previous versions of this standard may terminate the command and
return an FCP_RSP IU with the RsP_cODE field set to INVALID_FIELD (see table 29) for some protocol
errors.
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9.2.2.8 Frcp_cbs field

The Fcp_cDB field contains the CDB to be sent to the addressed logical unit. The maximum CDB length
is 16 bytes unless the ADDITIONAL FCP_CDB LENGTH field has specified that there is an
ADDITIONAL_FcP_cDB field. The Fcp_cDB field shall be ignored if the TASK MANAGEMENT FLAGS field is set
to a nonzero value.

The CDB format is defined by SAM-5 and SPC-4 and the contents of the CDB are defined in the SCSI
command standards. Bytes between the end of a CDB and the end of the FCP_CDB field or, if applicable,
the ADDITIONAL_FCP_cDB field shall be reserved.

9.2.2.9 ADDITIONAL_FcP_cDB field

The| ADDITIONAL FCP_cDB field contains any CDB bytes beyond those contained within the M6’pyte
Fcp| cDB field.

The|ADDITIONAL FCP_CDB field shall not be present if the TASK MANAGEMENT FLAGS field is Set'to a nongero
. The contents of the field shall be those bytes of an extended CDB beyond the first’16 bytes of the

For|a read command, the FCP_DL field contains a count of the maximum/number of all bytes tp be
trangferred to the application client buffer in FCP_DATA IU payloads by 'the command. The FCP_DL field

For [a write command, the FCP_DL field contains a count of the maximum number of all bytes tp be
trangferred from the application client buffer in FCP_DATA/U payloads by the command. The FCp_DL

bidirectional command, the FCP_DL field contains.a count of the maximum number of all bytgs to
be transferred from the application client buffer in FCP” DATA IU payloads by the command. The FCp_DL

An gcP_DL field value of zero indicates that'no data transfer is expected regardless of the state of the

RDDATA and WRDATA bits and that no FCRAXFER_RDY or FCP_DATA IUs shall be transferred.
9.2.2.11 FCP_BIDIRECTIONAL_READ "Dy field

For [a bidirectional command, the-FCP_BIDIRECTIONAL_READ_DL field contains a count of the maximum
nuniber of all bytes to be transferred to the application client buffer in FCP_DATA IU payloads by the
command. The FCP_BIDIRECTIONAL_READ_DL field is the Data-In Buffer Size defined by SAM-5.

If tHe FCP_BIDIRECTIONAL READ DL field value is set to zero, then no read operation is expefted
regdrdless of the state of the RDDATA bit and no FCP_DATA IUs shall be transferred for read data.

If eifher the RBDATA bit or the WRDATA bit is set to zero, then the FCP_BIDIRECTIONAL_READ_DL field ghall
not pe 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-5 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 when requested.

An FCP_XFER_RDY IU shall be transmitted preceding each write FCP_DATA IU when the WRITE
FCP_XFER_RDY DISABLED bit is set to zero by Process Login (see 4.14 and 6.3). If the target FCP_Port
and initiator FCP_Port have negotiated write FCP_XFER_RDY disabled, then FCP_XFER_RDY IUs
shall be transmitted to request each write FCP_DATA IU after the first FCP_DATA IU of the command.
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The

first FCP_DATA IU is transmitted without a preceding FCP_XFER_RDY IU (see 6.3.3).

The first 8 bytes of the FCP_XFER_RDY IU payload are defined in FC-FS-3 for all IUs of category 5 (i.e.,
the data descriptor category). The fields defined in FC-FS-3 are given FCP names for use in this

stan

dard. The format of the FCP_XFER_RDY IU payload is shown in table 26.

Table 26 - FCP_XFER_RDY IU payload

Bit 7 6 5 4 3 2 1 0
Byte
fal L(AMNMODN
U \IVIUIJ}
FCP_DATA_ RO
3 (LSB)
4 (MSB)
FCP_BURST_LEN
7 (LSB)
8
Reserved
11

9.3.

The
dats
bein

The
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a word boundary).

9.3.

The
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from

The
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The
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the
FCP|

P FCP_DATA_RO field

FCP_DATA_RO field contains a value specifying the relative offset in the PARAMETER field for the
byte of the requested FCP_DATA IU (see 5.2.12). The FCP)DATA_RO field is the "Offset of the
g transferred" field specified in FC-FS-3.

FCP_DATA_RO field may be used by the target FCP. Port to request data out of order on writ
ved by the EMDP bit in the Disconnect-Reconnectimode page (see 10.2.8). This is equivalent tg
-5 application client buffer offset.

FCP_DATA_RO field shall have a value that is a multiple of 4 (i.e., each FCP_DATA IU shall begi

B FCP_BURST_LEN field

FCP_BURST_LEN field contains;a value indicating the amount of buffer space prepared for all b
b transferred in the next ECR:_DATA IU and requests the transfer of an FCP_DATA IU of that le
the initiator FCP_Port.

FCP_BURST_LEN field is the "Length of the data being transferred" field specified in FC-FS-3 ang
e in the FCP_BURST_LEN field is equivalent to the SCSI data delivery request byte count (see SAN

value in the/FCP_BURST_LEN field shall not exceed the MAXIMUM BURST SIZE field value defined ir
onnect-Reconnect mode page (see 10.2.7). The sum of the value of the FCP_BURST_LEN field
valug- of the FCP_DATA RO field shall not exceed the value of the FcP_DL field. The value in
| BORST_LEN field shall not be zero.
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9.4

FCP_DATA IU

9.41 FCP_DATA IU overview

The data associated with a particular FCP 1/O operation is transmitted in the same Exchange that sent
the FCP_CMND IU requesting the transfer.

SCSI data transfers may be performed by one or more data delivery requests, each one performing a
transfer no longer than:

a) the FIRST BURST SIzZE field value (see 10.2.10) if the WRITE FCP_XFER_RDY DISABLED bit is set to

one; or

b) THE MAXIMUM BURST SIZE field value (see 10.2.7) if a FCP_XFER_RDY IU was received.
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If more than one FCP_DATA IU is used to transfer the data, the relative offset value in the PARAMETER
field is used to ensure that the SCSI data is reassembled in the proper order (see 5.2.12). If an
FCP_XFER_RDY IU is used to describe a data transfer and the first frame of the requested FCP_DATA
IU has a relative offset that differs from the value in the FCP_DATA_ RO field of the FCP_XFER_RDY IU,
then the target FCP_Port shall return an FCP_RSP IU with the RsP_CcoDE field set to
FCP_DATA_RO_MISMATCH (see table 29).

If required by the PRLI FCP Service Parameters, then each Data-Out action FCP_DATA IU shall be
preceded by an FCP_XFER _RDY IU containing a standard data descriptor payload that indicates the
location and length of the data delivery. If the WRITE FCP_XFER_RDY DISABLED bit is set to one in the PLRI
FCP Service Parameter page (see 6.3), then the first FCP_DATA IU shall be transmitted without a
prededing FCP_XFER_RDY IU.

If the DATA OVERLAY ALLOWED bit is set to one in the PLRI FCP Service Parameter page (see_ 6.3) fof the
initigtor FCP_Port, then the target FCP_Port may request that data be overlaid. If the DATA OVERLAY
ALLQWED bit is set to zero in the PLRI FCP Service Parameter page (see 6.3) for the initiator FCP_Port,
then the target FCP_Port shall not request that data be overlaid. If data overlay is pot iallowed and the
targpt FCP_Port attempts to overlay data, then the initiator FCP_Port may not be able’to guarantee pata
integrity and may indicate service delivery failure. Data retransmission as part, of an error recoyery
progess is not considered data overlay, even if retransmission occurs to\the same offset in| the
application client buffer.

The|target FCP_Port may request data bursts in any order if allowed-by, the EMDP bit in the Disconnect-
Recpnnect mode page (see 10.2). By the time data transfer has béen’terminated, all data betweer) the
offs¢t of zero and the highest offset shall have been transferred. If error conditions occur that prejvent
the fransfer of data in the middle of a data transfer, the FCP_sSNS_INFO shall indicate that only data from
the offset of zero up to the first byte of missing data has been transferred. Even if data of a higher offset
was|successfully transferred, it shall not be considered<alid.

FC-FS-3 specifies the mechanisms used to transfer-an IU. The mechanisms vary with the clags of
senlice being used and the service parameters that are in effect.

9.4.2 FCP_DATA IUs for read and write operations

During any data transfer, the initiator FEP_Port shall have available a buffer of the length specifiel by
the Fcp_DL field in the FCP_CMND IW.-The buffer contains data to be transferred to the target FCP_|Port
if the operation is a write operatiohi(i.e., an operation that uses the Data-Out action, IU T6). The bpffer
recqives 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_ppL.

If the command requested-that data beyond the length specified by the FCP_DL field be transferred, then
the gevice server shall'set the FCP_RESID_OVER bit (see 9.5.8) to one in the FCP_RSP IU and:

a) process thececommand normally except that data beyond the FCP_DL count shall not be requested
or transferred;
b) transferno data and return CHECK CONDITION status with the sense key set to ILLE{SAL
REQUEST and the additional sense code set to INVALID FIELD IN COMMAND INFORMAT|ION
UNIT; or
c) may transfer data and return CHECK CONDITION status with the sense key set to ABORTED
COMMAND and the additional sense code set to INVALID FIELD IN COMMAND INFORMATION
UNIT.

During a write operation that is not using FCP_XFER _RDY IUs, the initiator FCP_Port indicates that it
has transferred all the required data by transferring Sequence Initiative to the target FCP_Port.

The initiator FCP_Port shall not transfer data outside the buffer length defined by FCP_DL. If the write
operation requires a total amount of data less than the amount of data provided by the initiator FCP_Port,
then the target FCP_Port shall discard the excess bytes. If an operation results in the transfer of fewer
bytes than required by FCP_DL, the FCP_RESID_UNDER bit (see 9.5.7) shall be set to one in the FCP_RSP
IU. The command is completed according to the rules specified by the SCSI command standard for that
command.
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If the amount of data requested or transferred does not match the number of bytes of data calculated
from the value of the FCcP_DL field and the value of the FCP_RESID field (see 9.5.12), then the error
detection and recovery procedure described in clause 12 may be invoked or the FCP I/O operation may
be terminated with an Abort Exchange (see 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 overlaid shall be counted only once for the purposes of calculating
residual values.

9.4.3 FCP_DATA IUs for bidirectional commands

During a bidirectional command, the initiator FCP_port shall always have available a buffer with the
lengtirspetified by the FeP—Drfietdimthe FEP—CMND10totransfer datatothetarget FCP—Port The
target FCP_Port shall not request data outside the buffer length specified by the FCP_DL field.

During a bidirectional command, the initiator FCP_Port shall always have available a buffer with the
length specified by the FCP_BIDIRECTIONAL_DL field in the FCP_CMND IU to receive data-from the tdrget
FCR_Port. The target FCP_Port shall not transfer data outside the buffer length‘specified by| the
FCP| BIDIRECTIONAL_DL field.

If a|bidirectional command requested that data beyond the length specified by the FCP_DL field be
trangferred, then 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 no{ be
transferred; or
b) transfer no data in either direction 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.
c) 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 INFORMATION UNIT.

If @ bidirectional command requests \that data beyond the length specified in |the
FCP|BIDIRECTIONAL READ DL field beg,*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 cpunt
shall not be transferred; or
b] transfer no data in either direction and return CHECK CONDITION with the sense key s¢t to
ILLEGAL REQUEST and the additional sense code set to INVALID FIELD IN COMMAND
INFORMATION 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 operation
of g bidirectional command or the number of bytes of data calculated from the value of| the
FCP| BIDIREECTIONAL_READ_DL field and the value of the FCP_BIDIRECTIONAL_READ_RESID field (see 9.8.13)
for the read operation of a bidirectional command, then the FCP 1/O operation may be terminated [with
an ABTS-LS (see 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 overlaid shall be counted only once for the purposes of calculating residual values.

9.44 FCP_DATA IU use of fill bytes

During transfer of data in response to an FCP_CMND _|U with the RDDATA bit set to one and the WRDATA
bit set to zero, all frames of FCP_DATA_IUs except the frame with the highest relative offset within the
Data-In Buffer shall have no fill bytes.

During transfer of data in response to an FCP_CMND _IU with the WRDATA bit set to one and the RDDATA
bit set to zero, all frames of FCP_DATA_IUs except the frame with the highest relative offset within the
Data-Out Buffer shall have no fill bytes.

During transfer of data in response to an FCP_CMND _IU with the WRDATA bit set to one and the RDDATA
bit set to one, all frames of FCP_DATA_IUs except the frame with the highest relative offset within the
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Data-In Buffer and the frame with the highest relative offset within the Data-Out Buffer shall have no fill
bytes.

9.5

FCP_RSP IU

9.5.1 Overview and format of FCP_RSP IU

The FCP_RSP IU provides completion information for FCP I/O operations. The information includes
SCSI status, protocol verification, and any applicable sense data. The target FCP_Port shall transmit an
FCP_RSP IU for each task management function delivered with an FCP_CMND IU, indicating the
completion status of the task management function in the RsP_CODE field (see table 29).

The
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bits and fields in byte 10 and byte 11 summarize the completion status of an FCP 1/O operation
ate the meaning and validity of other fields in the FCP_RSP IU. Byte 10 and byte 11 shall'be
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The format of the FCP_RSP IU is specified in table 27.

-64 -

Table 27 - FCP_RSP IU payload

Bit 7 6 5 4 3 2 1 0
Byte
0
Reserved
7
8
9 STATUS QUALIFIER
10 FCP_ FCP_ FCP FCP
FCP__ BIDI_ BIDI_ FCP__ FCP_ FCP__ SNS_ RSP_
BIDI_ READ_ READ_ CONF_ RESID RESID € -
RSP RESID_ RESID_ REQ UNDER OVER LEN. LEN_
UNDER OVER VAEID VALID
11 SCSI STATUS CODE
12 (MSB)
FCP_RESID
15 - (LSB)
16 (MSB)
FCP_SNS_LEN (=)
19 (LSB)
20 (MSB)
FCP(RSP_LEN (= m)
23 (LSB)
24
FCP_RSP_INFO (m bytes long)(if any)(see table 28)
23+m
24+m
FCP_SNS_INFO (n bytes long)(if an
Jaermen _SNS_ (n by g)(if any)
24+m+n || (MSB)
FCP_BIDIRECTIONAL_READ_RESID (if any)
A7+m+n (LSB)
9.5.2 STATUS-QUALIFIER field
The|STATUS'QUALIFIER field contains the status qualifier (see SAM-5).
9.5.8. < FCP_BIDI_RSP bit

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

set to zero,

9.5.4

then

FCP_BIDI_READ_RESID_UNDER bit

field is

not present,

and the

If the FCP_BIDI_READ_RESID_UNDER bit is set to one, then the FCP_BIDIRECTIONAL_READ_RESID field is
valid and contains the count of bytes that were expected to be transferred, but were not transferred. In
the context of the command, the FCP_BIDIRECTIONAL_READ_RESID field indicates whether or not an error
condition occurred.
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9.5.5 FCP_BIDI_READ_RESID_OVER bit

If the FCP_BIDI_READ_RESID_OVER bit is set to one, then the FCP_BIDIRECTIONAL_READ_RESID field is valid
and contains the count of bytes that were not transferred because the FCP_BIDIRECTIONAL_READ_DL
value was not large enough. In the context of the command, the FCP_BIDIRECTIONAL_READ_RESID field
indicates whether or not an error condition occurred.

9.5.6 FCP_CONF_REQ bit

If the FCP_CONF_REQ bit is set to one, then the initiator FCP_Port shall transmit an FCP_CONF IU to

confirm receipt of the FCP_RSP Sequence. If the FCP_CONF_REQ bit is set to zero, then the initiator
FCR—-Rer-shal-retiransmit-anFGR_GONFU-

9.5.f FCP_RESID_UNDER bit

If th¢ FCP_RESID_UNDER bit is set to one, then the FCP_RESID field is valid and contains the tount of bytes
that|were expected to be transferred, but were not transferred. In the context of the command) the
FCP| RESID field indicates whether or not an error condition occurred.

9.5.8 FCP_RESID_OVER bit

If the FCP_RESID_OVER bit is set to one, then the FCP_RESID field is valid and contains the count of bytes
that|were not transferred because the FCP_DL was not sufficient. In the/econtext of the command] the
FcP| RESID field indicates whether or not an error condition occurred;

9.5.9 FCP_SNS_LEN_VALID bit

If the FCP_SNS_LEN_VALID bit is set to one, then the FCP_SNS_INFO field contains valid information| the
FCP[SNS_LEN field is valid and non-zero and contains the-count of bytes in the FCP_SNsS_INFO field. In the
confext of the command, the FCP_SNS_INFO field indicates whether or not an error condition occurr¢d.

If the FCP_SNS_LEN_VALID bit is set to zero, then the*FcP_SNsS_LEN field is not valid and shall be trepted
as ifl its value were zero. See 9.5.14.

9.5.10 FCP_RSP_LEN_VALID bit

If the FCP_RSP_LEN_VALID bit is set toene, then 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. In the
confext of the command, the FER\.RSP_INFO field indicates whether or not an error condition occurre¢d.

If the FCP_RSP_LEN_VALID,bit is set to one, then the content of the scsI STATUS CODE field is not relipble
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 jnformation<n the RsP_CODE field (see table 29) shall indicate the completion status of the fask
marjagementfunction.

If the FCP—RSP_LEN_VALID bit is set to zero, then the FCP_RSP_LEN field is not valid and shall be trepted
as iLits value were zerq If the FCcP RSP 1EN VAIID hit is set to zera then the FEcP RSP _INFO field shall

have a length of zero and shall not be present.

9.5.11 scsl STATUS CODE field

The scsl STATUS CODE field contains the status code for the command being completed, as defined by
SAM-5.

9.5.12 FcP_RESID field

For read operations and write operations, if the FCP_RESID_UNDER bit is set to one, then the FCP_RESID
field contains a count of the number of residual data bytes that were not transferred in FCP_DATA IUs.

For read operations and write operations, if the FCP_RESID_OVER bit is set to one, then the FCP_RESID
field contains the excess of the number of bytes required by the command to be transferred over the
number of bytes specified by the FCP_DL field.
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For bidirectional commands, if the FCP_RESID_UNDER bit is set to one, then the FCP_RESID field contains
a count of the number of residual data bytes that were not transferred in the Data-Out FCP_DATA IUs
for the command.

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

For bidirectional commands, the FCP_BIDIRECTIONAL_READ_RESID field (see 9.5.13) contains the
corresponding count for Data-In FCP_DATA IUs.

Upon_successful completion of an FCP /O operation. the residual value is normally zero and the
FCP|RESID value is not valid. FCP devices having indeterminate data lengths may have a nongero
resigual byte count after completing valid operations. There is no requirement for the device-server to
verify that the data length implied by the contents of the CDB does not cause an overrun or,undgrrun
befgre beginning the processing of a command.

If the FCP_RESID_UNDER bit is set to one, then a transfer that did not fill the buffer to the expefted
displacement FCP_DL was performed and the value of FCP_RESID is defined as follows:

AcP_RESID = FCP_DL - (highest offset of any byte transmitted + 1)

A cqndition of FCP_RESID_UNDER may not be an error for some FCP devices and some commands

If the FCP_RESID_OVER bit is set to one, then refer to 9.4.2 or 9.4.3; The FCP_RESID value is definefl as
follows:

AcP_RESID = (transfer length required by command) - FGP, DL

If the FCP_RESID_UNDER and the FCP_RESID_OVER bits‘are set to zero, then the FCp_RESID field i not
megningful and may have any value. The FCP_RES|D+ield is always included in the FCP_RSP |U.

Sonpe early implementations presented the FCP-.RSP U without the FCP_RESID field, FCP_SNS_LEN flield,
and|FcP_RsSP_LEN field if the FCP_RESID_UNDER' bit, FCP_RESID_OVER bit, FCP_SNS_LEN_VALID bit,|and
FCP|RSP_LEN_VALID bit were all set to zero;This non-standard behavior should be tolerated.

9.5.13 FCP_BIDIRECTIONAL_READ_RESID field

The|FCP_BIDIRECTIONAL_READ_RESID field is included in the FCP_RSP IU for all bidirectional commahnds.

For| bidirectional commands;” if the FCP_BIDI_READ_RESID_UNDER bit is set to one, then|the
FCP| BIDIRECTIONAL_READ RESID field contains a count of the number of residual data bytes that werg not
tranpferred in Data-In FCP_DATA IUs.

=

For | bidirectional "commands, if the FCP_BIDI READ RESID OVER bit is set to one, then|the
FCP| BIDIRECTIQNAL READ_RESID field contains the excess of the number of bytes required by| the
command tag be transferred in Data-In FCP_DATA IUs over the number of bytes specified by| the
FCP| BIDIRECTIONAL_READ_DL field.

Upagn\successful completion of an FCP 1/O operation, the residual value is normally zero and| the
FCP_BIDIRECTIONAL_READ_RESID value Is not valid. FCP devices having indeterminate data lengths may
have a nonzero residual byte count after completing valid operations. There is no requirement for the
device server to verify that the data length implied by the contents of the CDB does not cause an overrun
or underrun before beginning the processing of a command.

If the FCP_BIDI_READ_RESID_UNDER bit is set to one, then a transfer that did not fill the buffer to the
expected displacement FCP_BIDIRECTIONAL READ DL was performed and the value of
FCP_BIDIRECTIONAL_READ_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 for some FCP devices and some
commands.
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If the FCP_BIDI_READ RESID OVER bit is set to one, then refer to 94.3. The
FCP_BIDIRECTIONAL_READ_RESID value is defined as follows:

FCP_BIDIRECTIONAL_READ_RESID = (read transfer length required by command) -
FCP_BIDIRECTIONAL_READ DL

If the FCP_BIDI_READ_RESID_UNDER bit and the FCP_RESID_OVER bit are both set to zero, then the
FCP_BIDIRECTIONAL_READ_RESID field is not meaningful and may have any value.

9.5.14 FCP_SNS_LEN field

If the ECP_SNS 1EN vAIID bit is one then the FcP_SNS | EN field specifies the number of valid bytes of
FCP| SNS_INFO.

If the FCP_SNS_LEN_VALID bit is zero, then the FCP_SNS_LEN field is not valid and shall be treated asf|if its
value were zero. The FCP_SNS_INFO field is not present.

The|FcP_sSNs_LEN field is always included in the FCP_RSP IU.
9.5.15 FCP_RSP_LEN field

If the FCP_RSP_LEN_VALID bit is one, then the FCP_RSP_LEN field specifies.the humber of valid bytgs of
FCP|RSP_INFO. The FCP_RSP_LEN field shall be set to 00000004h or 00000008h.

If the FCP_RSP_LEN_VALID bit is zero, then the FCP_RSP_LEN field is not valid and shall be treated asf|if its
value were zero. No FCP_RSP_INFO is provided.

The|FcP_RsP_LEN field is always included in the FCP_RSP AU.
9.5.16 FCP_RSP_INFO field

The|FcP_RsP_INFO field contains information describing only the protocol failures detected during the
progessing of an FCP I/O operation. If none of the specified protocol failures have occurred, ther] the
FCP| RSP_INFO field shall not be included in the:xFCP_RSP IU and the FCP_RSP_LEN_VALID bit shall be
zerd. The FCP_RSP_INFO does not contain link error information, since FC-FS-3 provides| the
medhanisms for presenting such errors. Thie FCP_RSP_INFO field does not contain SCSI logical unit ¢rror
information, since that is contained in the FCP_SNS_INFO field as described in 9.5.17. The FCP_RSP_|NFO
field shall contain valid informationif the target FCP_Port detects any of the conditions indicated bl an
FCH Rsp_coDE. The format of the FCP_RSP_INFO field is specified in table 28.

Table 28 - FCP_RsSP_INFO field format

Bit 7 6 5 4 3 2 1 0
Byte
0
ADDITIONAL_RSP_INFO
2
3 RSP_CODE
4
Reserved (if any)
7

The ADDITIONAL_RSP_INFO FIELD contains additional response information for certain task management
functions (e.g., QUERY ASYNCHRONOUS EVENT) as defined in SAM-5. If the task management
function does not specify additional response information or the logical unit does not support additional
response information, then the target FCP_Port shall set the ADDITIONAL_RsSP_INFO field to 000000h.
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The RsP_cODE field is specified in table 29.
Table 29 - RsP_coDE field
Code Name Description
00h TMF_COMPLETE Task Management function complete
01h DATA LENGTH_MISMATCH | FCP_DATA length different than FCP_BURST_LEN
?’)h INVALID FIELD ECP_CMND fields invalid
d)3h FCP_DATA RO _MISMATCH | FCP_DATA parameter mismatch with FCP_DATA|RO
oph @ TMF_REJECTED Task Management function rejected
Oph @ TMF_FAILED Task Management function failed
Oph @ TMF_SUCCEEDED Task Management function suceeeded
oph @ TMF_INCORRECT_LUN Task Management function incorrect logical unit nymber
06h—07h Reserved
OAh(— FFh
a) |Only valid when responding to task management functions;
The| completion status of the task management functioh )is indicated by the RsP_coODE field. If| the
Exchange is aborted before the FCP_RSP IU is returned, then the completion status is unknown. If the
RSP| cODE field is set to TMF_FAILED, then the state-of the logical unit is unknown.
Actiyities started by a task management functio”” may continue after the FCP_RSP IU for the fask
marfagement has been delivered.
9.5.17 FCP_SNS_INFO field
The|FCP_SNS_INFO field contains the'sense data specified by SPC-4. The proper FCP_SNS_INFO shal be
predented when the scsi STATUS CODE field is set to CHECK CONDITION (see SAM-5). If no conditjons
reqyiring the presentation of SCSI sense data have occurred, then the FCP_SNS_INFO field shall nqt be
inclyded in the FCP_RSP.IU and the FCP_SNS_LEN_VALID bit shall be set to zero.
9.6 FCP_CONFIU
The|FCP_CONF_IU, has no payload. It is used as described in 4.5 for an initiator FCP_Port to corjfirm
the feceipt of the-FCP_RSP IU from a target FCP_Port. The frame shall be transmitted by an initjator
FCRH_Port if.the confirmed completion protocol is supported by both the target FCP_Port and the initlator
FCH_Port and when the confirmation has been requested by the FCP_CONF_REQ bit in the FCP_RSF IU.
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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 30.

Table 30 - Mode pages for FCP

Page code Sl:::%aege Description Reference
02h 00h Disconnect-Reconnect mode page 10.2
18h 00h Fibre Channel Logical Unit Control mode page 10.3
19h 00h Fibre Channel Port Control mode page 10.4
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.1 Overview and format of Disconnect-Reconnect mode page for FCP

Disconnect-Reconnect mode page (see table 31) alléws the application client to modify the behg
e target FCP_Port. This subclause specifies the parameters defined by SPC-4 that are used by
ces and defines how FCP devices interpret the' parameters. The application client communic
the device server to determine what values are most appropriate for a device server. The de
er communicates the parameter values in this mode page to the target FCP_Port.
munication is internal to the SCSI target device and FCP device and is outside the scope of]
dard. If a field or bit contains a value that is not supported by the FCP device, then the device se
terminate the command with EHECK CONDITION status with the sense key set to ILLE
DUEST and the additional sense code set to ILLEGAL FIELD IN PARAMETER LIST.

hterconnect tenancy is the-period of time when an FCP device owns or may access a shared R
nnel interconnect. Forarbitrated loops (see FC-AL-2), a tenancy typically begins when an

ce successfully opens the connection and ends when the FCP device releases the connectio
by other device pairs. Data and other information transfers take place during interconnect tenand

vior
FCP
Ates
vice
This
this
rver
GAL

ibre
-CP
h for
ies.



https://iecnorm.com/api/?name=f443b67a3ebda6c2d99cd88da8384d19

ISO/IEC 14776-224:2019 © ISO/IEC 2019 -70 -

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.

Table 31 - 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
5 (LSB)
6 (MSB)
DISCONNECT TIME LIMIT
7 (LSB)
8 (MSB)
CONNECT TIME LIMIT
9 (LSB)
10 (MSB)
MAXIMUM BURST SIZE
11 (LSB)
12 EMDP FAA FAB FAG RESTRICTED RESTRICTED
13 Reserved
14 (MSB)
FIRST BURST SIZE
15 (LSB)
10.24.2 BUFFER FULL RATIO field
The|BUFFER FULL RATIO field indicates to the device server, during read operations, how full the buffer
shotild be prior to reguesting an interconnect tenancy. Device servers that do not implemenf] the
reqyested ratio should;round down to the nearest implemented ratio as defined in SPC-4. FCP devices
attaghed to links_that do not have the concept of interconnect tenancy shall round the ratio to zero|and
tranpmit data ina-vendor specific manner.
The|valuesgontained in the BUFFER FULL RATIO field is defined by SPC-4.
10.4.3¢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
transmit data. Device servers that do not implement the requested ratio should round down to the
nearest implemented ratio as defined in SPC-4.

The value contained in the BUFFER EMPTY RATIO field is defined by SPC-4.
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, then the device server shall end the interconnect
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tenancy. This value may be rounded as defined in SPC-4. A value of zero indicates that there is no bus
inactivity limit.

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

The BUS INACTIVITY LIMIT field is not applicable for FCP devices attached to links that do not have the
concept of interconnect tenancy.

10.2.5 DISCONNECT TIME LIMIT field

The DISCONNECT TIME LIMIT field indicates the minimum delay between interconnect tenancies measured
in increments of 128 transmission words. Target FCP_Ports in configurations having the congept of
intefconnect tenancy shall delay at least this time interval after each interconnect tenancy-bgfore
beginning arbitration. The device server may round this value to any value it prefers. A value of gero
indi¢ates that the disconnect time limit does not apply.

The|DISCONNECT TIME LIMIT field is not applicable for FCP devices attached to links that'do not have the
congept of interconnect tenancy.

10.2.6 CONNECT TIME LIMIT field

The|CcONNECT TIME LIMIT field indicates the maximum duration of a single iaterConnect tenancy, meastred
in increments of 128 transmission words. If the connect time limit is-exceeded, then the device sgrver
shall conclude the interconnect tenancy, within the restrictions placed on it by the applicable Hibre
Channel configuration. The device server may round this valueitorany value it prefers. A value of gero
indi¢ates that there is no connect time limit.

The|CONNECT TIME LIMIT field is not applicable for FCP, devices attached to links that do not havq the
congept of interconnect tenancy.

10.2.7 MAXIMUM BURST SIZE field

The|MAXIMUM BURST SIZE field indicates the maximum size of all bytes in an FCP_DATA IU that the tgrget
FCR_Port shall transfer to the initiator FCP:;Port in a single Data-In FCP_DATA IU or request from} the
initigtor FCP_Port in an FCP_XFER_RDY IU. This parameter does not affect how much dafa is
tranpferred in a single interconnect tehancy. This value is expressed in increments of 512 bytes (e.p., a
value of 1 means 512 bytes, two méans 1024 bytes, etc.). The device server may round this value down
as defined in SPC-4. A value of zero indicates there is no limit on the amount of data transferred per fata
trangfer operation. The no limit-option (i.e., the zero 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 maxirhum
buffering requirements.

10.2.8 EMDP bit

The|enable modify data pointers (EMDP) bit indicates whether or not the target FCP_Port may usq the
random huffer access capability to reorder FCP_DATA IUs for a single command. If the EMDP bit ig set
to zgro; then the target FCP_Port shall generate continuously increasing relative offset values for @ach
FCR "DATA IU for a single command. If the EMDP bit is set to one, then the target FCP_Port may transfer
the FCP_DATA IUs for a single command in any order. If the EMDP bit is set to zero, then data overlay
is prohibited even if it is allowed by the DATA OVERLAY ALLOWED bit in Process Login (see 4.14 and 6.3).
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
operation. If the EMDP bit is set to zero, then 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.
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10.2.9 FAA bit, FAB bit, and FAC bit

The fairness access (FA) bits, FAA, FAB, and FAC, indicate whether a target FCP_Port attached to an
arbitrated loop (see FC-AL-2) shall use the access fairness algorithm when beginning the interconnect
tenancy.

An FA bit set to one indicates that the target FCP_Port shall use the access fairness algorithm for the
specified frames. An FA bit set to zero indicates that the target FCP_Port may choose to not use the
access fairness algorithm.

The FAA bit controls arbitration when the target FCP_Port has one or more FCP_DATA IU frames to
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b target FCP_Port intends to transmit multiple frame types, then it may choose to not use the ac
ess algorithm if any applicable FA bit is set to zero. FCP devices attached 10 links that do not
concept of interconnect tenancy shall ignore the FA bits. The FA bits are optional for all FCP dev

.10 FIRST BURST SIZE field

ice Parameter page (see 6.3), the FIRST BURST SIZE field indicates the maximum amount of all b
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Fibre Channel Logical Unit Control mode page

The Fibre Channel Logical Unit Control mode page (see table 32) 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 command and MODE SELECT command rules
specified by SPC-4.

Table 32 - Fibre Channel Logical Unit Control mode page (18h)

Bit 7 6 5 4 3 2 1

Byte

PS SPF (Ob) PAGE CODE (18h)

PAGE LENGTH (06h)

Reserved PROTOCOL IDENTIFIER)(FCP = 0h)

Reserved

FPDC

Reserved

Reserved

Reserved

N[O~ WO[DN

Reserved

If th
deli
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field
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If th
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The
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e enable precise delivery checking (EPDC) bit is set tofone, then the logical unit shall use the pre
ery function defined by this standard (see 4.4). If the€€PDC bit is set to zero, then the logical unit
ise the precise delivery function and shall ignore\the contents of the COMMAND REFERENCE NUM
in the FCP_CMND IU (see 9.2.2.2). The EPDC bit is valid for all types of link connections. |
ise delivery function is not supported and(the Fibre Channel Logical Unit Control mode pag
borted by the logical unit, then the EPDC bit shall be masked as not changeable and shall follow
DE SENSE command and MODE SELECT command rules specified by SPC-4.

e Fibre Channel Logical Unit Control mode page is not supported by a logical unit, then
ication client shall assume that-the precise delivery function is not supported by that logical un

Fibre Channel Port Control mode page
.1 Overview and format of Fibre Channel Port Control mode page

Fibre Channel Port Control mode page contains those parameters that select FCP_Port operd
bns. The mode page policy shall be per target port (see SPC-4). The mode page shal
emented-by.LUN 0 and may be implemented by logical units other than LUN 0. The implementd
Ny bit and-its associated functions is optional. The mode page follows the MODE SENSE comm
MODE SELECT command rules specified by SPC-4.
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format of the Fibre Channel Port Control mode page is specified in table 33.

Table 33 - Fibre Channel Port Control mode page (19h)

Bit 7 6 5 4 3 2 1 0

Byte

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

1 PAGE LENGTH (06h)

2 Reserved PROTOCOL IDENTIFIER (FCP = 0h)

3 DTFD PLPB DDIS DLM RHA ALWI DTIPE TOLI

4 Reserved

5 Reserved

6 Reserved RR_TOV UNITS

7 SEQUENCE INITIATIVE RESOURCE RECOVERY TIMEOUT VALUE(RR_TOVgeq nir)

10.4.2 Disable target originated loop initialization (DTOLI) bit

If the disable target originated loop initialization (DTOLI) bit is set to®one, then the target FCP_Port $hall

not generate a LIP following insertion into an arbitrated loop (see FC-AL-2). The target FCP_Port $hall

resgond to a LIP when itis received. If the DTOLI bit is set to z€ro, then the target FCP_Port shall gengrate
LIP(F7, xx) after it enables a port into an arbitrated loop) If the target FCP_Port is attached t¢ an
arbifrated loop and detects loop failure at its input, then it shall follow the error initialization prog¢ess
defiped by FC-AL-2 regardless of the state of the'DToLI bit. Target FCP_Ports not attached t¢ an
arbifrated loop shall ignore the DTOLI bit.

10.4.3 Disable target initiated port enable (DTIPE) bit

If the disable target initiated port enable (DTIPE) bit is set to one, then the target FCP_Port shall walt for
an ipitiator FCP_Port to transmit the. Loop Port Enable (LPE) primitive sequence before inserting itself
intofan arbitrated loop (see FC-AL=2). The target FCP_Port shall wait in a participating state with the |Port
Byppss circuit, if any, set to bypass the target FCP_Port. The target FCP_Port uses the hard address
available in the SCA-2 connector (see SFF-8067) or in device address jumpers to determine whdther
LPH primitive sequences ‘are addressed to it. An LPE primitive sequence addressed to the broadcast
addfess shall also cause'the target FCP_Port to insert itself into the loop. If the DTIPE bit is set to Zero,
ther] the target FCP( Bort shall enable itself onto the loop according to the rules specified in FC-AL-2.
Target FCP_Ports'not attached to an arbitrated loop shall ignore the DTIPE bit.

10.4.4 Allowlogin without loop initialization (ALwLI) bit

If the allowlogin without loop initialization (ALWLI) bit is set to one, then the target FCP_Port shall usg the
hard address available in the SCA-2 connector (see SFF-8067) or in device address jumpers, entef the
monitoring state in participating mode, and accept Togins without using the Toop initialization procedure
(see FC-AL-2). If the ALWLI bit is set to zero, then 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.

10.4.5 Require hard address (RHA) bit

If the REQUIRE HARD ADDRESS (RHA) bit is set to one, then the target FCP_Port 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, then the target FCP_Port shall enter
the nonparticipating state. If the target FCP_Port detects loop initialization while in the nonparticipating
state, then it shall again attempt to get its hard address. If the hard address has not changed from the



https://iecnorm.com/api/?name=f443b67a3ebda6c2d99cd88da8384d19

-75- ISO/IEC 14776-224:2019 © ISO/IEC 2019

address obtained in a previous successful loop initialization, then 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, then the target FCP_Port shall follow 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 disable loop master (DLM) bit is set to one, then the target FCP_Port shall not participate in I:op
master arbitration and shall not become loop master. The target FCP_Port shall only repeat LISM\frames
it re¢eives. If the DLM bit is set to zero, then the target FCP_Port may participate in loop masterarbitration
in the normal manner and, if successful, may become loop master during the loop initialization progess.
Target FCP_Ports not attached to an arbitrated loop shall ignore the DLM bit.

10.4.7 Disable discovery (DDIS) bit

If the disable discovery (DDIS) bit is set to one, a target FCP_Port without a'valid fabric login shal| not
reqyire receipt of Address or Port Discovery (i.e., ADISC ELS or PDISC EL Ss) following loop initialization
as described in FC-DA-2. The logical units shall resume processing cemmands on completion of Joop
iglization. If the DDIS bit is set to zero, then the target FCP_Port shall'wait to complete target discoyery,

Target FCP_Ports not attached to an arbitrated loop shall ignore the DDIS bit. A target FCP_Port wjth a

If the prevent loop port bypass (PLPB) bit is set to one; then a target FCP_Port shall ignore any Loop |Port
Byppss (LPB) and Loop Port Enable (LPE) primitive sequences. The loop port shall always remain
part|cipating. If the PLPB bit is set to zero, then the target FCP_Port allows the Loop Port Bypass (UPB)
and|Loop Port Enable (PBE) primitive sequences to control the port bypass circuit and participatioh on
the loop as specified by FC-AL-2. Target'FCP_Ports not attached to an arbitrated loop shall ignorg the

The|DTIPE and PLPB bits shall notboth be set to one at the same time. If an invalid bit combination is gent
e application client, the device server shall terminate the command with CHECK CONDITION status
and|the sense key shall be set to ILLEGAL REQUEST and the additional sense code shall be sgt to
INVALID FIELD IN THE'PARAMETER LIST.

10.4.9 Disable target fabric discovery (DTFD) bit

If the disabletarget fabric discovery (DTFD) bit is set to one, then a target FCP_Port shall not recognhize
the presence of a fabric loop port on the loop. The target FCP_Port shall perform only the private Joop
fungtions.defined for target FCP_Ports defined by FC-DA-2. If the DTFD bit is set to zero, the tgrget
FCR "Rert shall discover a fabric loop port if present on the loop and perform the public loop funcions
defined for target FCP_Ports as described in FC-DA-2. Target FCP_Ports not attached to an arbitrated
loop shall ignore the DTFD bit.

10.4.10 RR_TOV UNITS field

The RR_TOV UNITS field indicates the units for the RR_TOVgeq i field value, according to table 34.

Table 34 - Values for RR_TOV UNITS

Units of measure for
RR_TOVseq niT

Value

000b No timer is specified
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Table 34 - Values for RR_TOV UNITS

Units of measure for

Value RR_TOVgeq_niT
001b 0.001s
011b 0.1s
101b 10s
All other values | Reserved

10.4.11 SEQUENCE INITIATIVE RESOURCE RECOVERY TIMEOUT VALUE (RR_TOVggq 1) field
The|RR_TOVgeq it (see 11.4) timer is defined by the RR_TOVgeq iy field and the RR_TOWUNITS fi

The[RR_TOVgeq iy field indicates the number of time units specified by the RR_TOV uNITS field that
be Ysed by the timer that performs the RR_TOVgq 7 timeout function. If no timeris specified, ther,
RR_['OVgeq_ it Value shall be ignored by the device server and a vendor spegific default value sha

usedl for RR_TOVgeq nir-

1

d.

C

shall
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| be
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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-4 recovery
procedures and those timers used only by this standard. Table 35 shows these timers.

Table 35 - Timer summary

Implementation
Mandatory (M)
Timer oroptonatty Description Default Value Ref
Initiator Target
FCP_Port | FCP_Port
E_D__TOVb'C M (0] Error_Detect_Timeout 2s 11.2
Value
R_A__TOVa'bSEQ QUAL M 0] Resource_Allocation Rrivate loop=0s 11.3
B Timeout Value Public loop =10 s
R_A__TOVa'bELs M M Private loop=2s 11.3
Public loop =10 s
RR_TOV, 1y M Resource Recovery 2s 1.4
i Timeout Value —
RR_TOVgeq it M If RETRY bit is set to zero: |[11.4
B 2s
If RETRY bit is set to one:
>REC_TOV +
2xR_A_TOVgg+1s
REC _TOVUI M M REC ELS Timeout >E D TOV+1s 115
Value (minimum)
ULP[TOV M Upper Level Protocol If RETRY bit is set to zero: [[11.6
Timeout Value > Operation-specific
timer+ E_ D TOV +1s
If RETRY bit is set to one:
> Operation-specific
timer +
2 X RR_TOVgeq it
a) | R_A_TOV4{s-defined by FC-FS-3. This standard defines the default R_A_TOV for Sequence Qualifiefs as
zero for{private loops and 10 s for public loops. This standard defines 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, then the Jame
value s applied for both uses. Other Fibre Channel standards may specify different default valuep for
ROATOV for different topologies.

b) Target FCP_Ports that support Class 2 delivery service shall implement this timer.

c) E_D_TOV default timeout values are defined by FC-FS-3 and FC-DA. ELSs are provided to set values other
than the default value. This standard defines the default value required by the recovery protocol, deriving the
value as follows:

A)Public loop devices compliant with FC-DA use an E_D_TOQOV value of 2 s before fabric login and the value
obtained in the FLOGI ELS LS_ACC after fabric login;
B)Private 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-3 before fabric login and the value obtained in the FLOGI ELS LS_ACC after fabric login.
d) 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-3, FC-AL-2, FC-LS-2, and FC-DA-2). For
FCP-4 Sequence recovery, it is used to time the following:

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

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 times
befgre an ACK is received.

11.3 Resource Allocation Timeout (R_A_TOV)
R_A_TOV has two separate components, labeled R_A_TOVgeq quaL and Ru A TOVE s.

R_A_TOVsgq qual is used to define the minimum amount of time thata Sequence Initiator shall jwait

befgre reusing the Sequence_Qualifier associated with an aborted Sequence. The Sequence_Qualifer
is composed of the s_ID field, D_ID field, ox_ID field, RX_ID field, ahd, SEQ_ID field.This value is alsq the
minimum amount of time that a Sequence Initiator shall wait following receipt of the BA_ACC reply
Seqguence to an ABTS before transmitting a Reinstate Recovery Qualifier (RRQ) ELS.

Using a value of zero for this timeout value assumes that/a Sequence Initiator does not transmit|any
Frames for a Sequence after an ABTS is sent for that:Sequence. If a design uses a queuing mechamnism
for the transmission of Sequences, then the queue fora given Sequence shall be empty before an ABTS
for that Sequence is sent, or the act of transmitting the ABTS purges the queue.

A value of two times R_A_TOVE g is usedito determine the minimum time that the Originator gf an
Extgnded Link Service or FC-4 Link Service request shall wait for the response to that request.

After completion of fabric login, public’loop devices shall use the value of R_A_TOV specified by the
Fabric in the FLOGI ELS LS_ACGC;

11.4 Resource Recovery Timeout (RR_TOV)
RR{TOV has two separatecomponents, labeled RR_TOV 1y and RR_TOVgeq -

RR[TOV, 1y, is the 'minimum time a target FCP_Port shall wait for an initiator FCP_Port to perform
Exchange authentication following the completion of the Loop Initialization Protocol (i.e., the receipt of
CLY while inrthe OPEN-INIT state) (see FC-DA-2). If Exchange authentication is not performed wjithin
RR |TOV g 0f completion of the Loop Initialization protocol, then then a target FCP_Port may impl|citly
or explicitly perform a logout with that initiator FCP_Port and reclaim the resources associated with those
Exchanges (see 12.4.1.5).

RR_TOVgeq 7 is the minimum time a target FCP_Port shall wait for an initiator FCP_Port response

following transfer of Sequence Initiative from the target FCP_Port to the initiator FCP_Port (e.g.,
following transmission of the FCP_XFER_RDY IU during a write command). If the initiator FCP_Port
does not send a response within RR_TOVseq_init of the transfer of Sequence Initiative, then a target
FCP_Port may implicitly or explicitly perform a logout with that initiator FCP_Port and reclaim the
resources associated with those Exchanges (see 12.4.1.5).

The value of RR_TOVgeq iy may be set using the Fibre Channel Port Control mode page (see 10.4.11).
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 the REC ELS and
by the target FCP_Port for FCP_CONF IU error detection. The REC_TOV timer shall be implemented
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such that at least one REC_TQV period passes between transmission of a command and the first polling
for Exchange status with the REC ELS. Table 36 describes REC_TOV usage pertaining to the initiator

FCP_Port.

Table 36 - Initiator FCP_

Port REC_TOV usage

Timer starts or restarts after:

Timer stops without transmitting REC ELS

after:

FCP_CMND IU has been sent.

FCP_RSP IU is received for the FCP_CMND IU

or the Exchange is aborted.

R

an LS ACC was received indicating the com-
mland is in progress (i.e., REC ELS polling inter-
val).

FCP_DATA IU Sequence has been sent by the | FCP_RSP IU is received for the FCP_CMND IU
inftiator FCP_Port (optional). or the Exchange is aborted.
F-C ELS was sent foran FCP_CMND IU and FCP_RSP IU is received for the FCP_CMND Il

or the Exchange is aborted.

Table 37 describes REC_TOV usage pertaining to the target FCP_Port:

Table 37 - Target FCP_Port REC_TOV usage

Timer starts after:

Timer stops without transmitting REC EL$

after:

CP_RSP IU requesting an FCP_CONF IU has
ben sent.

o T

FCP_CONF IU is received or the Exchange is
aborted.

11.§ Upper Level Protocol Timeout (ULP_TOV)

ULH_TOV is an operation-specific timer maintained by the Upper Level Protocol. ULP_TOV is use
timg the completion of Exchangesiassociated with ULP operations. Since the amount of time requ
varig¢s depending upon the operation, the value assigned for this timer is determined by the opera
being timed. Some operations may require extended periods of time to complete.

ULH timers take into,account response time increments caused by command queuing and multi-init

FCRH_Port congestion-

d to
ired
tion

ator
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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-

3. See 12.2 for a list of these mechanisms.

To recover from these errors, all FCP compliant initiator FCP_Ports shall be capable of transmitting an
Abort Exchange (i.e., ABTS-LS) to terminate a failing Exchange and to recover the associated resources

(seq 12.3). All FCP compliant target FCP_Ports shall be capable of processing an ABTS-LS to.finish

device may accept or reject error detection inquiries.

12.1.2 Sequence level

Sequence level error recovery (see 12.4) shall not be used for bidirectional-commands.

To recover from errors, FCP-4 compliant devices may perform retransmission procedures that allow
commands to be completed without requiring higher level programs'to perform command retries. §
recqvery may be useful for SCSI logical units that depend ‘cfitically on command ordering
maintaining records of internal device state. The initiator FCP_Port and the target FCP_Port shall a
to perform retransmission using the SRR FCP_LS request by setting the RETRY bit to one in the pro
login before performing the retransmission of individuallUs (see 6.3.3). An FCP-4 device that
agrged to perform retransmission shall use and accept.the REC ELS and SRR FCP_LS requeg
defined by this standard to perform the retransmission.

Evep after agreeing to perform retransmission,:th&’initiator FCP_Port may choose to transmit an AE
LS gnd the target FCP_Port shall be able to,accept and process the ABTS-LS.

While the basic error detection and error-recovery procedures are class independent, acknowled
claspes of services may use the acknowledgement mechanism as an additional error detection fea
and|may use mechanisms defined in FC-FS-3 to assist in the recovery process.

Thig clause defines the error’ detection and recovery mechanisms for fabrics that guarantee in-g
frame delivery. However, jf continuously increasing sequence count is used and if support for reco|
qualifiers is fully impleménted as defined in FC-FS-3, then the same recovery mechanisms may be {
for fpbrics that do not-guarantee in-order frame delivery, as shown in the examples in Annex C.

Examples of error.detection and error recovery are provided in Annex C.
12.4 FCP.error detection

12.4.1 Overview of FCP-4 error detection
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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-4 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;

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.
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The Exchange Originator (i.e., initiator FCP_Port) shall detect the following errors for bidirectional

com

a)
b)

c)

d)

mands:

a bidirectional command completed with the write data count smaller than FCP_DL and the
FCP_RESID_UNDER bit is set to zero;

a Dbidirectional command completed with the read data count smaller than

FCP_BIDIRECTION_READ_DL and the FCP_BIDI_READ_RESID_UNDER bit is set to zero;
a bidirectional command completed with the write data count smaller than FCP_DL,

the

FCP_RESID_UNDER bit is set to one, and the write data count plus FCP_RESID is not equal to

FCP_DL; and

a Dbidirectional command completed with the read data count smaller than
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FCP_BIDIRECTIONAL_READ_DL, the FCP_BIDI_READ_RESID_UNDER bil is set o one, and the
data count plus FCP_BIDIRECTIONAL_READ_RESID is not equal to FCP_BIDIRECTIONAL_READMNDY.

Exchange Originator may also identify and recover additional errors as described in 12.4-

Exchange Responder shall also initiate error detection and recovery after a Sequence err
cted in a Sequence transmitted from an initiator FCP_Port to a target FCP_Poft(see 12.3.5).

Exchange Responder (i.e., target FCP_Port) may detect that REC_TOV times out and an expe
" CONF IU has not been received. The Exchange Responder may then use the methods descr
.4 to determine the presence of an error, regardless of whether Exghange level or Sequence
I recovery is to be used.

.3 Error detection mechanisms for acknowledged classes of service

howledged classes of service provide the additional error detection mechanisms described bel
Exchange Originator (i.e., initiator FCP_Port) shall detect any of the following errors:

after E_D_TOV times out and no ACK has beenreceived for the FCP_CMND IU;
after E_ D _TOV times out and no ACK_1 has been received for an FCP_DATA IU frame o
ACK_0 has been received for an FCP_DATA IU (see example in figure C.22);

after E_D_TOV times out and no ACK:has been received for the FCP_CONF IU; or

an ACK with the F_cTL field Abort Séquence Condition bits set to Abort Sequence, Perform A
is received. (See FC-FS-3.)

Exchange Originator may alsotidentify and recover additional errors as described in 12.4.
Exchange Responder (i.e.,)target FCP_Port) shall detect any of the following errors:

after E_D_TOV times out and no ACK has been received for the FCP_XFER_RDY IU (see
example in figure.C.6);

after E_D_T.OV-times out and no ACK_1 has been received for an FCP_DATA IU frame o
ACK_0 has'been received for an FCP_DATA IU (see example in figure C.21); or
after E-D\TOV times out and no ACK has been received for the FCP_RSP |U.

Exchange Responder may also identify and recover additional errors as described in 12.4.
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BA_ACC response to the ABTS indicates the Sequence was correctly received by the Sequence
Recipient, then no error detection or recovery is required.

12.3 Exchange level recovery using ABTS-LS

12.3.1 ABTS-LS overview

ABTS-LS is an FC-FS-3 protocol that recovers FCP_Port resources associated with an Exchange that
is being terminated, either because of a task management request or an error.

ABTS-LS may be transmitted whether or not the FCP devices have agreed to Sequence level error
recovery.

All initiator FCP_Ports shall be capable of transmitting ABTS-LS to terminate failing commands for later
retry (see 9.2.2.5). All target FCP_Ports shall be capable of accepting and processing the ABTS-LS.
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12.3.2 |Initiator FCP_Port Exchange termination

The initiator FCP_Port terminating the Exchange transmits an ABTS-LS to the D_ID of the target
FCP_Port of the Exchange being terminated. The ABTS-LS shall be generated using the ox_ID field and
RX_ID field values of the Exchange to be aborted. FC-FS-3 allows ABTS-LS to be transmitted by an
FCP_Port regardless of whether or not it has Sequence Initiative. Following the transmission of ABTS-
LS, any Device_Data Frames received for this Exchange shall be discarded until the BA_ACC with the
F_CTL field Last_Sequence bit set to one (i.e., last Sequence of the Exchange) is received from the
target FCP_Port.

Exchange termination may not take effect immediately (e.g., if ABTS-LS is sent following transmission
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When an ABTS-LS is received at the target FCP_Port, itshall abort the designated Exchange and re
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ass¢ciated with the deSignated Exchange after R_A_TOVgeq quaL has elapsed or an RRQ

reqy

If th
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iving the BA_ACC for the ABTS-LS_). The initiator FCP_Port shall be capable of receiving this
providing BB_Credit in order for the target FCP_Port to transmit the BA_ACC.

I the processing of any task management function that clears commands (e.g., ABORT TASK §
AR TASK SET, and LOGICAL UNIT RESET), Exchange termination shall be|invoked fo
nanges not successfully terminated with an FCP_RSP IU status set to COMMAND CLEARED.
.5).

pwing receipt of the BA_ACC in response to an ABTS-LS, and after R_A_TOVgeq quaL
sed, the initiator FCP_Port shall transmit an RRQ ELS request (see FC-LS-2).

BA_ACC, BA_RJT, LOGO ELS, or PRLO ELS is not received ‘from the target FCP_Port with
s R_A_TOVEg_g, then second level error recovery (see 12.5) shall be performed.

.3 Target FCP_Port response to Exchange termination

of the following responses:

the target FCP_Port shall discard the ABTS:LS and transmit a LOGO ELS if the Nx_Port issl
the ABTS-LS is not currently logged in (i‘e., no N_Port Login exists);

the target FCP_Port shall return BA [RJT with the F_CTL field Last_Sequence bit set to one
last Sequence of the Exchange) if'the received ABTS-LS contains an assigned RX_ID field v
and a FQXID that is unknown {@ the target FCP_Port; or

the target FCP_Port shall return BA_ACC with the F_CTL field Last_Sequence bit set to one
last Sequence of the Exchange).

n transmission of any of the above responses, the target FCP_Port may reclaim any resou

est has been received.

b RX_ID field,is-set to FFFFh, then target FCP_Ports shall qualify the FQXID of the ABTS-LS b3
upon the~combined values of the D_ID field, s_ID field, and the ox_ID field, not the RX_ID field.

e Exchange resources were not reclaimed upon responding to the ABTS-LS, then they sha

reclfimed at the time the response to the RRQ ELS request is transmitted.
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If an RRQ ELS request is received at the target FCP_Port, then it shall return one of the following
responses:

a)

b)

that transmitted the RRQ ELS request is not currently logged in (i.e., no N_Port Login);

target FCP_Port, then the target FCP_Port shall return LS_RJT with:
A) the F_cTL field Last_Sequence bit set to one (i.e., last Sequence of the Exchange);
B) the Reason Code set to 03h (i.e., Logical error) or 09h (i.e., Unable to process comma
request); and
C) the Reason Code Explanation set to 17h (i.e., Invalid OX_ID-RX_ID combination); or
the target FCP_Port shall return LS_ACC with the Last Sequence of Exchange bit set to one

the target FCP_Port shall discard the RRQ ELS request and transmit a LOGO ELS if the Nx_Port

if the received RRQ ELS contains an RX_ID field value, other than FFFFh, that is unknown to the

nd
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12.3.4 Additional error recovery by initiator FCP_Port

This procedure may be used whether or not the FCP devices have agreed to Sequence retransmission.

If ULP_TOV times out and the Exchange is not complete, then the application client shall clear the
Exchange resources using the ABORT TASK task management request or the initiator FCP_Port shall
clear the Exchange resources by transmitting an ABTS-LS (see 4.9).

12.3.5 Additional error recovery by target FCP_Port
This procedure may be used whether or not the FCP devices have agreed to Sequence retransmission.

If a farge —Port detects a Sequence error, It shall discard the Sequence(s) based on the Exchange
errof policy specified by the F_CTL field Abort Sequence Condition (see FC-FS-3) bits in the first frame
of the Exchange.

For pcknowledged classes of service, if a target FCP_Port detects a Sequence error, thien'it may gbort
the Bequence by transmitting an ABTS with the PARAMETER field bit O set to one (i.e., Abort Sequerce).
If a Recovery Qualifier range is returned in the BA_ACC for the ABTS, then the target FCP_Port $hall
tranpmit an RRQ ELS request after R_A_TOVggq quaL times out after receipt,0fithe BA_ACC.

For unacknowledged classes of service, the target FCP_Port shall not attempt recovery for Sequgnce
errofs. The target FCP_Port shall depend on initiator FCP_Port timeouts/for recovery.

=

Target FCP_Ports shall implement RR_TOV as described in 11,4\to facilitate recovery of resoufces
allo¢ated to an initiator FCP_Port that is no longer responding, The target FCP_Port may transmit a
LOGO ELS to the initiator FCP_Port and terminate all open Exchanges for that initiator FCP_Port ypon
detgction of the following:

a] the initiator FCP_Port has failed to perform target'f CP_Port Exchange authentication within
RR_TOV, 4 (see FC-DA-2); or

b] RR_TOVgq i times out without the initiator FCP_Port transmitting any expected Sequencg for
any open Exchange at this target ECP_Port (e.g., FCP write Data-In response t¢ an
FCP_XFER_RDY IU).

12.4 Sequence level error detection_and recovery

12.4.1 Using information from REC ELS to perform Sequence retransmission
12.4.1.1 Polling Exchange state with REC ELS

An REC ELS is periodically transmitted by the initiator FCP_Port to poll each outstanding Exchange to
detgrmine if a commandiis 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 tp be
long enough that processing the transfers of Sequence Initiative in the Exchange and completind the
Exchange occunbefore REC_TOV times out. If REC_TOV times out, then an REC ELS is performed.
Thelinformation‘returned in the REC LS_ACC payload is compared with the expected state information
knoywn by the initiator FCP_Port and target FCP_Port. If the information is inconsistent, indicating that a
link erroroccurred, then error recovery actions may be performed to complete the Exchange. Optipnal
erroy detection and recovery procedures for acknowledged and unacknowledged classes of servicq 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 ELS

If an Exchange Originator receiving an acknowledged service Sequence detects a Sequence error, then
it shall transmit an ACK frame with the F_cTL field Abort Sequence Condition bits set to “Abort Sequence,
Perform ABTS” (see FC-FS-3) before issuing the REC ELS. The REC ELS for the Exchange containing
the FCP_CMND IU shall be issued in a new Exchange.

If the response to the new Exchange issuing the REC ELS is an LS_RJT with the Reason Code set to
“‘command not supported”, then the initiator FCP_Port shall assume the target FCP_Port is an FCP
device not supporting error detection using the REC ELS. The initiator FCP_Port shall perform recovery
by transmitting an ABTS-LS (see 12.3).
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If an LS_ACC, LS_RJT, LOGO ELS, or PRLO ELS is not received from the target FCP_Port within 2
times R_A_TOVg g, then second level error recovery (see 12.5) shall be performed.

12.4.1.3 FCP_CMND IU recovery
This procedure may be used whether or not the FCP devices have agreed to Sequence retransmission.

If the FCP_CMND IU was not received by the target FCP_Port (e.g., the initiator FCP_Port receives an
LS_RJT for the REC ELS with the Reason code set to Logical error and the Reason Code Explanation
set to Invalid OX_ID-RX_ID combination), then retransmit the FCP_CMND IU using a new Exchange. If

the precise delivery function is enabled, then the CRN value shall remain the same in the retransmitted
FCP—_CMND (U

If the LS_ACC for the REC ELS indicates that the FCP_CMND IU was received by the target ECP-|Port
and|that no reply Sequence has been sent (i.e., by indicating that the initiator FCP_Port dees-not hold
Sequence Initiative, and that the Exchange is not complete), then the command is in process an¢l no
recqvery is needed at this time. At a minimum interval of REC_TOV, the REC ELS shall"beretransmitted
to more quickly determine if a reply Sequence has been lost.

For pxamples of such recoveries, see figure C.1 and figure C.2.
12.4.1.4 FCP_XFER_RDY IU recovery
Thig procedure shall be used only by FCP devices that have agreed,t0.Sequence retransmission.

If the LS _ACC for an REC ELS indicates that an FCP_XFER _RDYU was sent by the target FCP_|Port
(i.e.| by indicating that the initiator FCP_Port holds Sequence Initiative, that all bytes were| not
trangferred, and that the Exchange is not complete), but not{received by the initiator FCP_Port, then the
initiator FCP_Port shall issue an SRR FCP_LS request in‘\a new Exchange to request retransmissign of
the FCP_XFER_RDY IU. To avoid race conditions_between the LS_ACC for an REC ELS ang an
FCH_XFER_RDY IU, the initiator FCP_Port should.wait REC_TOV after receiving the LS_ACC fdr an
REQ ELS before transmitting an SRR FCP_LS regquest to recover for a lost FCP_XFER_RDY IU. If the
initiator FCP_Port receives an FCP_XFER_RDY*IU for an Exchange after transmitting an REC ELIS or
withjn REC_TOV time after receiving an ItS_ACC for an REC ELS, then it shall continue nofmal
progessing of the FCP 1/O operation for that Exchange and ignore the contents of the LS_ACC.

The|target FCP_Port shall first transmit the FCP_ACC for the SRR FCP_LS request and then s$hall
retrgnsmit the FCP_XFER_RDY AIJ-in a new Sequence containing the same Relative Offset ag the
origjnally transmitted FCP_XFER“RDY IU. After the FCP_XFER_RDY IU is successfully received| the
FCR 1/O operation continues normally.

For pxamples of this type-of recovery, see figure C.5 and figure C.6.

12.4.1.5 FCP_RSP'{U recovery

Thig proceduréshall be used only by FCP devices that have agreed to Sequence retransmission.
An grror intransmitting an FCP_RSP U is detected if:

a) Mthe' LS_ACC for the REC ELS indicates that an FCP_RSP IU was sent by the target FCP_Part
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

b) the LS_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 transferred by the command have been transferred.)

When an error in transmitting an FCP_RSP IU is detected, the initiator FCP_Port shall transmit an SRR
FCP_LS request in a new Exchange to request retransmission of the FCP_RSP IU. The target FCP_Port
shall first transmit the LS_ACC for the SRR FCP_LS request, then shall retransmit the FCP_RSP IU in
a new Sequence.
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An Exchange carrying a command that was terminated by a CHECK CONDITION requesting an
FCP_CONF IU prior to transferring data may have the same REC ELS values as an Exchange carrying
a command having an FCP_XFER_RDY IU not received by the initiator FCP_Port. For a command
transferring data from the initiator FCP_Port to the target FCP_Port with a non-zero FCP_DL, the
parameters in the SRR FCP_LS request shall indicate that an FCP_XFER_RDY IU is expected from the
target FCP_Port. The target FCP_Port is aware of the actual present state of the transfer and response
and shall either retransmit the FCP_XFER_RDY IU or, if the actual data transfer length for the command
was zero, retransmit the FCP_RSP IU.

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

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

NOTE 6 - Non-tagged command queuing is specified in previous versions of the SCSI architecture model
For fagged command queuing operations, the target FCP_Port shall retain Exchange information yntil:

a) an FCP_CONEF IU is received for the Exchange; or
b) after RR_TOVggq iy times out.

The| Exchange information retained shall include data transfer information, data descriptors, |and
FCH_RSP IU information.

If refransmission is enabled between the initiator FCP_Port and target FCP_Port, then FCP_RSP U
infofmation shall be:

a) discarded RR_TOVgq v after the FCP_RSP IUwas transmitted to the initiator FCP_Port;
b] discarded after a new FCP_CMND IU is received. with:

A) the same ox_ID field value;

B) the same s_ID field value; and

C) the same task retry identifier is received; or

c) discarded after an FCP_CONF IU jsfeceived.

If refransmission is not enabled between the initiator FCP_Port and target FCP_Port, then FCP_RSP
information may be discarded immediately after the FCP_RSP IU has been transmitted to the initlator
FCRH_Port.

The|value of RR_TOVgeq_ it IS set using the Fibre Channel Port Control mode page (see 10.4.11)

If tagk retry identification)yhas been agreed to by both the initiator FCP_Port and target FCP_Port, fhen
the same task retry value identifier value shall not be used within RR_TOVgeq -

Examples of FCP-"RSP IU recoveries are provided in figure C.8, figure C.9, figure C.10, figure C.11,|and
figure C.12:

12.4.1.6 " FCP_DATA IU recovery - write operations

This procedure shall be used only Dy FUF devices hal have agreed [0 sequence retransmission.

If the LS_ACC for an REC ELS 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 ELS response is smaller
than what the initiator FCP_Port sent, and the target FCP_Port indicates it does not hold Sequence
Initiative), then the initiator FCP_Port shall transmit an SRR FCP_LS request 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 FCP_ACC for the SRR FCP_LS request, the target FCP_Port transmits an
FCP_XFER _RDY IU in a new Sequence with the FCP_DATA RO field in the FCP_XFER_RDY IU set
to the value of the RELATIVE OFSET field in 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
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unacknowledged classes, the SEQ_CNT field value may start at zero, even if continuously increasing
sequence count is being used.

Examples of data recovery during write operations are provided in figure C.13, figure C.14, figure C.15,
and figure C.16.

12.4.1.7 FCP_DATA IU recovery - read operations
This procedure shall be used only by FCP devices that have agreed to Sequence retransmission.

If the LS _ACC for the REC ELS indicates that data was sent by the target FCP_Port but not successfully
received by the initiator FCP_Port (i.e., by indicating a data sent count greater than the initiator FCP_Port
has [successfully received), then the initiator FCP_Port shall fransmit an SRR FCP_LS requestinalnew
Exchange to request retransmission of the FCP_DATA IU that was not successfully received?/|The
initiator FCP_Port shall set the RELATIVE OFFSET field in the SRR FCP_LS request to that of the-next fata
reqyested. If the initiator FCP_Port is unable to determine the Relative Offset of the next data.requested,
ther] the initiator FCP_Port shall set the RELATIVE OFFSET field to zero. The target FCP~Port shall:

1) transmit the FCP_ACC for the SRR FCP_LS request;
2] retransmit the requested data specified by the SRR FCP_LS request in a.new Sequence; and

3] complete the Exchange in the normal manner, including transmitting or retransmitting| the
FCP_RSP IU.

If the target FCP_Port responds to the SRR FCP_LS request with an,\FCP_RJT and an FCP_RSP U
has|not yet been sent or is again requested, then the device servet-shall transmit an FCP_RSP IU jwith
CHECK CONDITION status and sense data containing a sense key of HARDWARE ERROR angl an
addjtional sense code of INITIATOR DETECTED ERROR MESSAGE RECEIVED.

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
unagknowledged classes, the SEQ_CNT field value;may start at zero, even if continuously increasing
seqlience count is being used.

It is fhe responsibility of the initiator FCP_Port to determine the action (e.g., retry, allow ULP timeodt, or
retufn status to ULP) based on the informiation determined by the REC ELS and other internal states.
The|target FCP_Port does not initiate efror recovery for Class 3 (see 12.3.5).

Examples of data recovery during-fead operations are provided in figure C.17, figure C.18, figure G.19,
and|figure C.20.

12.4.1.8 FCP_CONF IU recovery

Thig procedure may be used whether or not an FCP device has agreed to Sequence retransmissig

>

Thidg recovery precedure is used by target FCP_Ports using all service classes.

Target FCP_(Ports that implement confirmed completion shall set the Rx_ID field value to a unique vplue
othgr thansFFFFh for each Exchange to enable unambiguous recovery.

If thetarget FCP_Port has requested that the initiator FCP_Port transmit an FCP_CONF IU by sefting
the FCP_CONF_REQ In the FCP_RSP U, then the target FCP_Port may periodically poll the niiator
FCP_Port by transmitting an REC ELS 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.

If the initiator FCP_Port has sent the FCP_CONF IU, the response to the REC ELS from the target
FCP_Port shall be a LS_RJT with the Reason Code set to 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 ELS is received, then the REC ELS response shall be an
LS_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, transmit another REC ELS. 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 |U, or until the Exchange is aborted.
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If another FCP_CMND IU is received by the target FCP_Port with the same ox_ID field value as an
Exchange waiting for an FCP_CONF IU and with the Rx_ID field value unassigned, then the target
FCP_Port shall assume that the FCP_CONF IU was sent and release the Exchange.

Examples of recovery of FCP_CONF IUs are provided in figure C.23, figure C.24, and figure C.25.

12.4.2 Additional error recovery requirements
12.4.2.1 Error indicated in ACK

If an ACK is received with the F_CTL field Abort Sequence Condition bits set to Abort Sequence, Perform
ABTS, then the Sequence Initiator shall transmit an ABTS for the Sequence. After R_A_TOV times out,

an RRQECSTequestshattbe transmitted by the Sequence tmitator————————————————___|
12.4.2.2 Missing ACK

FC-FS-3 requires that an ABTS(Sequence) be transmitted by a Sequence Initiator detecting’a missing
ACKH. If no ACK has been received within E_D_TQOV, then the target FCP_Port shall abert the Sequénce
by transmitting an ABTS request with the PARAMETER field bit O set to one (i.e., Abert'Sequence)| If a
Recpvery Qualifier range is returned in the BA_ACC for the ABTS, then the‘target FCP_Port shall
tranpmit an RRQ ELS request at least R_A_TOVggq quaL after receipt of the BA_ACC. Adjustmept of
subsequent sequence counts may be required as spécified by FC-FS-3.

12.4.2.3 Distinguishing Exchange to be aborted

When ox_ID field values are reused within R_A_TOV and Rx_ID field’values are not used, and if thefe is
a m|ssing ACK to an FCP_RSP IU, a target FCP_Port may attempt to abort a more recent Exchgnge
that|used the same ox_ID field value. To prevent that, a target FCP_Port using acknowledged sefvice
behavior and performing error recovery shall:

a) setthe RX_ID field to a value other than FFFFh.to-distinguish outstanding Exchanges as
described in FC-FS-3; or
b] always request FCP_CONF |U.

If a Bequence error is detected for an FCP_DATA IU performing a Data-Out action, the target FCP_[Port
shall transmit an ACK frame with the Abart-Sequence Condition bits set to “Abort Perform ABTS”.

Examples of data recovery for acknowledged services are shown in Annex C.

ABT|S-LS shall be transmitted for\Exchanges that were not successfully recovered by the specified ¢rror
recqvery procedures.

12.5 Second-level error'recovery
12.5.1 ABTS error recovery

If a fesponse-tdian ABTS is not received within 2 times R_A_TOVg_ g, then the initiator FCP_Port may
trangmit the>ABTS again, attempt other retry operations allowed by FC-FS-3, or explicitly logou{ the
target FCP Port. If those retry operations attempted are unsuccessful, then the initiator FCP_Port shall
explicitly’logout (i.e., transmit a LOGO ELS) the target FCP_Port. All outstanding Exchanges with|that
target FCP_Port are terminated at the initiator FCP_Port.

12.5.2 REC ELS request error recovery

If a response to an REC ELS is not received within 2 times R_A_TOVEg_g, then the initiator FCP_Port
shall:

1) transmit an ABTS-LS for the REC ELS request followed by an RRQ ELS request if a BA_ACC is
received for the ABTS-LS; and
2) transmit another REC ELS request in a new Exchange.

If the response to the second REC ELS is not received within 2 times R_A_TOVg| g, then the initiator

FCP_Port should transmit an ABTS-LS for the second REC ELS followed by an RRQ ELS if a BA_ACC
is received for the ABTS-LS.
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Other retry mechanisms after the second REC ELS request fails are optional and, if implemented, shall

com

ply with FC-FS-3.

ABTS-LS may be required to clear resources associated with the original failing Exchange if the retry

mec

See

hanisms are not successful.

figure C.26, figure C.27, figure C.28 and figure C.29.

12.5.3 SRR FCP_LS request error recovery

If a response to an SRR FCP_LS request is not received within 2 times R_A_TOVE__ g, then the initiator
FCP_Port shall transmit an ABTS-LS for the SRR FCP_LS request followed by an RRQ ELS if a
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IACC is received for the ABTS-LS. The initiator FCP_Port shall then transmit an ABTS-LSfg
nal Exchange.

figure C.30, figure C.31, figure C.32, and figure C.33.
Responses to FCP type frames before port login or process login

arget FCP_Port receives an FCP_CMND IU from an FCP_Port that is not successfully logged
arget FCP_Port using either an implicit or explicit login, then it shall discard the FCP_CMND IU
new Exchange, transmit a LOGO ELS request to that FCP_Port. Ng"Exchange is created in
bt FCP_Port for the discarded request, and the Originator of the disearded request terminates
nange associated with the discarded request and any other open Exchanges for the target FCP_|
smitting the LOGO ELS.

arget FCP_Port receives an FCP_CMND IU from an FCP_¢PPort that has not successfully compl

hd transmit a PRLO ELS to the initiator FCP_Port. NeyExchange is created in the recipient FCP_|
he discarded request, and the Originator of the ‘discarded request terminates the Exchg

FCP device receives a frame of category0001b or 0011b (i.e., solicited data or solicited cor
the FCP device has not performed suceessful implicit or explicit login and Process Login with
ce of the frame, then the FCP device shall discard and ignore the content of the frame. If login ig
pleted, then the FCP device may_transmit a LOGO ELS request to the source of the unexpe
e. If login is completed, but Process Login is not completed, then the FCP device may transr
O ELS request to the source ofthe unexpected frame.
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Annex A
(normative)

SAM-5 mapping to FCP-4

FCP-4 services are provided to the application client by the initiator FCP_Port to request and manage
commands and task management functions as described by the SAM-5 standard. SAM-5 further defines
how the target FCP_Port enables the device server to receive and process the commands addressed to
a logical unit and enables the task router and task manager(s) to receive and process task management
functions. The Fibre Channel protocol is described in terms of the services provided by the initiator
FCH_Port and target FCP_Port.

See|table A.1 for the mapping of SAM-5 terms to the equivalent FCP-4 objects and identifiers.
Table A.1 - Mapping of SAM-5 terms to FCP-4 objects and identifiers

SAM-5 terms Equivalent FCP-4 terms

initiator port identifier | address identifier of initiator FCP_Port

target port identifier | address identifier of target FCP_Port
initiptor port name N_Port_Name of initiator FCP_Port

target port name N_Port_Name of target FCP_Port

command identifier® | OX_ID

|_T|nexus address identifier of initiator FCP_Port ™+ address identifier of target FCP_Fort
|_T| L_Q nexusP fully qualified exchange identifiers#FCP_LUN

If retransmission is enabled, the task retry identifier is also used to construct the command identifier.
If retransmission is enabled, the task retry identifieris‘also used to construct the |_T_L_Qnexus.

Seeg|table A.2 for the definitions of the terms used-by this standard and the equivalent SAM-5 namgs of
the ferms, the name of the standard where_the procedure terms are defined, the standard wherq the
bingry contents of the terms 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.

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-5 SAM-5 DS - targ-»= init

data buffer size SAM-5 SAM-5 AC = init

command descriptor block SAM-5 SAM-5/cmd AC > init & targ » DS
— i 3 2

command priority SAM-5 SAM-5/cmd AC > init = targ = DS

- _ b
Data-In Buffer SAM-5 cmd DS = targ-#= init - AC
Data-Out Buffer SAM-5 cmd®

AC & init & targ # DS

Key: AC = application client, cmd = SCSI command standards, DS = device server, init = SCSI initiatorn
port, TM = task manager, targ = SCSI target port

a) The portions not defined in SAM-5 are defined in the SCSI command standards (e.g. SPC-4).
b) Parameter lists are defined within one of the SCSI command standards (e.g., SPC-4). SCSI
standards do not define non-parameter list information.
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Table A.2 - Procedure terms (Continued)

Standard Standard where
FCP terms where term | binary contents Term routing
defined of term defined
: : b
device server buffer SAM-5 cmd DS > targ-» init
link control function this stan- this standard AC > init = targ
dard
logical unit number SAM-5 this standard AC = init > targ » DS
or AC & init » targ =t TM
or DS » targ—® init
reqliest byte count SAM-5 SAM-5 DS = targ
seryice response SAM-5 this standard DS - targ®"init = AC
or targ #(DS
statps SAM-5 SAM-5 DS 5+ targ-#= init = AC
statps qualifier SAM-5 SAM-5 DS\ > targ-> init = AC
command identifier SAM-5 this standard AC - init > targ > DS
or AC = init # targ #1 TM
or DS & targ—® init
target port identifier SAM-5 this_ standard AC > init = targ > DS
or AC - init # targ #r TM
or DS - targ
it(zja;gi?itﬁzcr)rt identifier + initiator port thl:asrtgn- this standard targ - DS
ortarg = T™M
tasH attribute SAM-5 this standard AC > init = targ > DS
Keyt AC = application client, cmd =.SCSI command standards, DS = device server, init = SCSI initiator
port, TM = task manager, targ = SCSI target port
a) The portions not defined in SAM-5 are defined in the SCSI command standards (e.g. SPC-4).
b) Parameter lists are_defined within one of the SCSI command standards (e.g., SPC-4). BCSI

standards do not-define non-parameter list information.
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Annex B
(informative)

FCP examples

B.1 Examples of the use of FCP Information Units (IUs)

B.1.1 Overview of examples

Thig annex provides examples of the use of FCP IUs. The functions enclosed in square bragkets
summarize actions that are not specified by this standard, but are typically performed by SCS[initigtors
or tgrgets. Sequence streaming may be performed between any two 1Us that do not transferiSequence

Initiative.

B.12 Read command

A relad command with a single data IU is shown in table B.1.

Table B.1 - Read command example

Initiator FCP_Port function U Target FCP_Port function
Cpmmand request T1, FCP_CMND —
[Prepare data transfer]
“«— 13, FCP.DATA Data-In action
[Prepare response message]
«— 14, FCP_RSP Response

—_—

ndicate command completion]
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B.1.3 Write command

-92-

A write command with three data IUs and using FCP_XFER_RDY is shown in table B.2.

Table B.2 - Write command example

Initiator FCP_Port function

iU

Target FCP_Port function

Command request

T1, FCP_CMND

[IProanara Data Ot trancfar b f
[ roparcoData oot tartoreTrouT

fer]

11, FCP_XFER_RDY

First data delivery request

Fifst Data-Out Action

T6, FCP_DATA

11, FCP_XFER_RDY

Second data delivery request

S¢cond Data-Out Action

T6, FCP_DATA

11, FCP_XFER_RDY

Last data delivery request

Lgst Data-Out Action

T6, FCP_DATA

[Prepare response message]

14, FCP_RSP

Response

[Indicate command completion]

B.14 Command with no data transfer or with check condition

A ngn-data command or a command terminating without data transfer is shown in table B.3.

Table B.3 - Command without data transfer example

Initiator FCP_Port function U Target FCP_Port function
Command request T1, FCP_CMND —
[perform command]
<« 14, FCP_RSP Response

[Indicate ecommand completion]
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B.1.5 Read command with multiple FCP_DATA IUs

A read command with multiple FCP_DATA IUs is shown in table B.4.

Table B.4 - Read command with multiple FCP_DATA IUs example

Initiator FCP_Port function U Target FCP_Port function
Command request T1, FCP_CMND —
Rrepare-data-transfer
<« I3, FCP_DATA Data-In action
<« 13, FCP_DATA Data-In action
«— 13, FCP_DATA Data-In action
[Prepare response message]
“«— 14, FCP_RSP Response
[Indicate command completion]

B.1)6 Write command with FCP_XFER_RDY disabled

A wiite command performed with FCP_XFER _RDY disabled is'shown in table B.5. Only the first transfer
is pgrformed without a requesting FCP_XFER_RDY.

Table B.5 - Write command with FEP_XFER_RDY disabled example

Initiator FCP_Port function U Target FCP_Port function

Cpmmand request T2, FCP_CMND -
Data-Out Action T6, FCP_DATA -

«— 1, FCP_XFER_RDY Second data delivery request
Data-Out Action T6, FCP_DATA -

“— 11, 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 Bidirectional command with write before read

A 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 - 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, buf
fer]
“— I1, FCP_XFER_RDY Data-Out delivery request
Data-Out action T6, FCP_DATA —
[Prepare Data-In transfer]
“«— I3, FCP_DATA Data-In"action
[Rrepare response message]
«— 14, FCP_RSP Response

irdicate command completion]

—_

B.1.8 Bidirectional command with read before write

A bifdirectional command with a single data IU transferred in each direction is shown in table B.7.|The
command in the example accepts write data befare returning read data.

Table B.7 - Bidirectional€¢ommand with read before write example

Initiator FCP_Port function U Target FCP_Port function

Copmmand request T1, FCP_CMND -

[Prepare Data-In transfer]

<« 13, FCP_DATA Data-In action
[Prepare Data-Out transfer buf:
fer]
«— 1, FCP_XFER_RDY Data-Out delivery request
tha-Out action T6, FCP_DATA -
[Prepare response message]
«— 14, FCP_RSP Response

[indicate command completion]
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B.1.9 Bidirectional command with write first and write FCP_XFER_RDY disabled
A bidirectional command with three write data IUs 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 IU has been disabled during Process Login.

Table B.8 - Bidirectional command with write first and write FCP_XFER_RDY disabled example

Initiator FCP_Port function U Target FCP_Port function
Cpmmand request T1, FCP_CMND —
Data-Out action T6, FCP_DATA —
«— 11, FCP_XFER_RDY Second Data-Out delivery
request
Data-Out action T6, FCP_DATA —
«— 11, FCP_XFER_RDY Last DataOut delivery request
Data-Out action T6, FCP_DATA —

[Prepare Data-In transfer]

<« 13, FCP_DATA Data-In action

[Prepare response message]

«— 14, FCP_RS8P Response

—_—

idicate command completion]
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B.1.10 Bidirectional command with intermixed writes and reads

A 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.

Table B.9 - Bidirectional command with intermixed writes and reads example

Initiator FCP_Port function U Target FCP_Port function
Cpmmand request T1, FCP_CMND —
[Prepare Data-Out transfer, buf:
fer]
<« 1, FCP_XFER_RDY First Data-Out delivery request
Data-Out action T6, FCP_DATA —
[Prepare\Data-In transfer]
“«— I3, FCP_DATA First_ Data-In action
“— 1, FCP_XFER_RDY Second Data-Out delivery
request
Data-Out action T6, FCP_DATA —
«— I1, FCP_XFER_RDY Last Data-Out delivery request
Data-Out action T6, FCP_DATA -
<« 13, FCP"DATA Second Data-In action
«— I3\ FCP_DATA Last Data-In action
[Prepare response message]
«— 14, FCP_RSP Response
[ifdicate command completion]
B.1/11 Write command.with confirmed completion
A wfite command with)confirmed completion is shown in table B.10.
Table B.10 - Write command with confirmed completion example
Initiator FCP_Port function U Target FCP_Port function
Command request (WRITE) T1, FCP_CMND -
[Prepare data transfer]
«— I1, FCP_XFER_RDY Data delivery request
Data-Out action T6, FCP_DATA -
[Prepare response message]
<« 15, FCP_RSP Response, with
FCP_CONF_REQ
[indicate command completion]
Confirm completion T12, FCP_CONF — | [Accept confirmation]
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An example task management function is shown in table B.11. Additional link services may be required
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in some cases to complete the activities initiated by the task management function.

Table B.11 - Task management function example

Initiator FCP_Port function U Target FCP_Port function
Command request, no CDB T1, FCP_CMND -
[Do Task Management]
«— 14, FCP_RSP Response

[Ind

icate task management complete]
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B.1.13 Class 2 write command example, frame level

A chart of the Sequences and frames typically transmitted to perform a write command using Class 2 is
shown in figure B.1. All frames of a Sequence have a frame level FC-FS-3 acknowledgment returned
automatically as part of the link control.

Initiator FCP_Port Target FCP_Port
Sequence Frames Frames Sequence

— 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_RD¥frame (I11)
SOFi2, FQXID; Responder,
Initiator, End Seq,
XferSeq Initiative, EOFn

ACK, EOFt e
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 —

Figure B.1 - Class 2 write command example
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A chart of the Sequences and frames typically transmitted to transfer write data using Class 2 is shown

in figure B.2
Initiator FCP_Port Target FCP_Port
Sequence Frames Frames Sequence
FCP_DATA
FCP_DATA frame (T6)
— SOFi2, FQXID, Originator, —
Initiator, RO,
Hold Seq Initiative, EOFn
B ACK
°
°
°
FCP_DATA frame (T6)
SOFn2, FQXID, Originator, —
Initiator, RO,
Hold Seq Initiative, EOFn
B ACK
°
°
°
FCP_DATA frame(T6)
SOFn2, FQXID,-Qriginator, —
Initiator, RO;-End Seq,
Xfer Seqlnitiative, EOFn
- ACK, EOFt
Figure B.2 - Class 2 write data example
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B.1.14 Class 2 read command example, frame level

A chart of the Sequences typically transmitted to perform a read command using Class 2 is shown in
figure B.3. All frames of a Sequence have a frame level FC-FS-3 acknowledgment returned
automatically as part of the link control.

Initiator FCP_Port Target FCP_Port
Sequence Frames Frames Sequence
ECP_CMND

— 5

FCP_CMND frame (T1)
SOFi2, ox_ID, Originator,
Initiator, First Seq, End Seq,
Xfer Seq Initiative, EOFn

- ACK
RX_ID, EOFt
FCP_DATA
- FCP_DATA.Frames (I3)
(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 —

Figure B.3 - Class 2 read command example
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A chart of the Sequences and frames typically transmitted to transfer read data using Class 2 is shown
in figure B.4

Initiator FCP_Port Target FCP_Port
Sequence Frames Frames Sequence
FCP_DATA
- FCP_DATA frame (I3)
SOF12, FQXiD, Responder,
Initiator, RO,

Hold Seq Initiative, EOFn

ACK _
[ J

FCP_DATA frame (13)
SOFn2, FQXID;sResponder,
Initiator, RO,

Hold Seq Initiative, EOFn

ACK —
°
°
°

FCP_DATA frame (I3)
SOFn2, FQXID, Responder,
Initiator, RO, End Seq,
Hold Seq initiative, EOFn

ACK, EOFt o

Figure B.4 - Class 2 read data example
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Annex C
(informative)

Error detection and recovery examples

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-3 interact with recovery mechanisms specified by this standard. The conventions for the
diagrams are shown in table C.1.

Table C.1 - Diagram drawing conventions

Drawing convention Meaning
Acknowledged or unacknowledged
- frame.
—————————————— - Acknowledgement frame.
r——-- Timeoutvalue exceeded, causedl
| transmission of IU, FC-4 LS, or
L— ELS.

IU or ELS received is processed|to
transmit IU, FC-4 LS, or ELS.

X Frame lost or dropped.

Error detection complete.
Operation continues with specifi
Cl Continue error recovery if continuously
increasing Sequence count
prerequisites are met.

11
o

Error detection complete.
Operation continues with specifi

11
o

Contintie error recovery if continuously
* increasing Sequence count
prerequisites are not met.

cnt SEQ_CNT

Initiator initiator FCP_Port

param relative offset/task retry identifie
RO FCP_DATA_RO
seq SEQ_ID

Target target FCP_Port
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An example of a lengthy FCP_CMND or lost ACK is shown in figure C.1.

Status detection

Unacknowledged classes Acknowledged classes
FCP_CMND FCP_CMND
REC_TOV - RECTOV _ _ -
| o
L gl REC - ED_TOV | <« — — — ACK
|
- LS_ACC L | REC @)
Initiator Target ACK
Continue * - T
< LS _ACC
4 _AC_K — — — P>

Iniator ~ Continue  Target

The REC ELS may be used at any time to aseertain status of an Exchange. It may also
be used in conjunction with an ABTS (Sequence) to obtain additional information useful
in the error recovery process.

No error recovery

The LS_ACC for the REC.ELS indicates the Exchange is open and the target
FCP_Port holds Sequenee Initiative. No error recovery is required.

Figure C.1 - Lengthy FCP_CMND or lost ACK
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An example of a lost FCP_CMND using unacknowledged classes is shown in figure C.2.

Error detection

REC_TOV FCP_CMND
r—+——»X
i
L gl REC >
LS_RJT
-
Initiator Target
Continue

Error recovery

The LS_RJT (Logical error, Invalid OX_ID - RX_ID cembination) for the REC ELS 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

Initiator Target

Figure C.2 - FCP_CMND lost, unacknowledged classes
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An example of a lost FCP_CMND using acknowledged classes is shown in figure C.3.

Error detection

FCP_CMND
EpTov r—1T—»X

|
L g ABTS (Sequence)

R A_TOV

,_

I

I
sl
o)
o

Initiator Target

The BA_ACC indicates that the,KCP_CMND was never received. The BA_ACC
payload is SEQ_ID VALIDITY = invalid, LOWEST SEQ_CNT = 0, HIGHEST SEQ_CNT =
SEQ_CNT field value of the ABTS (Sequence) 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 the REC ELS to determine status for error recovery is
optional. The FCP_CMND is retransmitted in a new Exchange using the same CRN
and in the samer class of service.

Error recovery

FCP_CMND

Initiator Target

Figure C.3 - FCP_CMND lost, acknowledged classes
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An example of a lost FCP_CMND ACK using acknowledged classes is shown in figure C.4.

Error detection

FCP_CMND

EDTOV r — >
| ACK
X ——-—-

r+——

ABTS (Sequence)

S -
ACK
- — — — — — -
BA ACC
- -
| ACK
I >
I
I
RA_TOV Exchange continues
Reclaim No recovery needed
initiator
FCP_Port
Recovery
Qualifier

Initiator Target

No error recovery

The BA_ACE payload indicates that FCP_CMND was received. The BA_ACC
payload(isy\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 the
RRQ'ELS is not necessary in this case, since the target FCP_Port has not
gstablished a Recovery Qualifier. However, the initiator FCP_Port is not able to
reclaim the resources associated with its Recovery Qualifier until R_A_TOV timeout
expires. The value for R_A_TOV is zero for in-order delivery. The use of the REC
ELS to determine status for error recovery is optional.

Figure C.4 - FCP_CMND ACK lost, acknowledged classes
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An example of a lost FCP_XFER_RDY using unacknowledged classes is shown in figure C.5.

Error detection

REC_TOV FCP_CMND
r— |
| FCP_XFER_RDY (RO=0)
|
| Xgt—]
|
L REC >
LS_ACC
7 REC_TOV ;' -
Whit REC_TOV. If |
FGP_XFER_RDY is returned, |
coptinue with the Exchange (i.e., |
LY ACC to REC ELS arrived N
before FCP_XFER_RDY, out of ]
ordler). Otherwise continue i
re¢overy. Continue
Initiator Target

The LS_ACC for the REC ELS indicatesithe initiator FCP_Port holds Sequence Initiative and the
Exchange is open. The initiator FCP\Port transmits an SRR FCP_LS request specifying the

FCP_XFER _RDY be resent. The-target FCP_Port retransmits the FCP_XFER_RDY using the
same Relative Offset. A new SEQ_ID is used for retransmission of the FCP_XFER_RDY. For |n-
order delivery, the value of REC_TOV is zero.

Error recovery

SRR
L

FCP_ACC

ECP_XEER RDY (RO=()
<

Initiator Target

Figure C.5 - FCP_XFER_RDY lost, unacknowledged classes
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An example of a lost FCP_XFER_RDY using acknowledged classes is shown in figure C.6.

Error detection
FCP_CMND

FCP_XFER_RDY
(RO=0)

Xe¢—+ -

ABTS (Sequence)

Continue

Initiator * Target

Error recovery

For acknowledged classes, the BA_ACE-indicates that the FCP_XFER_RDY was never received by
the initiator FCP_Port. The BA_ACC-payload is SEQ_ID VALIDITY = invalid, LOWEST SEQ_CNT = 0,
HIGHEST SEQ_CNT = SEQ_CNT field value in ABTS frame = 1. Both target and initiator FCP_Ports
edtablish Recovery Qualifiers;Jhe value for R_A_TOV for in-order delivery is zero. A new SEQ_ID is
uded in the retransmission 6f FCP_XFER_RDY. The use of an REC ELS to determine status for efror
recovery is optional.
SRR
-
ACK
- — — — — — — — —
FCP_ACC
-
ACK
_________ _>
FCP_XFER_RDY (RO=0)
K
_________ _>
Initiator Target

Figure C.6 - FCP_XFER_RDY lost, acknowledged classes
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An example of an FCP_XFER_RDY received and subsequent ACK lost using acknowledged classes is
shown in figure C.7.

Error detection

FCP_CMND
.
ACK
- — — — — — -
FCP_XFER RDY
(RO=0) E_D_TOV
- Q-
|
ACK
- — — X |
|
- ABTS (Sequence) Y
ACK
______ _>
BA_ACC
B> — =& 7 RATOV
ACK |
* - — — — — | Reclaim
Initiator
| FCP_Port
Exchange continues | Recovery
No recovery ngeded v Qualifier
Initigtor Target

No error recovery

The BA_ACC indicates that the FCP_XFER_RDY was received by the initiator FCP_Port.
The BA_ACC payload is SEQ_ID VALIDITY, SEQ_ID = SEQ_ID field of the FCP_XFER_RDY
frame, LOWEST SEQ_CNT = HIGHEST SEQ_CNT = SEQ_CNT field value of the ABTS frame.
No errafrecovery is required. There is no need for the target FCP_Port to issue the RRQ
ELSsince no Recovery Qualifier was established by the initiator FCP_Port in this case. It
stilillets R_A_TOV* expire before reclaiming the resources associated with its Recovery
Qualifier. The value of R_A_TOV for in-order delivery is zero. The use of an REC ELS to
determine status for error recovery is optional

Figure C.7 - FCP_XFER_RDY received, ACK lost, acknowledged classes
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An example of a lost FCP_RSP with no FCP_CONF requested using unacknowledged classes is
shown in figure C.8.

Error detection

REC_TOV FCP_CMND
r— |
I FCP_RSP
I Xt—7 — —
: | RR—TOVSEQ_INIT
I
L FEC - |
I
; - — - RECTOV | o LS_ACC v
I
Walt REC_TOV. IfFCP_RSPis |
retyrned, then continue with the |
Exdhange (i.e., LS_ACC to REC
EL$ arrived before FCP_RSP Continue
wag sent). Otherwise, perform
errqr recovery. Initiator Target

Error recovery

he LS_ACC for the REC ELS indicates the initiatorFCP_Port holds Sequence Initiative and the
xchange is complete. The initiator FCP_Porttransmits an SRR FCP_LS request specifying the
CP_RSP be retransmitted. The target FCRP{ Port retransmits the FCP_RSP. For in-order
elivery, the value of REC_TOV is zero. kor Sequence retransmission, the target FCP_Port
eeps the context of this Exchange as.defined in 12.4.1.5. For Exchange level recovery, the
pntext of the Exchange may be discarded by the target FCP_Port after FCP_RSP is transmitted

Q X O mm—i

SRR
-
FCP_ACC
g
FCP_RSP
¢
ACK
_________ E -
Initiator Target

Figure C.8 - FCP_RSP lost, FCP_CONF not requested, unacknowledged classes
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An example of a lost FCP_RSP with no FCP_CONF requested using acknowledged classes is shown

in figure C.9.

Error detection
FCP_CMND

FCP_RSP

X~

ABTS (Sequence)

Initiator

Error recovery

BA_ACC to ABTS indicates that the:sFCP_RSP was never received by the initiator FCP_Port . The
pdyload is SEQ_ID VALIDITY = inyalid, LOWEST SEQ_CNT = 0, HIGHEST SEQ_CNT = SEQ_CNT field value
in[ABTS frame = 1. The initiator FCP_Port and target FCP_Port establish Recovery Qualifiers. The
value of R_A_TOV for in-order delivery is zero. A new SEQ_ID is used in the retransmission of
FCP_RSP. The use of.an.REC ELS to determine status for error recovery is optional.

SRR
P
ACK
FCP_ACC
ACK
_________ _>
FCP_RSP
ACK
_________ _>
Initiator Target

Figure C.9 - FCP_RSP lost, FCP_CONF not requested, acknowledged classes
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An example of a lost FCP_RSP during a read command with no FCP_CONF requested using
acknowledged classes is shown in figure C.10.

Error detection

FCP_CMND

X—— -

Initiator

Error recovery

BA_ACC to ABTS indicates that the FEP- RSP was never received by the initiator FCP_Port. Th
pdyload is SEQ_ID VALIDITY = valid, SEQ_ID = SEQ_ID field of FCP_DATA Sequence, LOWEST SEQ_QNT
= X, HIGHEST SEQ_CNT = SEQ_CNT field value in ABTS frame. The initiator FCP_Port and target
FQP_Port establish Recovery Qualifiers. The value of R_A_TOV for in-order delivery is zero. A new
SEQ_ID is used in the retransmission of FCP_RSP. The use of an REC ELS to determine status ffor
erfor recovery is optional.

1"

SRR
-
ACK
~ T ]
- =
ACK
_________ _>
FCP_RSP
-
ACK
_________ _>
Initiator Target

Figure C.10 - FCP_RSP lost read command, no FCP_CONF, acknowledged classes
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An example of a received FCP_RSP and lost ACK using acknowledged classes is shown in figure

C.11.

Error detection

Acknowledged classes

FCP_CMND
P
ACK
- — — — — —
FCP_RSP
ACK -:
- — — X | E_D_TOV
ABTS (Sequence -
ACK
______ -
BA_RJT
) ™ T RATOV
ACK | ==
* - - — = = | i
Reclaim
v Target
N FCP_Port
Initiator Target Recovery
Qualifier

No error recovery

The BA_RJT for the ABTS with Reason Code of Logical error and the Reason Code
Explanation of Invalid OX_ID £#RX_ID combination indicates the Exchange is
unknown and therefore complete. No error recovery is required. The target FCP_Port
establishes a Recovery'Qualifier. The associated resources are not reused for a
period of R_A_TOV. Farin-order delivery, the value of R_A_TOV is zero. The target
FCP_Port does not:néed to issue RRQ ELS as no Recovery Qualifier was
established by the-initiator FCP_Port.

Figure C.11 - FCP_RSP received, ACK lost, acknowledged classes, example 1



https://iecnorm.com/api/?name=f443b67a3ebda6c2d99cd88da8384d19

	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms, definitions, abbreviations and conventions
	3.1 Terms and definitions
	3.1.1
	acknowledged class
	3.1.2
	address identifier
	3.1.3
	application client
	3.1.4
	application client buffer offset
	3.1.5
	command
	3.1.6
	command descriptor block
	CDB
	3.1.7
	command identifier
	3.1.8
	data buffer size
	3.1.9
	Data frame
	3.1.10
	data overlay
	3.1.11
	Destination_Identifier
	D_ID
	3.1.12
	device server
	3.1.13
	discard
	3.1.14
	Exchange
	3.1.15
	FCP device
	3.1.16
	FCP Exchange
	3.1.17
	FCP I/O operation
	3.1.18
	FCP_Port
	3.1.19
	fully qualified Exchange identifier
	FQXID
	3.1.20
	image pair
	3.1.21
	I_T nexus loss
	3.1.22
	I_T nexus loss notification
	3.1.23
	Information Unit
	IU
	3.1.24
	initiator FCP_Port
	3.1.25
	initiator port identifier
	3.1.26
	initiator port name
	3.1.27
	interconnect tenancy
	3.1.28
	logical unit
	3.1.29
	logical unit number
	LUN
	3.1.30
	loop initialization primitive
	3.1.31
	management logical unit
	3.1.32
	Name_Identifier
	3.1.33
	Name Server
	3.1.34
	Node_Name
	3.1.35
	NL_Port
	3.1.36
	N_Port
	3.1.37
	N_Port Login
	PLOGI
	3.1.38
	N_Port_Name
	3.1.39
	Nx_Port
	3.1.40
	Originator
	3.1.41
	Originator Exchange_ID
	OX_ID
	3.1.42
	private loop
	3.1.43
	public loop
	3.1.44
	random buffer access
	3.1.45
	read operation
	3.1.46
	request byte count
	3.1.47
	Responder
	3.1.48
	Responder Exchange_ID
	RX_ID
	3.1.49
	SCSI device
	3.1.50
	SCSI I/O operation
	3.1.51
	SCSI initiator device
	3.1.52
	SCSI initiator port
	3.1.53
	SCSI target device
	3.1.54
	SCSI target port
	3.1.55
	sense data
	3.1.56
	Sequence
	3.1.57
	Sequence_ID
	SEQ-ID
	3.1.58
	Source_Identifier
	S_ID
	3.1.59
	status
	3.1.60
	target FCP_Port
	3.1.61
	target port identifier
	3.1.62
	target port name
	3.1.63
	task attribute
	3.1.64
	task management function
	3.1.65
	task retry identifier
	3.1.66
	unacknowledged class
	3.1.67
	Worldwide_Name
	3.1.68
	word
	3.1.69
	write operation

	3.2 Abbreviations
	3.3 Keywords
	3.3.1
	invalid
	3.3.2
	mandatory
	3.3.3
	may
	3.3.4
	may not
	3.3.5
	obsolete
	3.3.6
	optional
	3.3.7
	reserved
	3.3.8
	restricted
	3.3.9
	shall
	3.3.10
	should

	3.4 Editorial conventions

	4 General
	4.1 Structure and concepts
	4.2 FCP I/O operations
	4.3 Bidirectional and unidirectional commands and FCP_RSP IU format
	4.4 Precise delivery of commands
	4.5 Confirmed completion of FCP I/O operations
	4.6 Retransmission of unsuccessfully transmitted IUs
	4.7 Task retry identification
	4.8 Discovery of FCP capabilities
	4.9 Task management functions
	4.9.1 Task management functions overview
	4.9.2 ABORT TASK task management function
	4.9.3 QUERY TASK task management function

	4.10 Clearing effects of task management, FCP, FC-FS-3, FC-LS-2, and FC-AL-2 actions
	4.11 I_T nexus loss notification events
	4.12 Transport Reset notification events
	4.13 Port Login/Logout
	4.14 Process Login and Process Logout
	4.15 Link management
	4.16 FCP addressing and Exchange identification
	4.17 Use of Worldwide_Names

	5 FC-FS-3 frame header
	5.1 FC-FS-3 frame header overview
	5.2 FC-FS-3 frame header fields
	5.2.1 r_ctl field
	5.2.2 d_id field
	5.2.3 cs_ctl field
	5.2.4 s_id field
	5.2.5 type field
	5.2.6 f_ctl field
	5.2.7 seq_id field
	5.2.8 df_ctl field
	5.2.9 seq_cnt field
	5.2.10 ox_id field
	5.2.11 rx_id field
	5.2.12 parameter field


	6 FCP link service definitions
	6.1 Overview of link service requirements
	6.2 Overview of Process Login and Process Logout
	6.3 PRLI ELS
	6.3.1 Use of PRLI ELS by the Fibre Channel Protocol
	6.3.2 New or repeated Process Login
	6.3.3 PRLI ELS request FCP Service Parameter page format
	6.3.4 PRLI ELS accept FCP Service Parameter page format

	6.4 PRLO ELS
	6.5 Read Exchange Concise (REC) ELS

	7 FC-4 specific Name Server registration and objects
	7.1 Overview of FC-4 specific objects for the Fibre Channel Protocol
	7.2 FC-4 TYPEs object
	7.3 FC-4 Features object

	8 FCP FC-4 Link Service (FCP_LS) definitions
	8.1 FCP_LS overview
	8.2 Sequence Retransmission Request (SRR) FCP_LS request
	8.3 FCP_LS Accept (FCP_ACC)
	8.4 FCP_LS Reject (FCP_RJT)

	9 FCP Information Unit (IU) usage and formats
	9.1 FCP Information Unit (IU) usage
	9.2 FCP_CMND IU
	9.2.1 Overview and format of FCP_CMND IU
	9.2.2 FCP_CMND IU field descriptions
	9.2.2.1 fcp_lun field
	9.2.2.2 command reference number field
	9.2.2.3 command priority field
	9.2.2.4 task attribute field
	9.2.2.5 task management flags field
	9.2.2.6 additional fcp_cdb length field
	9.2.2.7 rddata bit and wrdata bit
	9.2.2.8 fcp_cdb field
	9.2.2.9 additional_fcp_cdb field
	9.2.2.10 fcp_dl field
	9.2.2.11 fcp_bidirectional_read_dl field


	9.3 FCP_XFER_RDY IU
	9.3.1 Overview and format of FCP_XFER_RDY IU
	9.3.2 fcp_data_ro field
	9.3.3 fcp_burst_len field

	9.4 FCP_DATA IU
	9.4.1 FCP_DATA IU overview
	9.4.2 FCP_DATA IUs for read and write operations
	9.4.3 FCP_DATA IUs for bidirectional commands
	9.4.4 FCP_DATA IU use of fill bytes

	9.5 FCP_RSP IU
	9.5.1 Overview and format of FCP_RSP IU
	9.5.2 status qualifier field
	9.5.3 fcp_bidi_rsp bit
	9.5.4 fcp_bidi_read_resid_under bit
	9.5.5 fcp_bidi_read_resid_over bit
	9.5.6 fcp_conf_req bit
	9.5.7 fcp_resid_under bit
	9.5.8 fcp_resid_over bit
	9.5.9 fcp_sns_len_valid bit
	9.5.10 fcp_rsp_len_valid bit
	9.5.11 scsi status code field
	9.5.12 fcp_resid field
	9.5.13 fcp_bidirectional_read_resid field
	9.5.14 fcp_sns_len field
	9.5.15 fcp_rsp_len field
	9.5.16 fcp_rsp_info field
	9.5.17 fcp_sns_info field

	9.6 FCP_CONF IU

	10 SCSI mode parameters for the Fibre Channel Protocol
	10.1 Overview of mode pages for the Fibre Channel Protocol
	10.2 Disconnect-Reconnect mode page
	10.2.1 Overview and format of Disconnect-Reconnect mode page for FCP
	10.2.2 buffer full ratio field
	10.2.3 buffer empty ratio field
	10.2.4 bus inactivity limit field
	10.2.5 disconnect time limit field
	10.2.6 connect time limit field
	10.2.7 maximum burst size field
	10.2.8 emdp bit
	10.2.9 faa bit, fab bit, and fac bit
	10.2.10 first burst size field

	10.3 Fibre Channel Logical Unit Control mode page
	10.4 Fibre Channel Port Control mode page
	10.4.1 Overview and format of Fibre Channel Port Control mode page
	10.4.2 Disable target originated loop initialization (dtoli) bit
	10.4.3 Disable target initiated port enable (dtipe) bit
	10.4.4 Allow login without loop initialization (alwli) bit
	10.4.5 Require hard address (rha) bit
	10.4.6 Disable loop master (dlm) bit
	10.4.7 Disable discovery (ddis) bit
	10.4.8 Prevent loop port bypass (plpb) bit
	10.4.9 Disable target fabric discovery (dtfd) bit
	10.4.10 rr_tov units field
	10.4.11 sequence initiative resource recovery timeout value (rr_tovseq_init) field


	11 Timers for FCP operation and recovery
	11.1 Summary of timers for the Fibre Channel Protocol
	11.2 Error_Detect Timeout (E_D_TOV)
	11.3 Resource Allocation Timeout (R_A_TOV)
	11.4 Resource Recovery Timeout (RR_TOV)
	11.5 Read Exchange Concise Timeout Value (REC_TOV)
	11.6 Upper Level Protocol Timeout (ULP_TOV)

	12 Link error detection and error recovery procedures
	12.1 Error detection and error recovery overview
	12.1.1 Exchange level
	12.1.2 Sequence level

	12.2 FCP error detection
	12.2.1 Overview of FCP-4 error detection
	12.2.2 FCP-4 error detection using protocol errors for all classes of service
	12.2.3 Error detection mechanisms for acknowledged classes of service

	12.3 Exchange level recovery using ABTS-LS
	12.3.1 ABTS-LS overview
	12.3.2 Initiator FCP_Port Exchange termination
	12.3.3 Target FCP_Port response to Exchange termination
	12.3.4 Additional error recovery by initiator FCP_Port
	12.3.5 Additional error recovery by target FCP_Port

	12.4 Sequence level error detection and recovery
	12.4.1 Using information from REC ELS to perform Sequence retransmission
	12.4.1.1 Polling Exchange state with REC ELS
	12.4.1.2 Detection of errors while polling with REC ELS
	12.4.1.3 FCP_CMND IU recovery
	12.4.1.4 FCP_XFER_RDY IU recovery
	12.4.1.5 FCP_RSP IU recovery
	12.4.1.6 FCP_DATA IU recovery - write operations
	12.4.1.7 FCP_DATA IU recovery - read operations
	12.4.1.8 FCP_CONF IU recovery

	12.4.2 Additional error recovery requirements
	12.4.2.1 Error indicated in ACK
	12.4.2.2 Missing ACK
	12.4.2.3 Distinguishing Exchange to be aborted


	12.5 Second-level error recovery
	12.5.1 ABTS error recovery
	12.5.2 REC ELS request error recovery
	12.5.3 SRR FCP_LS request error recovery

	12.6 Responses to FCP type frames before port login or process login

	Annex A (normative) SAM-5 mapping to FCP-4
	Annex B (informative) FCP examples
	B.1 Examples of the use of FCP Information Units (IUs)
	B.1.1 Overview of examples
	B.1.2 Read command
	B.1.3 Write command
	B.1.4 Command with no data transfer or with check condition
	B.1.5 Read command with multiple FCP_DATA IUs
	B.1.6 Write command with FCP_XFER_RDY disabled
	B.1.7 Bidirectional command with write before read
	B.1.8 Bidirectional command with read before write
	B.1.9 Bidirectional command with write first and write FCP_XFER_RDY disabled
	B.1.10 Bidirectional command with intermixed writes and reads
	B.1.11 Write command with confirmed completion
	B.1.12 Task management function
	B.1.13 Class 2 write command example, frame level
	B.1.14 Class 2 read command example, frame level


	Annex C (informative) Error detection and recovery examples
	Annex D (informative) FCP device discovery procedure
	D.1 FCP Device Discovery Procedure
	D.1.1 Initiator discovery of Fabric-attached target FCP_Ports
	D.1.2 Initiator discovery of loop-attached target FCP_Ports

	D.2 Fabric and device verification
	D.3 Logical unit verification

	Annex E (informative) FCP-4 examples of link service usage
	E.1 Formats for recovery link services
	E.2 Abort Sequence (ABTS) request
	E.2.1 Abort Sequence (ABTS) request fields
	E.2.2 Basic Accept (BA_ACC) frame to ABTS
	E.2.3 Basic Reject (BA_RJT) frame to ABTS

	E.3 Reinstate Recovery Qualifier (RRQ) ELS




