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INFORMATION TECHNOLOGY -
SMALL COMPUTER SYSTEM INTERFACE -

PART 222: Fibre Channel Protocol for SCSI,
Second Version (FCP-2)

FOREWORD

ISO (International Organization for Standardization) and IEC (International Electrotechnical Commission).fory]
ppecialized system for worldwide standardization. National bodies that are members of ISO or IEC particips
the development of International Standards through technical committees established by the “respeg
organization to deal with particular fields of technical activity. ISO and IEC technical committees collabord
fields of mutual interest. Other international organizations, governmental and non-governmental,“in liaison
ISO and IEC, also take part in the work.

In the field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC J7
Draft International Standards adopted by the joint technical committee are circulated te_national bodies for v
Publication as an International Standard requires approval by at least 75 % of the national bodies casting a v|

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 IEC or ISO National Committees for any personal injury, pro
damage or other damage of any nature whatsoever, whether direct¢or indirect, or for costs (including legal
and expenses arising out of the publication of, use of, or reliance épon this ISO/IEC publication or any othe
or IEC/ISO publications.

Attention is drawn to the normative references cited in this publication. Use of the referenced publicatio
ndispensable for the correct application of this publication.
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patent rights. ISO/IEC shall not be held responsible.for identifying any or all such patent rights.
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INTRODUCTION

This International Standard defines a Fibre Channel mapping layer (FC-4) that uses the
services defined by NCITS Project 1311D, Fibre Channel Framing and Signaling Interface
(FC-FS) to transmit SCSI command, data and status information between a SCSI initiator and
a SCSI target. The use of this standard enables the transmission of standard SCSI command
formats, the transmission of standard SCSI data and parameter strings, and the receipt of
SCSI _status and sense_information across the Fibre Channel using only the standard Fibre

Ch%'nnel frame and sequence formats. The Fibre Channel protocol operates with¢ Flibre

Chgnnel Classes of Service 1, 2 and 3 and operates across Fibre Channel fabrics’[and

arbitrated loops.

Thel Small Computer System Interface (SCSI) command set is widely used andapplicable [to a

wide variety of device types. The transmission of SCSI command set information across Fjibre

Chgnnel links allows the large body of SCSI application and driver softwate\to be successjully

usef in the high performance Fibre Channel environment.

Thig standard describes the protocol for transmitting SCSI commands, data, and status uging

Fibge Channel FC-FS Exchanges and Information Units. Fibre-€hannel is a high speed s¢rial

architecture that allows either optical or electrical connections-at data rates from 265 Mbit$ up

to 4 Gbits per second. The topologies supported by Fibre Channel include point-to-point,

fabiic switched and arbitrated loop. All Fibre Channel connections use the same standard

frame format and standard hierarchy of transmission units to transmit the Information Units

thaf carry SCSI information.

Thig standard is divided into 12 clauses and comprises 6 Annexes:

Clause Subject

1 Scope

2 Normative references

3 Definitions, abbreviations and conventions

4 Overview of the protocol for transmitting SCSI information over Fibre Channel

5 Information:Units used to transfer SCSI commands, data and status across a
Fibre Channel connection

6 Basie.Link Services and Exteded Link Services used by the protocol for
tramsmitting SCSI information over Fibre Channel

7 FC-GS-3 Name Server objects defined for FCP-2

8 FCP FC-4 Link Service definitions for the protocol for transmitting SCSI
information over Fibre Channel
Details-of the lnformation Unitformats

10 SCSI management features for Fibre Channel, including the SCSI mode pages
used by the protocol for transmitting SCSI information over Fibre Channel

11 Timers used for FCP-2 error recovery algorithms

12 Error recovery algorithms for FCP-2

Annex A Relationship between the services defined by SAM-2 and the corresponding
functions defined by this standard

Annex B Examples of the protocol for transmitting SCSI information over Fibre Channel

Annex C  Examples of the FCP-2 error recovery mechanisms

Annex D  Techniques for discovering SCSI device capabilities over Fibre Channel

Annex E  Examples of the content of ELSs used during FCP-2 recovery operations

Annex F Mechanism to support bidirectional SCSI data transfer using SCSI commands
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Fibre channel Protocol-2 (FCP-2) is part of the SCSI family of standards developed by T10 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 14776-412, Information technology — SCSI Architecture Model-2 (SAM-2).
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INFORMATION TECHNOLOGY -
SMALL COMPUTER SYSTEM INTERFACE -

PART 222: Fibre Channel Protocol for SCSI,
Second Version (FCP-2)

P att—o s 4FF6—cte 5 ofrd stor—of—the ibre S etpcol
). This part of ISO/IEC 14776 is a mapping protocol for applying the SCSI command| set
ibre Channel. It defines how the Fibre Channel services and the defined Information’ Units
(IUg) are used to perform the services defined by the SCSI-3 Architecture Model —.2|(SAM-2).
i$ second version includes additions and clarifications to the first version, remqves
information that is now contained in other standards, and describes additional efror recoyery

Thel following referenced documents are indispensable for thewapplication of this documient.
For|dated references, only the edition cited applies. For undated references, the latest edition
e referenced document (including any amendments) applies.

2.1| International standards
ISO/IEC 14165-122, Information technology — Fibre Channel — Part 122: Arbitrated logp-2
(FCFAL-2)1

ISOYIEC 14776-412, Information technology — Small Computer System Interface (SCSf) —
Part 412: Architecture Model-2 (SAM-2)!

ISOYIEC 14776-452, Information“technology — Small Computer System Interface (SCS|) -
Part 452: Primary commands-2 (SPC-2)1

2.2| International Standards under development

ISOYIEC 14776-221) Information technology — Small Computer System Interface (SCSf) —
Parf 221: Protocol for SCSI (FCP)

ISOYIEC 1477%6-312, Information technology — Small Computer System Interface (SCS|) -
Parf 312:<Primary commands-2 (SPC-2)

2.3| “Other references

NOTE Copies of NCITS Technical Reports are available for purchase from Global Engineering Documents. For
further information, contact Global Engineering Documents at ++1 800-854-7179 (telephone) or ++1 303-792-2181
(telephone) or by mail at 15 Inverness Way East, Englewood, CO 80122-5704, USA.

NCITS TR-19:1998, Fibre Channel Private Loop, SCSI Direct Attach (FC-PLDA) (Technical
Report)

NCITS TR-20:1998, Fibre Channel Fabric Loop Attachment (FC-FLA) (Technical Report)

NCITS TR-24:1999, Fibre Channel — Tape Technical Report (FC-TAPE)

1 To be published.
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3 Definitions, abbreviations and conventions
3.1 Definitions

3.1.1
access controls

Mechanisms allowing a managing application client to control the set of initiators that have access to a

target. The access control is enforced by the target. See SPC-3.

3.1.2
access controls data

Information sent to the target by the managing application client that is used by the target to control the set

of initiators that have access to the target. See SPC-3.

3.1

access controls enrollment state

A sfate established in the target by the managing application client. The state governs the‘behavig
target in controlling the set of initiators that have access to the target. See SPC-3.

3.1

ackhowledged class

Anyj class of service that acknowledges transfers. Acknowledged classes of ser¥ice include Class
2, and Class 4 service. See FC-FS.

3.1
address identifier
An address value used to identify source (S_ID) or destination (D>ID) of a frame. See FC-FS.

3.1p
appllication client
An pbject that is the source of SCSI commands. [SAM-2]

3.1)
appllication client buffer offset

r of the

|, Class

Offget in bytes from the beginning of the application client’s buffer (data-in or data-out) to the location for

the transfer of the first byte of a data delivery service request.

3.18
autpsense data
Serse data (see 3.1.51) thatis’returned in the FCP_RSP IU payload.

3.19
compmand
A rgquest describing a unit of work to be performed by a device server. [SAM-2]

3.1.00

A structure used to communicate a command from an application client to a device server. [SAM-2

, modified]

corqvmand descriptor block

3.1.11
data buffer size

Upper limit on the extent of the data (data-in or data-out) to be transferred by the SCSI command. See

Sam-2.

3.1.12
data in delivery service

A confirmed service used by the device server to request the transfer of data to the application client. See

SAM-2.
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3.1.13

data out delivery service

A confirmed service used by the device server to request the transfer of data from the application client.
See SAM-2.

3.1.14

data overlay

The use of 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. See
SAM-2.

3.145
Dedtination_lIdentifier
The| address identifier used to indicate the destination of the transmitted frame. See FC-FS.

3.1[16

devlice server
An pbject within the logical unit that executes SCSI tasks and enforces the rules for task management.
[SAM-2, modified]

3.1407

dis¢ard
The term used in FC-FS to describe removing a frame or sequence)from the destination buffer|without
making use of the frame or sequence and without notifying upper layers of the receipt of the ffame or
sequence. See FC-FS.

3.1.118

Exdhange
Thg basic mechanism which transfers informationyconsisting of one or more related non-concurrent
Seduences which may flow in the same or opposite directions. The Exchange is identified by an Ofiginator
Exchange_ID (OX_ID) and a Responder Exchange_ldentifier (RX_ID). See FC-FS.

3.1.[19

Exgcute Command service
A peer-to-peer, confirmed service réquested by the application client to perform a SCSI Commapd. See
SAM-2.

3.1.p0

FCP Exchange
A SCSI I/O Operation_for the Fibre Channel FC-2 layer. The SCSI 1/O Operation for Fibre Channel is
conjained in a Fibre*€hannel Exchange. See FC-FS and 4.1.

3.1p1
FCR 1/O operation
A S[CSI 1/O Operation for the Fibre Channel FC-4 layer, as defined in this standard.

3.1.22
FCP_Port
An N_Port or NL_Port that supports the SCSI Fibre Channel Protocol.

3.1.23
fully qualified exchange identifier
A set of addresses and values used to uniquely identify an FCP 1/O operation. See 5.1.
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3.1.24

image pair

The originating and responding processes related by a Process Login operation. For the Fibre Channel
protocol, the image pair is composed of one initiator and one target. See FC-FS.

3.1.25

|_T nexus loss

A condition resulting from the events defined by SAM-3 in which the SCSI device performs the operations
described in SAM-3 and this standard.

3.1.26
|_T nexus loss event
A SCSiI transport protocol specific event that triggers |_T nexus loss as described in SAM-3.

3.1.p7

Infgrmation Unit
An prganized collection of data specified by the Fibre Channel protocol to be transferred as @ single
Sequence by the Fibre Channel service interface. See FC-FS.

3.1.p8
initjator
A S[CSI device containing application clients that originate device service requests and task manggement
fungtions to be processed by a target SCSI device. In this standard, thelword “initiator” also refefs to an
FCPR_Port using the Fibre Channel protocol to perform the SCSI initiator<unctions defined by SAM}2.

3.1.p9
initlator identifier
Address a target uses to identify the initiator device. See SAM-2.

3.1.80

intgrconnect tenancy
The| period of time that an FCP device owns or may access a shared Fibre Channel link such as an FC-AL
looy. See 10.2.1.

3.1B1

logical unit
A tgrget resident entity that implements a device model and processes SCSI commands serjt by an
application client. [SAM-2, modified]

3.182
logical unit number
An ¢ncoded 64-bit identifier for a logical unit. [SAM-2, modified]

3.1.33
loop initialization primitive
A primitive-used in Fibre Channel arbitrated loops to start loop initialization. See FC-AL-2.

3.1.34
Name_Identifier
A 64-bit identifier, with a 60-bit value preceded with a 4 bit Network_ Address_Authority Identifier, used to
identify entities in Fibre Channel such as N_Port, Node, F_Port, or Fabric. See FC-FS.

3.1.35

Name Server

A Fibre Channel service accessed through a well-known address identifier that uses the Common Transfer
(CT) protocol as defined in FC-GS-3 to allow a client to determine the address identifier and properties of
devices attached to a Fibre Channel switching fabric. See FC-GS-3.
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3.1.36
Node Name
A Name_Identifier associated with a Node. See FC-FS.

3.1.37

NL_Port

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

3.1.38

N_Port

A hardware entity that supports the FC-FS FC-2 layer. It may act as an Originator, a Responder, or both.
See FC-FS.

UJ

in. See

ranflom buffer access

The occurrence of device server data transfer requests that request data transfers to or from segments of
the jppplication client’s buffer with an arbitrary offset and extent. See SAM-2.

3.1.47

recovery abort

An FC-FS protocol that recovers FCP_Port resources by terminating the Exchange and FCP 1/O operation.
See 12.3.

3.1.48
request byte count
The number of bytes to be moved by a data delivery service request. See SAM-2.
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3.1.49

Responder
The logical function in an N_Port responsible for supporting the Exchange initiated by the Originator in
another N_Port. See FC-FS.

3.1.50
Responder Exchange Identifier
An identifier assigned by a Responder to identify an Exchange and meaningful only to the Responder. See

FC-

FS.

3.1.51

sen

se data

Data returned to an application client as a result of an autosense operation, asynchronous event report, or

VT et e ot W P = (=Y Py = VoS
RE ULo T OoCINOL CUINITIANU,. OTT or L L.,

3.1p2
Sequence
A sgt of one or more Data frames with a common Sequence_ID (SEQ_ID), transmitted’unidireg

fronh one N_Port to another N_Port with a corresponding response, if applicable, trapsmitted in re
to efach Data frame. See FC-FS.

3.1.p3

Soyrce_ldentifier

Thel address identifier used to indicate the source port of the transmitted‘frame. See FC-FS.
3.1.p4

SC#¥%I device

A device that originates or services SCSI commands. [SAM-2, modified]

3.1p5

SC$I I/O operation

An pperation defined by a SCSI command, a series of linked SCSI commands or a task mana|
fungtion. See SAM-2.

3.1.p6

status

A s|ngle byte returned by the device server to the application client to indicate the complet
conjpletion state of a command. See SAM-2.

3.1.p7

tag

The initiator-specified.component of a task identifier that uniquely identifies one task among the
tasks coming from an“initiator to a logical unit. The fully qualified exchange identifier performs the

of the SCSI tag-in:this standard. See 5.1 and SAM-2.

3.1
tard
AS

58
et

tionally
sponse

gement

on and

several
function

linits for

CSldevice that receives SCSI commands and directs such commands to one or more logical

execution. Tn this standard, the word "target™ also refers to an FCP_Port using the Fibre Channel protocol

top

3.1.

erform the SCSI target functions defined by SAM-2.

59

target identifier
Address of up to 64-bits that identifies a target. See SAM-2.

3.1.

60

task

An object within the logical unit representing the work associated with a command or group of linked
commands. [SAM-2]
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3.1.61
task attribute
The queuing specification for a task (SIMPLE, ORDERED, HEAD OF QUEUE, ACA). See SAM-2.

3.1.62
task identifier
The information uniquely identifying a task. See SAM-2.

3.1.63

task management function

A peer-to-peer confirmed service provided by a task manager that may be invoked by an application client
to affect the execution of one or more tasks. [SAM-2, modified]

3.1.p4
Wolldwide Name
A Name_Identifier which is worldwide unique, and represented by a 64-bit unsigned binary value. (FC-FS)

3.2| Abbreviations

CRN Command Reference Number (See 9.1.2.2.)
b _ID Destination_ldentifier (See FC-FS.)

ELS Extended Link Service (See FC-FS.)

FC Fibre Channel (See FC-FS.)

FC-AL-2 Fibre Channel Arbitrated Loop - 2

FC-FLA Fibre Channel Fabric Loop Attachment

FC-FS Fibre Channel Framing and-Signaling Interface
FC-GS-3 Fibre Channel Generic Services - 3

FC-PLDA Fibre Channel Private Loop, SCSI Direct Attach
FC-TAPE Fibre Channel «Tape Technical Report

FCP Fibre Channel Protocol for SCSI

Also: referring both to FCP and to this standard

FCP-2 This'standard (Fibre Channel Protocol for SCSI, second version.)
FC-4 Fibre Channel Layer 4 mapping layer. (See FC-FS.)

FLOGI Fabric Login Extended Link Service. (See FC-FS.)

FQXID fully qualified exchange identifier

IE identifier
Information Unit (See FC-FS.)

U IFA loop initialization fabric assigned, a step of the loop initialization sequgnce
(See FC-AL-2.)

LIHA loop initialization hard assigned, a step of the loop initialization sequence
(See FC-AL-2.)

LIP loop initialization primitive (See FC-AL-2.)

LIPA loop initialization previously assigned, a step of the loop initialization sequence

(See FC-AL-2.)
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LISA loop initialization soft assigned, a step of the loop initialization sequence
(See FC-AL-2.)
LISM loop initialization select master, a step of the loop initialization sequence
(see FC-AL-2.)
LOGO Log Out Extended Link Service (See FC-FS.)
NA Not Applicable
OX_ID Originator Exchange ldentifier (See FC-FS.)
PLOGI Port (N_Port) Login Extended Link Service (See FC-FS.)
RX_1D Responder Exchange Tdentifier (See FC-FS.)
BAM-2 ISO/IEC 14776-412, SCSI Architecture Model - 2 (See 2.3.)
BAM-3 ISO/IEC 14776-413, SCSI Architecture Model - 3 (See 2.3.)
S5CSI Small Computer System Interface, any revision.
5CSI-3 Small Computer System Interface-3, the SCSI architecture specified by SAM-2
and extended by the companion standards referen¢ed in SAM-2.
5 ID Source_ldentifier (See FC-FS.)
BPC-2 ISO/IEC 14776-312, SCSI Primary Commands - 2 (See 2.3.)
JLP upper layer protocol (See FC-FS.)
3.3] Keywords
3.3
explected
A kéyword used to describe the behavior of the hardware or software in the design models assumed by
this|standard. Other hardware and software desigh models may also be implemented.
3.3p
invalid
A keyword used to describe an illegal or unsupported bit, byte, word, field or code value. Receipt of an
invdlid bit, byte, word, field or code:value shall be reported as error.
3.3B
ignpred
A keyword used to_describe a bit, byte, word, field or code value that shall not be examined by the
recgiving SCSI device. The bit, byte, word, field or code value has ho meaning in the specified context.
3.3¢
mandatory
A k%yword indicating an item that is required to be implemented as defined in this standard.
3.35
may

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

3.3.

6

may not
A keyword that indicates flexibility of choice with no implied preference (equivalent to “may or may not”).
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3.3.7

obsolete

A keyword indicating that an item was defined in a prior SCSI standard but has been removed from this
standard.

3.3.8

optional

A keyword that describes features that are not required to be implemented by this standard. However, if
any optional feature defined by this standard is implemented, then it shall be implemented as defined in
this standard.

3.3.9

reserved
A k , , , future
stamdardization. A reserved bit, byte, word or field shall be set to zero, or in accordance with)a future
extegnsion to this standard. Recipients are not required to check reserved bits, bytes, words\or fields for
zer@ values. Receipt of reserved code values in defined fields shall be reported as an errer.

3.310

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

3.311
sha|ll
A keyword indicating a mandatory requirement. Designers are-fequired to implement all such mandatory
reqlirements to ensure interoperability with other products,that conform to this standard. This standard
prescribes no specific response by a component if it.feceives information that violates a mapdatory
behpvior.

3.3[12

should
A keéyword indicating flexibility of choice withia strongly preferred alternative; equivalent to the phrase “it is
stropgly recommended”.

3.4| Editorial conventions

Certain words and terms used ifthis standard have a specific meaning beyond the normal English nfeaning.
appear.
be keys,
ENSE).

e is a
al case
referred
d in this

Numbers that are not immediately followed by lower-case b or h are decimal values.

Numbers immediately followed by lower-case b (0101b) are binary values.

Numbers or upper case letters immediately followed by lower-case h (FA23h) are hexadecimal values.
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In all of the figures, tables, and text of this standard, the most significant bit of a binary quantity is shown on
the left side. Bit order and byte order are as specified in FC-FS.

The 1SO convention of numbering is used (i.e., the thousands and higher multiples are separated by a
space). A comma is used as the decimal point. A comparison of the American and ISO conventions is shown
below:

ISO American
0,6 0.6

1000 1,000
1323 462,9 1,323,462.9

Lists sequenced by letters (e.g., a-red, b-blue, c-green) show no ordering relationship betweenrthe listed
iten)s. Numbered lists (e.g., 1-red, 2-blue, 3-green) show an ordering relationship between thelisted items.

If alconflict arises between text, tables, or figures, the order of precedence to resolve the-conflictg is text;
then tables; and finally figures. Exceptions to this convention are indicated in the appropriate subg¢lauses.
Not|all tables or figures are fully described in the text. Tables show data format andvalues. Note$ do not
congtitute any requirements for implementors.
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General

Structure and concepts

2005(E)

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 performs those functions
required to transfer data from one N_Port or NL_Port to another. In this standard, N_Ports and NL_Ports
capable of supporting Fibre Channel protocol transactions are collectively referred to as FCP_Ports. The
FC-2 layer may be treated as a very powerful delivery service with information grouping and several defined
classes of service.

A switching fabric allows communication among more than two FCP_Ports.

Fibfe Channel Arbitrated Loop (FC-AL) is an alternative multiple port topology that allows commu
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Task Management

veen two ports on the loop or between a port on the loop and a port on a switching fabric attachg

-C-4 mapping layer uses the services provided by FC-FS to execute the steps required to perf
tions defined by the FC-4. The protocol is described in terms of the stream of F€ |Us and Exa
prated by a pair of FCP_Ports that support the FC-4.

detailed implementation that supports that stream is not defined, although Originator and Re
P_Ports are assumed to have a common service interface, for use, by all FC-4s, that is si
racteristics to the service interface defined in FC-FS. The requirements for the service interface f
contained in SAM-2.

r kinds of functional management are defined by this standard.

Device Management

Process Login/Logout Management

link Management

Fibre Channel protocol device @nd task management protocols define the mapping of th
tions defined in SAM-2 to the Fibre Channel interface defined by FC-FS. Link control is perfo
dard FC-FS protocols. The:task management functions defined by SAM-2 are mapped as desg
bf this standard. The 1/O Opération defined by SAM-2 is mapped into a Fibre Channel Exchange)
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Channel Exchange carrying information for a SCSI I/O Operation is an FCP Exchange. The request and
response primitives of an 1/0O Operation are mapped into Information Units (IUs) as shown in table 1.

Table 1 - SCSI and Fibre Channel protocol functions

SCSI function FCP equivalent
I/O operation Exchange
Protocol Service Request and Sequence
Response
SCIId SCS: CUIIIIIIG.II(:II RcQucot UIIDU“b;tUd \.,Ulllllla.lll‘:lI :U
(FCP_CMND)
Data delivery request Data descriptor U
(FCP_XFER_RDY)
Data delivery action Solicited data IU (ECP’ DATA)
Send Command Complete Command statusiU (FCP_ RSP)
Response
REQ/ACK for Command Com- Confirmation IU (FCP_CONF)
plete

Thel number of Exchanges that may simultaneously be opén between an initiator FCP_Port and g target
FCR_Port is defined by the FC-FS implementation. The “architectural limit for this value is 65 585. The
maximum number of active Sequences that may simultaneously be open between an initiator FCP_Port and
a target FCP_Port is restricted by the allowable range of values of the Sequence ID to 256, as dgfined in
FC-S. To allow task management Exchanges-t¢’be originated, a certain number of extra Exchanhge IDs
and|at least one extra Sequence_ID should always be available.

4.2| Device management

An gpplication client begins an FCR-/O operation when it invokes an Execute Command remote prpcedure
call] (See SAM-2). The Execute.€ommand call conveys a single request or a list of linked requests from the
application client to the FCP“/service delivery subsystem. Each request contains all the infdrmation
necpssary for the execution 6f one SCSI command, including the local storage address and charagteristics
of data to be transferredyby the command. The Fibre Channel protocol then performs the following|actions
usirlg FC-FS servicés to perform the SCSI command. The execution of the individual steps of the protocol
is cpnsistent with.the SCSI architectural model as defined by SAM-2.

Thel FCP_Port'that is the initiator for the command starts an Exchange by sending an unsolicited cdmmand
IU gontaining the FCP_CMND IU payload, including some command controls, addressing informat{on, and
the |SESI command descriptor block (CDB). The FCP_CMND IU payload is the Send SCSI Cgmmand

proteeel-serree—tegtest{see-SAM-2and-staris-the—cPtHo-operationr—TFhe-Exehangethatis—started is
identified by its fully qualified exchange identifier (FQXID) during the remainder of the FCP 1/O operation
and is used only for the IUs associated with that FCP I/O operation. See 5.1.

When the device server for the command has completed the interpretation of the command, has determined
that write data transfer is required, and is prepared to request the data delivery service, it sends a data
descriptor IU containing the FCP_XFER_RDY IU payload to the initiator to indicate which portion of the data
is to be transferred. The FCP_Port that is the initiator then transmits a solicited data |U to the target
containing the FCP_DATA IU payload requested by the FCP_XFER_RDY IU. The FCP_XFER_RDY IU and
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FCP_DATA IU payloads constitute the Receive Data-Out protocol service request and Data-Out Received
service confirmation described in SAM-2. Data delivery requests containing FCP_XFER_RDY IU and
returning FCP_DATA IU payloads continue until the data transfer requested by the SCSI command is
complete. One FCP_DATA IU shall follow each FCP_XFER_RDY IU. If the system has mechanisms
outside the scope of this standard for controlling the data transfer length, the transmission of the initial
FCP_XFER_RDY IU may be disabled. See 10.2.10.

When the device server for the command has completed the interpretation of the command and has
determined that read data transfer is required, the FCP_Port that is the target transmits a solicited data |U
to the initiator containing the FCP_DATA IU payload. The FCP_DATA IU constitutes the Send Data-In
protocol service request described in SAM-2. Data deliveries containing FCP_DATA IU payloads continue
until all data described by the SCSI command is transferred.

ervertra i eSend-C€o and-Compteteprotocol
ng the transmission of an IU containing the.F@QP_RSP

seryice response (described in S

ommand linking, error recovery, or confirmed completion is requested, the FCP_RSP IU is the final
segpence of the Exchange. The device server determines whether additional linked commands afe to be
flormed in the FCP 1/O Operation. If this is the last or only command executed-in‘the FCP 1/O operation,
the FCP I/O operation and the Exchange are terminated. If an FCP protocol errer eccurred during execution
of the command, the FCP_RSP IU payload carries the FCP Response information instead of tHe SCSI
statiis and autosense data.

When the command is completed, returned information is used_to)prepare and return the Cgmmand
Complete Received protocol service confirmation to the applicationZclient that requested the operation. The
returned status indicates whether or not the command was successful. The successful completion of the
conymand indicates that the SCSI device performed the requested operations with the transferred data and
that| the information was successfully transferred to orifrom the initiator. Status other than su¢cessful
conjpletion indicates that either SCSI sense data or warnings about unexpected FCP behaviors afe being
proyided. In this case, the sense data or warning is inferpreted to determine whether the desired operation
wag successfully completed. The device server.can optionally request a protocol service indication that
confirms delivery of the FCP_RSP IU payload,‘@s described in 4.4.

If the command is linked to another command, the FCP_RSP IU payload shall contain the proper status
4 INTERMEDIATE or INTERMEDIATE CONDITION MET) indicating that another command ghall be
exefuted. The target shall present the' FCP_RSP using the IU that allows command linking, 15 (sge 5.4).
initiator shall continue the samg Exchange with an FCP_CMND IU, beginning the next SCSI command.
$CSI commands linked in‘the' FCP 1/O operation except the last are executed in the manner described
aboje. SAM-2 defines the cases that interrupt and terminate a series of linked commands. In thosg¢ cases,
the FCP_RSP IU of the dast command in the set of linked commands shall be transmitted using the U that

number of FCP 1/O operations that may be active at one time depends on the queuing capabfllities of
the FCP devjcet If command queueing resources are unavailable in the target when a command is received,
the farget+eturns TASK SET FULL status or BUSY status in the FCP_RSP IU as specified by SAM-2.

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

SCSI allows the initiator function in any FCP_Port and the target function in any FCP_Port. For FCP 1/O
operations between a host and a peripheral subsystem, the host typically takes on the initiator role and the
peripheral subsystem typically takes on the target role. For host to host communications, either one of the
communicating pair may take on the initiator role. For device to device communications, typically used to
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implement extended copy and other third-party operations, the initiator role is adopted by the managing FCP
device.

The Fibre Channel protocol implements Asynchronous Event Reporting (see SAM-2) using the
Asynchronous Event Notification (AEN) model in SPC-2. The AEN model reports asynchronous events by
requiring that the peripheral FCP device take on the initiator role to deliver the asynchronous event sense
data to the host, which acts as a target using the processor device model for the duration of the AEN
reporting process.

4.3 Precise delivery of SCSI commands

In applications where SCSI communications between an application client and a device server are stateless,
verification of the delivery and execution of SCSI commands is often not critical. Any changes in execution
SeqpETCe Taused by Hnk faitures or switChtatencies are not mportant and—thetecoveryand retry
meg¢hanisms may be executed while other activities are continued by the application client ang-thg device
seryer.

SAN-2 defines a mechanism to assure ordering of commands. If the initiator transmits & Single cqmmand
and| waits for GOOD status before transmitting the next command, the commands are guaranteqd to be
exefputed in order.

Thig standard defines a second optional mechanism called precise delivery to assure ordgring of
conpmands. This may be used by any FCP device, but may be useful\for devices performing prdered
command queuing where device state is preserved from one commandvto the next. An applicatign client
may determine if a device server supports the precise delivery function by using the MODE SENSE and
MOPE SELECT commands to examine and set the enable precise delivery checking (EPDC) bit in the Fibre
Chgnnel Logical Unit Control page. See 10.3.

Pregise delivery of SCSI commands uses the COMMAND-REFERENCE NUMBER field in the FCP_CMNPD IU.

Forleach device server having the EPDC bit set te.one, the application client places a one byte upsigned
inteper in the COMMAND REFERENCE NUMBER field-ef each command requiring precise delivery. The integer
sha|l start at the reset value of one and shall be‘incremented by one for each command requiring|precise
deliyery for that device server. Separate increment counters are maintained for each I_T_L nexus (i.p., each
initiptor maintains a separate counter for.each device server using precise delivery). After the number of
pregisely delivered commands causes.the integer to increment to 255, the integer wraps back to a yalue of
onel The value of zero is reserved and shall be used for those commands that do not require [precise
deliyery and 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 executed.

a) See tables 4 and 5 for the actions that cause the CRN to be transmitted by the initiator to be set to
one and the-CRN expected by the device server to be set to one.

b) The<€RN shall be equal to one for the first FCP_CMND IU requiring precise delivery between the ap-
plication client and device server and shall be incremented by one for each subsequent cdgmmand
tequiring precise delivery.

¢) The CRN shall wrap from 255 to one (i.e. a value of zero in the CRN field is not valid for an Ex-
change using precise delivery).

d) The initiator shall not transmit the same CRN again until delivery of the first FCP_CMND IU transmit-
ted with that CRN has been confirmed by receipt of an FCP_XFER_RDY IU, an FCP_DATA IU, an
FCP_RSP IU, an ACK, or a response to an REC.
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e) The device server shall not accept a command with a nonzero CRN into the dormant or enabled

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, highest CRN last. The
order of execution of the commands shall be managed by the normal task set management algo-
rithms.

The device server shall accept any valid command with a CRN of zero into the dormant or enabled
state regardless of whether or not all commands with a nonzero CRN have been received. The order
of execution of the commands shall be managed by the normal task set management algorithms.
See SAM-2.

g) Task management functions shall have the CRN set to zero and shall not be tested for precise deliv-

ery by the device server.
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command may use a CRN of zero if precise delivery is not required for that command. Rer’ékample,

mands such as INQUIRY, TEST UNIT READY, REPORT LUNS and MODE SENSE/SELECT ysed for

ling and initialization may use a CRN of zero.
Confirmed completion of FCP 1/O Operations

he FCP devices require an acknowledgment of successful delivery of FCR. RSP information. $uch an
nowledgment is provided by the confirmed completion function, optionally implemented byl FCP-2
ces. PRLI parameters are used to determine that confirmed completionlis accepted by an initigtor and
be requested by a target communicating with that initiator.
rget may invoke the confirmed completion function by settingthe FCP_CONF_REQ bit to ong in the
P RSP IU. Upon receiving the request in the FCP_RSP IU, the initiator shall transmit an FCP_CONF U

confirmed completion function allows the retry of .unsuccessful notifications of errors and confifms that
initiator and the target both agree upon the staté,of a state dependent device. Retry mechanisms for
Liccessful transmission of FCP_RSP IUs andCP_CONF IUs are defined in this standard.
firmed completion shall not be requested\for FCP_RSP IUs responding to task management rgquests.

nfirmed completion is not enabled, the FCP_CONF IU shall not be requested by the FCP_RSP I1U.

mmand linking is being perfarined, the target shall not request confirmed completion for an FQP_RSP
ontaining INTERMEDIATE status. The target may request confirmed completion

when providing the-FCP_RSP IU for the last command of the set of linked commands, or

when providing“the FCP_RSP IU for a command that terminates linking because of an prror or
CHECK GONDITION status.

firmed-completion may assist initiators and targets in many environments. Particular examples jnclude:

The confirmed completion function may be used to confirm that an initiator has recefved an

FCP_RSP IU reporting a SCSI CHECK CONDITION status, together with accompanying autosense
data. Upon receiving the FCP_CONF IU, the target may discard its copy of the autosense data.

b) The confirmed completion function may be used to confirm that a queued SCSI command has been

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

4.5

FCP_RSP IU for targets that require state dependent synchronization with initiators.

Retransmission of unsuccessfully transmitted data

Error detection and data retransmission algorithms are defined by clause 12.

The Read Exchange Concise (REC) Extended Link Service may be used by any initiator to determine the
state of an ongoing Exchange. See 6.5. Those targets that do not support REC indicate that by performing

alLi

nk Service Reject (LS_RJT). See 8.3.

If an error is identified by any of the mechanisms defined by clause 12 and if the data retransmission
capability is supported by both the initiator and target as indicated by the PRLI bits, the initiator may request

retr
8.2,
PRI

4.6
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If the data retransmission capability is supported by both the initiator and the target, as indicate
| bits, both devices shall support REC.

Task retry identification

Kk retry identification optionally provides an additional optional mechanism fof\relating comma
being retried to the requests that are sensing the requirement for recovery,(REC) and perforn
very (SRR). The particular case that has been identified as a problem is related to the r
edure diagrammed in figure C.7. It is possible that initiators may re-use’ OX_ID values rapidly
'eate an ambiguous situation where the status being preserved in the'target for possible retrans
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a ti;l:nsmission failure for the new command is attempted, the target instead indicates that the rec

the new command being presented to the target may have the.same OX_ID values. When rec

information is mistakenly interpreted as status for thefailed command. Many small variationg
nario may exist.

ices that agree to perform recovery and that may' create such ambiguous cases should supp
identification. If both devices agree to suppart task retry identification, a task retry identifier is g
e PARAMETER field of each FCP_CMND |U.frame. The Link Services associated with retransmi
(REC and SRR) each contain the same task retry identifier, unambiguously relating then

for both the FCP_CMND IU frame and the REC and SRR frames.
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4.7 Discovery of FCP capabilities

A number of Fibre Channel protocol capabilities require the knowledge and agreement of both the target
and the initiator that such capabilities may or shall be used. Table 2 provides references to the discovery
process for each of the Fibre Channel protocol capabilities.

Table 2 - Discovery of FCP-2 capabilities

Capability Discovery mechanism Reie(-aren
Initiator Process Login 6.3.4
Target Process Login 6.3.4
Initiator accepts data Process Login 6.34
overlay
Target performs data MODE SENSE command 10.2.8
overlay
Initiator generates Process Login 6.3.4
FCP_CONF IU
Target requests Process-Login 6.3.4
FCP_CONF IU
Initiator performs REC Nonefequired, Process 4.5
Login allowed
Target accepts REC LS, RJT if REC not accepted 4.5
Initiator performs SRR Process Login 6.3.4
Target accepts SRR Process Login 6.3.4
Initiator providessCRN MODE SENSE command 4.3
Target accepts CRN MODE SENSE command 10.3
Task Retryddentification Process Login 6.3.4
4.8| Task management
An application‘client requests a task management function to control explicitly the execution of one jor more
FCR I/O(Operations. See 9.1.2.4.
Some SCSitask Mmaragelmnerit famnctions are mapped Mo FC-FS MK SErvices and others are map ped into

control bits in the FCP_CMND IU. Task management functions that use the FCP_CMND IU are transmitted
as the first IU in a new Exchange. A task management function that uses the FCP_CMND IU ends with an
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FCP_RSP IU that indicates the completion status of the function. The FCP_CDB field in FCP_CMND IUs
that perform task management functions is ignored. The mappings are explained in table 3.

Table 3 - Task management functions, SAM-2 to FCP

Optional
. , /
SAM-2 function FCP equivalent Mandato
ry
TARGET RESET | FCP_CMND TARGET RESET | Manda-
Loy
ABORT TASK FCP recovery abort! Manda-
tory.
ABORT TASK SET | FCP_CMND ABORT TASK Manda-
SET tory
CLEAR TASK SET FCP_CMND CLEAR TASK Manda-
SET tory
CLEAR ACA FCP_CMND CLEAR-ACA Optional
2
LOGICAL UNIT FCP_CMND LOGICAL UNIT | Manda-
RESET RESET tory
Notes:
1) FC-FS basic link services ‘are used to perform the ABORT
TASK function.
2) CLEAR ACA is mandatory if Automatic Contingent Alle-
giance is used.

FC-FS basic link services and extended link services are used to perform the ABORT TASK fungtion, to
recgver Exchange resources~and to re-establish other initial conditions. FC-FS basic link servi¢es and
extended link services may, be‘used for additional control and management activities not listed intable 2.
Seq9.1.3.

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

Tables 4 and 5summarize the FCP target objects that are cleared as a result of Fibre Channel Link ac-
tiong and SCSi operations, respectively. A 'Y’ in the corresponding column of either table indicates|the ob-
jectlis cleared to its default, saved, or initial value within the device upon successful completion of the
spetified.action. The clearing actions are applicable only to Sequences and Exchanges associated|with Fi-
bre |Channel protocol actions. Sequences and Exchanges associated with other actions follow rules speci-
fied in FC-FS or other relevant protocol standards. An ‘N’ in the corresponding column indicates the object
is not affected by the specified action. A *-’ in the column indicates that the action is not applicable. Rows
indicating an effect for all initiator ports have the specified effect on all ports, regardless of the link that at-
taches the initiator port to the target.
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Table 4 - Clearing effects of link related functions

FC link action affecting target

object
o —
= B - - @ e
So lsx %50 |vx| O |0?

. o= |9 X |O O
Target object =S 182|00 22| 2 |k &
0 |z [OF || a |<¢
=] il alF 5
3 w

'—

PLOGI parameters
For all logged-in initiator ports
Only for initiator port associated with the action

Co<
<
<z
zz
z
z

Open FCP Sequences Terminated

For all initiator ports with open FCP Sequences Y Y N N Y N
Only for initiator port associated with the action - - Y Y - N
ﬂnl\ll for ECP Sequences associated with Aborted ECP. l:vrhnngne = = = = = Y
Login BB_Credit CNT
For all Logged-In L_Ports Y Y - N N N
For transmitting L_Port only - - Y
Hard Address Acquisition Attempted vyl | v? N N N N
PRLI parameters cleared
For all logged-in initiator ports Y Y N N N N
Only for N_Port or L_Port associated with the action - - Y. Y N N
CRN (Command Reference Number) (set to one)
For all initiator ports Y Y N N Y N
Only for initiator port associated with the action - - Y Y - N
NOTES:

1 |If the NL_Port has an AL_PA different than its hard address and the NL_Port experiences a power
cycle or recognizes LIP(AL_PD,AL_PS), the NL_Port shall relinquish its current AL_PA and attempt
to acquire its hard address.

2 This is also known as LIP(AL_PD,AL_PS). If the destination recognizes a selective hard reset LIP
where the AL_PD matches the AL_PA of the receiving NL_Port, the receiving NL_Port shall perfg

the behavior described in this column.

3 For TPRLO (Third Party Process Logout), actions listed shall be performed when the GLOBAL bif is
set to one. If the GLOBAL bit is set to zero, then the actions listed under PRLI/PRLO shall pe
performed for the designated initiator. Séé FC-FS.

4 The Target shall clear the object gnly if ESTABLISH IMAGE PAIR is set to one and if the referenged
image pair is FCP type. See 6.2.

S

5 LOGO and PRLO may be either implicit or explicit. Implicit LOGO and PRLO are specified in FC-
and FC-FLA.
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Table 5 - Clearing effects of initiator actions

Initiator action
affecting target
object
o
= Z('NE n:NE P—NE
Target object 0n| 28|52 5 o
<&|3% |38 |20
P = <| <<
zZ = =
>
PLOGI parameters
For all logged-in initiator ports N N N N
Only for initiator port associated with the action N N N N
Open FCP Sequences Terminated
For all initiator ports with open FCP Sequences vyl vl vyl N
Only for initiator port associated with the action - - - &
Only for FCP Sequences associated with Aborted FCP| - - - -
Exchanges
Login BB_Credit_CNT
For all Logged-In L_Ports N N N N
For transmitting L_Port only
Hard Address Acquisition Attempted N N N N
PRLI parameters cleared
For all logged-in initiator ports N N N N
Only for N_Port or L_Port associated with the action N N N N
CRN (Command Reference Number) (set to one)
For all initiator ports Y Y Y N
Only for initiator port associated with the action - - - Y
NOTES:
1 Exchanges are cleared internally within the target, but open FCP Sequences shal
be individually aborted by the initiator via.the)recovery abort protocol that also hag
the effect of aborting the associated FCP«Exchange. See 12.3.
2 For multiple-LUN targets, CLEAR TASK SET, ABORT TASK SET, and LOGICAL
UNIT RESET affect only the addressed LUN.
3 A definition of the LOGICAL UNIT RESET Task Management function is contained
in the SAM-2 standard.

4.10 |_T nexus loss notification events
An FCP_Port shall deliveran |_T nexus loss notification (see SAM-3) for the following:
a) Sending or recejving LOGO (explicit or implicit);
b) Sending‘erteceiving PRLO (explicit or implicit);
c] Reteiving TPRLO;
d—SendinrgFPREC-with-a—TFhird-Pearty-Originater N—Porttb{see Fe-FSrthatmeatehes-the N—Port_ID of

the sending FCP_Port; or

e) Sending TPRLO with the GLOBAL bit set to one to a target port that has an |_T nexus with the

initiator port.

sending
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4.11 Transport Reset notification events

An NL_Port shall deliver a Transport Reset notification (see SAM-3) for a Reset LIP(y,x) FC link event if the
AL_PD matches the AL_PA of the receiving NL_Port.

4.12 Port login/logout

The N_Port Login (PLOGI) extended link service is optionally used to establish the Fibre Channel operating
parameters between any two Fibre Channel ports, including FCP_Ports.

If a target receives a PLOGI request and it finds there are not enough login resources to complete the login,
the target responds to the PLOGI with LS _RJT and reason code “unable to perform command request” and
reason explanation “insufficient resources to support Login” as defined by FC-FS. By means outside the
fces by

berating
relafionships between two FCP_Ports. Implicit PRLI/PRLO parameters may bg¢ \defined for FCR_Ports.
Sudh definitions are outside the scope of this standard.

4.14 Link management
FC+S allows management protocols above the FC-FS interface-to perform link data functiops. The

standard FC-FS primitive sequences, link management protocols,\and basic and extended link servjces are
usef as required by FCP devices. Implicit login functions are allowed.
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5 Fibre Channel protocol overview
5.1 FCP addressing and Exchange identification

The address of each FCP_Port is defined by its address identifier as described in FC-FS. Each FCP 1/O
operation is identified by the FCP I/O operation’s fully qualified exchange identifier (FQXID). The FQXID is
composed of the initiator address identifier, the target address identifier, the OX_ID and the RX_ID. Other
definitions of FQXID are outside the scope of this standard. The method used to identify FCP 1/O operations
internal to the application client and the device server is not defined by this standard.

Addressability of logical units uses the logical unit number provided in the FCP_CMND IU. Subsequent
identification of the FCP 1/O operation and the Exchange which carries the protocol interactions for the FCP
I/0 operation uses the FQXID. FCP devices do not use the Process_Associator.

The’ltarget uses the OX_ID, and, if it has been assigned, the RX_ID to perform error recovery-gnd task
matagement functions. The task retry identifier is used as a supplemental task identifie~if)task retry
identification is supported and enabled.

5.2] SCSI third-party device identifier for the Fibre Channel protocol

The SCSI RESERVE commands that use the 64-bit THIRD-PARTY DEVICE ID defined‘by SPC-2 shall{use the
FCP third-party device id format defined in table 6 to identify the specified third-party target.

Table 6 - FCP third-party device id fonmat

Bit 7 6 5 4 3 2 1 (
Byte
0 RESERVED
1-3 (MSB) FCP_PORT IDENTIFIER (usB)
4-7 RESERVED

FCP] PORT IDENTIFIER:

Thel FCP_PORT IDENTIFIER field defines the address identifier of the target that shall be used by the target for
thirg-party addressing.

5.3| Use of World Wide Names

As [specified in ‘RC-FS, each Fibre Channel node and each Fibre Channel port shall have a
Wolldwide_Name: The Worldwide_Name shall be a unique name using one of the formats defined by
FC-FS and.its extensions. Each target and its associated logical units has knowledge of the Port_Name of
each initiator through the Fibre Channel login process. As a result, the relationship between address
identifier-ef the initiator and a persistent reservation for a logical unit may be adjusted as defined in SPC-2
during:those recanfiguration events that may change the address identifier of the initiator If a target neceives
a PRLI or a PLOGI from an initiator FCP_Port with a previously known Worldwide_Name but with a changed
initiator identifier, the device server shall assign the new initiator identifier to the existing registration and
reservation to the initiator port having the same Worldwide_Name.

Each logical unit shall be able to present a Worldwide_Name through the INQUIRY command vital product
data device identification page as defined by SPC-2. 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 target. The Worldwide_Name for the port shall be different from the Worldwide_Name for the node.
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5.4  FCP Information Units (IUs)

The IUs used by the Fibre Channel protocol and their characteristics are shown in table 7 for IlUs sent to
targets, and in table 8 for IUs sent to initiators. Each IU shall be contained in a single Sequence. Each
Sequence carrying an FCP IU shall contain only one IU. Examples of typical Fibre Channel protocol
operations using these 1Us are included in Annex B.

Table 7 - FCP Information Units (IUs) sent to targets

U SCSI-3 pata plock FML | Sl | Mo
primitive CAT Content
T1 Command / Task Mgmt Rqgst 6 FCP_CMND F PN M
T2 Command request 6 FCP_CMND F H ||O
T3 Command request (Linked) 6 FCP_CMND M T ||O
T4 Command request (Linked) 6 FCP_CMND M H ||O
T6 Data Out action 1 FCP_DATA M T M
T12 | Confirm 3 none L T ||O
Notes:

T5, T7, T8, T9, T10, and T11 are obsolete.

T2 and T4 are only permitted when transfer ready IUs_ are disabled. See Table 9.
T3 and T4 are only permitted for linked SCSI commands.

T2 and T4 allow optional sequence streaming duting Write operations.

T12 is only permitted in response to an I5 frame_ requesting the confirmed completion protocol.

See Table 8.
Key:
V] Information Wnit identifier
CAT Informatioft,Category of Device_Data frames carrying the data blogk
(see FC-FS)

CONTENT Contents (payload) of data block

F/M/L First/Middle/Last Sequence of Exchange (FC-FS)
£ First
M Middle
L Last

Sl Sequence Initiative: Held or Transferred (FC-FS)
H Held
T Transferred

\Ylle] Mandatory/Optional Sequence
M Mandatory

O Optional
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Table 8 - FCP Information Units (IUs) sent to initiators

Data block
[V ?.ﬁqsutlu\?e F/IMIL | SI | M/O
P CAT Content
I1 | Data delivery request 5 FCP_XFER_RDY (Write) M T | M
I3 | Data In action 1 FCP_DATA M H | M
14 | Command/Task Mgmt Response 7 FCP_RSP L T | M
I5[ | Response (Linked or confirm request) | 7 FCP_RSP M ) O
Notes:
12, 16, and I7 are obsolete.
I5 is permitted for linked SCSI commands or to request the confirm completion protocol.
I3 allows optional sequence streaming to 13, 14, or 15.
Key:
U Information Unit identifier
CAT Information category of Device_Data frames carrying the data blogk
(FC-FS)
CONTENT Contents (payload) of data block
F/M/L First/Middle/Last Sequence of Exchiange (FC-FS)
F First
M Middle
L Last
Sl Sequence Initiative: Held or Transferred (FC-FS)
H Held
T Transferred
M/O Mandatory/Optional Sequence
M Mandatory
0] Optional
5.5 Fibre Channel protocol standard formats
Thel Fibre Channel protocel requires only the standard FC-2 services as described in FC-FS| FC-FS
proyides an informativegutline of the FC_PH_SEQUENCE.request used by the Fibre Channel prqtocol to
proyide all the information to manage the protocol. No additional capabilities are required to trangmit the
reqliired FCP IUsCerresponding FC_PH_SEQUENCE.indication information is provided to the Sgquence
Redipient to preperly type and categorize the received IUs. Classes of service that provide end-to-end
ackpowledgement, including Class 1 and Class 2 service, provide the FC_PH_SEQUENCE.confifrmation
prinpitive that“may be used to assist in management of the Fibre Channel protocol. The usg of the

FC|

|PH (SEQUENCE_TAG.indication primitive may be required by the Sequence Initiator.
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5.6 FC-FS mappings to SCSI-3 functionality
5.6.1 FC-FS frame header

The format of the standard FC-FS header as used by the Fibre Channel protocol is defined in table 9.

Table 9 - FCP frame header

Bits 31-24 23-16 15-08 07-00
Word
0 R_CTI 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

All fields use the standard FC-FS definitions. The following explanations of some of the fields |provide
information about the use of those fields to implement FCP functignality.

5.6.2 Frame header fields
56p.1 R_CTL

Thelvalues in the R_CTL field identify the frame as part-of an FCP I/O Operation and identify the infdrmation
catggory. All Sequences containing FCP command, data, response, and data descriptor informatipn shall
be gomposed of Device_Data frames.

The information category associated with'€ach U is defined in table 7 and table 8.
562 D_ID

Thel value in the D_ID field(issthe D_ID of the frame. For FCP FC-4 Device Data frames, the D_ID
transmitted by the Exchange Originator is the address identifier of the target. The D_ID transmitted by the
Exchange Responder isithe address identifier of the initiator.

5.6p.3 CS_CTL

The values jmthe CS_CTL field are defined by FC-FS for class specific control information and do not
intefact withsthe Fibre Channel protocol.

5.624. S_ID

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

5.6.25 TYPE

The value in the TYPE field shall be 08h for all frames of SCSI FCP Sequences.
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5.6.

26 F_CTL

The bits in the F_CTL field manage the beginning and normal or abnormal termination of Sequences and

Exc

5.6.

hanges. The bits and definitions shall be as defined by FC-FS.

2.7 SEQ._ID

The value in the SEQ_ID field identifies each Sequence between a particular Exchange Originator and

Exc

5.6.

hange Responder with a unique value as defined by FC-FS.

28 DF_CTL

The bits in the DF_CTL field indicate any optional headers that may be present. The Fibre Channel protocol

do

5.6.

The

5.6.

The
the

5.6.

The
the

adi
ass

5.6.
The
For
offs

PAR
offs

relative offset shall have a value that is 0 modulo 4 (i.e., each frame of each FCP_DATA IU shall

aw

For
whe
ider

agreed upen.performing task retry identification, the PARAMETER field shall contain a value of zero.

cas

H 1l 1
IIUt ustc arly UlJtIUI Iar ricaucts.

P9 SEQ_CNT

value in the SEQ_CNT field indicates the frame order within the Sequence as defined’by FC-H
.10 OX_ID
value in the OX_ID field is the Originator Exchange Identifier and is one"ef the identifiers cont

FQXID. The OX_ID shall be assigned and shall have a value other than)FFFFh.

P.11 RX_ID

value in the RX_ID field is the Responder Exchange Identifier and is one of the identifiers cont]
FQXID. The RX_ID shall have the unassigned value of/FFFFh until the Exchange Responder
fferent value in its response to the Exchange Originator. The Exchange Originator shall use th
gned by the Exchange Responder for subsequent frames.

.12 PARAMETER

PARAMETER field has two definitions for Device_Data frames with the FCP type.

frames of the solicited data category (FCP_DATA IUs), the PARAMETER field shall contain a
bt. The RELATIVE OFFSET PRESENT bit of the F_CTL field shall be set to one, indicating
AMETER field value is a relative offset. For the solicited data category (FCP_DATA IUs), the
bt is the application client’buffer offset as described by SAM-2. For solicited data category fran
brd boundary).

frames of the unsolicited control category (FCP_CMND 1Us), the PARAMETER field value dep
ther task retry-identification is active. If the target and initiator have agreed upon performing t3

tification;the PARAMETER field shall contain the task retry identifier. If the target and initiator h

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

S.

ained in

ained in
assigns
e value

relative
hat the
relative
hes, the
egin on

bnds on
sk retry
ave not
In both

For

all other Device_Data frames with the FCP type, the RELATIVE OFFSET PRESENT DIt of the F__

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

TL field

For FCP FC-4 Link Service frames, the PARAMETER field is specified in the description of the individual link
services.
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6 FCP basic and extended link service definitions

6.1 Overview of link service requirements

The FCP link-level protocol includes the basic link services and extended link services defined by FC-FS.
The protocol also includes the Process Login and Process Logout extended link services defined by FC-FS,
the Process Login FCP Service Parameter pages defined in this standard, and the Read Exchange Concise
extended link service 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 executed
again.

6.2| Overview of Process Login/Logout

Thel extended link service command of Process Login (PRLI) is defined in FC-FS. The PRLI alloys for a
progess at one FCP_Port to be related to a corresponding process at another FCP_Port as‘an imdge pair.
In addition, the PRLI allows one or more FC-4 capabilities to be reported by the initiating FCP_Poft to the
recipient FCP_Port. The recipient FCP_Port indicates its acceptance or rejection 'afithe capabilities in its
response to the PRLI request. The PRLI is optional, since implicit login may be eStablished by configuration
conyentions outside the scope of this standard.

PRLI requests shall only be initiated by devices having the initiator capability. Devices having only target
cappbility shall not perform a PRLI request. An initiator shall have suecessfully completed a PRUI with a
target that establishes an image pair before any FCP IUs are exchanged. An image pair may [also be
estgblished by an implicit PRLI established by methods outsidé: the scope of this standard. An imgge pair
is r¢gmoved by a PRLO (see 6.4). If an image pair is not established by an initiator to a target, thelinitiator
and|target shall not exchange any FCP IUs. Any FCP IUsreceived by a target from an N_Port or INL_Port
that| has not established an image pair with that target shall'be discarded. In addition, a target that feceives
an FCP_CMND IU from an N_Port or NL_Port that has not established an image pair with that target shall
disdard the FCP_CMND IU and respond with an explicit PRLO.

Progess_Associators shall not be used in initiators and targets. If multiple images are required in an |nitiator,
they shall be provided by transparent aliaging of the N_Port Identifier of the initiator. If multiple images are
reqliired in a target, they shall be provided by SCSI logical units.

The creation of image pairs behind-an FCP_Port has no effect on the Fibre Channel protocol.
Thel FC-4 Service Parameter'pages for the Fibre Channel protocol are defined in the following subglauses.
Execution of a PRLI of BRLO extended link service command performs the clearing actions definefl in 4.9.
Progess Login has\two actions that can be performed, selected by the ESTABLISH IMAGE PAIR bit. (Se¢ 6.3.4.)
a) Informative action

Serviee parameter information is exchanged during the Process Login enabling subsequent negotia-
tion for image pair establishment.

b) Binding action
Service parameter information is exchanged that establishes an image pair relationship between
processes in the communicating N_Port or NL_Ports. The relationship does not allow any communi-
cation types or paths other than those established by the PRLI.
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6.3 Process Login (PRLI)

6.3.1 Use of Process Login by the Fibre Channel protocol

The PRLI 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-FS.)

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

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

reports the capabilities of the responder to the Originator and establishes an image pair. An image pair shall

be actablichad anhy f tha oD dAaviaonc bhovn onpmanlamaantan, initintar and torant conabbitine 1 hrth FCP
LolUATToTrnmcecu Ut II] LI LELA N B | u\.vl\;\.q mave UUIIIHIDIII\;IILMI_’ mmmiraatuT AanrnmuJa \.uly\.t UM'JMUIIILIUQ LLEL A"

dev|ces have both initiator and target capabilities, a single image pair allows both initiators to-acgess the
conplementary target capabilities of the other device in the pair. Some capabilities require support|by both
the Originator and Responder before they can be used (see 6.3.4). The IMAGE PAIR ESTABLISHED kit in the
PRILI accept indicates that an image pair was successfully established.

A rgason code shall be provided if the PRLI request is incorrect or if a requested-image pair cannot be
estgblished.

A link service reject (LS_RJT) indicates that the PRLI request is not supp@rted or is incorrectly formatted.

Thel PRLI common service parameters and accept response codeS are defined in FC-FS. FC-4|service
pargmeters for mappings other than the Fibre Channel protocol are’defined in other FC-4 standards.

6.3 Process_Associator requirements

Opgration of the PRLI depends on the Originator's and Responder’s requirements for Process_Asspciators
as gpecified in FC-FS. Process_Associators are not\used in the Fibre Channel protocol and shall not be
usefl by FCP devices.

Thel Fibre Channel protocol assumes that the Originator has knowledge of the capabilities of the Regponder.
information may be obtained by pérforming a PRLI requesting an informative action or hy other

Aftgr the completion of any new or repeated binding PRLI, all clearing actions specified in 4.9 ghall be
rmed.

Aftgr the completign;of any new or repeated informative PRLI, the state of the Originator and Regponder

If the change in parameters affects any outstanding FCP Exchanges, those Exchanges shall be terminated
by the initiator using a recovery abort operation. A recovery qualifier may be established after the rpecovery
aboyt\temporarily restricting the choice of OX ID values by the initiator and RX ID values by th¢ target.
Only actions for image pairs that are being referenced by the PRLI are affected.

FCP devices may have default PRLI information provided in a manner outside the scope of this standard.
Such devices do not require the execution of a PRLI to perform normal FCP 1/O operations. If default PRLI
information is complete enough so that login (PLOGI) is sufficient to perform an implicit PRLI, then PLOGI
shall perform the same clearing actions and establish the same Unit Attention condition that would normally
be performed and established by PRLI.
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6.3.4 Process Login request FCP Service Parameter page format

The FCP Service Parameter page for the Process Login request is shown in table 10.

Table 10 - FCP Service Parameter page, PRLI request

FCP service parameter Word Bit

SCSI FCP (08h) 0 31-24

reserved for TYPE code extension 0 23-16

ORIGINATOR PROCESS_ASSOCIATOR VALID 0 15

RESPONDER PROCESS_ASSOCIATOR VALID 0 14

ESTABLISH IMAGE PAIR 0 13

RESERVED 0 12-0

ORIGINATOR PROCESS_ASSOCIATOR 1 31-0

RESPONDER PROCESS_ASSOCIATOR 2 31-0

RESERVED 3 31-10

TASK RETRY IDENTIFICATION REQUESTED 3 9

RETRY 3 8

CONFIRMED COMPLETION ALLOWED 3 7

DATA OVERLAY ALLOWED 3 6

INITIATOR FUNCTION 3 5

TARGET FUNCTION 3 4

OBSOLETE 3 3

OBSOLETE 3 2

READ FCP.XBEER_RDY DISABLED (shall be one) | 3 1

WRITE FCP_XFER_RDY DISABLED 3 0
Word 0, Bits 31-24 FCP specific code: The value of 08h in this byte indicates that this [Service
Parameter page.iS:defined for the Fibre Channel protocol. (See FC-FS.)
Wofd 0, Bit'\1l5: ORIGINATOR PROCESS_ASSOCIATOR VALID: The ORIGINATOR PROCESS_ASSOCIATQR VALID
bit is defined in FC-FS. For the Fibre Channel protocol, the ORIGINATOR PROCESS_ASSOCIATOR VALID bit
shall ke zero, indicating that the ORIGINATOR PROCESS_ASSOCIATOR is not valid.

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

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

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

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

Word 3, Bit 9: TASK RETRY IDENTIFICATION REQUESTED: When the TASK RETRY IDENTIFICATION REQUESTED
bit is set to one, the Originator of the PRLI requests that the task retry identification function be used. If both
the Originator of the PRLI and the Responder to the PRLI request that the task retry identification function
be used, then it shaII be used between the |n|t|at0r and all Iog|cal units for that port The PARAMETER field
for g PARA any REC
Ext¢nded Link Service request or SRR FCP FC-4 Link Serwce request for that command shaII be Set to the
sanje value.

When the TASK RETRY IDENTIFICATION REQUESTED bit is set to zero by either the Otiginator of or the
Regponder to the PRLI, the task retry identification function shall not be used. The PARAMETER fields for
FCR_CMND IUs, for REC Extended Link Service requests, and for SRR FCP FE€i4-Link Service requests
shall be zero.

Word 3, Bit 8: RETRY: When the RETRY bit is set to one, the Originator, 6r Responder is indicating that it
supports as an initiator the capability of requesting a retransmission af.dnsuccessfully transmitted|data or
as 4 target the capability of performing a requested retransmission.(When the RETRY bit is set to zero, the
Originator or Responder is indicating that it does not support the_capability of requesting or pefforming
retransmissions of unsuccessfully transmitted data.

If the process has both initiator and target capabilities, the RETRY bit shall apply to both. SRR may [be both
transmitted by and accepted by the process.

An jnitiator and target shall use the retransmission capability only if the RETRY bit is set in both the [request
payload and in the accept payload. If the RETRY(bit is set to zero in either the request payload or the accept
payload, the SRR shall not be performed by:the initiator. If an SRR FCP FC-4 Link Service is received by a

e image pair is allowed to use théretransmission capability, overlay of data as defined for SRR shall be

Wofd 3, Bit 7: CONFIRMED COMPLETION ALLOWED: When the CONFIRMED COMPLETION ALLOWED bit |s set to
one} the Originator’s or Responder’s initiator function has the capability of supporting confirmed completion.
When the CONFIRMED.COMPLETION ALLOWED bit is set to zero, the initiator function does not hpve the
bility of supporting confirmed completion. The CONFIRMED COMPLETION ALLOWED bit shall be gero for
devices having only target function. If the initiator function supports confirmed completion, thenja target
may optionallysrequest an FCP_CONF IU by setting the FCP_CONF_REQ bit to one as specified iy 4.4. If
the |nitiator-function does not have the capability of supporting confirmed completion, the target shal| not set
the FCP._CONF_REQ bit to one.

Word 3, Bit 6: DATA OVERLAY ALLOWED: When the DATA OVERLAY ALLOWED bit is set to one, the Originator
or Responder is indicating that its initiator function has the capability of supporting data overlay. When the
data overlay allowed bit is set to zero, the initiator function does not have the capability of performing data
overlay. The data overlay allowed bit shall be zero for FCP devices having only target function. If the initiator
function supports data overlay, then a target may optionally perform random buffer access that performs a
transfer to or from the same offset in the application client buffer more than once during execution of a
command.
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Data transmission requested by the initiator during the optional retry procedures defined by this standard is
managed by the initiator. Such data retransmissions are not considered data overlays, even if
retransmission occurs to the same offset in the application client buffer.

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

Word 3, Bit 4: TARGET FUNCTION: When the TARGET FUNCTION bit is set to one, the Originator or Responder
is indicating that it has the capability of operating as a target. When the TARGET FUNCTION bit is set to zero,
the process does not have the capability of operating as a target. Both the INITIATOR FUNCTION and the
TARGET FUNCTION bits may be set to one. If neither the INITIATOR FUNCTION nor the TARGET FUNCTION bit is
set to one, the service parameters for the FCP Service Parameter page are assumed to be invalid. A
Regponderrecetving-suchaminvatid-FEP-Service Parameterpage—shatnotify-the-Originator-withy a PRLI
accept reason code of INVALID SERVICE PARAMETERS OF PAGE and the IMAGE PAIR ESTABLISHED bit
set fo zero. An Originator receiving such an invalid FCP Service Parameter page shall not,perform Fibre
Chgnnel protocol operations with the Responder.

Wofd 3, Bit 1: READ FCP_XFER_RDY DISABLED: The READ FCP_XFER_RDY DIsABLED bit shall Qe set to
one| Targets shall not send FCP_XFER_RDY on read operations.

Wofd 3, Bit 0: wrITE FCP_XFER_RDY DIsABLED: When the wrRITE FCP_XFER_RDY DISABLED bit|is set to
zerg, FCP_XFER_RDY IUs shall be transmitted by the target to request each of the SCSI write FCH_DATA
IUs|from the initiator. When the wrITE FCP_XFER_RDY DISABLED bit\is‘sét to one, FCP_XFER_RDY IUs
sha]l not be used before the first FCP_DATA IU to be transferred_ i the SCSI write operation. If oth the
Originator and Responder choose to disable write FCP_XFER_RDY IUs, then all FCP I/O operations
performing SCSI writes between the FCP_Ports shall operate without using the FCP_XFER_RDY Iy before
the |first FCP_DATA IU. The FCP_XFER_RDY IU shall, be transmitted to request each additional
FCR_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 Responder shalktransmit an FCP_XFER_RDY IU requestipg each
FCR_DATA IU, including the first, from the Exchange,Originator.
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6.3.

5 Process Login accept FCP Service Parameter page format

The FCP Service Parameter page for the Process Login accept is shown in table 11.

acc

Table 11 - FCP Service Parameter page, PRLI accept

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

With the follewing exceptions, the service parameter definitions are identical for the PRLI request and
bpt FCP Service Parameter pages.
MO Bt I3 VAGE PAIR ESTABLISHED. THE IMAGE PAIR ESTABLISHED bit 15 defimed—m FC-FS.

Wo

If the

IMAGE PAIR ESTABLISHED bit is set to zero, the image pair was not established. The ACCEPT RESPONSE CODE
has additional information.

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

PRLI AccepT RESPONSE CoDE: The PRLI AccepPT RESPONSE CODE field is defined in FC-FS. The values
of the PRLI AccepT RESPONSE CoDE field indicate whether the image pair was successfully created. If the
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image pair could not be created, the value of the PRLI AcCEPT RESPONSE CODE indicates why the request
failed or was rejected.

6.4 Process Logout (PRLO)

The Process Logout (PRLO) request is transmitted from an Originator FCP_Port to a Responder FCP_Port
to indicate to the Responder that the image pair specified in the FCP Service Parameter pages of the PRLO
is being discontinued by the Originator. If the PRLO logs out the image pair between an initiator and a target,
then all clearing actions specified in 4.9 shall be performed and an |_T nexus loss notification shall be
delivered (see 4.10).

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

Profess_ASSoTiator and-ReSpoder PTOTESS_ASSoCator as mvalia: After PREO, o further Fibre Channel

proiocol?:ommunication is possible between those N_Ports or NL_Ports.

Thel PRLO accept (ACC) is returned to the Originator FCP_Port to indicate that the Responder FCP_Port
recggnizes that the image pair is being discontinued. The ACC shall present a response FCP [Service
Parameter page for the request FCP Service Parameter page. It is not an error to periorm a PRLO for an
imape pair that does not exist.

A

imk service reject (LS_RJT) indicates that the PRLO request is invalid and'not accepted.
The PRLO common service parameters and accept response codes aredefined in FC-FS.
6.5 Read Exchange Concise (REC)

Sed FC-FS for a description of the REC Extended Link Service. FCP-2 specific usage of REC is as{follows:
a) If the task retry identification function is active for the Originator and the Responder, the PARAMETER
field of the request Sequence shall contain-the task retry identifier for the task specified by the
OX_ID and RX_ID;
b) If the destination FCP_Port of the RE€\request determines that the Originator S_ID, OX_ID,|RX_ID,
or task retry identifier are inconsistent, then it shall respond with an LS_RJT Sequence with g reason

code of “Logical error’ and a reason explanation of “Invalid OX_ID-RX_ID combination”;

c] The REC shall be sent in @new Exchange. The Exchange shall be ended by the responsg to the
REC;

d) Ifthe RX_ID in thésREC request payload was FFFFh, the RX_ID in the REC accept 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 is the number of bytes successfully received by the Device Server for a|write or
the number of bytes transmitted by the target for a read.
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7 FC-4 specific name server objects

7.1 Overview of FC-4 specific objects for the Fibre Channel protocol

The Name Server for a Fibre Channel fabric is defined by FC-GS-3. Certain FCP specific objects are
defined in this clause for use by the Name Server. FC-GS-3 provides complete descriptions of the
operations which can be performed to register objects with a Name Server and to query the Name Server
for the value of the objects.

7.2 FC-4 Features object

The FC-4 Features object defines a 4-bit field for each possible FC TYPE code. The object is a 32-word
array of 4-bit values. The 4-bit FC-4 Feature field for FCP is inserted in bits 3 - 0 of word 1. The format of
the 4-hit EC-4 Feature field for ECP is shown in table 12

Table 12 - FCP definition of FC-4 Feature bits

Wor-d 1 Description of bit
bit
3 reserved
2 reserved
1 FCP initiator function supported
0 FCP target function supported

An FCP_Port may register its FC-4 Features object with a Name Server using the RFF_ID RequestiCT_IU,
whi¢h provides the FC-4 Features object as one of the parameters in the RFF_ID Request CT_IU.

Thel FC-4 Features object may be obtained by any N >Port or NL_Port from a Name Server using a GFF_ID
Reduest CT_IU, which requests the FC-4 Features object for a specified Port Identifier. The gbject is
proyided 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 Heatures
objgct may be obtained by any N_Port ek NL_Port from a Name Server using the GID_FF Reques{CT_IU.
Thel FC-4 Features object is a parameter in the GID_FF Request CT_IU.

7.3| FC-4 Descriptor object

Thel FC-4 Descriptor object is an object up to 255 bytes in length defined for each FC-4 TYPE. Fqr target
FCPR_Ports, the object shall be the INQUIRY data returned by the INQUIRY command for logical ¢init O of
the |FCP_Port, as specified by SPC-2. For FCP_Ports implementing only the initiator function, the object
sha|l have a length of zero, indicating that no object is available.

An FCP_Pert-may register its FC-4 Descriptor object with a Name Server using the RFD_ID Request
CT [IU, which provides a list of one or more FC-4 Descriptor objects as parameters of the Request|CT_IU.

The—E-4-beseriptorobjectmay-be-obtainetby-any-N—ortorNt—ortfrorranameserverusing-aGFD_ID
Request CT_IU, which requests the FC-4 Descriptor object for a specified Port Identifier and one or more
FC-4 TYPEs. The FC-4 Descriptor objects, one for each specified FC-4 TYPE, are provided in a list in the

GFD_ID Accept CT_IU.
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8 FC-4 Link Service definitions
8.1 FC-4 Link Services for the Fibre Channel protocol

The format for FC-4 Link Service requests is defined by FC-FS. R_CTL bits 31-28 (Word 0) are set to 0011b
to indicate that the frame is an FC-4 Link_Data frame. The TYPE field for FCP FC-4 Link Service frames is
set to 0000 1000b. The Information Category bits R_CTL 27-24 shall be set to unsolicited control (0010b)
for request Sequences and solicited control (0011b) for response Sequences. The FCP FC-4 Link Service
Requests and Responses defined in this standard are shown in table 13.

Table 13 - FCP FC-4 Link Service Requests and Responses for FCP-2

Encoded Value R /
Word 0 of D:\\J/Innd nner‘ripfinn Abbr R equest Reference
(bits 31-24) esponse
14h Sequence Retransmission Request SRR Request 8.2
01h FCP FC-4 Link Service Reject FCP_RJT | Response 8.3

8.2] Sequence Retransmission Request (SRR)

Thel SRR FCP FC-4 Link Service request Sequence is transmitted by an-initiator to request that p target
retransmit information or request retransmission of information for the specified Exchange.

If the task retry identification function is active for the Originator and.the Responder, the PARAMETER field of
the request Sequence shall contain the task retry identifier for the'task specified by the OX_ID and|RX_ID.

If the target FCP_Port determines that the Originator S<ID, OX_ID, RX_ID, or task retry ident|fier are
incgnsistent, then it shall respond with an FCP FC-4 Link'Service Reject Sequence with a reason|code of
“Unpble to perform the command request” and a reasen explanation of “Invalid OX_ID-RX_ID combi{nation”.

If thie target is unable to retransmit the Sequencé’or data at the requested Relative Offset, the target shall
respond with an FCP FC-4 Link Service Rejeet Sequence with a reason code of “Unable to perfprm the
command request” and a reason explanatiof“of “Unable to supply requested data”.

If thi initiator receives an FCP FC-4 Link Service Reject response, the initiator shall terminate the EXchange
refegrenced by the SRR using recevery abort. See 12.3.2.

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

Sequence Initiative forthe ’Exchange referenced by the SRR shall be transferred to the target to redend the
requiested Sequence.

Forlunacknowlédged classes, the Sequence Count for retransmitted FCP_DATA IU shall start at zefo, even
if cgntinuously)increasing sequence count is being used. For acknowledged classes, the Sequencg Count
for etransmiitted FCP_DATA IU shall start at one higher than the last Sequence Count used in the eXchange
to prevent’its being within the range of the Recovery_Qualifier.

Addressing:

The S_ID field designates the initiator requesting the information retransmission. The D_ID field designates
the target that is to receive the request. In the event that the target responds to the SRR with an FCP FC-4
Link Service Reject, the target shall return CHECK CONDITION status with the sense key set to
HARDWARE ERROR and an additional sense code of INITIATOR DETECTED ERROR MESSAGE
RECEIVED. A target that has agreed during PRLI to support retransmission should not reject requests for
retransmission of the requested frames unless unusual conditions make the retransmission impossible.
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SRR requests for exchanges involving logical units that do not support retransmission on a target that
supports retransmission for other logical units shall be rejected with an FCP FC-4 Link Service Reject
containing a reason code of “unable to support command request” and a reason code explanation of “unable
to supply requested data”.

Payl

The

oad for SRR FCP FC-4 Link Service request:

format of the Payload is shown in table 14.

Table 14 - SRR Payload

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

The

Command Status (FCP_RSP IU), Solicited Data (FCP_DATA IU)).

The
05h

initiator has identified as requiring retransmission. The two low-order bits of the RELATIVE OFFSET fi

be 2

The

PoSg

SRR Accept Payload:

The

14000000h

OX_ID RX_ID

RELATIVE OFFSET

W[N] O

R_CTL FOR IU reserved

R_CTL FOR IU field encoding is as described in FC-FS (i.e., Data Descriptor (FCP_XFER_R
RELATIVE OFFSET parameter is only valid if the R_CTL FOR 1U field.is-Set to 01h for Solicited Da
for Data Descriptor. The RELATIVE OFFSET field contains the-Relative Offset of the lowest
ero, such that the data to be retransmitted begins on a foursbyte boundary.
amount of data to transfer is implicitly the remainden of that for the Exchange.
sible responses to SRR FCP FC-4 Link Service request:

FCP FC-4 Link Service Reject

Signifies rejection of the SRR request.
SRR Accept

Signifies that the Payload is accepted.

payload for the SRR Accept is shown in table 15.

Table 15 - SRR Accept Payload

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

DY 1U),

\ta or to
yte the
Id shall

Words

0 02000000h
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The FCP FC-4 Link Service Reject (FCP_RJT) shall notify the originator of an FCP FC-4 Link Service
request that the FCP FC-4 Link Service request Sequence has been rejected. A four-byte reason code shall
be contained in the Data_Field. See table 16.

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

Addressing:

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

Payload for FCP FC-4 Link Service Reject:

The first word of the Payload shall contain the FCP FC-4 Link Service Reject code (0100000(
mext four bytes of this field shall contain a reason code and reason explanation for rejecting.the
The format of the FCP FC-4 Link Service Reject Payload is shown in table 16.

Table 16 - FCP FC-4 Link Service Reject (FCP_RJT) Payload

Bits Bits 31-24 Bits 23-16 Bits 15-8 Bits 7-0
Words
0 01000000h
1 RESERVED ReEAasoN CoODE REASON VENDOR
EXPYANATION SPECIFIC

The| reason codes for FCP FC-4 Link Service Reject are specified in table 17.

Table 17 - FCP FC-4 Link Service Reject reason codes

Encoded Value
(Bits 23-16)

Description

01h

Invalid FCP FC-4 Link Service Command code

03h

Logical error

05h

Logical busy

07h

Protocol error

09h

Unable to perform command request

0Bh

Command not supported

FFh

Vendor Specific Error (See Bits 7-0)

other

Reserved

Thelfirst erraor condition encountered shall he the error rppnr'rpd

FCP FC-4 Link Service Reject Reason Code Descriptions

h). The
equest.

Invalid FCP FC-4 Link Service Command code: The FCP_LS Command code in the Sequence being

rejected is invalid.

Logical error: The request identified by the FCP_LS Command code and Payload content is invalid or
logically inconsistent for the conditions present.
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Logical busy: The Link Service is logically busy and unable to process the request at this time.
Protocol error: This indicates that an error has been detected that violates the rules of the FC-FS signaling
protocol, but that is not specified by other error codes.

Unable to perform command request: The Recipient of a Link Service command is unable to perform the
request at this time.

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

Vendor Specific Error: The Vendor Specific Error bits may be used by Vendors to specify additional reason
codes.

FCRFC4timkService Reject Reasomexptaration

Table 18 lists the reason code explanations for FCP FC-4 Link Service commands.

Table 18 - FCP FC-4 Link Service Reject reason code explanation

Encoded Value

(Bits 15-8) Description Applicablecommands
00h No additional explanation SRR
03h Invalid OX_ID-RX_ID combination | SRR

2Ah Unable to supply requested data C{ySRR
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9 FCP Information Unit (IU) formats
9.1 FCP_CMND IU
9.1.1 FCP_CMND IU format

The FCP_CMND IU carries either a SCSI Command or a task management request. If an invalid
combination of bits is set in the FCP_CMND IU, the target shall respond with an FCP_RSP IU containing a
RSP_CODE field set to “FCP_CMND Fields Invalid”. The FCP_CMND IU shall contain the values and control
fields defined in table 19 in its payload.

Table 19 - FCP_CMND IU Payload

Bit 7 6 5 4 3 2 1 0
byte
0 (MSB)
FCP_LUN
7 (LSB)
8 COMMAND REFERENCE NUMBER
9 RESERVED TASK ATTRIBUTE
10 TASK MANAGEMENT FLAGS
11 ADDITIONAL FCP_CDB LENGTH = (N-27)/4 RDDATA | WRDATA
12 (MSB)
FCP_CDB
27 (LSB)
28 (MSB)
ADDITIONAL FCP_CDB
n (LSB|
n+1 (MSB)
n+2
FCP_DL
n+3
n+4 (LSB)

9.1 FCP_CMND IU Field descriptions

9.1P.1 FCP_LUN

Thel FCP logical _unit number (Fcp_LUN) field contains the address of the destination logical unft in the
attached subsystem. See SAM-2.

Eadh target shall accept an INQUIRY command addressed to logical unit zero. If LUNs other than logical
unit{zero are supported by the target, logical unit zero shall implement the REPORT LUNS comme:Fwd. See
SPC-2

If the FCP_LUN field contains a valid logical unit address the command shall be routed to the addressed
logical unit. If the addressed logical unit does not exist, the target shall report that the logical unit number is
not valid or that the logical unit is not installed as defined by SPC-2.
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9.1.2.2 COMMAND REFERENCE NUMBER

The cOMMAND REFERENCE NUMBER (CRN) field contains the number sent by the initiator to assist in
performing precise delivery checking for FCP commands. If precise delivery is enabled, a nonzero value in
the CRN field shall be treated as a command reference number in determining the receipt and ordering of
commands from a particular initiator to the particular logical unit as described in 4.3. If precise delivery is
enabled, a zero value in the CRN field indicates that command shall not be verified for precise delivery. If
precise delivery checking is not enabled, the cOMMAND REFERENCE NUMBER field shall be ignored by the
device server. If the FCP_CMND IU specifies a task management function, the CRN field shall be reserved
and set to zero and the FCP_CMND IU shall not be verified for precise delivery.

9.1.2.3 TASK ATTRIBUTE

h il P 1 o gl " Il L Y L AN . |_'hh
T TASKN ATTRIDUTE TITIU LUTTILAITIS VAIUTS dl SPTUITY UIT doSR AdlITUULT (STT OANVI=Z ) dssULIdlTU \Ilt t e

CDIB, as shown in table 20.

Table 20 - TASK ATTRIBUTE field values

b\i/tiluze—,o task attribute
000b SIMPLE
001b HEAD OF QUEUE
010b ORDERED
100b ACA
101b UNTAGGED
others Reserved

SIMPLE requests that the task be managed according to the rules for a SIMPLE task attribute.

HEAD OF QUEUE requests that the task be managed according to the rules for a HEAD OF QUE|JE task
attripute.

ORDERED requests that the-task be managed according to the rules for an ORDERED task dttribute.
Meghanisms to assure delivery of commands to a device server in the correct order are described|in 4.3.

ACA requests that thetask be managed according to the rules for an automatic contingent allegiance (ACA)
tasK attribute.

UNTAGGED. fequests that the task be managed according to the rules for an untagged task. Qnly one
untagged task/shall exist for each logical unit / initiator pair. Requesting a second untagged comnand for
the samelogical unit / initiator pair shall be treated as an overlapped command. See SAM-2.

91’)/1 A b BB W T TN
LT TASIN WIRINAOSCEIVIEINT FEAOS

The TASK MANAGEMENT FLAGS field contains flags that request that a task management function be
performed. Task management functions shall be requested by the initiator (Exchange Originator) using a
new Exchange. If any task management flag bit is set to one, the Fcp_cDB field, the Fcp_pDL field, the TAsK
ATTRIBUTES field, the RDDATA bit, and the WRDATA bit shall be ignored. If more than one task management
flag bit is set to one in any FCP_CMND IU, a task management function shall not be executed and the
FCP_RSP IU that indicates completion of the task management function shall contain a RSP_CODE field set
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to “FCP_CMND fields invalid”. The clearing actions performed by task management functions are shown in
table 5. The placement of the task management flags is shown in table 21.

Table 21 - task management Flags

bit | task management function

obsolete

CLEAR ACA

gl o | N

TARGET RESET

D

LOGICAL-UNH-RESET

reserved

CLEAR TASK SET

ABORT TASK SET

Ol R, DN| W

reserved

The CLEAR ACA bit, when set to one, causes the ACA condition to be cleared. When the task manager
clegrs the auto contingent allegiance condition, any task within that task.set may be completed sybject to
the fules for task management specified by SAM-2. If there is no ACA condition present, the CLEAR ACA
Task Management function shall be accepted and the normalZFask Management function cpmplete
RSP| coDE shall be contained in the returned FCP_RSP IU.

When set to zero, the ACA condition remains unchanged.
The use of the ACA bit in the CDB control field and the implementation of ACA is described in SANI-2.

If the ACA bit in the CDB control field is set to zéro, the autosense operation performed by the presgntation
of the FCP_RSP IU shall clear the contingent allegiance condition. Depending on the mode page
parameters that have been established (sée SPC-2), additional FCP /O operations may have to be faborted
by the recovery abort as part of the process of clearing the automatic contingent allegiance.

Thel CLEAR ACA is transmitted by;the initiator (Exchange Originator) using a new Exchange.

Sugport of the CLEAR ACA bit is mandatory in the Fibre Channel protocol if the FCP device s$ets the
NORMACA bit to one in the INQUIRY data. It shall not be sent to a target with a NORMACA bit equal| to zero
in the INQUIRY data.

The TARGET RESET bit, when set to one, performs a TARGET RESET task management functign to the
FCPR device asdefined in SAM-2. TARGET RESET aborts all tasks for all initiators. A unit attention cpndition
is cteated-<fot all initiators. Support of the TARGET RESET bit is mandatory for the Fibre Channel grotocol.

The TARGET RESET is transmitted by the initiator (Exchange Originator) using a new Exchange. TARGET
RESET resets internal states of the target as shown in 4.9. Exchange resources to be cleared may be
cleared by one or more of the following mechanisms.

a) A recovery abort sequence (see 12.3.1) may be generated by the initiator that sent the TARGET RE-
SET for each task known to that initiator.

b) A task for an initiator other than the initiator that sent the TARGET RESET may be ended in the tar-
get. The initiator for that task shall determine by a time-out that the task did not finish. Subsequent
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retries fail because the task resources have been cleared in the target, so the initiator shall clear the
Exchange resources with a recovery abort sequence. See 12.4.1.

A task for an initiator other than the initiator that sent the TARGET RESET may be completed by re-
turning SCSI status of CHECK CONDITION with a sense key of UNIT ATTENTION and an ASC/AS-
CQ of POWER ON, RESET, OR BUS DEVICE RESET OCCURRED. The initiator shall then clear all other

tasks for that target using the ABORT TASK task management function. See 9.1.3.

NOTE 1 -SAM-2 has defined TASK ABORTED completion status for tasks terminated by a TARGET RESET task
management function if the Control mode page indicates that the TASK ABORTED status is supported.

The LOGICAL UNIT RESET bit, when set to one, performs a LOGICAL UNIT RESET task management
function as defined in SAM-2. LOGICAL UNIT RESET aborts all tasks in the task set for the logical unit and
performs a LOGICAL UNIT RESET for all dependent logical units. Support of the LOGICAL UNIT RESET
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5 mandatory for the Fibre Channel protocol.

LOGICAL UNIT RESET is transmitted by the initiator (Exchange Originator) using a hew Ex
5ICAL UNIT RESET resets the internal states of the target and logical unit as shown in4.9. Ex
urces to be cleared may be cleared by the following mechanisms.

A recovery abort sequence (see 12.3.1) may be generated by the initiator that sent the L(
UNIT RESET for each task in the logical unit known to that initiator.

A task for an initiator other than the initiator that sent the LOGICAL 'UNIT RESET may be ¢
the target. The initiator for that task shall determine by a time-eut that the task did not finish.
guent retries fail because the task resources have been cleared in the target, so the initiat
clear the Exchange resources with a recovery abort sequence. See 12.4.1.

A task for an initiator other than the initiator that septithe LOGICAL UNIT RESET may be co
by returning SCSI status of CHECK CONDITION With a sense key of UNIT ATTENTION
ASC/ASCQ of POWER ON, RESET, OR BUS DEVICE RESET OCCURRED. The initiator sh
clear all other tasks for that target and logical unit using the ABORT TASK task manageme
tion. See 9.1.3.

DTE 2 - SAM-2 has defined TASK ABORTED completion status for tasks terminated by a LOGICAL UNIT

CLEAR TASK SET bit causes all tasks from all initiators in the specified task set to be abq
ned in SAM-2. A unit attention,condition is created for all initiators other than the initiator that
FAR TASK SET that had tasks in the task set. Support of the CLEAR TASK SET bit is mandator

CLEAR TASK SET.is transmitted by the initiator (Exchange Originator) using a new Exchange.
K SET resetsuinternal states of the target as shown in 4.9. Exchange resources to be cleared
red by one-errmore of the following mechanisms.

A recoevery abort sequence (see 12.3.1) may be generated by the initiator that sent the
TASK SET for each task known to that initiator.
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b) A task for an initiator other than the initiator that sent the CLEAR TASK SET may be ended in the tar-
get. The initiator for that task shall determine by a time-out that the task did not finish. Subsequent
retries fail because the task resources have been cleared in the target, so the initiator shall clear the

Exchange resources with a recovery abort sequence. See 12.4.1.

c) A task for an initiator other than the initiator that sent the CLEAR TASK SET may be completed by

returning SCSI status of CHECK CONDITION with a sense key of UNIT ATTENTION

and an
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ASC/ASCQ of POWER ON, RESET, OR BUS DEVICE RESET OCCURRED. The initiator shall then clear

all other tasks for that target using the ABORT TASK task management function. See 9.1.3.

NOTE 3 - SAM-2 has defined TASK ABORTED completion status for tasks terminated by a CLEAR TASK SET
task management function if the Control mode page indicates that the TASK ABORTED status is supported.

The ABORT TASK SET bit causes all tasks in the task set from the initiator requesting the ABORT TASK
SET to be aborted as defined in SAM-2. Support of the ABORT TASK SET bit is mandatory in the Fibre
Channel protocol.

The ABORT TASK SET is transmitted by the initiator (Exchange Originator) using a new Exchange. ABORT
TASK SET resets internal states of the target as shown in 4.9. Exchange resources to be cleared may be
cleared by a recovery abort sequence (see 12.3.1) generated by the initiator that sent the ABORT TASK
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P.5 ADDITIONAL FCP_CDB LENGTH

ADDITIONAL FCP_CDB LENGTH field contains the length in 4-byte words of the ADDITIONAL'FCP_C
value of the ADDITIONAL FCP_CDB LENGTH field shall be zero for task management equests.

0.6 RDDATA

RDDATA bit, when set to one, specifies that the initiator expects FCP_DATA |Us for the task to
ction opposite to the direction of the FCP_CMND IU. This is a SCSKread operation.

P.7 WRDATA

WRDATA bit, when set to one, specifies that the initiator expects FCP_DATA IUs for the task to I
e direction as the FCP_CMND IU. This is a SCSI write‘operation. If both RDDATA and WRDATA

ATA and the WRDATA bits to one except as definethby Annex E.
.8 FCP_CDB

Fcp_cos field contains the CDB to be-sent to the addressed logical unit. The maximum CDB |

16 bytes unless the ADDITIONAL FCP_CDB *LENGTH field has specified that there is an ADDITIONAL_H

field

The
star
ADD

9.1,

The
field
con
defi

. The Fcp_cbs shall be ignored if@ny task management flag is set to one.

CDB format is defined by~SAM-2 and the contents of the CDB are defined in the SCSI cd
dards. Bytes between the end of a CDB and the end of the Fcp_cDB field or, if applica
TIONAL_FcP_cDB fieldishall be reserved.

.9 ADDITIONAL_FCP_CDB
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2.10 Fcp_DL

The rFcp_bL field contains a count of the greatest number of data bytes to be transferred to or from the
application client data buffer by the SCSI CDB. The Fcp_bL field is the data buffer size defined by SAM-2.
An Fcp_DL value of zero indicates that no data transfer is expected regardless of the state of the RDDATA

and

WRDATA bits and that no FCP_XFER_RDY or FCP_DATA IUs shall be transferred.
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9.1.3 Additional mechanisms for performing task management functions - ABORT TASK

The ABORT TASK task management function causes the target to abort the specified task using the
recovery abort protocol, if the task exists. The action is defined in SAM-2. The ABORT TASK is performed
by the initiator (Exchange Originator) using the recovery abort (see 12.3.1). The specified Exchange shall
be terminated by the initiator using the recovery abort. To be compliant with FC-FS, the ABORT TASK may
not immediately release all Exchange resources, since a Recovery_Qualifier may be established to allow
for the management of information that may already have been delivered to the fabric.

In addition to recovering Exchange resources that may have been left unavailable while executing task
management functions, recovery abort may be used to recover Exchange resources left in an undefined
state by any of the task abort events defined in SAM-2 or by any similar events.

9.2 FCP_XFER_RDY 1U

9.2, Overview and format of FCP_XFER_RDY IU

The FCP_XFER_RDY IU indicates that the target is prepared to receive part or all of the“data fof a write
command. The FCP_XFER_RDY IU contains those parameters of the SAM-2 data delivery service fequired
by the initiator, including the length and beginning relative offset of the FCP_DATA’IU that is requested.
Singe the target has established buffering and caching resources based on theyrequested data, thelinitiator
sha|l provide the described data in the requested FCP_DATA IU. The initiator'shall be ready to trangmit any
parf or all of the number of bytes indicated in the Fcp_DL field if requested.

FCP_XFER_RDY IUs shall be transmitted preceding each write)'FCP_DATA IU when thg WRITE
FCP_XFER_RDY DISABLED bit is set to zero by PRLI. If the target and initiator have negotiateéd write
FCP_XFER_RDY disabled, FCP_XFER_RDY IUs shall be transmitted to request each write FCP_DATA IU
aftef the first FCP_DATA IU of the command. The first FGR_DATA IU is transmitted without a preceding
FCP_XFER_RDY IU. See 6.3.4.

Thelfirst 8 bytes of the FCP_XFER_RDY IU payload.are defined by FC-FS for all IUs of category 5, the data
destriptor category. The fields defined in FC-FS aye given FCP names for use in this document. Th¢ format
of the FCP_XFER_RDY IU payload is shown in.table 22.

Table 22¢FCP_XFER_RDY IU payload
Bit 7 6 5 4 3 2 1 0
Byte
0 (MSB)
FCP_DATA_RO
3 (LSB)
4 (MSB)
FCP_BURST_LEN
7 (LSB|
3
RESERVED
11

9.2.2 FCP_DATA_RO

The Fcp_DATA_RO field contains a value specifying the relative offset in the PARAMETER field for the first data
byte of the requested FCP_DATA IU. See 5.6.2.12. This may be used by the target to request data out of
order on writes if allowed by the EMDP bit in the disconnect-reconnect page of the MODE SELECT and
MODE SENSE commands. See 10.2. This is the same as the SAM-2 application client buffer offset.
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The Fcp_DATA_RO field shall have a value that is 0 modulo 4 (i.e., each FCP_DATA IU shall begin on a word
boundary).

9.2.3 FCP_BURST_LEN

The Fcp_BURST_LEN field contains a value indicating the amount of buffer space prepared for the next
FCP_DATA IU and requests the transfer from the initiator of an IU of that length. The value in the
FCP_BURST_LEN field is the same as the SCSI data delivery request byte count. See SAM-2.

The value in the Fcp_BURST_LEN field shall not exceed the maximum burst length defined by the disconnect-
reconnect page of MODE SELECT and MODE SENSE commands. See 10.2.7. The sum of the value of
FCP_BURST_LEN field and the value of FCP_DATA RO shall not exceed the value of FCP_DL. The value in the
FCP_BURST_LEN field shall not be zero.

9.3|] FCP_DATA IU

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

SC#$I data transfers may be performed by one or more data delivery requests,\each one perfofming a
transfer no longer than the maximum burst length defined by the parameters bf the disconnect-refonnect
pagg of the MODE SENSE and MODE SELECT commands.

If mpre than one FCP_DATA IU is used to transfer the data, the relativeoffset value in the PARAMETER field
is ysed to ensure that the SCSI data is reassembled in the._proper order. See 5.6.2.12. If an
FCR_XFER_RDY IU is used to describe a data transfer and the first'frame of the requested FCP_DATA 1U
has|a relative offset that differs from the value in the FCP_DATA" RO field of the FCP_XFER_RDY] IU, the
target shall post the error code “FCP_DATA Parameéter mismatch with FCP_DATA RO’| in the
FCP| RSP_INFO field of the FCP_RSP |U.

If required by the PRLI FCP service parameters, eachrData Out action FCP_DATA IU shall be precgded by
an FCP_XFER_RDY IU containing a standard data descriptor payload that indicates the location anf length
of the data delivery. If the PRLI FCP Service Parameters specify wWRITE FCP_XFER_RDY DISABLED,|the first
FCR_DATA IU shall be transmitted without.a‘preceding FCP_XFER_RDY IU.

Dur|ng any data transfer, the initiator shall have available a buffer of length FCp_bL. The buffer contajns data
to he transferred to the target if the ‘operation is a write operation (i.e., an operation that uses Data Out
actipns, IU T6). The buffer receives the data if the operation is a read operation (i.e., an operation that uses
the Data In action, 1U 13). The target shall never request or deliver data outside the buffer length defined by
FcP| DL. If the command requested that data beyond Fcp_DL be transferred, the FC_RSP IU shall{contain
the |FCP_RESID_OVER bitiset to one. The command is completed normally except that data beypnd the
Fcp| DL count shall not-be transferred and that the appropriate overrun condition is presented. See|9.4.4.

Dur|ng a write @peration that is not using FCP_XFER_RDY IUs, the initiator indicates that it has trapsferred
all the required data by transferring initiative to the target. The initiator shall not transfer data outgide the
buffer length~defined by FCp_bDL. If the write operation requires a total amount of data less than the [amount
of datar provided by the initiator, the target shall discard the excess bytes. Because there were fewer bytes
proyided than required by Fcp_ DL, the FCP_RESID UNDER bit shall be set to 1 in the FCP_RSP |U. The
command is completed according to the rules specified by the SCSI command set for that command.

If the PRLI service parameter DATA OVERLAY ALLOWED for the initiator is set to one, the target may request
that data be overlaid. If the PRLI service parameter DATA OVERLAY ALLOWED for the initiator is zero, the target
shall not request that data be overlaid. If data overlay is not allowed and the target attempts to overlay data,
the initiator may not be able to guarantee data integrity and may indicate service delivery failure. Data
retransmission as part of an error recovery process is not considered data overlay, even if retransmission
occurs to the same offset in the application client buffer.
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The target may request data bursts in any order if allowed by the EMDP bit in the disconnect-reconnect
page of the MODE SELECT and MODE SENSE commands. See 10.2. By the time data transfer has been
terminated, all data between the offset of zero and the highest offset shall have been transferred. If error
conditions occur that prevent the transfer of data in the middle of a data transfer, the FCP_SNS_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 valid.

If the amount of data returned does not match the number of bytes of data calculated from the value of
Fcp_DL and the value of FCP_RESID (see 9.4.8), the error detection and recovery procedure described in
clause 12 may be invoked or the FCP 1/O operation may be terminated with a recovery abort or other failure
indication. The mechanism an initiator 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.

FC-FS specifies the mechanisms used to transfer an IU. The mechanisms vary with the Class.0f[Service
being used and the service parameters that are in effect.

9.4] FCP_RSP IU

9.4/l Overview and format of FCP_RSP IU

Thel FCP_RSP U provides completion information for FCP I/O operations. The information includ¢s SCSI
status, protocol verification, and any applicable autosense data. The( ECP_RSP IU shall refurn the
conjpletion status of all task management functions using the FCP_RSRUINFO field.

The bits and fields in bytes 10 and 11 summarize the completion stattis of an FCP I/O operation and jndicate
the meaning and validity of other fields in the FCP_RSP IU. Bytés 10 and 11 shall be zero upon su¢cessful
conjpletion of an FCP 1/O operation, indicating that no other,information is present in the FCP_RYP IU. A
nongero value in either byte 10 or byte 11 should cause)the application client to examine the fields in
FCR_RSP IU to determine whether a failure, a retryable temporary condition, or an expected rg@sponse
occpirred.

If command linking is being performed, an /FEP_RSP IU is provided for each command. Fof linked
conjmands, INTERMEDIATE status or INTERMEDIATE - CONDITION MET status indicates sug¢cessful
conjpletion of a command with no other-information valid if all other fields are zero. If command linking is
reqliested, the use of the INTERMEDIATE or INTERMEDIATE - CONDITION MET status indicates that
linking shall be performed. The LINKED COMMAND COMPLETE Of LINKED COMMAND COMPLETE (WITH FLAG)
Seryice Response defined by SAM=2 is implicit in the presentation of INTERMEDIATE or INTERMEDIATE
- CONDITION MET status inthe’FCP_RSP IU.

If data retransmission is«eRabled and a Sequence error is detected, a target shall not transmit an FQP_RSP
IU with CHECK CONDITION status. See 12.3.5 for additional target error recovery.

If a|SCSI deviceserror is detected by a target while the target has Sequence Initiative for the EXchange
asspciated with.the error, the target should complete any Sequence that has already been startgd, keep
Seduence.Initiative and transmit an FCP_RSP U with CHECK CONDITION status and the sense data that
destribés the error. If a SCSI device error is detected by a target while the target does not have Sgquence
Initiptivefor the Exchange associated with the error, it shall wait until Sequence Initiative has been returned
and Then transmit an FCP_RSP TU WIth CHECK CONDITION Status and the Sense data that describes the
error.

In the event that Sequence Initiative is not received within RR_TOV, the target may implicitly terminate the
affected Exchange (see 11.4).

The content of the FCP_RSP |U is indicated in table 23.
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Table 23 - FCP_RSP IU Payload

Bit 7 6 5 4 3 2 1 0
Byte
0
RESERVED
7
8 RESERVED
9 RESERVED
10 FCP_ FCP]
FCP_ FCP_ FCP_ SNS_ RSB[
RESERVED CONF_ RESID_ RESID_ LEN .y
REQ UNDER OVER VALID VALID
11 SCSI STATUS CODE
12 (MSB)
FCP_RESID
15 - (LSH)
16 (MSB)
FCP_SNS_LEN (=n)
19 (LSB)
20 (MSB)
FCP_RSP_LENY= m)
23 - = (LSB)
24 (MSB)
FCP_RSRAINFO (m bytes long)
23+m (LSB)
24+m (MSB)
ECP_SNS_INFO (n bytes long)
23+m+n (LSB)
9.4pP FCP_CONF_REQ
An FCP_CONF_REQ bit of one‘indicates that the initiator shall transmit an FCP_CONF IU to confirm receipt
of the FCP_RSP Sequenge.-An FCP_CONF_REQ bit of zero indicates that the initiator shall not trarfsmit an
FCR_CONF IU.
9.483 FCP_RESIDNUNDER
An FCP_RESID/UNDER bit of one indicates that the Fcp_RESID field is valid and contains the count pf bytes
that| were" expected to be transferred, but were not transferred. The application client should examine the
FcP| RESID field in the context of the command to determine whether or not an error condition occufred.
9.4.4 FCP_RESID_OVER

An FCP_RESID_OVER bit of one indicates that the Fcp_RESID field is valid and contains the count of bytes that
could not be transferred because the FCP_DL was not sufficient. The application client should examine the
Fcp_RESID field in the context of the command to determine whether or not an error condition occurred.
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9.4.5 FCP_SNS_LEN_VALID

An FCP_SNS_LEN_VALID bit of one indicates that the FCP_sSNs_INFO field contains valid information and that
the FcP_sSNs_LEN field is valid and non-zero and that it contains the count of bytes in the FCP_SNS_INFO field.
The application client should examine the FCP_sNs_INFO field to determine whether or not an error condition
occurred.

An FCP_SNS_LEN_VALID bit of zero indicates that the FCP_SNs_LEN field is not valid and shall be treated as
if its value were zero. See 9.4.9.

9.4.6 FCP_RSP_LEN_VALID

An FCP_RSP_LEN_VALID bit of one indicates that the FCP_RSP_INFO field contains valid information and that
the Fcp_RsP_LEN field Is valid and non-zero and that it contains the count of bytes Iin the FCP_RSP_INFO field.
The|application client should examine the FCP_RSP_INFO field to determine whether or not an erfor-cpndition
occprred. When the FCP_RSP_LEN_VALID bit is one, the content of the SCSI sTATUS CODE field‘is not{reliable
and|shall be ignored by the initiator.

Forjtask management functions transmitted to the target using an FCP_CMND IU, the FCP_RSP_LEN_VALID
bit ghall be set to one, the FcP_RsP_LEN field shall be set to the specified value,sand the informatign in the
RsP| coDE field shall indicate the completion status of the task management fupetion.

An FCP_RSP_LEN_VALID bit of zero indicates that the FCP_RsP_LEN field is'not valid and shall be trgated as
if itd value were zero. When the FCP_RSP_LEN_VALID bit is zero, the FCP\RSP_INFO field shall have @ length
of zpro and shall not be present.

9.4 SCSI STATUS CODE

The SCSI sTATUS CODE field contains the status code fop the SCSI command being completed, as|defined
by $AM-2.

9.48 FCP_RESID

If the FCP_RESID_UNDER bit or the FCP_RESID® OVER bit is set to one, the FCp_RESID field contains a gount of
the humber of residual data bytes that were not transferred in the FCP_DATA 1Us for this SCSI command.
Upgn successful completion of an FCP)I/O operation, the residual value is normally zero and the FCp_RESID
valye is not valid. FCP devices having indeterminate data lengths may have a nonzero residual byfe count
aftey completing valid operations: Targets are not required to verify that the data length implied by the
confents of the CDB cause an-overrun or underrun before beginning execution of a SCSI commang.

If the FCP_RESID_UNDER\DIt is set to one, a transfer that did not fill the buffer to the expected displgcement
FcP| DL was performed and the value of FCcP_RESID is defined as follows:

FCP_RESID </FCP_DL - (highest offset of any byte transmitted + 1)

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

_ 'Y \J U U y o vV A U AUl -dbythe
SCSI command extended beyond the displacement value of FCP_DL. Those bytes that could be transferred
without violating the Fcp_DL value may be transferred. The FCP_RESID is defined as follows:

FCP_RESID = (Transfer length required by command) - FCP_DL

If a condition of FCP_RESID_OVER is detected, the termination state of the FCP I/O operation is not certain.
Data may or may not have been transferred and the SCSI status byte may or may not provide correct
command completion information.
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If the FCP_RESID_UNDER and the FCP_RESID_OVER bits are set to zero, the FCcp_RESID field is not meaningful
and may have any value. The Fcp_RESID field is always included in the FCP_RSP IU.

NOTE 4 - Some early target implementations presented the FCP_RSP U without the FCP_RESID, FCP_SNS_LEN, and
FCP_RSP_LEN fields if the FCP_RESID_UNDER, FCP_RESID_OVER, FCP_SNS_LEN_VALID, and FCP_RSP_LEN_VALID bits
were all set to zero. Initiators should be tolerant of this non-standard behavior.

9.49 FCP_SNS_LEN

If the FCP_SNS_LEN_VALID bit is one, the Fcp_sNs_LEN field specifies the number of valid bytes of
FCP_SNS_INFO.

If the FCP_SNS_LEN_VALID bit is zero, the FCP_sSNs_LEN field is not valid and shall be treated as if its value
were zero. No FCP_SNS_INFO is provided.

Thel FcP_sSNs_LEN field is always included in the FCP_RSP IU.

9.4/10 FCP_RSP_LEN

If the FCP_RSP_LEN_VALID bit is one, the Fcp_RsP_LEN field specifies the number of valid bhytes of
FCP| RSP_INFO. The number shall be 4, or 8. Other values of length are reservedAforfuture standardjzation.

If the FCP_RSP_LEN_VALID bit is zero, the FCP_RsP_LEN field is not valid apd shall be treated as if ifs value
werp zero. No FCP_RSP_INFO is provided.

Thel FcP_RsP_LEN field is always included in the FCP_RSP IU.

9.4[11 FCP_RSP_INFO

Thel FcP_RSP_INFO field contains information describibg™only the protocol failures detected dufing the
exepution of an FCP /O operation. If none of the specified protocol failures have occurned, the
Fcp| RSP_INFO field shall not be included in the FCPRSP IU and the FCP_RSP_LEN_VALID bit shall be zero.
Thel FCP_RSP_INFO does not contain link errorlinformation, since FC-FS provides the mechanisms for
presenting such errors. The Fcp_RsP_INFO field'does not contain SCSI logical unit error informatioh, since
thatlis contained in the FCP_SNs_INFO field as*described in 9.4.12. The Fcp_RsP_INFO field shall contain valid
infofmation if the target detects any of-the conditions indicated by an FCP Rsp_cobe. The format of the
FCP| RSP_INFO field is specified in table)24.

Table 24 - Fcp_RsP_INFO field format
Bit 7 6 5 4 3 2 1 0
Byte
0
RESERVED
2
3 RSP_CODE
7|
RESERVED
7
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The

valid RSP_CODE values are specified in table 25

Table 25 - RsP_cODE definitions
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RSP_CODE definition Value
Task Management function complete 00h
FCP_DATA length different than FCP_BURST_LEN 01h
FCP_CMND fields invalid 02h
FCP_DATA Parameter mismatch with FCP_DATA RO 03h
Task Management function rejected 04h
Task Management function failed 05h
Reserved 06h& RFh
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ocol is supported by both the target and the initiator and when the confirmation has been reque
FCP_CONF_REQ\bit in the FCP_RSP IU.

ange is
dicates
ot valid

he task

~O shall
-2. 1f no
hall not
perform

ceipt of
npletion
sted by



https://iecnorm.com/api/?name=f288193f7292637df44f3623e17d2c58

64 14776-222 © ISO/IEC:2005(E)

10 SCSI mode parameters for the Fibre Channel protocol

10.1 Overview of mode page codes for the Fibre Channel protocol

Clause 10 describes the block descriptors and the pages used with MODE SELECT and MODE SENSE
commands that 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 26.

Table 26 - Mode page codes for FCP

Page code Description Clause
02h Disconnect-reconnect page 10.2
18h Fibre Channel Logical Unit Control page 10.3
19h Fibre Channel Port Control page 10.4
3Fh Return all pages (valid only for the MODE SENSE-command) | SPC-2

10.2 Disconnect-Reconnect mode page

10.2.1 Overview and format of Disconnect-Reconnect mode page for FCP

Thel disconnect-reconnect page (see table 27) provides the application client the means to attempt to
optimize the performance of the service delivery subsystem. This subclause specifies the parameters
defined by SPC-2 that are used by FCP devices and-\defines how FCP devices interpret the pargmeters.
The initiator communicates with the device server\to determine what values are most approprigte for a
device server. The device server communicates'the parameter values in this mode page to the target port,
nornally the Fibre Channel interface circuitry, This communication is internal to the target and FCR device
and|is outside the scope of this standard. df;a field or bit contains a value that is not supported by the FCP
dev|ce, the device server shall return CHECK CONDITION status. The sense key shall be set to IlLEGAL
REQUEST and the additional sense«cade set to ILLEGAL FIELD IN PARAMETER LIST.
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Table 27 - Disconnect-reconnect page (02h)

65

Bit 7 6 5 4 3 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 FAC RESTRICTED RESTRICTED
13 RESERVED
14 (MSB)

FIRST BURST SIZE

15 (LSB)

An |nterconnect tenancy is the period of. time when an FCP device owns or may access a shared Fibre
Channel interconnect. For FC-AL-2 |oops and Fibre Channel Class 1 connections, a tenancy typically
begjns when an FCP device successfully opens the connection and ends when the FCP device releases
the |connection for use by other device pairs. Data and other information transfers take placg during

intefconnect tenancies.

Poimt-to-point or fabric-attached Class 2 or Class 3 links and many other configurations do not{have a

congept of interconnect tenancy and may perform transfers at any time.

10.2.2 BUFFER-FULL RATIO

The BUFFER-FULL RATIO field indicates to the device server, during read operations, how full the buffef should
be prior'to’ requesting an interconnect tenancy. Device servers that do not implement the reques1ed ratio

shopldround down to the nearest implemented ratio as defined in SPC-2. FCP devices attache

d[to links

that do not have the concept of interconnect tenancy shall round the ratio to zero and transmit data in a

vendor specific manner.

The value contained in the BUFFER FULL RATIO field is defined by SPC-2.
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10.2.3 BUFFER EMPTY RATIO

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 to send data. Device
servers that do not implement the requested ratio should round down to the nearest implemented ratio as
defined in SPC-2.

The value contained in the BUFFER EMPTY RATIO field is defined by SPC-2.

10.2.4 BUS INACTIVITY LIMIT

The BUS INACTIVITY LIMIT field indicates the maximum time that the target 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 holding the bus detects thatthe limit is
going to be exceeded, the device server shall end the interconnect tenancy. This value may beroupded as
defined in SPC-2. A value of zero indicates that there is no bus inactivity limit.

NDTE 5 - Because of the low overheads associated with initiating and closing bus tenancy en Fibre Chanpel links,
device servers should end tenancies immediately upon completing the required transfers.

The BUS INACTIVITY LIMIT is not applicable for FCP devices attached to links that'do not have the copcept of
intefconnect tenancy.

10.2.5 DISCONNECT TIME LIMIT

The DISCONNECT TIME LIMIT field indicates the minimum delay betwéen interconnect tenancies meagured in
increments of 128 transmission words. Targets in configurationsthaving the concept of interconnect fenancy
sha|l delay at least this time interval after each interconnect ténancy before beginning arbitration. The¢ device
seryer may round this value to any value it prefers. A value of zero indicates that the disconnect time limit
doep not apply.

The| DISCONNECT TIME LIMIT is not applicable for FEP devices attached to links that do not have the foncept
of interconnect tenancy.

10.2.6 CONNECT TIME LIMIT

Thel coNNECT TIME LIMIT field indicates the maximum duration of a single interconnect tenancy, mgasured
in imcrements of 128 transmission words. If the connect time limit is exceeded the device server shall
contlude the interconnect tenhancy, within the restrictions placed on it by the applicable Fibre Channel
configuration. The device,server may round this value to any value it prefers. A value of zero indicdtes that
there is no connect timetimit.

Thel CONNECT TIME,LIMIT is not applicable for FCP devices attached to links that do not have the cohcept of
intefconnect tenancy.

10.2.7 MAXIMUM BURST SIZE FIELD

Thel MAXIMUM BURST SIZE field indicates the maximum size of FCP_DATA IU that the device server shall
transfer to the initiator or request from the initiator. This parameter does not affect how much data is
transferred in a single interconnect tenancy. This value is expressed in increments of 512 bytes (e.g., a
value of 1 means 512 bytes, two means 1024 bytes, etc.). The device server may round this value down as
defined in SPC-2. A value of zero indicates there is no limit on the amount of data transferred per data
transfer operation. This value shall be implemented by all FCP devices. The application client and device
server may use the value of this parameter to adjust internal maximum buffering requirements.
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10.2.8 ENABLE MODIFY DATA POINTERS (EMDP)

The ENABLE MODIFY DATA POINTERS (EMDP) bit indicates whether or not the target may use the random
buffer access capability to reorder FCP_DATA IUs for a single SCSI command. If the EMDP bit is set to
zero, the target shall generate continuously increasing relative offset values for each FCP_DATA IU for a
single SCSI command. If the EMDP bit is set to one, the target may transfer the FCP_DATA IUs for a single
SCSI command in any order. An EMDP bit of zero prohibits data overlay, even if it is allowed by the state
of the PRLI DATA OVERLAY ALLOWED bit. The EMDP bit does not affect the order of frames within a Sequence.

The

EMDP function is optional for all FCP devices.

10.2.9 FAA, FAB, FAC

The fairness access (FA) bits, FAA, FAB, and FAC, indicate whether a target in a loop configuration shall use
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access tairness algorithm when beginning the interconnect tenancy. An FA bit set to one Indicg
target shall use the access fairness algorithm for the specified frames. An FA bit set to zere-if
the target may choose to not use the access fairness algorithm. The FAA bit controls arbitratid
farget wishes to send one or more FCP_DATA IU frames to an initiator. The FAB bit controls ar
n the initiator wishes to send one or more FCP_XFER_RDY IU frames to a target~The FAC bit
fration when the target wishes to send an FCP_RSP IU frame to an initiator or when'the initiato
bnd an FCP_CMND IU frames to target. If the target intends to send multiple frame types, it may|
bt use the access fairness algorithm if any applicable FA bit is set to zero. FCP devices attached
do not have the concept of interconnect tenancy shall ignore the FA bits."The FA bits are opt
CP devices.

.10 FIRST BURST SIZE

bn write transfer ready is disabled, the FIRST BURST SIzEe field indicates the maximum amount of @
| be transmitted in the first FCP_DATA IU sent from theihitiator to the target. If all data is trans
first IU, no subsequent FCP_XFER_RDY IUs shall be transmitted by the target. If the maximum
hta has been transmitted, but more data remains to-be transferred, the target shall request that d
sequent FCP_XFER_RDY [Us.

bn write transfer ready is enabled, the FIRSTBURST sIzE field is ignored and permission to trans

fro
tar

the initiator to the target is managed:tising FCP_XFER_RDY IUs. For data transmissions f]
t to the initiator, the FIRST BURST siz&-field is ignored.

The FIRST BURST SIZE field value isiexpressed in increments of 512 bytes (e.g., a value of one me
bytgs, two means 1024 bytes). Avalue of zero indicates that there is no first burst size limit. The FIRS
sizg field shall be implemented by all FCP devices that support the disabling of write transfer rea
application client and device server may use the value of this parameter to adjust internal m
buffering requirements:
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10.3 Fibre Channel Logical Unit Control mode page

The Fibre Channel Logical Unit Control mode page (see table 28) contains those parameters that select
FCP logical unit operation options. The page shall be implemented by all FCP devices. The implementation
of any parameter and its associated functions is optional. The page follows the MODE SENSE and MODE
SELECT command rules specified by SPC-2.

Table 28 - Fibre Channel Logical Unit Control page (18h)

Bit 7 6 5 4 3 2 1

Byte

PS RESERVED PAGE CODE (18h)

PAGE LENGTH (06h)

RESERVED PROTOCOL IDENTIFIER (FCP)=0

RESERVED

EPDC

RESERVED

RESERVED

RESERVED
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morje of theFibre Channel standards. The non-standard behaviors have been identified as useful fo

spe

ENABLE PRECISE DELIVERY CHECKING (EPDC) bit of one indicates that the logical unit shall use the
ery function defined by this standard. See 4.3. When the EPDC bit is set to zero, the target shall

hk connections. If the precise delivery function is fot supported and the Fibre Channel Logi
trol is supported by the target, the EPDC bit shalkbe masked as not changeable and shall fo
DE SENSE and MODE SELECT command rules specified by SPC-2.

e Fibre Channel Logical Unit Control page'is not supported by a target, the initiator shall assu
precise delivery function is not supported.

| Fibre Channel Port Controlsmode 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 o
bns. The page shall"be implemented by LUN 0 of all FCP devices. The page shall not be imple
bgical units other than LUN 0. The implementation of any bit and its associated functions is optio
e follows theeMODE SENSE and MODE SELECT command rules specified by SPC-2.

ne of the\bits defined by the Fibre Channel Port Control page require the FCP_Port to violatg
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precise delivery function and shall ignore the contents:of the CRN field. The EPDC bit is valid for all types
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The

69
format of the Fibre Channel Port Control page is shown in shown in table 29.

Table 29 - Fibre Channel Port Control page (19h)

oy}
<
~—+
(]

Bit 6 5 4 3 2

PS RESERVED PAGE CODE (19h)

PAGE LENGTH (06h)

RESERVED

PROTOCOL IDENTIFIER (FCP = 0h)

DTFD PLPB DDIS DLM RHA ALWI DTIPE

DTOLI

RESERVED

RESERVED

RESERVED

RR_AOVUNITS

N ol b”~[W|N|FL| O

RESOURCE RECOVERY TIME-OUT VALUE (RR_TOV)
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|.2 DISABLE TARGET ORIGINATED LOOP INITIALIZATION (DTOLI)

SABLE TARGET ORIGINATED LOOP INITIALIZATION (DTOLI) bit of one indicates that a target attache
frated loop shall not generate a LIP following insertion into the loop. The target shall respond

n itis received. When the DTOLI bit is set to zero, the target attaehed by an arbitrated loop shall g
F7,xx) after it enables a port into a loop. If the target is attached to an arbitrated loop and dete
re at its input, it shall follow the error initialization process defined by FC-AL-2 regardless of the
pTOLI bit. Targets not attached to an arbitrated loop shallrignore the pToLI bit.

}.3 DISABLE TARGET INITIATED PORT ENABLE (DTIPE)

shall wait for an initiator to send the Logp Port Enable (LPE) primitive sequence before inserti
a loop (see FC-AL-2). The target shallwait in a participating state with the Port Bypass circui
fo bypass the target. The target uses'the hard address available in the connector or in device
bers to determine whether LPE*grimitive sequences are addressed to it. An LPE primitive se
ressed to the broadcast address shall also cause the target to insert itself into the loop. When t
5 set to zero, the target shall enable itself onto the loop according to the rules specified in F
jets not attached to an arbitrated loop shall ignore the DTIPE bit.

|4 ALLOW LOGIN. WITHOUT LOOP INITIALIZATION (ALWLI)

LLOW LOGINyWITHOUT LOOP INITIALIZATION (ALWLI) bit of one indicates that a target attached to an K
shall use“the hard address available in the connector or in device address jumpers, e

L-2).When the ALWLI bit is set to zero, the target shall perform the normal loop initialization pr

d by an
oallP
enerate
cts loop
state of

SABLE TARGET INITIATED PORT ENABLE (DTIRE)'bit of one indicates that a target attached to an aibitrated

ng itself
, if any,
nddress
guence
e DTIPE
C-AL-2.

FC-AL-2
nter the
ire (see
pcedure

Iltoring state in participating mode, and accept logins without using the loop initialization proced

befgre entering the monitoring mode and accepting a login ELS. Targets not attached to an arbitra

sha

ed loop

[l'ignore the ALwLI bit.

10.4.5 REQUIRE HARD ADDRESS (RHA)

A REQUIRE HARD ADDRESS (RHA) bit of one indicates that a target attached to an arbitrated loop shall only
attempt to obtain its hard address available in the connector or device address jumpers during loop
initialization. The target 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 does not
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have a valid hard address available, the target shall enter the nonparticipating state. If the target detects
loop initialization while in the nonparticipating state, the target shall again attempt to get its hard address. If
the hard address has not changed from the address obtained in a previous successful loop initialization, the
target 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 shall attempt to obtain the new address in the
LIHA phase.

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

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

10.4.6 DISABLE LOOP MASTER (DLM)

A DJSABLE LOOP MASTER (DLM) bit of one indicates that a target attached to an FC-AL-2 loop-ghall not
parr]:cipate in loop master arbitration and shall not become loop master. The target shall only.repept LISM
franmes it receives. When the DLM bit is set to zero, the target may participate in loop master arbitfation in
the [normal manner and, if successful, may become loop master during the loop initialization process.
Targiets not attached to an arbitrated loop shall ignore the bLm bit.

10.4.7 DISABLE DISCOVERY (DDIS)

A DISABLE DISCOVERY (DDIS) bit of one indicates that a target without a validdFLOGI attached to an atbitrated
loop shall not require receipt of Address or Port Discovery (ADISC.*or PDISC ELSSs) followipg loop
initiplization as described in FC-PLDA and FC-FLA. The logical units shall resume processing tasks on
conjpletion of loop initialization. When the DDIS bit is set to zeroy the target shall wait to completg target
disqovery as defined by FC-PLDA, FC-FLA, and FC-TAPE before allowing processing of tasks to resume.

Targets not attached to an arbitrated loop shall ignore the\bDIsS bit. A target with a valid FLOGI sha|l ignore
the pDis bit.

10.4.8 PREVENT LOOP PORT BYPASS (PLPB)

A PREVENT LOOP PORT BYPASS (PLPB) bit of-one indicates that a target attached to an FC-AL-2 lopp shall
igngre any Loop Port Bypass (LPB) and\koop Port Enable (LPE) primitive sequences. The loop pprt shall
always remain participating. When RLPB bit is set to zero, the target allows the Loop Port Bypass (LPB) and
Loop Port Enable (PBE) primitivessequences to control the port bypass circuit and participation on the loop
as gpecified by FC-AL-2. Targets-not attached to an arbitrated loop shall ignore the PLPB bit.

The DTIPE and pPLPB bits shall not both be set to one at the same time. When an invalid bit combination is
sent by the application-¢lient the device server shall return CHECK CONDITION status and the sehse key
sha|l be set to ILLEGAL REQUEST with the additional sense code set to INVALID FIELD [N THE
PARAMETER LIST,

10.4.9 DISABLE TARGET FABRIC DISCOVERY (DTFD)

A DISABLE TARGET FABRIC DISCOVERY (DTFD) bit of one indicates that a target attached by an arbitrated loop
shal-notrecognize-the presence-ofafabricloopporton-the logp—he target shallperorm-only-the private
loop functions defined for targets defined by FC-PLDA and FC-TAPE. When DTFD bit is set to zero, the
target attached by an arbitrated loop shall discover a fabric loop port if present on the loop and perform the
public loop functions defined for targets by FC-FLA. Targets not attached to an arbitrated loop shall ignore

the DTFD bit.

10.4.10 RESOURCE RECOVERY TIME-OUT VALUE (RR_TOV)

The RR_TOV is defined by bytes 6 and 7 in the following manner. See 11.4.
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The RrR_TOV UNITS field indicates the units for the RR_TOV field value, according to table 30.

Table 30 - Values for RR_TOV UNITS

Byte 6

Units of measure for RR_TOV
bit2 | bitl | bit0

No timer is specified

0.1 seconds

0 0 0
0 0 1 0.001 seconds
0 1 1

Q

1 1 10 seconds

All other values Reserved

The RR_TOV field indicates the number of time units specified by the RR_Tov uNITS fielghthat shall be used
by the timer that performs the RR_TOV time-out functions. If no timer is specified, thelRR_TOV valpe shall
be ignored by the device server and a vendor specific default value shall be used‘for RR_TOV. See 11.4
and|FC-PLDA for the RR_TOV time-out functions.
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11 Timers for FCP operation and recovery

11.1 Summary of timers for the Fibre Channel protocol
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This clause indicates the use of timers defined by other standards in performing the FCP-2 recovery
procedures. In addition, the clause defines those timers used only by this standard.

Table 31 - Timer summary

Implementation
Mandatory (M)
Timer or Optional (O) Description Default Value Notes | Ref
Hritater—Farget
E_D| TOV M @) Error_Detect_Time-out 2 sec. 2,8 |11.2
Value
R_A] TOVseq quaL M 6] Resource_Allocation Private loop = 0sec: 1.p |11.3
Time-out Value Public loop = 10/sec.
R_A| TOVg 5 M M Private logp\= 2 sec. 1.p 113
Public loep = 10 sec.
RR_[TOV M Resource Recovery If RETRY bit is set to 0: 11.4
Time-out Value 2 sec.
IfRETRY bit is set to 1:
>REC_TOV +
2XR_A_TOVg s+ 1 sec.
REQ TOV M M REC Time-out ¥alue >E D _TOV + 1 sec. 4 11.5
(minimum)
ULP| TOV M Upper Leyel Protocol If RETRY bit is set to 0: 11.6
Time-QutValue > Operation-specific timer +
E_D _TOV + 1 sec.
If RETRY bit is set to 1:
> Operation-specific timer +
2xRR_TOV
NQTES:
1 [R_A_TOV is defined by FC-FS.
This standard defines.the default R_A_TOV for Sequence Qualifiers as zero for private loops and 10 se¢onds
for public loops. ThjS'standard defines the default R_A_TOV for ELS responses as 2 seconds for private| loops
and 10 seconds for public loops. If ELSs are used to set R_A_TOV, the same value is applied for both uges. Other
Fibre Channelstandards may specify different default values for R_A_TOV for different topologies.
2 | Targets thatsupport Class 2 delivery service shall implement this timer.
3 | E_D_TQV default time-out values are defined by FC-FS, FC-PLDA, and FC-FLA. ELSs are
providedito set values other than the default value. This standard defines the default value required by the
recavery protocol, deriving the value as follows:
a Publlc Ioop deV|ces compllant with FC-FLA use an E_D_TOV value of 2 seconds before fabric login and

|.| < vcuuC uul.alllcu LLA] I.IIC o0 oo arct laullb IUUIII

Private loop devices compliant with FC-PLDA use the default E_D_TOV value of 2 seconds.

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

4 REC_TOV is required by the target for FCP_CONF IU error detection.
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11.2 Error_Detect Time-out (E_D_TOV)

E_D_TOV is a general error detect time-out value. Its use is specified in FC-FS, FC-AL, FC-PLDA, FC-FLA,

and FC-TAPE. For FCP-2 Sequence recovery, it is used to time the following:

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

b) the minimum time that a Sequence Recipient shall wait for the reception of the next frame
single Sequence before recognizing a Sequence time-out; and

ive data

within a

¢) 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 devices 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 Time-out (R_A_TOV)

R_A_TOV has two separate components, labeled R_A_TOVggq quaL and R2A_TOVgs.

R_A_TOVsgq qual is used to define the minimum amount of time that a Sequence Initiator shall wait
befgre reusing the Sequence_Qualifier associated with an aborted-Sequence. The Sequence_Qualifer is

conjposed of the S_ID, D_ID, OX_ID, RX_ID, and SEQ_ID. This value is also the minimum amoun
thatla Sequence Initiator shall wait following receipt of the BA_ACC to ABTS before transmitting a R
Redovery Qualifier (RRQ) ELS.

11.4

of time
binstate

img a value of zero for this time-out value assumes that a Sequence Initiator does not trangmit any

nism for
for that

tended

abric in

RR|TOV is the minimum time a target shall wait for a specific initiator to perform Exchange Authentication

terminate all open Exchaﬁges for that initiator, and reclaim the resources associated with those Exc

See 12.4.1.5.

The value of RR_TOV may be set using the Fibre Channel Port Control mode page. See 10.4.10.

EN-INIT
sponse
h of the
essfully
nitiator,
hanges.
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11.5 Read Exchange Concise Time-out Value (REC_TOV)

REC_TOV is used by the initiator to provide a minimum polling interval for REC and by the target for
FCP_CONF IU error detection. The REC_TOV timer shall be implemented such that at least one REC_TOV
period passes between transmission of a command and the first polling for Exchange status with the REC
Extended Link Service. Table 32 describes REC_TOV usage pertaining to the initiator.

Table 32 - Initiator REC_TOV Usage

Timer starts or restarts after: Timer stops without sending REC after:
FCP_CMND IU has been sent. FCP_RSP IU is received for the FCP_CMND IU
or-the-Exehangeis-aborted:
FCP_DATA IU Sequence has been sent by the | FCP_RSP IU is received for the FCP_EMND U
initiator (optional) or the Exchange is aborted.
REC was sent for an FCP_CMND IU and an FCP_RSP IU is received for the-FCP_CMND U
ACC was received indicating the command is in | or the Exchange is aborted.
progress (i.e. REC polling interval).
Table 33 describes REC_TOV usage pertaining to the target.
Table 33 - Target REC_TOV usage
Timer starts after: Timer'stops without sending REC aftel:
FCP_RSP IU requesting an FCP_CONF IU has | ECP”_CONF IU is received or the Exchangelis
been sent. aborted.

11.6 Upper Level Protocol Time-out (ULPxTOV)

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

ULR timers take into account response time increments caused by command queuing and multifinitiator
conpestion.
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12

Link error recovery procedure

12.1 Overview

12.1.1 Exchange level error recovery

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. See
12.2 for a list of these mechanisms.

To recover from these errors, all FCP compliant initiators shall be capable of invoking the recovery abort
function to terminate a failing exchange and to recover the associated resources as described in 12.3. All
FCP compliant targets shall be capable of executing the requested recovery abort to finish clearing the
exchange and to recover the associated resources. The failed command may then be reissued b
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optipnal use of the REC Extended Link Service to monitor the progress of active Exchanges. An
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Examples of errar'detection and error recovery are provided in Annex C.

12.2

12.7

retrEnsmission using the SRR FCP FC-4 Link Service by setting the RETRY bit to one in PRL

| programs according to protocols beyond the scope of this standard.
standard has expanded the error detection capabilities defined by the FCP standard by-allov
ce may optionally accept or reject error detection inquiries.

.2 Sequence level error recovery

ecover from errors, FCP-2 compliant devices may optionally perform-retransmission procedu
v the commands to be completed without requiring higher level programs to perform command
h recovery may be useful for SCSI logical units that depend-critically on command order
ntaining records of internal device state. The initiator and,-the target shall agree to

rming the retransmission of individual 1Us. See 6.3.4., ARUFCP-2 device that has agreed to
nsmission shall use and accept the REC Extended Link Service and SRR FCP FC-4 Link Se
ned by this standard to perform the retransmission.

n after agreeing to perform retransmission, theinitiator may choose to request a recovery abort
et shall be able to accept and perform the regovery abort.

le the basic error detection and errof-recovery procedures are class independent, acknoy
use optional mechanisms defined)in FC-FS to assist in the recovery process.
clause defines the error detection and recovery mechanisms for fabrics that guarantee in-ordg
ery. However, if continuously increasing sequence count is used and if support for recovery q

lly implemented as defined in FC-FS, the same recovery mechanisms may be used for fabricg
guarantee in-orderframe delivery, as shown in the examples in Annex C.

FCP-Error Detection

.17, ©verview of FCP-2 Error Detection
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br frame
ualifiers
that do

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-2 Error Detection using protocol errors for all classes of service.

The Exchange originator (initiator) shall detect any of the following errors:

a) a Sequence error is detected in a Sequence transmitted from a target to an initiator;
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b) aread command completed with the data count smaller than FCP_DL and FCP_RESID_UNDER is

c)

d)

set to zero;

a read-type command completed with the data count smaller than FCP_DL, FCP_RESID_UNDER is

set to one, and the data count plus FCP_RESID is not equal to FCP_DL; or

an ABTS is received.

It may optionally further identify and recover additional errors as described in 12.4.

The Exchange Responder shall also initiate error detection and recovery after a Sequence error is detected
in a Sequence transmitted from an initiator to a target. (See 12.3.5).

o
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ExchangeResponder(targety may detect that REC—TOVv-timesoutand—amrexpectedFEP—€
not been received. The Exchange Responder may then use the methods described in 12.4 te.dg
presence of an error, regardless of whether exchange level or sequence level error recovety
.
.3 Error Detection mechanisms for acknowledged classes of Service

howledged classes of service provide the additional error detection mechanisms described bel

Exchange originator (initiator) shall detect any of the following errors;

ay optionally further identify and recoveér additional errors as described in 12.4.

Exchange Responder (target) shall detect any of the following errors:

py optionally further identify and recover additional errors as described in 12.4.

after E_D_TOV times out, no ACK has been received for the.kCP_CMND IU;

after E_D_TOV times out, no ACK has been received forrFCP_DATA IU(s) (see example i
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 Abort Sequence Condition bits set to Abort Sequence, Perform ABT
ceived. (See FC-FS.)

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

after E_D_TOM times out and no ACK has been received for FCP_DATA 1U(s) (see examp
ure C.21); or.

after E”D: TOV times out and no ACK has been received for the FCP_RSP IU.

NF U
termine
is to be

DW.

n figure

'S is re-

xample

e in fig-

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

12.3.1 Recovery abort requirements

The recovery abort is an FC-FS protocol that recovers FCP_Port resources associated with an exchange

that

is being terminated, either because of a task management request or because of an error.

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

All FCP initiators shall be capable of invoking the recovery abort protocol to terminate failing commands for
later retry. (See 9.1.2.4). All FCP targets shall be capable of accepting and completing the recovery abort
protocol.

12.3-

The
beirn

ABTS sequence shall be generated using the OX_ID and RX_ID of the exchange to‘be“aborted

initiator terminating the exchange sends an ABTS sequence to the D_ID of the target of the'elchange
g terminated. The ABTS sequence shall have the PARAMETER field set to ABORT EXCHANGE. The

FC-FS

allows ABTS to be generated by an FCP_Port regardless of whether or not it has sequence initiative.

Follpwing the transmission of ABTS, any Device_Data Frames received for/this Exchange 9

disd

Red

READ command, the initiator may receive some or all of the requestéd read data before recei
ACC to the ABTS. The initiator shall be capable of receiving this data and providing BB_Creditin order

BA |
for 1

Aftg

Exchanges not successfully terminated with an FCP_RSP)IU status set to COMMAND CLEARE
9.1.p.4).

Foll
initi

Ifa
leve

12.3

Wh
one

arded until the BA_ACC with “Last Sequence of Exchange” bit set to one is received from the

overy abort may not take effect immediately. For example, if ABTS jis.sent following transmisg

he target to send the BA_ACC.

r the execution of a task management function that cleats tasks, recovery abort shall be invoke

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

BA_ACC, BA_RJT, LOGO, or PRLO isHot received from the target within 2 times R_A_TOVg s,
| error recovery as described in 12:5 shall be performed.

.3 Target response to recovery abort

of the following respenses:

the target shall discard the ABTS and return LOGO if the N_Port or NL_Port issuing the ABT|
currentlyJogged in (i.e., no PLOGI);

contains an assigned RX_ID and a FQXID that is unknown to the target; or

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

hall be

arget.

ion of a

ing the

d for all

D. (See

sed, the

second

bn an ABTS (Abort Exghange) is received at the target, it shall abort the designated Exchange and return

S is not

the-target shall return BA_RJT with Last Sequence of Exchange bit set to one if the received ABTS

Upon transmission of any of the above responses, the target may reclaim any resources associated with
the designated Exchange after R_A_TOVsgq quaL has elapsed or a Reinstate Recovery Qualifier (RRQ)

extended link service request has been received.

If the RX_ID is FFFFh, targets shall qualify the FQXID of the ABTS based only upon the combined values
of D_ID, S_ID, and OX_ID, not RX_ID.
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If the Exchange resources were not reclaimed upon responding to the ABTS, they shall be reclaimed at the

time

the response to the RRQ is sent.

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

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

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

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

12.3.4 Additional error recovery by initiator
Thig procedure may be used whether or not the FCP devices have agreed to Sequence level recoyery.
If ULP_TOV times out and the Exchange is not complete, the application client shall ‘Clear the eXchange

resq
resq

12.3
This

If a
spe

For
sen

time

For
targ

Tar

initigtor that is no longer responding. The target may send a LOGO to the initiator and terminate

Exc

a

b

12 4

target detects a Sequence error, it shall discard the Sequence(s) based on the Exchange errd

urces using the recovery abort protocol. (See 9.1.3.)
.5 Additional error recovery by target

procedure may be used whether or not the FCP devices have-agreed to Sequence level reco

cified by the F_CTL Abort Sequence Condition bits in the first frame of the Exchange. (See FC

s out after receipt of the BA_ACC.

unacknowledged classes of service, \the target shall not attempt recovery for Sequence errg
et shall depend on initiator time-outs for recovery.

hets shall implement RR_TQOV as described in 11.4 to facilitate recovery of resources allocate

hanges for that initiater upon detection of the following:

RR_TOV times out without the initiator transmitting any expected Sequence for any open EX
at this'target (e.g., FCP write data in response to an FCP_XFER_RDY IU).

| <(Sequence level error detection and recovery

12.4.1 Using information from REC to perform Sequence level recovery

12.4.1.1 Polling Exchange state with REC

urces using the ABORT TASK task management request or the initiator,shall clear the eXchange

ery.

r policy
FS.)

acknowledged classes of service, if a target detects a Sequence error, it may abort the sequgence by
ding an ABTS with the PARAMETER field to ABORT SEQUENCE. See FC-FS. If a Recovery Qualifier

range is returned in the BA_ACC for the ABTS the target shall send a RRQ ELS after R_A_TOVsgq quaL

rs. The

d to an

all open

The initiator has,failed to perform target Exchange authentication within RR_TOV (see FC-PL{DA); or

change

REC is periodically transmitted by the initiator to poll each outstanding Exchange to determine if a SCSI task
is progressing properly and if any Sequences have been received incorrectly. Timing of polling with the REC
Extended Link Service is controlled by REC_TOV. REC_TQV is normally selected to be long enough that
processing the transfers of initiative in the exchange and completing the exchange occur before REC_TOV
times out. If REC_TOV times out, then an REC Extended Link Service is performed. The information
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returned in the REC ACC payload is compared with the expected state information known by the initiator
and target. If the information is inconsistent, indicating that a link error occurred, optional error recovery
actions may be performed to complete the Exchange. Subclauses 12.4.1.2 through 12.4.1.8 define optional
error detection and recovery procedures for acknowledged and unacknowledged classes of service.

12.4.1.2 Detection of errors while polling with REC

If an Exchange Originator receiving an acknowledged service Sequence detects a Sequence error, it shall
send an ACK Frame with the F_CTL Abort Sequence Condition bits set to “Abort Sequence, Perform ABTS”
before issuing the REC. See FC-FS. The REC 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 is an LS_RJT with a reason code of “command not

sup
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device shall perform recovery using recovery abort as documented in 12.3.

If apf ACC, LS_RJT, LOGO, or PRLO is not received from the target within 2 times R_AA~FOVg, s,

leve

12 .4

This

If th
the

| error recovery as described in 12.5 shall be performed.
}.1.3 FCP_CMND IU Recovery using information from REC
procedure may be used whether or not the FCP devices have agreed to Sequence level reco

e FCP_CMND IU was not received by the target (i.e., the initiator receives an LS_RJT for the R

retransmit the FCP_CMND IU using a new Exchange. If the precise’ delivery function is enabled, t

vall

If th
Seq
Exd|
inte
bee)

For
12.4
This

If th
the
con
the
FCH
FCH
con

e shall remain the same in the retransmitted FCP_CMND

uence has been sent (i.e., by indicating that the initiator does not hold Sequence Initiative, and
hange is not complete), the command is in process and no recovery is needed at this time. At a n
rval of REC_TOV, the REC shall be retransmitted to more quickly determine if a reply Seque
h lost.

examples of such recoveries, see figure C.1 and figure C.2.
|.1.4 FCP_XFER_RDY IU Recovery
procedure shall be used/only by FCP devices that have agreed to Sequence level recovery.

e ACC for an REC indicates that an FCP_XFER_RDY IU was sent by the target (i.e., by indica
initiator holds Sequence Initiative, that all bytes were not transferred, and that the Exchang
plete), but notireceived by the initiator, issue an SRR in a new Exchange to request retransmi
FCP_XFERyRDY IU. The target shall first transmit the ACC for the SRR and then shall retran
> XFER(RDY IU in a new Sequence containing the same Relative Offset as the originally tra
P XFER>RDY IU. After the FCP_XFER_RDY IU is successfully received, the FCP 1/O o
inues_hormally.

g REC.

second

ery.

EC with

feason code of “Logical error” and reason code explanation setto_“Invalid OX_ID-RX_ID combination”),

he CRN

e ACC for the REC indicates that the FCP_CMND-IU was received by the target and that fio reply
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inimum
hce has

ing that
e is not
ssion of
5mit the
smitted
beration

For

examples of this type of recovery, see figure C.5 and figure C.6.

12.41.5 FCP_RSP IU Recovery

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

An error in transmitting an FCP_RSP U is detected if:
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a) the ACC for the REC Extended Link Service indicates that an FCP_RSP IU was sent by the target

and no FCP_CONF IU was requested (i.e., E_STAT indicates that the Exchange is complete), but
the initiator has not yet received the FCP_RSP 1U; or

b) the ACC for the REC Extended Link Service indicates that an FCP_RSP IU Sequence was sent by

the target and an FCP_CONF IU was requested (i.e., E_STAT indicates that the Exchange is not
complete, that the initiator has initiative, and that, if the data transfer was from the initiator to the tar-
get, 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 shall issue an SRR FC-4 Link Service
frame in a new Exchange to request retransmission of the FCP_RSP IU. The target shall first transmit the
ACC for the SRR, then shall retransmit the FCP_RSP IU in a new Sequence.

An
FCH
conf

Exchange carrying a command that was terminated by a CHECK CONDITION reguegting an
P CONF IU prior to transferring data may have the same REC values as an Exchange cafrying a
mand having an FCP_XFER_RDY IU not received by the initiator. For a command-transferring data

fronp the initiator to the target with a non-zero FCP_DL, the parameters for the SRR shallindicate| that an

FCH
tran
the
For
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b
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For
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The
Ui

If re)
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(=)

If rg
imm

P XFER_RDY IU is expected from the target. The target is aware of the actual, present statg of the
sfer and response and shall either retry the FCP_XFER_RDY IU or, if the actual‘data transfer Igngth for
command was zero, retry the FCP_RSP IU.
non-tagged command queuing operations, the target shall retain the. Exchange information until:
the next FCP_CMND IU has been received for that LUN from(the same initiator;
an FCP_CONF IU is received for the Exchange; or
after RR_TOV times out.
tagged command queuing operations, the target'shall retain Exchange information until:
an FCP_CONF IU is received for the Exchange; or

after RR_TOV times out.

Exchange information retained shall include data transfer information, data descriptors, and FQP_RSP
hformation.

transmission is enabled between the initiator and target, FCP_RSP IU information shall be:
discarded RR_TQV after the FCP_RSP IU was transmitted to the initiator; or,
discarded after a new Exchange with the same OX_ID and S_ID is received.

transmission is not enabled between the initiator and target, FCP_RSP information may be discarded
ediately after the FCP_RSP IU has been transmitted to the initiator.

The

value of RR_TOV Is set using the Fibre Channel Port Control page. See 10.4.10.

If task retry identification has been agreed to by both the initiator and target, the same value of task retry
identifier shall not be used within RR_TOV.

Examples of FCP_RSP U recoveries are provided in figure C.8 through figure C.12.
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12.4.1.6 FCP_DATA IU Recovery - Write

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

If the ACC for an REC indicates that an FCP_DATA IU was sent by the initiator, but not received by the
target (i.e., the data received count in the REC response is smaller than what the initiator sent, and the target
indicates it does not hold Sequence Initiative) then the initiator shall send a SRR FC-4 Link Service frame
in a new Exchange to request retransmission of an FCP_XFER_RDY IU to request the missing data. The
target discards the Sequence in error, but does not initiate any recovery action for Class 3. (See 12.3.5.)
After first transmitting the ACC for the SRR, the target transmits an FCP_XFER_RDY IU in a new Sequence
with the Relative Offset parameter specified by the SRR. The initiator responds with the requested data.

FCP_DATA IU shall be retransmitted in a new Sequence. For acknowledged classes, the SEQ_CNT shall
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ses, the SEQ_CNT may start at zero, even if continuously increasing sequence count is being
mples of data recovery during write operations are provided in figure C.13 through figure-C.16.
}.1.7 FCP_DATA IU Recovery - Read

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

e ACC for the REC indicates that data was sent by the target but not successfully received by the

by indicating a data sent count greater than the initiator has successfully received), then the
I send a SRR FC-4 Link Service frame in a new Exchange to request retransmission of the FCH
nat was not successfully received. The initiator shall set the RELATIVE OFFSET field in the SRR t
hext data requested. If the initiator is unable to determine the'Relative Offset of the next data reg
nitiator shall set the RELATIVE OFFSET field to zero. Thedarget shall first transmit the ACC for th

ange in the normal manner, including transmitting. or retransmitting the FCP_RSP IU. If th
onds to the SRR with an FCP_RJT and an FCR\RSP IU has not yet been sent or is again red
farget shall send an FCP_RSP IU with CHECK CONDITION status and sense data containing
of HARDWARE ERROR and an ASC/ASCQ of INITIATOR DETECTED ERROR ME
CEIVED.

FCP_DATA IU shall be retransmitted in a new Sequence. For acknowledged classes, the SE
| be one greater than that used ta'transmit the last Sequence, usually the ABTS. For unacknoy
ses, the SEQ_CNT may start-at'zero, even if continuously increasing sequence count is being
the responsibility of the initiator to determine the action (e.g., retry, allow ULP time-out, or retur
LP) based on the infermation determined by REC and other internal states. The target does no
r recovery for Class.8. (See 12.3.5.)

mples of datairecovery during read operations are provided in figure C.17 through figure C.20.

}.1.8 ECP_CONF IU Recovery
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initiator
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b that of
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Q_CNT
viedged
used.

n status
[ initiate

procedure may be used whether or not an FCP device has agreed to Sequence level recover

This recovery procedure is used by target devices using all service classes.

Target devices that implement confirmed completion shall set the RX_ID to a unique value other than
FFFFh for each Exchange to enable unambiguous recovery.

If the target has requested that the initiator transmit an FCP_CONF IU by setting the FCP_CONF_REQ in the
FCP_RSP IU, then the target may periodically poll the initiator by transmitting REC to the initiator to
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determine if the FCP_CONF has been transmitted. Timing of polling with the REC Extended Link Service
is controlled by REC_TOV.

If the initiator has sent the FCP_CONF IU, the reply to the REC from the target shall be a LS_RJT with the
reason code of “Logical error” and reason code explanation set to “Invalid OX_ID-RX_ID combination”. The
target shall assume that the FCP_CONF IU was sent and release the Exchange.

If the initiator has received the FCP_RSP IU with the FCP_CONF_REQ bit set to one and has not sent the
FCP_CONF IU before the REC is received, the REC reply shall be an ACC indicating the Exchange is still
open. In this case the target shall wait REC_TOV and, if the FCP_CONF IU has not been received, send
another REC. The target shall repeat this process until the FCP_CONF IU is received, a new FCP_CMND
IU is received with the same OX_ID as the Exchange waiting for the FCP_CONF IU, or until the Exchange
is aborted.

If apother FCP_CMND IU is received by the target with the same OX_ID as an Exchange waiting for an
FCR_CONF IU and with the RX_ID unassigned, the target shall assume that the FCP_CONFE U was sent
and|release the Exchange.

Examples of recovery of FCP_CONF IUs are provided in figure C.23 through figure.C.25.

12.4.2 Additional error recovery requirements
12.4.2.1 Error indicated in ACK

If anp ACK is received with the F_CTL Abort Sequence Condition bits setto,Abort Sequence, Performp ABTS,
the [Sequence Initiator shall send an ABTS for the Sequence. After R)A_TOV times out, an RRQ gshall be
sent by the Sequence Initiator.

12.4.2.2 Missing ACK

FC-FS requires that an ABTS(Sequence) be transmitted,by a Sequence Initiator detecting a missing ACK.
If ngp ACK has been received within E_D_TOV, the target shall abort the sequence by sending ap ABTS
reqliest with the PARAMETER field set to ABORT SEQUENCE. If a Recovery Qualifier range is retlirned in
the BA_ACC for the ABTS the target shall send@n RRQ at least R_A_TOVggq quaL after receipt of the
BA |ACC. Adjustment of subsequent sequence-counts may be required as specified by FC-FS.

12.4.2.3 Distinguishing exchange to bé-aborted
When OX_ID values are reused within R_A_TOV and RX_ID values are not used, and if there is a[missing

ACK to an FCP_RSP IU, a target'may attempt to abort a more recent Exchange that used the same|OX_ID.
To prevent that, a target using acknowledged service behavior and performing error recovery shall

) set RX_ID to a valtie other than FFFFh to distinguish outstanding Exchanges as described in|FC-FS;
r

) always request FCP_CONF IU.

If a Bequence error is detected for an FCP_DATA IU performing a Data Out action, the target shall send an
ACK FErame with the Abort Sequence Condition bits set to “Abort Perform ABTS”.

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

Recovery abort shall be invoked for Exchanges that were not successfully recovered by the specified error
recovery procedures.
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12.5 Second-level error recovery

125.1 ABTS

If a response to an ABTS is not received within 2 times R_A_TOVg_g, the initiator may send the ABTS
again, attempt other retry operations allowed by FC-FS, or explicitly logout the target. If those retry
operations attempted are unsuccessful, the initiator shall explicitly logout (i.e., use FC-FS Logout, LOGO)
the target. All outstanding Exchanges with that target are terminated at the initiator.

1252 REC

Ifa

response to an REC is not received within 2 times R_A_TOVg, g, the initiator shall:

If th
ABT

Oth
FC-

ABT
retr

Seq

125

If &
ABT

and

2) send another REC in a new Exchange.

E response to the second REC is not received within 2 times R_A_TOVg_ s, the nitiator should
S(Exchange) for the REC followed by an RRQ if a BA_ACC is received for the ABTS;

er retry mechanisms after the second REC fails are optional and, if implemented, shall com
FS.

then perform an ABTS(Exchange) for the original Exchange.

Ses

12.¢

If a
usirn
Exd|
and
and

Ifa
ore

figure C.30 through figure C.33.

Responses to FCP typeiframes before PLOGI or PRLI
target receives an ECR_CMND IU from an FCP_Port that is not successfully logged on to th
hange, send LOGO to that FCP_Port. No Exchange is created in the target for the discarded
the Originater.of the discarded request terminates the Exchange associated with the discarded

any otheriepen Exchanges for the target sending the LOGO.

arget receives an FCP_CMND IU from an FCP_Port that has not successfully completed eithe

1) send an ABTS(Exchange) for the REC followed by an RRQ if a BA_ACC is received for the ABTS;

send an

ply with

[S(Exchange) may be required to clear resources associated-with the original failing Exchange if the
mechanisms are not successful.
figure C.26 through figure C.29.
.3 SRR
response to an SRR is not received within 2 times R_A _TOVg, g, the initiator shall send an
[S(Exchange) for the SRR followed by an\RRQ if a BA_ACC is received for the ABTS. The initiator shall

E target

g either an implicit'or explicit login (i.e. PLOGI), it shall discard the FCP_CMND IU and, in a new

equest,
request

implicit

xpliCit Process Login (i.e. PRLI) with the target, it shall discard the FCP_CMND IU and send RRLO to

the

H [N o PP Y ) H oD Dok £ ) H Lol & ol kL o
AU TNU AUTTIANTYT 1S LITAITU TITUTT TTUIPICTIL O T FUTTTUT e uistadlutu Tocyucot, Alfu iic U

of the discarded request terminates the Exchange associated with the discarded request.

iginator

If an FCP device receives a frame of category 0001b or 0011b (solicited data or solicited control) and the
FCP device has not performed a successful implicit or explicit PLOGI and PRLI with the source of the frame,
the FCP device shall discard and ignore the content of the frame. If the PLOGI is not completed, the FCP
device may transmit a LOGO extended link service request to the source of the unexpected frame. If the
PLOGI is completed, but the PRLI is not completed, the FCP device may transmit a PRLO extended link
service request to the source of the unexpected frame.
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Annex A
(normative)

FCP mapping to SAM-2 (Fibre Channel Protocol Service
mapping to SCSI Architectural Model - 2 (SAM-2))

Definition of procedure terms

e SAM-2 standard. SAM-2 further defines how the target enables the device server to réce

scribed

by t ive and
progess the tasks addressed to a logical unit. The Fibre Channel protocol is described in(terms of the
seryices provided by the initiator and target.
Seqd table A.1 for the mapping of objects and identifiers used in this standard to_the-equivalent| remote
prog¢edure call terms and definitions used in the SCSI Architecture Model-2 standard.
Table A.1 - FCP procedure terms mapped to terms from SAM=2 standard
Equivalent SCSI Architectufe
FCP standard procedure terms Model-2 standard terms

address identifier of initiator port initiator identifier

address identifier of target port target identifier

fully qualified exchange identifier I_T_L_Q Nexus

fully qualified exchange identifier + logical unit number I_T L _Q Nexus
Sed table A.2 for the definitions of the terms used by this standard and the equivalent SCSI ArcHitecture
Modgel-2 standard names of the terms, the name of the standard where the procedure terms are glefined,

the standard where the binary contents of the terms are defined, and the routing of the terms. Theg routing

sholwvs:

a) the originating object of the ‘term,
b) the object that is the final-déstination of the term, and
¢) the objects that the term'moves through to reach the final destination object.
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Table A.2 - Procedure Terms

Standard Standard where
FCP terms whereterm | binary contents Term routing

defined of term defined

application client buffer offset SAM-2 SAM-2 DS > targ- init

data buffer size SAM-2 SAM-2 AC > init

command descriptor block SAM-2 SAM-2/cmd AC > init = targ = DS

(note 1)

data-in-buffer SAM-2 ermd-(note-2) —

* / DS & targ—® init | AC
data-out buffer SAM-2 cmd (note 2) AC > init = taig = DS
device server buffer SAM-2 cmd (note 2) DS = targe-Vinit
injtiator SCSI ID SAM-2 this standard DS >, farg

or TM\—# targ
link control function this stan- this standard ACS> init = targ
dard
lopical unit number SAM-2 this standard AC > init = targ - DS
or AC & init # targ 1 TM
or DS & targ—® init
rejquest byte count SAM-2 SAM-2 DS = targ
sgrvice response SAM-2 this' standard DS = targ-» init | AC
or targ # DS
status SAM-2 SAM-2 DS = targ-> init | AC
tap SAM-2 this standard AC > init = targ - DS
or AC & init # targ = TM
or DS - targ—® init
tafget identifier SAM-2 this standard AC = init > targ - DS
or AC & init # targ 1 TM
or DS & targ
target identifier + initiator identifier thl; ;rtgn- this standard targ == DS
ortarg = TM
task attribute SAM-2 this standard AC = init > targ - DS
Key: AG-="application client, cmd = SCSI command standards, DS = device server, init = initiator,
SAM-2 = SCSI Architecture Model-2 standard, TM = task manager, targ = target
Notes
1) The portions not defined in SAM-2 are defined in the SCSI command standards (e.g. SPC-2).
2) Parameter lists are defined within one of the SCSI command standards (e.g., SPC-2). SCSI
standards do not define non-parameter list information.

A.2  Notation for procedures and functions

In this standard, the model for functional interfaces between objects is the callable procedure as defined in
SAM-2. The interfaces are specified using the following notation:
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[Result =] Procedure Name (IN ([input-1] [,input-2] ...), OUT ([output-1] [,output-2] ...))

Where:

Result: A single value representing the outcome of the procedure or function.

Procedure Name: A descriptive name for the function to be performed.

input-1, input-2, ...: A comma-separated list of names identifying caller-supplied input data objects.

output-1, output-2, ...: A comma-separated list of names identifying output data objects to be returned
by the procedure.

[ ...]": Brackets enclosing optional or conditional parameters and arguments.

Thig notation is explained in more detail in SAM-2.
A.3 Application client SCSI command services
Thel SCSI command services shall be requested by the application client using a procedure call defined as:
Seryice response =Execute Command (IN (I_T_L_x Nexus, CDB, [Task Attribute], [Data-In Buffar Size],
[Data-Out Buffer], [Data-Out Buffer Size], Autosense Request, [Command\Reference Number]), OUT
([D3ta-In Buffer], [Sense Data], Status))
A.4 Send SCSI command service
Thel send SCSI command service is a four step confirmed seryice that provides the means to transfer a
conjmand data block to a device server.
Progessing the execute command procedure call for.a send SCSI command service shall be composed of
the Y step confirmed service shown in table A.3.
Table A.3 - Processing of send SCSI command service procedure
Ste Protocol service name
P Fibre Channel Protoeaql Service Interface procedure call
request Send SCSI Command request
Send SCSI Command (IN (I_T_L_x Nexus, CDB, [Task Attribute], [Data-In Buffer|Size],
[Data-Out Buffer], [Data-Out Buffer Size], Autosense Request, [Command Refergnce

Number}))

ndication | SCSI Command Received indication

SCS1 Command Received (IN (I_T_L_x Nexus, [Task Attribute], CDB, Autosense|
Request, [Command Reference Number]))

I

psponse | Send Command Complete response

Send Command Complete (IN (I_T_L_x Nexus, [Sense Data], Status, Service
Response))

confirmation | Command Complete Received confirmation
Command Complete Received (IN (I_T_L_x Nexus, [Data-In Buffer], [Sense Data], Sta-

tus, Service Response))
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A5 Data Transfer Protocol Services

A5.1 Overview of data buffer movement services

The SCSI data buffer movement services shall be requested by the device server using either the data-in
delivery service or the data-out delivery service.

A5.2 Data-in delivery service

The data-in delivery service is a two step confirmed service (see table A.4) that provides the means to
transfer a parameter list or data from a device server to an initiator..

Table A.4 - Processing of data-in delivery service procedure

Step

Protocol service name
Fibre Channel Protocol Service Interface procedure call

request

Send Data-In request

Send Data-In (IN (I_T_L_x Nexus, Device Server Buffer, Application Client Buffg
set, Request Byte Count))

r Off-

cpnfirmation

Data-In Delivered confirmation

Data-In Delivered (IN (I_T_L_ x Nexus))

A.j5.3 Data-out delivery service

The data-out delivery service is a two step confirmed &gtvice (see table A.5) that provides the m
transfer a parameter list or data from an initiator to a device server.

Table A.5 - Processing of data-out delivery service procedure

eans to

Ste Protocol service name
P Fibre Channel Protocal Service Interface procedure call
request Receive Data-Qut request
Receive Data*Out (IN (I_T_L_x Nexus, Application Client Buffer Offset, Request| Byte
Count, Device Server Buffer))
cpnfirmation | Data-Out Received confirmation
Data-Out Received (IN (I_T_L_x Nexus))

A.§ Fask management services

Th tacle mananam
<

antfunctinn chall bha raainctad fram tha annhiaatinn alinnt ioina o Aracadiirn ol
T

ooy et

as:

T O T trOT T ST DT TC U T Ste o T o e PPttt o T Cre Tt oo g proccoorc oot

Service response = Function name (IN (I_T_x_x nexus))

defined

SAM-2 defines the allowed service responses and the allowed function names. The task management
functions for FCP are defined in 9.1.2.4 and 9.1.3.
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Examples of the use of FCP Information Units (IUs)

A Overview of examples

nmarize

actipns that are not specified by this standard, but are typically executed by SCSI initiators.or
uence streaming may optionally be performed between any two IUs that do not transfer-Se

Seq

proviaco TR oTrtrre—o

Initigtive.

B.]

A

—~

2 SCSI FCP read operation

CTHCTOST O T T o UarC o TRetoo

ypical SCSI FCP read operation with a single data IU is shown in table B.1.

Table B.1 - FCP read operation, example

targets.
quence

Initiator function

U

Target function

Command request

T1, FCP_CMNBD

-

[Prepare data transfer]

«— 13, FCPL.DATA Data in action
[Prepare response message]
<« 14, FCP_RSP Response

[Indicate command completion]
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SCSI FCP write operation

A typical SCSI FCP write operation with three data IUs and using FCP_XFER_RDY is shown in table B.2.

Table B.2 - FCP write operation, example

Initiator function

U

Target function

Command request

T1, FCP_CMND

[Prepare data transfer buffer]

11, FCP_XFER_RDY

First data delivery request

First Data Out Action

T6, FCP_DATA

11, FCP_XFER_RDY

Second data deliveryreques

Second Data Out Action

T6, FCP_DATA

11, FCP_XFER_RDY

Last data delivery request

Last Data Out Action

T6, FCP_DATA

[Prepare response message]

14, FCP_RSP

Response

[Indicate command completion]

B.1.4

A typical SCSI FCP operation terminating without data.transfer, either because of an error or becg
SC$I command does not require any data transfer;\is'shown in table B.3.

SCSI FCP operation with no data transfer or with check condition

Table B.3 - FCP operation without data transfer, example

use the

Initiator function

U

Target function

Command request

T1, FCP_CMND

-

[perform command]

<«—

14, FCP_RSP

Response

[Indicate command completion]
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B.1.5 SCSI FCP read operation with multiple FCP_DATA IUs

A typical SCSI read operation with multiple FCP_DATA IUs is shown in table B.4.

Table B.4 - FCP read operation, example

Initiator function U Target function

Command request T1, FCP_CMND -

[Prepare data transfer]

«— 13, 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 SCSI FCP write operation with FCP_XFR_RDY:disabled

A typical SCSI write operation performed with FCP_XFER_RDY_ disabled is shown in table B.5. ®nly the
first/transfer is performed without a requesting FCP_XFER_RDY.

Table B.5 - FCP write operation with FECP/XFER_RDY disabled, example

Initiator function U Target function

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

< 11, FCP_XFER_RDY Second data delivery reques
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-eommand completion]
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B.1.7 SCSI linked commands

A SCSIWRITE command linked after a SCSI READ command is shown in table B.6. The WRITE command
is using the FCP_XFER_RDY IU. INTERMEDIATE Status in the FCP_RSP, together with the link control
bits present in the CDB of the FCP_CMND indicate that the second operation is linked to the first.

Table B.6 - FCP linked commands, example

Initiator function U Target function

Command request (READ) T1, FCP_CMND -

[Prepare data transfer]

<« 13, FCP_DATA Data in action

[Prepare response message]

<« 15, FCP_RSP Response (INFERMEDIATE jor
INTERMEDIATE CONDITION
MET statds)

[Perform command linking]

ICommand request (WRITE) T3, FCP_CMND -
[Prepare data transfer buffer]
« 11, FCP_XFER_RDY Data delivery request
Data Out Action T6, FCP_DATA -
[Prepare response message]
<« 14, ECP_ RSP Response

[Indicate command completion]

B.1.8 SCSI WRITE command-with confirmed completion

A SCSI WRITE command with canfirmed completion is shown in table B.7.

Table’B.7 - FCP write command with confirmed completion

Initiator fangtion U Target function

Command reguest (WRITE) T1, FCP_CMND -

[Prepare data transfer]

« 11, 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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SCSI FCP task management function
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An example of a SCSI Task Management function is shown in table B.8. Additional link services may be
required in some cases to complete the activities initiated by the Task Management function.

Table B.8 - FCP task management function, example

Initiator function

U

Target function

Command request, no CDB

T1, FCP_CMND

-

[Do Task Management]

<«

14, FCP_RSP

Response

I

hdicate task management complete]



https://iecnorm.com/api/?name=f288193f7292637df44f3623e17d2c58

14776-222 © ISO/IEC:2005(E) 93
B.2 FCP write example, frame level

A chart of the Sequences and frames typically transmitted to perform an FCP write is shown in figure B.1.
All frames of a Sequence have a frame level FC-FS acknowledgment returned automatically as part of the

link control.

Initiator Seq Initiator Frames Target Frames Target Seq

FCP_CMND

FCP_CMND Frame (T1)
_ SOFi2, OX_ID, Originator,
Initiator, First Seq, End Seq,
Xfer Seq Initiative, EOFn

ACK
- RX_ID, EOFt

FCP_XFER_RDY|
FCP_XFER_RDY Frame (11)
B B— SOFi2, FQXID, Responder,
Initiator, End Seq,
Xfer:Seq Initiative, EOFn

ACK, EOFt
—
FCP_DATA —
FCP_DATA Frames (T6)
(See figure B:2) —
ACKs
(See figure B.2)

FCP_RSP

FCP_RSP Frame (14)
SOFi2, FQXID, Responder, —
Initiator, Last Seq, End Seq,

Xfer Seq Initiative, EOFn

ACK, EOFt

—>

Figure B.1 - Example of class 2 FCP write I/O operation
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Initiator Seq

Initiator Frames

Target Frames

Target Seq

FCP_DATA

FCP_DATA Frame (T6)
SOFi2, FQXID, Originator,

L b - Do —>
Trator;, RO,
Hold Seq Initiative, EOFn
ACK
-weo—
°
°
FCP_DATA Frame (T6)
SOFn2, FQXID, Originator, —
Initiator, RO,
Hold Seq Initiative, EOFn
ACK
-«
°
°
°
FCP_DATA Frame (T6)
SOFn2, FOXID, Originator, >
Initiatar, RO, End Seq,
Xfer:Seq Initiative, EOFn
ACK, EOFt

Figure B.2 - Example of class 2 FCP_DATA write
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B.3 FCP read example, frame level

A chart of the Sequences typically transmitted to perform an FCP read is shown in figure B.3. All frames of
a Sequence have a frame level FC-FS acknowledgment returned automatically as part of the link control.

Initiator Seq Initiator Frames Target Frames  Target Seq
FCP_CMND
FCP_CMND Frame (T1)
SQF|2, QX_ID, Originator,
Initiator, First Seq, End Seq,
Xfer Seq Initiative, EOFn
ACK
-« RX_ID, EQFt

FCP_DATA
FCP <DATA Frames (13)

(See figure B.4)
ACKs
(See figure B.4) >
FCP_RSP
FCP_RSP Frame (14)
[ SOFi2, FQXID, Responder,
Initiator, Last Seq, End Seq,
Xfer Seq Initiative, EOFn
ACK, EOFt

Figure B.3 - Example of class 2 FCP read I/O operation


https://iecnorm.com/api/?name=f288193f7292637df44f3623e17d2c58

96 14776-222 © ISO/IEC:2005(E)

FCP FCP FCP FCP
Initiator Seq Initiator Frames Target Frames Target Seq
FCP_DATA
- FCP_DATA Frame (13)
SOFi2, FQXID, Responder,
Initiator, RO,

Hold Seq Initiative, EOFn

°
°
°
. FCP_DATA Frame (I13)
SOFn2, FQXID, Responder,
Initiator, RO,

Hold Seq Initiative, EOFn

ACK —
°
°
°

FCP_DATA Frame (I3)

. SOFn2, FQXID, Responder,
Initiator, RO, End Seq,
Hold Seq initiative, EOFn
ACK, EOFt e N

Figure B.4 - Example of class 2 FCP_DATA read
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Error detection and recovery action 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-

shopn in table C.1.

Table C.1 - Diagram Drawing Conventions

F S mteract with TECoveTy TeCHaniSIITS Specified by this stardard T e conventions for the tiagn

AMms are

Drawing Convention

Meaning

Acknewledged or
Unacknowledged Frame

Acknowledgement Frame

r——-

Time-out value
exceeded, caused
transmission of 1U, FC-4

L — _>
Link Service, or ELS
IU or ELS received is
processed to transmit 1U,
—— FC-4 Link Service, or ELS

Frame lost or dropped

Error detection complete.
Operation continues with
specified Error Recovery

Cl Continue if continuously increasing
Sequence count
prerequisites are met.
Error detection complete.
Operation continues with

Continue

Y

specified Error Recovery
if continuously increasing
Sequence count

prerequisites are not met.
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Status Detection

Unacknowledged Classes Acknowledged Classes
FCP_CMND FCP_CMND
REC_TOV - REC_TOV _ _ >
| o
L gl REC - ED_TOV | <« — — — ACK ]
|
< ACC L | REC >
Init Targ ACK
Continue * - - - TF i
< ACC
INit Continue Targ

REC can be optionally used at any time to ascertain status of an Exchange.
It can also be used in conjunction with ABTS(Sequence) to obtain additional
information useful in the Error Recovery process.

No Error Recovery

The ACC for the REC indicates the Exchange is open and the target holds
Sequence Initiative. No error recovery is required.

Figure C.1 - Lengthy FCP_CMND or Lost ACK
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Error Detection

REC_TOV FCP_CMND
r— 1T—»X
|
L gl REC -
LS RJT
-
Init _ Targ
Continue

Error Recovery
The LS_RJT (Logical Error, Invalid OX_ID - RX D combination) for the REC

indicates the Exchange is unknown. The FCP."CMND is retransmitted in a
new Exchange using the same CRN and inthe same class of service.

| FCP_CMND.

Init Targ

Figure C.2 - FCP_CMND Lost, Unacknowledged Classes



https://iecnorm.com/api/?name=f288193f7292637df44f3623e17d2c58

100

14776-222 © ISO/IEC:2005(E)

EDTOV F = 7

Error Detection

FCP_CMND
—>X

ABTS (Sequence)

R_A_TOV

Ini

The BA_ACC indicates that the FCP°* CMND was never received. The
BA_ACC payload is SEQ_ID Validity = invalid, Low SEQ_CNT = 0, High
SEQ_CNT =SEQ_CNT of ABTS frame. Both the initiator and target establish
Recovery Qualifiers. The valde of R_A_TOV for in-order delivery is zero. The
use of REC to determine;status for error recovery is optional.

The FCP_CMND is retransmitted in a new Exchange using the same CRN

and in the same class of service.

Error Recovery

FCP_CMND

Init

Targ

Figure C.3 - FCP_CMND Lost, Acknowledged Classes
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Error Detection

FCP_CMND
EDTOV F — -
' ACK
| X - — — —
|
| ABTS (S
L (Sequence) o |
ACK
- — — — — — 1
BA ACC
- -
' ACK
Y e
I
I
RA_TOV Exchange continues
Reclaim No recovery needed
Initiator
Recovery
Qualifier
Ini Targ

No Error Recovery

The BA_ACC Paylaead indicates that FCP_CMND was received. The

BA_ ACC payload.is SEQ_ID Valid, SEQ_ID value of FCP_CMND, low
SEQ_CNT =-high SEQ_CNT = SEQ_CNT of FCP_CMND. Note that the is-
suance of RRQ is not necessary in this case, since the target has not estal]
lished a.Recovery Qualifier. However, the initiator cannot reclaim the
resaurces associated with its Recovery Qualifier until R_A_TOV time-out e
pires/ The value for R_A TOV is zero for in-order delivery. The use of REQ
to-determine status for error recovery is optional.

Figure C.4 - FCP_CMND Acknowledgement Lost, Acknowledged Classes
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Error Detection

REC_TOV FCP_CMND
r— |
| FCP_XFER_RDY
| (RO=0)
I X—
I
L gl REC -
ALL
REC_TOv* " — T
ait REC_TOV*, If |
CP_XFER_RDY is returned, |
ontinue with the Exchange. |
ACC to REC arrived before |
CP_XFER_RDY, outofor- L
er). Otherwise continue re-
Covery. Continue
Init Targ

REC_TOV* is zero.

Error Recovery

The ACC for the REC indicates the initiator holds Sequence Initiative and the Exchamge
is open. The initiator sends an SRR requesting the FCP_XFER_RDY be resent. The
get resends the FCP_XFER_RDYuusing the same Relative Offset. A new SEQ_ID i$
used for retransmission of the FCP_XFER_RDY. For in-order delivery, the value of

SRR

ACC

tar-

FCP_XFER_RDY (RO=0)

Init

Targ

Figure C.5 - FCP_XFER_RDY Lost, Unacknowledged Classes
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Error Detection
FCP_CMND

FCP_XFER_RDY
(RO=0)
X4¢—

ABTS (Sequence)

E_D_TOV

d1

A_

> P>~ — 1 R ATOV
ACK |

I
I
I
-

-

Continue
Init * Targ
Error.Recovery

—or acknowledged classes, the BA_ACC indicates that the FCP_XFER_RDY was nevs
ceived by the initiator. The BA_ ACC payload is SEQ_ID invalid, low SEQ_CNT =0, hi
SEQ_CNT = SEQ_CNT in ABTS frame = 1. Both target and initiator establish Recove
Pualifiers. The value for R_A_TOV* for in-order delivery is zero. A new SEQ _ID is use
he retransmission of FCP.AXFER_RDY. The use of REC to determine status for error rq
bry is optional.

I re-
hh
Y
din

PCOV-

SRR
-1
ACK
- — — — — — — — — 4
ACC
-
ACK
___________ _>
FCP_XFER_RDY (RO=0)
ACK
___________ _>
Init Targ

Figure C.6 - FCP_XFER_RDY Lost, Acknowledged Classes
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Error Detection

FCP_CMND
-
ACK
- — — — — —
FCP_XFER_RDY
(RO=0) E_D_TOV
-t El
ACK I
- — — X I
I
- ABTS (Sequence) -
ACK
_______ _>
BA_ACC
- — — — 1 RATOW
ACK |
* - - -~ Reclaim
| Initiator
Exchange continues gi;ﬁg::y
No recovery needed
Init Targ

No Error Recovery

The BA_ACC indicates:that the FCP_XFER_RDY was received by the initiator.
The BA_ACC payload is SEQ_ID valid, SEQ_ID = SEQ_ID of the
FCP_XFER_RDY frame, low SEQ_CNT = high SEQ_CNT = SEQ_CNT of the
ABTS frame.NoO error recovery is required. There is no need for the target to issue
the RRQ since no Recovery Qualifier was established by the initiator in this case.
It still lets R_A_TOV* expire before reclaiming the resources associated with its
Recoyery Qualifier. The value of R_A_TOV* for in-order delivery is zero. The use
of REC to determine status for error recovery is optional.

Figure C.7 - FCP_XFER_RDY Received, ACK Lost, Acknowledged Classes
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Error Detection

in12.4.1.5.

after FCP_RSP is transmitted.

Error Recovery

REC_TOV FCP_CMND
r— -1
[ FCP_RSP
| Xe——— — — -
I | RR_TOV
|
L gl REC > :
x ACC
' REC_TOV* - v
Wait REC_TOV. If FCP_RSP |
ig returned, continue with the |
Ekchange. (ACCto REC ar- L _p
rived before FCP_RSP was .
sént). Otherwise, perform error Continue
rgcovery.
Init Targ

The ACC for the REC indicates the initiator holds Sequence Initiative and the Exchange
is complete. The initiator sends an SRR requesting.the FCP_RSP be resent. The targgt
retransmits the FCP_RSP. For in-order delivety, the value of REC_TOV* is zero.
For Sequence level recovery, the target keeps the context of this Exchange as defing

For Exchange level recovery, the context of the Exchange can be purged by the targd

[@X

—

SRR
-
ACC
-
FCP_RSP
¢
ACK
___________ _>
Init Targ

Figure C.8 - FCP_RSP Lost, FCP_CONF not requested, Unacknowledged Classes



https://iecnorm.com/api/?name=f288193f7292637df44f3623e17d2c58

106

14776-222 © ISO/IEC:2005(E)

Error Detection
FCP_CMND

FCP_RSP

X—1"

D_TOV

a1

ABTS (Sequence)

g

-
I
I
I
I

Init

Erfor Recovery

BA_ACC to ABTS indicates that the-ECP_RSP was never received by the initiator. The
oad is SEQ_ID invalid, low SEQ_CNT =0, high SEQ_CNT =SEQ_CNT in ABTS frame
Both initiator and target establish Recovery Qualifiers. The value of R_A_TOV* for in-grder
Jelivery is zero. A new SEQLID is used in the retransmission of FCP_RSP.
he use of REC to determine status for error recovery is optional.

R_A_TOV

pay-
=1

SRR
-1
ACK
- — — — — — — — —
ACC
-
ACK
__________ _>
FCP_RSP
<t
ACK
___________ _>
Init Targ

Figure C.9 - FCP_RSP Lost, FCP_CONF not requested, Acknowledged Classes
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Error Detection

FCP_CMND

FCP_RSP
X€——-

ransmission of FCP_RSP.

Init

Error Recovery

= "
|
< ABTS (Sequence) | o

BA_ACC to ABTS indicates that the FCP /RSP was never received by the initiator. The
oad is SEQ_ID valid, SEQ_ID = SEQ_ID.of FCP_DATA Sequence, low SEQ_CNT =x,
SEQ_CNT = SEQ_CNT in ABTS frame. Both initiator and target establish Recovery Qu
brs. The value of R_A_TOV* for in-order delivery is zero. A new SEQ_ID is used in the

he use of REC to determine.status for error recovery is optional.

pay-
high
jalifi-
re-

SRR
-1
ACK
- scc
-
ACK
__________ _>
FCP_RSP
-
ACK
___________ _>
Init Targ

Figure C.10 - FCP_RSP Lost Read Command, no FCP_CONF, Acknowledged Classes
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Error Detection

Acknowledged Classes

FCP_CMND
-
ACK
- — — — — — -
FCP_RSP
ACK 1
X [ ED_TOV
< /::BTS (Sequence) ¢
ACK
_______ _>
BA RJT
i > R_A FOV*
ACK | A
. — — — = — - | \
Réclaim
Target
. Recovery
Init Tar o
g Qualifier

No Error Recovery

The BA_RJT for the ABTS indicates.with reason code of Logical Error and
the reason explanation code of Invalid OX_ID - RX_ID Combination that the
Exchange is unknown and therefore complete. No error recovery is required.
The target establishes a Recovery Qualifier. The associated resources can-
not be reused for a period>of R_A_TOV. For in-order delivery, the value of
R_A_TOV*is zero. Thetarget does not need to issue RRQ as no Recovery
Qualifier was established by the initiator.

Figure C.11 - FCP_RSP Received, ACK Lost, Acknowledged Classes, Example 1
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Error Detection

FCP_CMND, OX_ID=j, RX_ID=FFFFh

———————— X

- — 1

—_d

| E_D_TOV

For in-order delivery, the

re - -1
EDTOV |
|
ACK
| — - - — - - — — - — — — — >
ACK, OX_ID=j, RX_ID=c
E| D_TOV Timerv e A L=
stops
BA_RJT (Logical Error, Invalid OX_ID - RX_ID)
-
<« — — — — — Ak (O

€
ABTS (Sequence),
NV OX_ID=j, RX_ID=h
FOF_CNVIND UA T RAID=FTT N

- — — — "7

\

Reclaim Target
Recovery Qualifier

No Err@r Recovery

value of R_A_TOV* is zero.

R_A_TOV*

The BA_RJT for the ABTS indicates that the Exchange is unknown and therefore complete
and no error recovery is required: The target establishes a Recovery Qualifier. The aspoci-
ated resources cannot be reused for a period of R_A_TOV.
No action is taken on ABTS,until the ACK to the outstanding Sequence has been receiyed,
allowing the analysis ta@ take into consideration the RX_ID, to eliminate ambiguity.

The target need notiissue RRQ, as no Recovery Qualifier was established by the initiator.

Figure C.12 - FCP_RSP Received, ACK Lost, Acknowledged Classes, Example 2
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Error Detection

FCP_CMND

-1
FCP_XFER_RDY

(RO=0)
)

FCP_DATA
(seg=1, cnt=0, RO=0)
FCP_DATA
REC_TOV (seg=1, cnt=1)

r— +——>X

| REC
L L
ACC

Con*tinue
Init Targ

Error Recavery

[The ACC for the REC indicates the target does not hold Sequence Initiative and the Ex-
change is open. The initiator sends an SRR requesting an FCP_XFER_RDY be resent us-
ing the specified Relative Offset. The tatget retransmits the FCP_XFER_RDY using the
specified Relative Offset. New SEQ.IDs are used for FCP_XFER_RDY and FCP_DATA re-
transmission.

SRR (RO=0)

|
ACC

A

FCP_XFER_RDY (RO=0)

FCP_DATA (seg=2, cnt=0, RO=0)

FCP_DATA (seq=2, cnt=1)

Figure C.13 - Lost Write Data, Last Frame of Sequence, Unacknowledged Classes
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Error Detection

Zero.

FCP_CMND
-
<_ ________ A_CK_ —_— =
FCP_XFER_RDY(RO=0)
-t
ACK
————————————— -
FCP_DATA (seg=1, cnt=0, RO=0)
FCP_DATA (seqg=1, cnt=1)
r— - X
E_D_TOV ABTS (Sequence)
L -
4_ ________ A_CK_ _——
BA_ACC
,_
| [ e >
| REC >
| - ACC
R A TOV* | Cl Continue
T I
| RRQ
L — _>
ACE -
<t Continue

y

Error:Recovery

Using the information contained in the REC, the recovery may be performed as in figure
C.13. The BA_ACC may also be used.The payload is SEQ_ID = valid, SEQ_ID = SE(Q
of FCP_CMND, low SEQ_CNT of 0, high SEQ_CNT of 2.
New SEQ _IDs are used for retransmitting FCP_XFER_RDY and FCP_DATA. ACKs f
REC/ACC and RRQ/ACC are.not shown. The value of R_A_TOV* for in-order delivery

SRR (RO=0)

FCP_DATA (seg=2, cnt=0, RO=0)

D

S

FCP_DATA (seq=2, cnt=1)

Figure C.14 - Lost Write Data, Last Frame of Sequence, Acknowledged Classes
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Error Detection

FCP_CMND
-1
FCP_XFER_RDY (RO=0)
-
FCP_DATA (seg=1, cnt=0, RO=0)
-
EFCP _DATA (seq=1, cnt=1)
r— — >
REC_TOV
| REC
L— B L
ACC
- .
Continue
Init Targ

Error Recovery

[The ACC for the REC indicates the target does not hold Sequence Initiative and the Ex-
change is open. The initiator sends an-SRR requesting an FCP_XFER_RDY be resent us-
ing the specified Relative Offset. The\target retransmits the FCP_XFER_RDY using the
specified Relative Offset. New SEQ%IDs are used for FCP_XFER_RDY and FCP_DATA re-
transmission.
If the lost frame arrives at the'target prior to the expiration of REC_TOV, the Exchange|pro-
ceeds and no recovery is.required.

SRR (RO=0)

-
ACC

-
FCP_XFER_RDY (RO=0)

FCP_DATA (seg=2, cnt=0, RO=0)

FCP_DATA (seq=2, cnt=1)

Figure C.15 - Lost Write Data, Not Last Frame of Sequence, Unacknowledged Classes
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Error Detection

Z€ero.

FCP_CMND -
<_ ________ A_CK_ —_— -
FCP_XFER_RDY(RO=0)
Bl
| AK >
FCP_DATA (seg=1, cnt=0, RO=0)
FCP_DATA (seg=1, cnt=1)
r= = g E_D_TOV
|
‘ — === === === SeourenceError-by
E_D _TOV | | ABTS (Sequence) If all frames arrive-a
- L get prior to)E-D_T
- — — — — — — — = ACK . _ of ordef)|then there
BA_ACC
- ¢ - ror and no rgcgver
I | AK > quired.
| REC >
I
ACC
R_A_TOV* : - Cl Continue
| RRQ
L — _>
- ACC -
Continue

Error-Recovery

CNT 0f{0; high SEQ_CNT of 2.

SRR (RO=0)

FCP_DATA (seg=2, cnt=0, RO=0)

Using the information contained in the:REC, the recovery may be performed as in figure
C.15. The BA_ACC may also be used. The payload is SEQ_ID = valid, SEQ_ID = SE(Q
of FCP_CMND, low SEQ __
New SEQ _IDs are used for retransmitting FCP_XFER_RDY and FCP_DATA. ACKs f
REC/ACC and RRQ/ACC are'not shown. The value of R_A_TOV?* for in-order delivery

etected)
the tar-
DV (out
isno er-
y is re-

D

S

FCP_DATA (seq=2, cnt=1)

Figure C.16 - Lost Write Data, Not Last Frame of Sequence, Acknowledged Classes
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FCP_CMND

-1
FCP_DATA
(seg=1, cnt=0, RO=0)
FCP_DATA
(seg=1, cnt=1)

REC_TOV*

REC_TOV*is zero.

uses a new SEQ_ID.

fFCP_DATA (seq=1, cnt=1) isreceived r — -
during REC_TQV, then no error oc-
curred and the Exchange is completed. |
For in-order delivery, the value of

L

X~

FCP_RSP

REC

-
ACC

SRR (RO=0)

Continue

Init * Targ

Error Recavery

The ACC for the REC indicates the target does not hold Sequence Initiative and since{no

FCP_CONF was requested, the Exchange is complete. The FC4VALUE specified in the REC
IACC is less than the initiator’s data transfer count, thus the initiator sends an SRR requiest-
ing an FCP_DATA be resent using the'specified Relative Offset. FCP_DATA retransmispion

|
ACC

FCP_DATA (seg=2, cnt=0, RO=0)

FCP_DATA (seg=2, cnt=1)

A A AL

FCP_RSP

Figure C.17 - Lost Read Data, Last Frame of Sequence, Unacknowledged Classes
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-
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I
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Continue

Error-Recovery

bing the information contained in the REES’the recovery may be performed as in figure
e BA_ACC may also be used because'it indicates that the FCP_DATA Sequence was;
mpletely received. The payload is SEQ _ID = invalid, low SEQ_CNT of 0, high SEQ_GC
BTS frame.

bw SEQ_IDs are used for retransmitting FCP_DATA. ACKs for REC/ACC and RRQ/AC

t shown. The value of RATOV* for in-order delivery is zero.
SRR (RO=0)
-
4_ ______ AEK_ -
< ACC
ACK
_________ _>

FCP_DATA (seg=2, cnt=0, RO=0)
FCP_DATA (seg=2, cnt=1)

C.17.
5 not
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C are

ACK
_________ _>
FCP_RSP
¢
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__________ _>

Figure C.18 - Lost Read Data, Last Frame of Sequence, Acknowledged Classes
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-
FCP_DATA
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REC_TOV*

REC_TOV*is zero.

uses a new SEQ_ID.

fFCP_DATA (seg=1, cnt=0) isreceived - — |-
during REC_TQV, then no error oc-
curred and the Exchange is completed.
For in-order delivery, the value of
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ACC
Continue

Init * Targ

Error Recavery

The ACC for the REC indicates the target does not hold Sequence Initiative and since
FCP_CONF was requested, the Exchange is complete. The FC4VALUE specified in the REC
IACC is less than the initiator’s data transfer count, thus the initiator sends an SRR requiest-
ing an FCP_DATA be resent using the'specified Relative Offset. FCP_DATA retransmispion

|
ACC

FCP_DATA (seg=2, cnt=0, RO=0)

FCP_DATA (seg=2, cnt=1)

A A AL

FCP_RSP

no

Figure C.19 - Lost Read Data, Not Last Frame of Sequence, Unacknowledged Classes
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BTS frame.

ErrorRecovery
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FCP_DATA (seg=2, cnt=0, RO=0)
FCP_DATA (seg=2, cnt=1)

bing the information contained in the REC;the recovery may be performed as in figure
e BA_ACC may also be used because.it indicates that the FCP_DATA Sequence was;
mpletely received. The payload is SEQ_ID = invalid, low SEQ_CNT of 0, high SEQ_G

bw SEQ_IDs are used for retransmitting FCP_DATA. ACKs for REC/ACC and RRQ/AC
t shown. The value of R_ANFOV* for in-order delivery is zero.
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Figure C.20 - Lost Read Data, Not Last Frame of Sequence, Acknowledged Classes
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Acknowledged Classes
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he initiator has received the FCP,_ DATA frame or Sequence. No error recovery is reqy
he BA_ACC indicates the FCR2DATA Sequence was received (Payload is SEQ _ID v
EQ_ID value = SEQ_ID value of FCP_DATA Sequence, low SEQ_CNT = high SEQ _(
SEQ_CNT of ABTS frame).

he target establishes' its Recovery Qualifier. The resources associated with the RecoV

he issuance of RRQ is optional as no Recovery Qualifier was established by the initiat
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Figure C.21 - ACK Lost on Read (Acknowledged Classes)
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