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INFORMATION TECHNOLOGY -
SMALL COMPUTER SYSTEM INTERFACE (SCSI) -

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

FOREWORD
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10)

ISO (International Organization for Standardization) and IEC (International Electrotechnical Commission) form
specialized system for worldwide standardization. National bodies that are members of ISO or IEC participat

the
P in

the development of International Standards. Their preparation is entrusted to technical committees;any ISO and

IEC member body interested in the subject dealt with may participate in this preparatory work. hternatig
governmental and non-governmental organizations liaising with ISO and IEC also participate in this preparatio

In the field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JT(
Draft International Standards adopted by the joint technical committee are circulated to_national bodies for votl
Publication as an International Standard requires approval by at least 75 % of the mpational bodies casting a vo

The formal decisions or agreements of IEC and ISO on technical matters-express, as nearly as possible,
international consensus of opinion on the relevant subjects since each technical committee has representa
from all interested IEC and ISO member bodies.

IEC, ISO and ISO/IEC publications have the form of recommendations for international use and are accepted
IEC and ISO member bodies in that sense. While all reasonable efforts are made to ensure that the techn
content of IEC, ISO and ISO/IEC publications is accurate, IEC or ISO cannot be held responsible for the wa
which they are used or for any misinterpretation by any end\user.
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In order to promote international uniformity, IEC and-ISO member bodies undertake to apply IEC, ISO and

ISO/IEC publications transparently to the maximum extent possible in their national and regional publications.
divergence between any ISO/IECpublication afid the corresponding national or regional publication should
clearly indicated in the latter.

ISO and IEC provide no marking procedure to indicate their approval and cannot be rendered responsible for
equipment declared to be in conformity with an ISO/IEC publication.

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 exp
and members of their\technical committees and IEC or ISO member bodies for any personal injury, prop
damage or other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fe
and expenses arising out of the publication of, use of, or reliance upon, this ISO/IEC publication or any other |
ISO or ISO/IE€ publications.

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

Attention is drawn to the possibility that some of the elements of this International Standard may be the subjeq
patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.
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International Standard ISO/IEC 14776-223 was prepared by subcommittee 25: Interconnection of informa-
tion technology equipment, of ISO/IEC joint technical committee 1: Information technology.

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

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

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

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

Thip standard is divided into the following clauses:

Clause 1 is the scope of this standard.

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

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

Clause 4 provides an overview of the protocol for transmitting SCSI information,over Fibre Channel.

Clause 5 describes the Information Units used to transfer SCSI commands,) data and status across a Fipre
Channel connection.

Clause 6 describes the Basic Link Services and Extended Link Seryices used by the protocol for transmitting
SCSI information over Fibre Channel.

Clause 7 describes the FC-GS-4 Name Server objects defined for FCP-3.

Clause 8 describes the FCP FC-4 Link Service definitions for the protocol for transmitting SCSI information
pver Fibre Channel.

Clause 9 describes the details of the Information,Unit formats.

Clause 10 defines the SCSI management features for Fibre Channel, including the SCSI mode pages uged
by the protocol for transmitting SCSI information over Fibre Channel.

Clause 11 defines the timers used(for-FCP-3 error recovery algorithms.
Clause 12 defines the error recovery algorithms for FCP-3.
The Fibre Channel Protocol forSCSI, Third revision (FCP-3) standard has the following annexes:

Annex A is a normative) description of the relationship between the services defined by SAM-3 and the
corresponding functions defined by this standard.

Annex B is ansinformative annex that provides examples of the protocol for transmitting SCSI informatjon
pver Fibre Channel.

Annex-Ciis“an informative annex providing examples of the FCP-3 error recovery mechanisms.

Annex D is an informative annex describing techniques for discovering SCSI device capabilities over Fipre
hannel

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

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

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

1 Scope

(E).

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

services and the defined Information Units (IUs) are used to perform the services defined by the o

version, removes information that is now contained in other standards, and describes additional e
recovery capabilities for the Fibre Channel Protocol.

2 Normative references

The following referenced documents are indispensable for the application of this"document. For da
references, only the edition cited applies. For undated references, the latest edition of the referen
document, including any amendments, applies.

The provisions of the referenced specifications other than ISO/IEC, IEEC) 1SO and ITU documents,
identified in this clause, are valid within the context of this International-Standard. The reference to suc
specification within this International Standard does not give it any. further status within ISO or IEC
particular, it does not give the referenced specification the status-of an International Standard.

ISO/IEC 14165-122, Information technology - Fibre Channel: Part 122: Arbitrated Loop - 2 (FC-AL-2)
[INCITS 332:1999]

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

ISO/IEC 14165-261, Information technology ~‘Fibre Channel - Part 261: Link Services (FC-LS) (under c
sideration) [ANSI/INCITS 433-2007]

[ANSI/INCITS 414-2007]

ISO/IEC 14165-341, Information technology - Fibre Channel - Part 341: Device Attach (FC-DA) (un
consideration) [INCITS TR=36-2004]

ISO/IEC 14776-413, Information technology - Small Computer System Interface - Part 413: SCSI Archit
ture Model - 3 (SAM-3)[ANSI/INCITS 402-2005]

ISO/IEC 14776453, Information technology - Small Computer System Interface - Part 453: SCSI Archit
ture Model <S€SI Primary Commands-3 (SPC-3)(under consideration) [ANSI/INCITS 408-2005]

INCITS\Rroject 1683-D, SCS/ Architecure Model - 4 (SAM-4)
SEF document SFF-8067, 40-pin SCA-2 Connector w/Bidirectional ESI

ISO/IEC 14165-414, Information technology - Fibre Channel - Part 414: Generic Services - 4 (FC-GS-4

LS|

Architecture Model - 3 (SAM-3). This third version includes additions and clarifications to the.'secgnd
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10 Definiti bhreviati I .

3.1 Terms and definitions

3.1.1 acknowledged class: Any class of service that acknowledges transfers (e.g., Class 1, Class 2, and

Class 4). See FC-FS-2.

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

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

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

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

3.1.8 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-3.

3.1.9 Data-In delivery service: A confirmed service used by the device server to request|the transfer|of data
to the application client. See SAM-3.

3.1.10 Data-Out delivery service: A confirmed service used by the device serverto request the trapsfer of
data from the application client. See SAM-3.

3.1.11 Data frame: An FC-4 Device_Data frame, an FC-4 Video_Data framie/ or a Link_Data frame. See FC-
FS-2.

3.1.12 data overlay: The use of random buffer access capability ‘where data is transmitted using thg¢ same
application client buffer offset more than one time during the setof delivery actions performed by g single
command. See SAM-3.

3.1.13 Destination_ldentifier (D_ID): The address identifier used to indicate the destination of the trangmitted
frame. See FC-FS-2.

3.1.14 device server: An object within the logical unit that processes SCSI tasks and enforces the ryles for
task management. See SAM-3.

3.1.15 discard: The term used in FC-FS-2-to describe removing a frame or sequence from the des}ination
buffer without making use of the frame or sequence and without notifying upper layers of the receipt of th¢ frame
or sequence. See FC-FS-2.

3.1.16 Exchange: The basic mechanism that transfers information consisting of one or more relatgd non-
concurrent Sequences that may flow in the same or opposite directions. The Exchange is identifieq by an
Originator Exchange_ID fOX/_ID) and a Responder Exchange_Identifier (RX_ID). See FC-FS-2.

3.1.17 Execute Command service: A peer-to-peer, confirmed service requested by the application ¢lient to
perform a SCSI Command. See SAM-3.

3.1.18 FCP,Exchange: A SCSI I/O operation for the Fibre Channel FC-2 layer. The SCSI I/O operation for
Fibre Channel is contained in a Fibre Channel Exchange. See FC-FS-2 and 4.1.

3.1.19FCP I/O operation: A SCSI I/O operation for the Fibre Channel FC-4 layer, as defined in this standard.
3.1:20 FCP_Port: An N_Port or NL_Port that supports the SCSI Fibre Channel Protocol.

UI1Yy qu el ex

I/0 operation. See 4.16.

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

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

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

3.1.26 initiator: A SCSI device containing application clients that originate device service requests and task
management functions to be processed by a target SCSI device. In this standard, the word initiator also refers

to 4

3.1
3.

31
opH

3.1

Channel link such as an FC-AL-2 loop. See 10.2.1.

31
imp
3.1
31
init

3.1

Se
31

Common Transfer (CT) protocol as defined in FC-GS-4 to allow a client to determine the address identifier

pro
3.1

3.1
loo

3.1
Re

3.1

Se¢ FC-FS-2.

3.1
3.1

3.1

AdIress_Authority Identifier, used to identify entities in Fibre Channel such as N_Port, Node, F_Port, or Fab|

n FCP_Port using the Fibre Channel Protocol to perform the SCSI initiator functions defined by SAM<3.

27 initiator port identifier: A value by which a SCSI initiator port is referenced within a domain..See SA

28 initiator port name: A SCSI port name of a SCSI initiator port or of a SCSI target/injtiator port wh
rating as a SCSI initiator port. See SAM-3.

29 interconnect tenancy: The period of time that an FCP device owns or may 'd@ccess a shared Fi

lements a device model and manages tasks to process commands sentby-an application client. See SAM
31 logical unit number: An encoded 64-bit identifier for a logical uhit. See SAM-3.

32 loop initialization primitive: A primitive used in Fibre“Channel arbitrated loops to start Iq
alization. See FC-AL-2.

33 Name_ldentifier: A 64-bit identifier, with a 60-bit value preceded with a 4 bit Netwo

FC-FS-2.

34 Name Server: A Fibre Channel service acgessed through a well-known address identifier that uses

perties of devices attached to a Fibre Channel switching fabric. See FC-GS-4.

35 Node_Name: A Name_ldentifierassociated with a Node. See FC-FS-2.

b topology. See FC-AL-2.

37 N_Port: A hardwareentity that supports the FC-FS-2 FC-2 layer. It may act as an Originator
Eponder, or both. SeeFC-FS-2.

38 Originator:Jhe logical function associated with an N_Port responsible for originating an Exchan

39 Originator Exchange ldentifier: An identifier assigned by an Originator to identify an Exchange. S
50 and-FC-FS-2.

M-

en

pre

30 logical unit: A SCSI target device object, containing a device servér and task manager, that

3.

op

rk_
ric.
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36 NL_Port: An N_Port that centains arbitrated loop functions associated with the Fibre Channel arbitrated

, a

ge.

ee

or

40) Port Identifier: An address identifier (see 3.1.2) assigned to an N_Port or NL_Port during implici

explicit Fabric Login (see FC-LS).

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

3.1

.42 Port_Name: A Name_ldentifier associated with an N_Port or an NL_Port.
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3.1.43 private loop: A loop operating with no attached fabric loop ports. See FC-DA.
3.1.44 public loop: A loop operating with an attached fabric loop port. See FC-DA.

3.1.45 random buffer access: The occurrence of device server data transfer requests that reque

st data

transfers to or from segments of the application client’s buffer with an arbitrary offset and extent. See SAM-3.

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

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

and FCP 1/O operation. See 12.3.

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

3.1.49 Responder: The logical function in an N_Port responsible for supporting the Exchange initiated
Originator in another N_Port. See FC-FS-2.

3.1.50 Responder Exchange Identifier: An identifier assigned by a Responder to identify,an Excharl
meaningful only to the Responder. See FC-FS-2.

3.1.51 sense data: Data returned to an application client as a result of an autosense operation or RE
SENSE command. See SPC-3.

3.1.52 Sequence: A set of one or more Data frames with a common Seduénce_ID (SEQ_ID), tran

SAM-3.
by the

ge and

DUEST

smitted

unidirectionally from one N_Port to another N_Port with a corresponding\response, if applicable, transnjitted in

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

3.1.53 Source_ldentifier (S_ID): The address identifier used/to ‘indicate the source port of the tran
frame. See FC-FS-2.

3.1.54 SCSI device: A device that originates or servicessSCSI commands. See SAM-3.

3.1.55 SCSI /O operation: An operation defined bya SCSI command, a series of linked SCSI commdg
a task management function. See SAM-3.

3.1.56 SCSiI initiator port: A SCSI initiator. device object that acts as the connection between app
clients and the service delivery subsystem through which requests, indications, responses, and confir
are routed (see SAM-3). In all cases when-this term is used it refers to an initiator port or a SCSI target/
port operating as a SCSI initiator port_in this standard, the term SCSI initiator port also refers to an FC
using the Fibre Channel protocol to jperform the SCSI initiator port functions defined by SAM-3.

3.1.57 SCSiI target port: A:SCSI target device object that contains a task router and acts as the con
between device servers andtask managers and the service delivery subsystem through which indicatig
responses are routed (see SAM-3). In this standard, the term SCSI target port also refers to an FCP_Po
the Fibre Channel protocol to perform the SCSI target port functions defined by SAM-3.

3.1.58 status:"A-single byte returned by the device server to the application client to indicate the con
and completion state of a command. See SAM-3.

3.1.59 <tag: The application client specified component of a task identifier that uniquely identifies o
among-the several tasks coming from an application client to a logical unit. The fully qualified exchange id
performs the function of the SCSI tag in this standard. See 4.16 and SAM-3.
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3.1.60 target port identifier: An address identifier (see 3.1.2) that a SCSI initiator port uses to identify the

SCSI target port. See SAM-3.

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

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

3.1.63 task attribute: The queuing specification for a task (e.g., SIMPLE, ORDERED, HEAD OF QUEUE,
ACA). See SAM-3.

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

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

3.1
FC

3.1
bin

3.1
refe

3.1
3.2

FS-2.

Abbreviations
ABTS

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

Abort Sequence (see FC-FS-2).

67 Worldwide_Name: A Name_Identifier that is worldwide unique, and represented by a 64-bit|unsigned
bry value. See FC-FS-2.

68 word: A string of four contiguous bytes occurring on boundaries that are zero modulg.4/ffom a specified
rence. See FC-FS-2.

fed

pric

CesS

CRN Command Reference Number (see 4.4 and 9.2¢2.2).

D ID Destination_Identifier (see 3.1.13).

FLS Extended Link Service (see FC-LS).

FC Fibre Channel (see FC-FS-2).

FC-AL-2 ISO/IEC 14165-122, Informationtechnology - Fibre Channel - Part 122: Arbitra
Loop - 2 (FC-AL-2) (see 2).

FC-FS-2 ISO/IEC 14165-252, Information technology - Fibre Channel - Part 252: Framing &nd
Signaling Interface +2(FC-FS-2) (see 2).

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

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

FCP Refers to this standard.

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

FCP-3 This standard (Fibre Channel Protocol for SCSI, third version).

FC-4 Fibre Channel Layer 4 mapping layer (see FC-FS-2).

FLOGI Fabric Login ELS (see FC-LS).

FQXID fully qualified exchange identifier (see 3.1.21).

ID identifier

U Information Unit (see 3.1.25).

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

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

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

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

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

LOGO Log Out ELS (see FC-LS).

NA Not Applicable

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

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

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

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

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

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

SAM-3 ISO/IEC 14776-413, Information technology >~Small Computer System In
(SCSI) - Part 413: Architecture Model - 3 (SAM-3) [INCITS Project 1561D] (se

SCsi Small Computer System Interface, any revision.

S_ID Source_ldentifier (see 3.1.53).

SPC-3 IISO/IEC 14776-453, Information~technology - Small Computer System Intg

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

SRR Sequence Retransmission Request FC-4 Link Service (see 8.2).
TPRLO Third Party Process-Logout ELS (see FC-LS).
ULP upper layer protoeol (see FC-FS-2).

3.3 Keywords

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

3.3.2 invalid: A keyword used to describe an illegal or unsupported bit, byte, word, field or code
Receipt of an invalig:-bit; byte, word, field or code value shall be reported as error.

3.3.3 ignored:7A keyword used to describe a bit, byte, word, field or code value that shall not be ex
by the receiving”SCSI device. The bit, byte, word, field or code value has no meaning in the specified ¢

terface
P 2).

rface -
NCITS

models

value.

hmined
bntext.

3.3.4 _mandatory: A keyword indicating an item that is required to be implemented as defined in this standard.

3.3.5~"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 not”).

‘may or

3.3.7 obsolete: A keyword indicating that an item was defined in a prior SCSI standard but has been removed

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

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

3.3.10 restricted: A keyword referring to bits, bytes, words, and fields that are set aside for use in other SCSI
stapdards. A restricted bit, byte, word, or field shall be treated as a reserved bit, byte, word or field 1or the
purposes of the requirements defined in this standard.

3.3|]11 shall: A keyword indicating a mandatory requirement. Designers are required to implement/all suich
mapdatory requirements to ensure interoperability with other products that conform to this.standard. This
stapdard prescribes no specific response by a component if it receives information that violates a mandatpry
behavior.

3.3|]12 should: A keyword indicating flexibility of choice with a strongly preferred alternative; equivalent to the
phrase ‘it is strongly recommended”.

3.4 Editorial conventions

Certain words and terms used in this standard have a specific meaning béyond the normal English meaning.
These words and terms are defined either in 3.1 or in the body of the standard where they first appear. Na%es

of gommands, statuses, task management functions, task attributes{Information Units, sense keys, additional
serlse codes, and additional sense code qualifiers are in all uppercase (e.g., REQUEST SENSE). Lowercase
is Ysed for words having the normal English meaning.

The names of fields are in small uppercase (e.g., ALLOCATION LENGTH). When a field name is a concatenation of
acrpnyms, uppercase letters may be used for readability (e.g., NORMACA). Normal case is used when the
corftents of a field are being discussed. Fields confaining only one bit are usually referred to as the NAME] bit
insfead of the NAME field. Where fields defined‘in another standard are referenced in this standard, fhe
cagitalization conventions of the originating standard are used.

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 lettersjimmediately followed by lower-case h (FA23h) are hexadecimal values.

In gll 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 hyte-order are as specified in FC-FS-2.

The ISO convention~ofnumbering is used (i.e., the thousands and higher multiples are separated by a spage).
A cpmma is used. as the decimal point. A comparison of the American and ISO conventions is shown below:

SO 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 between the listed items.
Numbered lists (e.g., 1-red, 2-blue, 3-green) show an ordering relationship between the listed items.
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If a conflict arises between text, tables, or figures, the order of precedence to resolve the conflicts is text, then
tables, and finally figures. Exceptions to this convention are indicated in the appropriate subclauses. Not all

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

Structure and concepts

Fibre Channel (FC) is logically a point-to-point serial data channel. The architecture has been designed so that
it may be implemented with high performance hardware that requires little real-time software management. The
Fibre Channel Physical layer (FC-2 layer) described by FC-FS-2 performs those functions required to transfer
data from one N_Port or NL_Port to another. In this standard, N_Ports and NL_Ports capable of supporting Fibre
Channel Protocol transactions are collectively referred to as FCP_Ports. The FC-2 layer may be treated as a
very powerful delivery service with information grouping and several defined classes of service.

A spwitching fabric allows communication among more than two FCP_Ports.

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

An |FC-4 mapping layer uses the services provided by FC-FS-2 to perform the functions defined by the FQ

Th
tha

The detailed implementation that supports that stream is not defined by this standard: Originator and Respon

FC
chdg
are|

Thi

O 0O O QO

protocol is described in terms of the stream of FC IUs and Exchanges generated by/a“pair of FCP_Pq
support the FC-4.

P_Ports are assumed to have a common service interface, for use byall FC-4s, that is similan
racteristics to the service interface defined in FC-FS-2. The requirements for the service interface for S
contained in SAM-3.

5 standard defines four kinds of functional management:

) device management;
) task management;

Process Login and Process Logout management; and
) link management.

on

4.
rts

Her

LS|

The Fibre Channel Protocol device and task management protocols define the mapping of the SCSI functipns

def]
FC
sta
Exq
prin

ned in SAM-3 to the Fibre Channel interface_defined by FC-FS-2. Link control is performed by stand

ard

ndard. The 1/O operation defined by SAM-3 is mapped into a Fibre Channel Exchange. A Fibre Cha

hitives of an I/O operation are mapped into Information Units (IUs) as shown in table 1.

FS-2 protocols. The task management functions defined by SAM-3 are mapped as described in 4.9 ofrlhis

nel

hange carrying information for a SCSI' I/O operation is an FCP Exchange. The request and respofse
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Table 1 - SCSI and Fibre Channel Protocol functions

SCSI function FCP equivalent
1/0 operation Exchange
Protocol Service request and response Sequence
Send SCSI Command request Unsolicited command IU (FCP_CMND)
Data delivery request Data descriptor IU (FCP_XFER_RDY)
Data delivery action Solicited data IU (FCP_DATA)
Send Command Complete response Command status IU (FCP_ RSP)
REQ/ACK for Command Complete Confirmation IU (FCP_CONF)

The number of Exchanges that may simultaneously be open between aninitiator FCP_Port and 3
FCP_Port is defined by the FC-FS-2 implementation. The architecturahlimit for this value is 65 53

target
5. The

maximum number of active Sequences that may simultaneously be opeh between an initiator FCP_Poft and a

target FCP_Port is restricted by the allowable range of values of the<Sequence ID to 256, as defined in
2. To allow task management Exchanges to be originated, a certain number of extra Exchange IDs and
one extra Sequence_ID should always be available.

4.2 FCP I/O operations

-C-FS-
at least

An application client begins an FCP 1/O operation when it invokes a Send SCSI Command SCSI transport

protocol service request or a Send Task Management Request SCSI transport protocol service reque
SAM-3). The Send SCSI Command SCSI transport protocol service request conveys a single request
of linked requests from the application clientto the FCP service delivery subsystem. Each request cont
the information necessary for the processing of one SCSI command or task management function, inclug
local storage address and characteristics of data to be transferred by the SCSI command. The Fibre C
Protocol then performs the following actions using FC-FS-2 services to perform the SCSI command
management function. The processing of the individual steps of the protocol is consistent with th
architectural model as defined by SAM-3.

The FCP_Port that is the initiator for the command starts an Exchange by sending an unsolicited comn

st (see
Dr a list
ains all
ing the
hannel
or task
p SCSI

and U

containing the FCRZCNMND IU payload, including some command controls, addressing information, and the

SCSI command descriptor block (CDB). The initiator FCP_Port sends the FCP_CMND IU payload to inv
Send SCSI Gommand SCSI transport protocol service request (see SAM-3) and start the FCP 1/0 op
The Exchange that is started is identified by its fully qualified exchange identifier (FQXID) during the ren
of the FCP'1/O operation and is used only for the IUs associated with that FCP I/O operation. See 4.16.

When the device server has interpreted the command, has determined that a write operation is required

bke the
pration.
nainder

and is

prepared to request the data delivery service, it sends a data descriptor IU containing the FCP_XFER _

RDY U

payload to the initiator indicating which portion of the data is to be transferred. The initiator FCP_Port then

transmits a solicited data IU to the target containing the FCP_DATA IU payload requested

by the

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

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

Whenthe device server has interpreted the command and has determined that bidirectional transfer 1S required,
it sglects the first FCP_DATA IU to be transferred. The IU may be either a Data-In or a Data-Out transferylf fhe
deyice server chooses to request a Data-Out transfer first, 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 initigtor
FCP_Port then transmits the solicited data IU to the target FCP_Port. The solicited data IU shall contain the
FCP_DATA IU payload requested by the FCP_XFER_RDY IU. The FCP_XFER_RDY IWand FCP_DATA IU
payloads constitute the Receive Data-Out protocol service request and Data-Out Received service confirmation
dedcribed in SAM-3. If the device server chooses to send a Data-In transfer first, the target FCP_Port transmits
a solicited data IU to the initiator FCP_Port. The solicited data IU shall contain the FEP_DATA IU payload. The
FCP_DATA IU constitutes the Send Data-In protocol service request described in SAM-3. The device seryer
theh selects the next FCP_DATA IU to be transmitted and performs the apprepfiate procedure to transmit. Dpta
dellveries continue until all data described by the SCSI command is‘transferred. This standard places|no
restrictions on the order that the device server performs Data-In and Data-Out transfer operations. If the initigtor
and target have negotiated to disable the initial FCP_XFER_RDYAU (see 6.3.4), a first burst shall be transferfed
(sep 10.2.10).

After all the data has been transferred, the device server transmits the Send Command Complete protdcol
seryice response (described in SAM-3) by requesting,the transmission of an IU containing the FCP_RSP| IU
payload. That payload contains the SCSI status and:if the SCSI status is CHECK CONDITION, the autosefse
dath describing the condition. The FCP_RSP |Uiindicates completion of the SCSI command. If no command
linking, error recovery, or confirmed completion is requested, the FCP_RSP IU is the final sequence of the
Exg¢hange. The device server determines whether additional linked commands are to be performed in the FCP
I/Oloperation. If this is the last or only command processed in the FCP 1/O operation, the FCP 1/O operation gnd
the| Exchange are terminated. If an FCP protocol error occurred during processing of the command, the
FCP_RSP IU payload carries the.EEP Response information instead of the SCSI status and autosense datp.

When the command is completed, returned information is used to prepare and return the Command Complete
Regeived protocol servicé confirmation to the application client that requested the operation. The returped
stajus indicates whether/or not the command was successful. The successful completion of the commdnd
ind|cates that the SCSI device performed the requested operations with the transferred data and that fhe
infgrmation was‘successfully transferred to or from the initiator. Status other than successful completion
ind|cates that'either SCSI sense data or warnings about unexpected FCP behaviors are being provided. In this
cade, the Sense data or warning is interpreted to determine whether the desired operation was successfylly
completed. The device server may request a protocol service indication that confirms delivery of the FCP_RSP
IU payload, as described in 4.5.

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

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

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

by various Fibre Channel ClasSes of service. The protocol IS designed 1o operate with any class of servlce and
to provide options for reliable error detection and error recovery independent of the class of service,

SCSI allows the SCSI initiator port function in any FCP_Port and the SCSI target port function in-any FCP_Port.
For FCP I/O operations between a host and a peripheral subsystem, the host typically takes.on the SCSI |nitiator
port role and the peripheral subsystem typically takes on the SCSI target port rele.”For host {o host
communications, either one of the communicating pair may take on the SCSI initiater‘\port role. For dgvice to
device communications, typically used to implement extended copy and other thirdparty operations, the SCSI
initiator port role is adopted by the managing FCP device.

4.3 Bidirectional and unidirectional commands and FCP_RSP IU format

A device server that supports bidirectional commands may implement, both unidirectional and bidir¢ctional
commands. Two FCP_RSP IU formats are defined. For commands’that set both the RDDATA and WRDATA bits
to one, the bidirectional FCP_RSP IU payload shall be used for/presenting all status and error conditions. For
commands that set either the RDDATA or WRDATA bit or both-to/zero, the unidirectional FCP_RSP IU payload
shall be used for presenting all status and error conditions.*The format of the FCP_RSP IU that is r¢turned
depends only on the state of the RDDATA and WRDATA bits.

A device server that does not support bidirectional cémmands shall use the unidirectional FCP_RSP IU payload
for presenting all status and error conditions. If a‘device server that does not support bidirectional commands
receives a command that requests read and write operations by setting both the RDDATA and WRDATA bits|to one,
the device server may return CHECK CONDITION status with the sense key set to ILLEGAL REQUEST|and an
additional sense code of INVALID FIELD IN COMMAND INFORMATION UNIT.

4.4 Precise delivery of SCSI commands

In applications were SCSI communications between an application client and a device server are stateless,
verification of the delivery @nd processing of SCSI commands is often not critical. Any changes in prog¢essing
sequence caused by link-failures or switch latencies are not important and the recovery and retry mechpnisms
may be performed while other activities are continued by the application client and the device server.

SAM-3 defines.a-mechanism to assure ordering of commands. If the initiator transmits a single commgnd and
waits for GOQOD-status before transmitting the next command, the commands are guaranteed to be processed
in order.

This standard defines a second optional mechanism called precise delivery to assure ordering of commands.
This may be used by any FCP device, but may be useful for devices performing ordered command dqueuing
where device state is preserved from one command to the next. An application client may determine if al device

server supports the precise delivery function by using the MODE SENSE and MODE SELECT commands to
examine and set the enable precise delivery checking (EPDC) bit in the Fibre Channel Logical Unit Control mode
page. See 10.3.
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If a SCSI command requires precise delivery and the device server has the EPDC bit set to one, the application
client provides the Command Reference Number (CRN) argument to the Send SCSI Command protocol
service. The initiator FCP_Port then places the CRN value in the COMMAND REFERENCE NUMBER field in the
FCP_CMND IU.

The CRN is a one byte unsigned integer that starts at the reset value of one and shall be incremented by one
for each command requiring precise delivery for that device server. Separate increment counters are maintained
for each I_T_L nexus (i.e., each initiator maintains a separate counter for each device server using precise
delivery). After the number of precisely delivered commands causes the integer to increment to 255, the integer

wraps back-to-avalue of one-The value of zero is reserved-and-shallbe used-for those commands-that donot

require precise delivery and for task management functions.

Th
cor

=

b

Any
sud
bod

4.5

ALL

If th

hmand requiring precise delivery has been properly received and processed:

)
)

following rules specify how the application client and device server use the CRN to determine that each

see table 4 and table 5 for the actions that cause the CRN to be transmitted by the initiator FCP_Por} to
be set to one and the CRN expected by the device server to be set to one;
the CRN shall be equal to one for the first FCP_CMND IU requiring precise delivery between the applica-
tion client and device server and shall be incremented by one for each subsequent command requiring
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 Exchange us-
ing precise delivery);
the initiator shall not transmit the same CRN again until delivery of\the first FCP_CMND IU transmitted
with that CRN has been confirmed by receipt of an FCP_XFER:RDY IU, the first Data frame of|an
FCP_DATA IU, an FCP_RSP IU, an ACK, or a response to an.REC;
the device server shall not accept a command with a nonzere,CRN into the dormant or enabled state pn-
til after all commands with a previous CRN have been:received by the device server. The commands
shall be assumed to be received in the order of increasing CRN, and accounting for a wrap from 25§ to
one, the highest CRN last. The order of processingrof the commands shall be managed by the norinal
task set management algorithms;
the device server shall accept any valid command with a CRN of zero into the dormant or enabled stpte
regardless of whether or not all commands with a nonzero CRN have been received. The processing|or-
der of the commands shall be managed.by the normal task set management algorithms. See SAM-3;
and
task management functions shall have the CRN set to zero and shall not be tested for precise deliveryl by
the device server.

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

h as INQUIRY, TEST UNIT READY, REPORT LUNS, MODE SENSE, and MODE SELECT that used|for

ting and initialization may.use a CRN of zero).

SOJH
ackn

Confirmed completion of FCP 1/O operations

e FCP devices\require an acknowledgment of successful delivery of FCP_RSP information. Such|an
owledgment<is provided by the optional confirmed completion function. The CONFIRMED COMPLET|ON

OWED bitiffthe PRLI request FCP Service Parameter page request (see 6.3.4) and PRLI accept FCP Service
Parameterpage (see 6.3.5) is used to negotiate the use of confirmed completion function.

€-CONFIRMED COMPLETION ALLOWED bit is set to one in the PRLI accept FCP Service Parameter page, the

oD D

tar

Cl FUI'_I'UIAL Iridy lcqucot t:IU CUI Ifillllcd bUIIIP:Ct;UII fullbt;Ull II.J_y Dcttilly t: 1IC FUF_UUNF_REW ILJIt tU Ul ill I”e
FCP_RSP IU. Upon receiving the request in the FCP_RSP IU, the initiator FCP_Port shall transmit an
FCP_CONF IU to the target FCP_Port, indicating to the target FCP_Port that the FCP_RSP IU has been
received by the initiator FCP_Port.
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The confirmed completion function allows the retry of unsuccessful notifications of errors and confirms that the
initiator FCP_Port and the target FCP_Port both agree upon the state of a state dependent device. Retry
mechanisms for unsuccessful transmission of FCP_RSP |Us and FCP_CONF IUs are defined in this standard.

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

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

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

may request confirmed completion:

a) when providing the FCP_RSP IU for the last command of the set of linked commands; or
b) when providing the FCP_RSP IU for a command that terminates linking because of an-grrér or CHECK
CONDITION status.

Confirmed completion may assist initiators and targets in many environments. Particularrexamples inclfde:

a) the confirmed completion function may be used to confirm that an initiator ECP_Port has recefved an
FCP_RSP IU reporting a SCSI CHECK CONDITION status, together with accompanying autosense da-
ta. Upon receiving the FCP_CONF IU, the target FCP_Port may discard\its copy of the autosens¢ data;

b) the confirmed completion function may be used to confirm that a queued’SCSI command has begn com-
pleted and that the completion information has been successfully\transferred to the initiator FCIP_Port.
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 initiater FCP_Port; and

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

4.6 Retransmission of unsuccessfully transmitted |Us
Error detection and IU retransmission algorithms aré€ 'defined in clause 12.

The Read Exchange Concise (REC) ELS may-be used by the initiator FCP_Port to determine the state of an
ongoing Exchange. See 6.5. Target FCP_Rorts that do not support REC indicate this by performing| a Link
Service Reject (LS_RJT). See 8.3.

If an error is identified by any of the:mechanisms defined in clause 12 and if the data retransmission capability
is supported by both the initiator"\ECP_Port and target FCP_Port as indicated by the RETRY bit in the PRLI
request FCP Service Parameter page and PRLI accept FCP Service Parameter page (see 6.3.4 and 6.3.5):

a) the initiator FCP_Port-may request retransmission using the Sequence Retransmission Reques{ (SRR)
FCP FC-4 Link Service Request. See 8.2; and
b) the initiator FCR=Port and target FCP_Port shall support REC and task retry identification (see 47).

4.7 Task retry-identification

Task retry identification provides an additional mechanism for relating commands that are being retried to the
requeststhat are sensing the requirement for recovery (REC) and performing the recovery (SRR). The pgrticular
case_that has been identified as a problem is related to the recovery procedure diagrammed in figure 4.7. It is
possible that initiator FCP_Ports may re-use ox_ID field values rapidly enough to create an ambiguous sjtuation
where the status being preserved in the target FCP Port for possible retransmission and the new command

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

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

4.8 Discovery of FCP capabilities

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

Table 2 - Discovery of FCP-3 capabilities

Capability Discovery mechanism Reference
Initiator FCP_Port Process Login 6.3
Target FCP_Port Process Login 6.3
Initiator FCP_Port accepts data overlay Process Login 6.3.4
Target FCP_Port performs data overlay Disconnect-Réconnect mode page EMDP bit 10.2.8
Initiator FCP_Port generates FCP_CONF |U Process kogin 6.3
Target FCP_Port requests FCP_CONF U Process Login 6.3
Initiator FCP_Port performs REC None required, Process Login allowed 4.6
Target FCP_Port accepts REC LS_RJT if REC not accepted 4.6
Initiator FCP_Port performs SRR Process Login 6.3
Target FCP_Port accepts SRR Process Login 6.3
Initiator FCP_Port provides CRN E':gs g:‘a””e' Logical Unit Control mode page |, , 4 103
Target FCP_Port accépts CRN ELbDrg Eiltf\annel Logical Unit Control mode page 4.4 and 10.3
Task Retry Identification Process Login 6.3

4.9 Task'management

An Japplication client requests a task management function to control explicitly the processing of one or mpre
FCP_1/O operations (see 9.2.2.5).

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

the FCP_CMND [U:

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

ical unit number) (see table 24); and

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

table 24).
The FCP_CDB field in FCP_CMND IUs that perform task management functions is ignored.

The QUERY TASK task management function is not supported.

The task management function mappings are specified in table 3.

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

SAM-3 function FCP-3 equivalent
ABORT TASK FCP recovery abort @
ABORT TASK SET FCP_CMND ABORT TASK SET
CLEAR TASK SET FCP_CMND CLEAR TASK SET
CLEAR ACA FCP_CMND CLEAR ACA
LOGICAL UNIT RESET FCP_CMND LOGICAL UNIT RESET
a FC-FS-2 basic link services are used to perform the ABORT/TASK function.

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

The ABORT TASK task management function-causes the device server to abort the specified task us
recovery abort protocol, if the task exists. The action is defined in SAM-3. The ABORT TASK task mana

K task

ing the
jement

function is performed by the initiator FGP_Port (i.e., Exchange Originator) using the recovery abort (se¢ 12.3).

The specified Exchange shall be termiinated by the initiator FCP_Port using the recovery abort. To be co
with FC-FS-2, the ABORT TASK~“task management function may not immediately release all Ex
resources, since a Recovery«Qualifier may be established to allow for the management of information tHh
already have been delivered/to the fabric.

mpliant
change
at may

In addition to recovering Exchange resources that may have been left unavailable while processipg task

management functions, recovery abort may be used to recover Exchange resources left in an undefing
by any of the task-abort events defined in SAM-3 or by any similar events

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

Tables-4.and 5 summarize the clearing effects resulting from Fibre Channel link actions and SCSI ope
respectively. A Y’ in the corresponding column of either table indicates the clearing effect upon sud
completion of the specified action. The clearing effects are applicable only to Sequences and Exchange

d state

Fations,
cessful
5 asso-
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rules specified in FC-FS-2 or other relevant protocol standards. An ‘N’ in the corresponding column in

dicates

the clearing effect is not performed by the specified action. A *-’ in the column indicates that the clearing effect
is not applicable. Rows indicating a clearing effect for all initiator FCP_Ports have the specified clearing effect
on all initiator FCP_Ports, regardless of the link that attaches the initiator FCP_Port to the target FCP_Port.
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Table 4 - Clearing effects of link related functions

FC link action
g @ m
_ 3ol s%mo vy |02
Clearing effect 2|82 09 (&g 2 Z helhs
50 |x& Qa |ag| & |< 5 <3
S wup @
PLOGI parameters set to default values (see FC-LS)
For all logged-in initiator FCP_Ports Y Y N N N N N
Only for initiator FCP_Port associated with the action - - Y N N N N
Open FCP Exchanges terminated
For all initiator FCP_Ports Y Y N N Y N N
Only for initiator FCP_Port associated with the action - - Y Y - N N
Only for FCP Exchange associated with ABTS - - - - - Y 5
FCP Sequence associated with ABTS terminated - - - - - - Y
Login BB_Credit_CNT set to login value (see FC-FS-2)
For all Logged-In NL_Ports Y Y N N N N N
For transmitting NL_Port only - - Y N N N N
Hard Address Acquisition Attempted YT | v N N N N N
Process Login parameters cleared®
For all logged-in initiator FCP_Ports Y Y N N Y N N
Only for FCP_Port associated with the action - - Y Y - N N
CRN set to one
For all initiator FCP_Ports Y Y N N Y N N
Only for initiator FCP_Port associated with the action - - Y Y - N N

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

NOTE 2 This is also known as LIP(AL_PD,AL_PS). If the destinationyrecognizes a selective hard reset LIP where the
AL_PD matches the AL_PA of the receiving NL_Port, the receiving NL_Port shall perform the behavior described
in this column.

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

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

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

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

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

411 |_T nexus loss notification events
An FCP_Port shall deliver an I_T nexus loss natification (see SAM-3) for the following:
a) sending or receiving a LOGO (expli€it or implicit);
b) sending or receiving a PRLO (explicit or implicit);
c) receiving a TPRLO;
d) sending a TPRLO with a Third Party Originator N_Port_ID (see FC-LS) that matches the N_Port_ID of
the sending FCP_Port; 6ér.

e) sending a TPRLO withthe GLOBAL bit set to one to a target FCP_Port that has an I_T nexus with the
sending initiator FCP_Port.

4.12 Transport Reset notification events

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

4.13 Port'Login/Logout

The N_Port Login (PLOGI) ELS is optionally used to establish the Fibre Channel operating parameters between
aAy\two Fibre Channel ports, including FCP_Ports. Implicit login functions are allowed.

It a target FCP_Port receives a PLOGI request and It finds there are not enough login resources 1o complete
the login, the target FCP_Port responds to the PLOGI with LS_RJT and reason code “Unable to perform
command request” and reason code explanation “Insufficient resources to support Login” as defined in FC-LS.
By means outside the scope of this standard, the target FCP_Port may select another initiator FCP_Port and
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release some login resources by performing an explicit logout of the other initiator FCP_Port, thus freeing
resources for a future PLOGI.

4.14 Process Login and Process Logout

The Process Login ELS (PRLI) request is used to establish the FCP operating relationships between two
FCP_Ports (see 6.3). The Process Logout ELS (PRLO) request is used to de-establish the FCP operating
relationships between two FCP_Ports (see 6.4). Implicit Process Login and Process Logout parameters may be
defined for FCP_Ports. Such definitions are outside the scope of this standard.

415 Link management
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/ Use of World Wide Names

specified in FC-FS-2, each Fibre Channel node 'and each Fibre Channel port shall have a Worldwide Nan
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5 FC-FS-2 frame header
5.1 FC-FS-2 frame header overview

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

Table 6 - FCP frame header

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

Word

0 R_CTL D_ID

1 cs_ctl S_ID

2 TYPE F_CTL

3 SEQ_ID DF_CTL SEQ_CNT

4 OX_ID RX_ID

5 parameter

All fields in the FCP frame header use the standard FC-FS-2 definitions.Ahe following explanations of th
provide information about the use of those fields to implement FCP_functionality.

5.2 FC-FS-2 frame header fields

5.21 R_cCTL field

The values in the R_CTL field identify the frame as part.of an FCP 1/O operation and identify the info
category. All Sequences containing FCP command; data, response, and data descriptor information {
composed of Device_Data frames.

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

5.2.2 Dp_ib field

The value in the D_ID field is the D7 ID of the frame. For FCP FC-4 Device_Data frames, the D_ID tran
by the Exchange Originator is the address identifier of the target FCP_Port. The D_ID transmitted
Exchange Responder is the-address identifier of the initiator FCP_Port.

5.2.3 cs_cTL field

The values in the €s_cTL field are defined by FC-FS-2 for class specific control information and do not
with the Fibre Ghannel Protocol.

5.2.4 s_ipfield

The value’in the s_1ID field is the S_ID of the frame. For FCP FC-4 Device_Data frames, the S_ID tran
byhe Exchange Originator is the address identifier of the initiator FCP_Port. The S_ID transmitted

e fields

mation
hall be

smitted
by the

nteract

smitted
by the

Exehange Responder is the address identifier of the target FCP_Port.

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

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

5.2.7 sea_ID field

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

5.2.8 DF_cTL field

Thel: bits in the DF_CTL field indicate any optional headers that may be present. The DF_CTL field shall be‘se} to
00R (i.e., no optional headers) or 40h (i.e., Encapsulating Security Payload).

5.29 sSEQ_cCNT field

The value in the SEQ_CNT field indicates the frame order within the Sequence as defined byEC-FS-2.

5.2(10 ox_ip field

The value in the ox_ID field is the Originator Exchange Identifier and is one of theTidentifiers contained in the
FQKID. The ox_ID field shall be assigned and shall have a value other than FFEEh.

5.211 Rx_ID field

The value in the RX_ID field is the Responder Exchange Identifier and isyone of the identifiers contained in the
FQKID. The Rx_ID field shall have the unassigned value of FFFERUntil the Exchange Responder assigng a
different value in its response to the Exchange Originator. The Exchange Originator shall use the value assigned
by the Exchange Responder for subsequent frames.

5.2|12 PARAMETER field
The PARAMETER field has two definitions for Device_Bata frames with the FCP type (i.e., 08h).

For frames of the solicited data category (i.e., ECP_DATA IUs) (see 9.1 and 9.4), the PARAMETER field shall
corftain a relative offset. The RELATIVE OFFSET.PRESENT bit of the F_CTL field shall be set to one, indicating that
the|PARAMETER field value is a relative offset:For the solicited data category (FCP_DATA IUs), the relative offiset
is the application client buffer offset as described by SAM-3. For solicited data category frames, the relafive
offdet shall have a value that is a multiple of 4 (i.e., each frame of each FCP_DATA IU shall begin on a wprd
boyndary).

Forl frames of the unsolicited.control category (i.e., FCP_CMND IUs) (see 9.1 and 9.2), the PARAMETER field
vallle depends on whether task retry identification (see 4.7) is active. If the target FCP_Port and initigtor
FCP_Port have agreedupon performing task retry identification, the PARAMETER field shall contain the task r¢try
ideptifier. If the target FCP_Port and initiator FCP_Port have not agreed upon performing task regtry
ideptification, the PARAMETER field shall contain a value of zero. In both cases, the RELATIVE OFFSET PRESENT| bit
of the F_cTLield shall be set to zero.

Forn all other Device_Data frames with the FCP type (i.e., 08h), the RELATIVE OFFSET PRESENT bit of the F_{TL
field shall be set to zero and the PARAMETER field shall contain a value of zero.

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

6.1 Overview of link service requirements

The FCP link-level protocol includes the basic link services (see FC-FS-2) and extended link services defined
by FC-LS. The protocol also includes the PRLI and PRLO defined by FC-LS, the PRLI FCP Service Parameter

pages defined in 6.3, and the REC ELS with usage as defined in this standard.

Link-level protocols are used to configure the FC environment, including the establishment of configuration

information and address information. FCP devices introduced into a configuration or modifications

in the

addressing or routing of the configuration may require the login and discovery procedures to be performed

again.

6.2 Overview of Process Login and Process Logout

Process Login allows for a process at one FCP_Port to be related to a corresponding process at another

FCP_Port as an image pair. In addition, the PRLI allows one or more FC-4 capabilities to|bé reported
initiating FCP_Port to the recipient FCP_Port. The recipient FCP_Port indicates its aecéptance or reje
the capabilities in its response to the PRLI request.

Since implicit login may be established by configuration conventions outside thescope of this standard, R
Login is optional except in the case where an initiator FCP_Port is not usinghifmplicit login and is operat
point-to-point topology. In this case, the initiator FCP_Port shall always send an explicit PRLI.
NOTE The requirement to send a PRLI for an initiator FCP_Port that is not using‘implicit login and operating in a point-to-p
topology is to remove a deadlock condition. Consider the case where the target FCP_Port WWPN is larger than the initi

FCP_Port WWPN. In this case the target FCP_Port PLOGI request will be processed, but the target FCP_Port is prohibited fj
sending a PRLI. If the initiator FCP_Port does not send a PRLI, a deadléck occurs.

PRLI requests shall only be initiated by devices having the initiator FCP_Port capability. Devices havi
target FCP_Port capability shall not perform a PRLI request.

An initiator FCP_Port shall have successfully completed Process Login with a target FCP_Port that esta
an image pair before any FCP |Us are exchanged.\An image pair may also be established by an implicit R
Login established by methods outside the seépe of this standard. An image pair is removed by an
Process Logout or explicit PRLO (see 6.4)f an image pair is not established by an initiator FCP_Port to
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FCP_Port, the initiator FCP_Port and target FCP_Port shall not exchange any FCP |Us. Any FCP IUs re¢ceived

by a target FCP_Port from an Nx_Port that does not have an image pair with that target FCP_Port s
discarded. In addition, a target FCP~ Port that receives an FCP_CMND IU from an Nx_Port that has suc

hall be
pssfully

completed PLOGI, but does nothave an image pair with that target FCP_Port, shall discard the FCP_CMND IU

and respond with an explicit PRLO (see 12.6). Reasons why the Nx_Port does not have an image pair
target FCP_Port include:

a) the Nx_Porthas not established an image pair with that target FCP_Port;

b) the target-FCP_Port performed an implicit Process Logout of the Nx_Port; or

c) the target\FCP_Port processed a TPRLO that effected the Nx_Port.
Process/Associators shall not be used in initiator FCP_Ports and target FCP_Ports. If multiple imag
requiredin an initiator FCP_Port, they shall be provided by transparent aliasing of the N_Port Identifie
initiator FCP_Port. If multiple images are required in a target FCP_Port, they shall be provided by SCSI

vith the

es are
r of the
logical

units.

The creation of image pairs behind an FCP_Port has no effect on the Fibre Channel Protocol.
The FC-4 Service Parameter pages for the Fibre Channel Protocol are defined in 6.3.4 and 6.3.5.

Processing of a PRLI or PRLO command performs the clearing actions defined in 4.10.
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Process Login has two actions that may be performed, selected by the ESTABLISH IMAGE PAIR bit (see 6.3.4):

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

6.3.1 Use of PRLI by the Fibre Channel Protocol

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

e PRLI is requesting an informative action by setting the ESTABLISH IMAGE PAIR bit to zero, the PRLI acc
prts the capabilities of the Responder to the Originator.

e PRLI is requesting a binding action by setting the ESTABLISH IMAGE PAIR bit to one, the PRLI accept repc
capabilities of the responder to the Originator and establishes an image pair.”’/An image pair shall
bblished only if the FCP devices have complementary initiator FCP_Port and-target FCP_Port capabilit
pth FCP devices have both initiator FCP_Port and target FCP_Port capabilities, a single image pair allg
h initiator FCP_Ports to access the complementary target FCP_Port capabilities of the other device in
. Some capabilities require support by both the Originator and Responder before they may be used (4
4). The IMAGE PAIR ESTABLISHED bit in the PRLI accept indicates“that an image pair was successf
bblished.

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

ink Service Reject (LS_RJT) indicates that the PRLLrequest is not supported or is incorrectly formatted.

The¢ PRLI common service parameters and accept response codes are defined in FC-LS. FC-4 ser
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pmeters for mappings other than the Fibre Channel Protocol are defined in other FC-4 standards.

2 Process_Associator requirements

bration of the Process Login (depends on the Originator's and Responder's requirements
cess_Associators as specifiedin FC-LS. Process_Associators are not used in the Fibre Channel Protg
shall not be used by FCP deyices.

Fibre Channel Protocel assumes that the Originator has knowledge of the capabilities of the Respong
t information may (be~obtained by performing a PRLI requesting an informative action or by ot
chanisms outside(the scope of the this standard.

3 New or repeated Process Login

After the completion of any new or repeated binding Process Login, all clearing actions specified in 4.10 s
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Aft¢r-the completion of any new or repeated informative Process Login, the state of the Originator gnd

Responder remains unchanged.

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

6.3.4 PRLI request FCP Service Parameter page format

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

Table 7 - FCP Service Parameter page, PRLI request

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

Word 0, Bits 31-24:FCP specific code: The value of 08h in this byte indicates that this Service Pajameter
page is defined for'the Fibre Channel Protocol. (See FC-FS-2.)

Word 0, Bit-15: ORIGINATOR PROCESS_ASSOCIATOR VALID: The ORIGINATOR PROCESS_ASSOCIATOR VALID bit is
defined\in FC-FS-2. For the Fibre Channel Protocol, the ORIGINATOR PROCESS_ASSOCIATOR VALID bit ghall be
zeroyindicating 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-2. For the Fibre Channel Protocol, the RESPONDER PROCESS_ASSOCIATOR VALID bit shall be
zero, indicating that the RESPONDER PROCESS_ASSOCIATOR is not valid.

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

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

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

Word 3, Bit 9: TASK RETRY IDENTIFICATION REQUESTED: \When the TASK RETRY IDENTIFICATION REQUESTED bit is
set to one, the Originator of the PRLI requests that task retry identification (see 4.7) be used. If both the
Originator of the PRLI and the Responder to the PRLI request that task retry identification be used, then it’shall
be used between the initiator FCP_Port and all logical units addressed through that initiator FCP_Port. The
PARAMETER field for each FCP_CMND IU shall be set to a unique non-zero value. The PARAMETERfield for @ny
RELC ELS request or SRR FCP FC-4 Link Service request for that command shall be set to the.same value

=

Wheen the TASK RETRY IDENTIFICATION REQUESTED bit is set to zero by either the Originator of(or the Responfler
to the PRLI, task retry identification shall not be used. The PARAMETER fields for FCP_CMND IUs, for REC HLS
reguests, and for SRR FCP FC-4 Link Service requests shall be zero.

Ward 3, Bit 8: RETRY: When the RETRY bit is set to one, the Originator or Résponder is indicating thgt it
sugports as an initiator FCP_Port the capability of requesting a retransmission ‘of unsuccessfully transmitted
dath or as a target FCP_Port the capability of performing a requested retransmission. When the RETRY bit is [set
to gero, the Originator or Responder is indicating that it does not support the capability of requesting| or
performing retransmissions of unsuccessfully transmitted data.

—

If the process has both initiator FCP_Port and target FCP_Port{¢apabilities, the RETRY bit shall apply to bgth.

SRR may be both transmitted by and accepted by the process.

Aninitiator FCP_Port and target FCP_Port 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 paylg¢ad
or fhe accept payload, the SRR shall not be performed by the initiator FCP_Port. If an SRR FCP FC-4 Uink
Seivice is received by a target FCP_Port that has set the RETRY bit to zero, the SRR shall be rejected With
FCP_RJT.

If the image pair is allowed to use the fetransmission capability, overlay of data as defined for SRR shall|be
alldwed regardless of the state of the BATA OVERLAY ALLOWED bit.

Ward 3, Bit 7: CONFIRMED COMPEETION ALLOWED: \When the CONFIRMED COMPLETION ALLOWED bit is set to ohe,
the| Originator's or Responder’s initiator FCP_Port function has the capability of supporting confirmed
corppletion. When the CONFIRMED COMPLETION ALLOWED bit is set to zero, the initiator FCP_Port function d¢es
not|have the capability,'ef)supporting confirmed completion. The CONFIRMED COMPLETION ALLOWED bit shall|be
zerp for FCP devices having only target FCP_Port function. If the initiator FCP_Port function supports confirmed
completion, then(a-target FCP_Port may request an FCP_CONF IU by setting the FCP_CONF_REQ bit to gne
as ppecified by(4.5. If the initiator FCP_Port function does not have the capability of supporting confirnjed
completion;-the target FCP_Port shall not set the FCP_CONF_REQ bit to one.

en
the data overlay allowed bit is set to zero, the initiator FCP_Port function does not have the capability of
performing data overlay. The data overlay allowed bit shall be zero for FCP devices having only target FCP_Port
function. If the initiator FCP_Port function supports data overlay, then a target FCP_Port may perform random
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buffer access that performs a transfer to or from the same offset in the application client buffer more than once

during processing of a command.

Data transmission requested by the initiator FCP_Port during the optional retry procedures defined

by this

standard is managed by the initiator FCP_Port. Such data retransmissions are not considered data overlays,

even if retransmission occurs to the same offset in the application client buffer.

Word 3, Bit 5: INITIATOR FUNCTION: \When the INITIATOR FUNCTION bit is set to one, the Originator or Responder

is indicating it has the capability of operating as an initiator FCP_Port. When the INITIATOR FUNCTION bit i
zero, the process does not have the capability of operating as an initiator FCP_Port.

s setto

Word 3, Bit 4: TARGET FUNCTION: When the TARGET FUNCTION bit is set to one, the Originator or Respd
indicating that it has the capability of operating as a target FCP_Port. When the TARGET FUNCTION-bit i
zero, the process does not have the capability of operating as a target FCP_Port. Both the INITIATOR FU
and the TARGET FUNCTION bits may be set to one. If neither the INITIATOR FUNCTION nor the TARGET FUNC
is set to one, the service parameters for the FCP Service Parameter page are assumed to be in
Responder receiving such an invalid FCP Service Parameter page shall notify the Originator with a PRLI
response code of SERVICE PARAMETERS ARE INVALID and the IMAGE PAIR ESTABLISHED bit set to z
Originator receiving such an invalid FCP Service Parameter page shall not perform Fibre Channel H
operations with the Responder.

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

Word 3, Bit 0: WRITE FCP_XFER_RDY DISABLED: When the WRITE FCP_XFER_RDY DISABLED bit i
zero, FCP_XFER_RDY IUs shall be transmitted by the target/FCP_Port to request each of the SC§
FCP_DATA IUs from the initiator FCP_Port. When the WRITE FCP_XFER_RDY DISABLED bit is set
FCP_XFER_RDY IUs shall not be used before the first/FCP_DATA IU to be transferred in the SCS
operation. If both the Originator and Responder chaps€' to disable write FCP_XFER_RDY |Us, then all R
operations performing SCSI writes between the ECP_Ports shall operate without using the FCP_XFE
IU before the first FCP_DATA IU. The FCP.XFER_RDY IU shall be transmitted to request each ad
FCP_DATA IU, if any. If either the Originator or the Responder requires the use of FCP_XFER_RDY IUs
SCSI writes, then the Exchange Responder shall transmit an FCP_XFER_RDY IU requesting each FCP
IU, including the first, from the Exchange Originator.

nder is
5 set to
NCTION
FION bit
alid. A
accept
ero. An
rotocol

to one.

set to
b1 write
fo one,
bl write
CPI/O
R_RDY
ditional
during
| DATA
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The FCP Service Parameter page for the PRLI accept is shown in table 8.
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Table 8 - FCP Service Parameter page, PRLI accept

FCP service parameter Word Bit
SCSI FCP (08h) 0 31-24
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_XEER_RDY DISABLED (shall be one) 3 1
WRITE FCP-XFER_RDY DISABLED 3 0

th the following exeéptions, the service parameter definitions are identical for the PRLI request (see tablg 7)
accept FCP Sérvice Parameter pages.

Ward 0, Bit 13:IMAGE PAIR ESTABLISHED: The IMAGE PAIR ESTABLISHED bit is defined in FC-LS. If the IMAGE
R ESTABLISHED bit is set to zero, the image pair was not established. The ACCEPT RESPONSE CODE las
itionabinformation.

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

If th

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

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

(see 4.11).

For the Fibre Channel Protocol, the PRLO FCP Service Parameter page identifies an image pair where

neither

the Originator or Responder supports Process_Associators by marking the Originator Process_Associgtor and

Responder Process_Associator as invalid.

The PRLO accept is returned to the Originator FCP_Port to indicate that the Responder FCP2Port rec
that the image pair is being discontinued. The accept shall present a response FCP Service’/Paramet
for the request FCP Service Parameter page. It is not an error to perform Process Logoutfor an image g
does not exist.

A Link Service Reject (LS_RJT) indicates that the PRLO request is invalid and not'accepted.

After Process Logout, no further Fibre Channel Protocol communication is passible between those N_H
NL_Ports.

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

a) if task retry identification is active for the Originaton-and the Responder, the PARAMETER field of
quest Sequence shall contain the task retry identifier for the task specified by the ox_ID field va
RX_ID field value;

b) if the destination FCP_Port of the REC request determines that the ORIGINATOR S_ID, OX_ID, O

gnizes

r page
air that

Ports or

the re-
ue and

' RX_ID

fields, or task retry identifier are inconsistent, then it shall respond with an LS_RJT Sequence with a rea-

son code of “Logical error’ and a reason code explanation of “Invalid OX_ID-RX_ID combination”
c) the REC shall be sent in a new Exchange. The Exchange shall be ended by the response to the
d) if the RX_ID field value in the REC request payload was FFFFh, the Rx_ID field value in the REC
payload may be set to the value selected by the Responder when the first frame of the Exchange
ceived; and
e) the FC4VALUE field is the'number of bytes successfully received by the Device Server for a write
number of bytes transmitted by the target FCP_Port for a read.

REC,;
accept
vas re-

or the
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FC-4 specific Name Server registration and objects

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

(E)

The Name Server for a Fibre Channel fabric is defined by FC-GS-4. FCP specific objects are defined in this
clause for use by the Name Server. FC-GS-4 provides complete descriptions of the operations that are
performed to register objects with a Name Server and to query the Name Server for the value of the objects.

7.2 FC-4 TYPEs object

The FC-4 TYPEs object (see FC-GS-4) indicates a set of supported data structure type values for Device_Data

e

and-EC-4 link Data frames (:pn F(‘-FQ-?) An FCP_Port shall register the ECP TYPE (()Rh) with the Na
Sefver using the RFT_ID Request CT_IU. This registration shall precede registration of the FC-4 Featu

obj

7.3 FC-4 Features object

The FC-4 Features object (see FC-GS-4) defines a 4-bit field for each possible FC TYPE code. The object
32-

An

Theg FC-4 Features object may be obtained by, any N_Port or NL_Port from a Name Server using a GFF]

Re
int
Ali
ma

Features object is a parameter;in the GID_FF Request CT_IU.

bct.

Table 9 - FCP definition of FC-4 Feature bits

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

FCP_Port shall register its FC-4 Features object with a Name Server using the RFF_ID Request CT_IU

quest CT_IU, which requests the FC-4 Features object for a specified Port Identifier. The object is provig
ne GFF_ID Accept CT_IU.

st of all the Port Identifiers matching the domain and area addressing and a specified FC-4 Features obj
y be obtained by any N_Port@rNL_Port from a Name Server using the GID_FF Request CT_IU. The F

fes

S a

word array of 4-bit values. The 4-bit FC-4 Feature field for FCP is inserted in bits 3 - 0,0f\word 1. The format
of the 4-bit FC-4 Feature field for FCP is shown in table 9.

ID
ed

ect
C-4
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8 FC-4 Link Service definitions
8.1 FC-4 Link Services for the Fibre Channel Protocol

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

(see 5.2) shall be set as follows:

a) R_CTL bits 31-28 (Word 0) shall be set to 0011b (i.e., an FC-4 Link_Data frame);

b) the TYPE field shall be set to 08h (i.e., FCP FC-4 Link Service frame); and

c) the R_CTL Information Category bits 27-24 shall be set to 0010b (i.e., unsolicited control) for requ
quences and 0011b (i.e., solicited control) for response Sequences.

est Se-

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

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

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

8.2 Sequence Retransmission Request (SRR)

The SRR FCP FC-4 Link Service request Sequence is transmitted-by an initiator FCP_Port to reques|
target FCP_Port retransmit information or request retransmission’ of information for the specified Exchal

If task retry identification (see 4.7) is active for the Originater and the Responder, the PARAMETER fielg
request Sequence shall contain the task retry identifier forthe task specified by the ox_ID and Rx_ID field

If the target FCP_Port determines that the ORIGINATOR’S_ID, OX_ID, or RX_ID field values, or task retry ig
are inconsistent, then it shall respond with an FCPRJT (see 8.3) Sequence with a reason code of “Un
perform the command request” and a reason ¢ode explanation of “Invalid OX_ID-RX_ID combination”.

If the target FCP_Port is unable to retransmit the Sequence or data at the requested Relative Offset, thg
FCP_Port shall respond with an FCP:RJT Sequence with a reason code of “Unable to perform the co
request” and a reason code explanation of “Unable to supply requested data”.

If the initiator FCP_Port receives.an FCP_RJT response, the initiator FCP_Port shall terminate the Ex
referenced by the SRR using'tecovery 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“for the Exchange referenced by the SRR shall be transferred to the target FCP_|
resend the requested Sequence.

For unacknowledged classes, the Sequence Count for a retransmitted FCP_DATA IU shall start at zer
if contindously increasing sequence count is being used. For acknowledged classes, the Sequence Cou

t that a
hge.

of the
values.

entifier
able to

e target
mmand

change

Port to

D, even
nt for a

retransmitted FCP_DATA IU shall start at one higher than the last Sequence Count used in the Exchange to

préevent it from being within the range of the Recovery_Qualifier.

Addressing:

The s_ID field designates the initiator FCP_Port requesting the information retransmission. The D_

ID field

designates the target FCP_Port that is to receive the request. In the event that the target FCP_Port responds
to the SRR with an FCP_RUJT, the target FCP_Port shall return CHECK CONDITION status with the sense key


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

—44 —

14776-223 © ISO/IEC:2008(E)

set to HARDWARE ERROR and the additional sense code set to INITIATOR DETECTED ERROR MESSAGE
RECEIVED. A target FCP_Port that has agreed during Process Login to support retransmission should not
reject requests for retransmission of the requested frames unless unusual conditions make the retransmission
impossible. SRR requests for exchanges involving logical units that do not support retransmission on a target
FCP_Port that supports retransmission for other logical units shall be rejected with an FCP_RJT containing a
reason code of “Unable to support command request” and a reason code explanation of “Unable to supply

requested data”.

Payload for SRR FCP FC-4 Link Service request:

The format of the Payload is shown in table 11.

Table 11 - SRR Payload

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

The¢ R_CTL FOR IU field encoding is as described in FC-FS-2 (i.e., Data Descriptor (FCP_XFER_RDY |

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

The RELATIVE OFFSET parameter is only valid if the R_CTL FOR IU fi€ld is set to 01h for Solicited Data or to 05h

V),

for

Dafa Descriptor. The RELATIVE OFFSET field contains the Relative Offset of the lowest byte the initiator FCP_Hort
hag identified as requiring retransmission. The two low-order bits of the RELATIVE OFFSET field shall be zero, slich

thaf the data to be retransmitted begins on a four-byte ‘boundary.

Th¢ amount of data to transfer is implicitly the remainder of that for the Exchange.

Possible responses to SRR FCP FC-4 Link'Service request:
FCP_RJT

SRR Accept

SRR Accept Payload:

Signifies rejection of the SRR request.

Signifies that the Payload is accepted.

The¢ payload for the SRR Accept is shown in table 12.

Table 12 - SRR Accept Payload

Word

Bits

Bits 31-24

Bits 23-16

Bits 15-8

Bits 7-0

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

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

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

Addressing:

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

Payload for FCP_RJT:

The first word of the Payload shall contain the FCP_RJT code (01000000h). The next four bytes)of this field
shall contain a reason code and reason code explanation for rejecting the request. The-formaf of the
FCP_RJT Payload is shown in table 13.

Table 13 - FCP_RJT Payload

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

The reason codes for FCP_RJT are specified in table 14.

Table 14 - FCP_RJT)reason codes

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

01h Invalid FCP FC-4 Link Service ‘€Command code The FCP_LS Command code in the Seqlience
being rejected is invalid.

03h Logical error The request identified by the FCP_LS Cpm-
mand code and Payload content is invalld or
logically inconsistent for the conditions
present.

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

07h Pratocol error This indicates that an error has been defected
that violates the rules of the FC-FS-2 sigpaling
protocol, but that is not specified by othef error
codes.

09h Unable to perform command request The Recipient of a Link Service commarnd is
unable to perform the request at this timg.

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

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

other Reserved

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

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

Table 15 - FCP_RJT reason code explanations

Encoded Value

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

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

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

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

Data block
I Ses FIMIL |CSP| Nio
P CAT Content
T1 Command / Task Mgmt Rqgst 6 FCP_CMND R T 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
NOTE 1 T5,T7,T8, T9, T10, and T11 are obsolete.
NOTE 2 T2 and T4 are only permitted when transfer ready |Us.are disabled (see table 7).
NOTE 3 T3 and T4 are only permitted for linked SCSI commands.
NOTE 4 T2 and T4 allow optional sequence streaming during write operations.
NOTE 5 T12is only permitted in response to an 15,frame requesting the confirmed completion protocol.
See table 17
Key:
IU Information Unit identifier
CAT Information category of Device_Data frames carrying the data block
(see FC-FS-2)
Content Contents (payload) of data block
F/M/L First/Middle/Last Sequence of Exchange (FC-FS-2)
F First
M Middle
L Last
Sl Sequence Initiative: Held or Transferred (FC-FS-2)
H Held
T Transferred
M/O Mandatory/Optional Sequence
M Mandatory
Q ﬁpﬁnnnl



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

—-48 — 14776-223 © ISO/IEC:2008(E)

Table 17 - FCP Information Units (IUs) sent to initiator FCP_Ports

U pr‘i?’r:i?ilve Data Plock F/IM/L | SI | M/O
CAT Content

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

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

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

5 | Response (Linked or confirm request) | 7 FCP_RSP M T~ | O

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

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

Key:
U Information Unit identifier
CAT Information category of Device_Data frames carrying the data block
(FC-FS-2)
Content Contents (payload) of data block
F/M/L First/Middle/Last Sequence of\Exchange (FC-FS-2)
F First
M Middle
L Last
Sl Sequence Initiative;\Held or Transferred (FC-FS-2)
H Held
T Transferred
M/O Mandatory/Qptional Sequence
M Mandatory
0] Optional
9.2l FCP_CMND IU
9.2(1 Overview and format of FCP_CMND IU

Thg¢ FCP_CMND IU carfies either a SCSI Command or a task management request. If an invalid combinatjon

of b

its is set in the FEP_CMND |U, the target FCP_Port shall respond with an FCP_RSP IU with the RSP_cd

DE
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field set to 02h (i.e., FCP_CMND fields invalid). The FCP_CMND IU shall contain the values and control fields
defined in table 18 in its payload.

Table 18 - FCP_CMND IU Payload

Bit 7 6 5 4 3 2 1 0
Byte
0
FCP_LUN
7
8 COMMAND REFERENCE NUMBER
9 Reserved PRIORITY TASK ATTRIBUTE
10 TASK MANAGEMENT FLAGS
11 ADDITIONAL FCP_CDB LENGTH = (N-27)/4 RDDATA | WRDATA
12
FCP_CDB
27
28
ADDITIONAL FCP_CDB (if apy)
n
n+1 (MSB)
n+2
FEP DL
n+3
n+d (LSB)
n+5 (MSB)
n+6
FCP_BIDIRECTIONAL_READ_DL (if any)
n+7
n+8 (LSB)
9.2.2 FCP_CMND IU field,descriptions
9.2.2.1 FCP_LUN field
The FCP logical unitnumber (FCP_LUN) field contains the address of the logical unit (i.e., the logical unit number)
in the SCSI target'device. See SAM-3.
Each target ECP_Port shall accept an INQUIRY command addressed to LUN 0. If LUNs other than zgro are
supported'by the SCSI target device, LUN 0 shall implement the REPORT LUNS command. See SPC-.
If the_FCP_LUN field contains a valid logical unit address the command or task managmenent function ghall be
routed to the addressed logical unit. If the addressed logical unit does not exist, the SCSI target devige shall

foltow the Taies for Sefection of fcorrect fogical umits as specifted M SANM=3.
9.2.2.2 COMMAND REFERENCE NUMBER field

The coOMMAND REFERENCE NUMBER (CRN) field contains the number sent by the initiator FCP_Port to assist in
performing precise delivery checking for FCP commands. If precise delivery is enabled, a nonzero value in the


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

-50- 14776-223 © ISO/IEC:2008(E)

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

9.2.2.3 PRIORITY field

The PRIORITY field specifies the relative scheduling of this task in relation to other tasks already in the task set
for [processinmg by thedevice server (see SAM=3) I the TASK ATTRIBUTE fietd—Tomntains—a vatue otherthan

SIMPLE, then this field is reserved.

9.2|2.4 TASK ATTRIBUTE field

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

Table 19 - TASK ATTRIBUTE field values

Task
attribute Task attribute Description

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

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

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

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

011b Reserved

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

101b Obsolete

110b to 111b | Reserved

9.2(2.5 TASK MANAGEMENT FLAGS field

The TASK MANAGEMENT FLAGS field contains flags that request that a task management function be performed.
Tagk management functions shall be requested by the initiator FCP_Port (Exchange Originator) using a new
Exg¢hange, If any task management flag bit is set to one, the FcP_cDB field, the FCP_DL field, the TASK ATTRIBYTE
f to

oned ae P_BIDIR QANA READ D elg na alailaT=-Wia gedlnine MND ap= Qad ore thah-one

task management flag bit is set to one in any FCP_CMND IU, the task management functions shall not be
processed and the FCP_RSP |U shall contain the RSP_coDE field set to 02h (i.e., FCP_CMND fields invalid).


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

14776-223 © ISO/IEC:2008(E) -51-

The clearing actions performed by task management functions are specified in table 5. The format of the TASK

MANAGEMENT FLAGS field is specified in table 20.

Table 20 - TASK MANAGEMENT FLAGS field

bit task management function?

7 Obsolete

6 CLEAR ACA

5 Obsolete

4 LOGICAL UNIT RESET

3 Reserved

2 CLEAR TASK SET

1 ABORT TASK SET

0 Reserved

a The ABORT TASK management func-
tion is specified in 4.9.

The CLEAR ACA bit, when set to one, causes the ACA condition,tobe cleared. When the task manage
the ACA condition, any task within that task set may be comipleted subject to the rules for task mana
specified by SAM-3. If there is no ACA condition present,.the: CLEAR ACA task management function {
accepted and the FCP_RSP IU shall contain a RsP_CODE field set to 00h (i.e., Task Management fi
complete).

When set to zero, the ACA condition remains unehanged.
The use of the ACA bit in the CDB control field and the implementation of ACA is described in SAM-3.

Depending on the mode page parameters that have been established (see SPC-3), additional F
operations may have to be aborted.by the recovery abort as part of the process of clearing the au
contingent allegiance.

The CLEAR ACA is transmitted*by the initiator FCP_Port (Exchange Originator) using a new Exchange
Support of the CLEAR ACA bit is mandatory in the Fibre Channel Protocol if the FCP device sets the NO

r clears
pjement
hall be
Linction

CP 1/0
omatic

RMACA

bit to one in the INQUIRY data. It shall not be sent to a logical unit with a NORMACA bit equal to zerg in the

INQUIRY data.

The LOGICAL UNIT RESET bit, when set to one, performs a LOGICAL UNIT RESET task mana
function as;defined in SAM-3. LOGICAL UNIT RESET aborts all tasks in the task set for the logical |
performs\a@ LOGICAL UNIT RESET for all dependent logical units. Support of the LOGICAL UNIT RESE
man@datory for the Fibre Channel Protocol.

jement
nit and
T bitis

a hew

The LOGICAL UNIT RESET is transmitted by the initiator FCP_Port (Exchange Originator) using

Exchange. LOGICAL UNIT RESET resets the internal states of the target FCP_Port and logical unit as
in 4.10. Exchange resources to be cleared may be cleared by the following mechanisms:

shown

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

CAL UNIT RESET for each task in the logical unit known to that initiator FCP_Port;
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b) a task, if any, for an initiator FCP_Port other than the initiator FCP_Port that sent the LOGICAL UNIT

RESET is ended in the logical unit. The initiator FCP_Port for that task shall determine by a timeout that
the task did not finish. Subsequent retries fail because the task resources have been cleared in the logi-
cal unit, so the initiator FCP_Port shall clear the Exchange resources with a recovery abort sequence.
See 12.3; or

a task for an initiator FCP_Port other than the initiator FCP_Port that sent the LOGICAL UNIT RESET
may be completed by returning CHECK CONDITION status with the sense key set to UNIT ATTENTION

and the additional sense code set as specified in SAM-3.

NOTE 1 SAM-3 has defined the TASK ABORTED status for tasks terminated by a LOGICAL UNIT RESET task management function

if

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

as

The CLEAR TASK SET is transmitted by the initiator FCP_Port (Exchange Originator) using a new)Exchan

CL

f
Th

d) a recovery abort sequence (see 12.3) may be generated by the initiator FCP_Rofrt that sent the CLE|

the Control mode page indicates that the TASK ABORTED status is supported.

jefined in SAM-3. Support of the CLEAR TASK SET bit is mandatory for the Fibre Channel Protocol,

TASK SET for each task known to that initiator FCP_Port;

is ended in the logical unit. The initiator FCP_Port for that task shall determine by a timeout that the t

or

completed by returning CHECK CONDITION status with the 'sense key set to UNIT ATTENTION and
additional sense code set as specified in SAM-3.

the Control mode page indicates that the TASK ABORTED status-is‘supported.
ABORT TASK SET bit set to one requests the ABORT TASK SET task management function to

ge.

FAR TASK SET resets internal states of the target FCP_Port as shown in 4.10. Exchange'resources to|be
clegred may be cleared by one or more of the following mechanisms:

AR

H) atask, if any, for an initiator FCP_Port other than the initiator FCP_Port that sent the CLEAR TASK SET

hsk

did not finish. Subsequent retries fail because the task resources haye-been cleared in the logical unit,
so the initiator FCP_Port shall clear the Exchange resources withca‘recovery abort sequence. See 12.3;

a task for an initiator FCP_Port other than the initiator FCP_Port that sent the CLEAR TASK SET may|be

the

NIOTE 2 SAM-3 has defined the TASK ABORTED status for tasks termihated by a CLEAR TASK SET task management fundtion

be

performed as defined in SAM-3. Support of the /ABORT TASK SET bit is mandatory in the Fibre Channel

Prdtocol.

Th
AB
be
TA

9.2

The ADDITIONAL FCP_CDB-LENGTH field contains the length in 4-byte words of the ADDITIONAL FCP_cDB field. T

val

9.2

If t
FC

If th

ABORT TASK SET is transmitted by the initiator FCP_Port (Exchange Originator) using a new Exchan

Cleared by a recovery abort sequence (see 12.3) generated by the initiator FCP_Port that sent the ABO
5K SET for each task knowp-tathe initiator FCP_Port.

2.6 ADDITIONAL FCP_CDB/LENGTH field

e of the ADDITIONAL FCP_CDB LENGTH field shall be set to zero for task management requests.
2.7 RDDATA/and WRDATA bits

ne RDDATA bit is set to one, the initiator FCP_Port expects to receive FCP_DATA IUs from the tan
P_Port,\This is a SCSI read operation.

e/WRDATA bit is set to one, the initiator FCP_Port expects to transmit FCP_DATA IUs to the target FCP_P

ge.

DRT TASK SET resets internal states of the target FCP_Port as shown in 4.10. Exchange resources nmay

RT

he

get

Drt.

Thi

S 1S a SCSI write operation.

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

be set to zero.

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

errors are detected:

a) aread operation has the RDDATA bit set to zero or the WRDATA bit set to one;
b) a write operation has the WRDATA bit set to zero or the RDDATA bit set to one;
c) a bidirectional SCSI command has either the RDDATA bit set to zero or the WRDATA bit set to zero;

or

H) the RDDATA bit and WRDATA hit are both set to zero and the Ecb DI value is not zero

NOTE 3 Device servers compliant to previous versions of this standard may terminate the command and return an FCR_RS
the RsP_cODE field set to 02h (i.e., FCP_CMND fields invalid) (see table 24) for some protocol errors.

9.2.2.8 FcpP_cbB field

The Fcp_cDB field contains the CDB to be sent to the addressed logical unit. The maximum CDB leng
bytes unless the ADDITIONAL FCP_CDB_LENGTH field has specified that there is an ADDITIONAL_FCP_CDB fig
FCP_cDB shall be ignored if any task management flag is set to one.

The CDB format is defined by SAM-3 and the contents of the CDB are defined in‘the SCSI command sta
Bytes between the end of a CDB and the end of the Fcp_cDB field or, if applicable, the ADDITIONAL_FCP_C
shall be reserved.

9.2.2.9 ADDITIONAL_FCP_cDB field

The ADDITIONAL FCP_CDB field contains any CDB bytes beyond thGse contained within the 16 byte FCP_CIl
The ADDITIONAL FCP_CDB field shall not be present if any task\management flag is set to one. The con
the field shall be those bytes of an extended CDB beyond:the first 16 bytes of the CDB as defined in th
command standards.

9.2.2.10 Fcp_pL field

For a SCSI read operation, the FCp_DL field eontains a count of the maximum number of all byte
transferred to the application client buffer in.KEP_DATA IU payloads by the SCSI command. The FcpP_|
is the Data-In Buffer Size defined by SAM-=3.

For a SCSI write operation, the FCGP_DL field contains a count of the maximum number of all byte
transferred from the application client buffer in FCP_DATA IU payloads by the SCSI command. The FCP_|
is the Data-Out Buffer Size defined by SAM-3

For a bidirectional SCSI gommand, the FCP_DL field contains a count of the maximum number of all byte
transferred from the application client buffer in FCP_DATA IU payloads by the SCSI command. The FCP_|
is the Data-Out Buffer; Size defined by SAM-3.

An FCP_DL value,of zero indicates that no data transfer is expected regardless of the state of the RDDA
WRDATA bits‘and that no FCP_XFER_RDY or FCP_DATA IUs shall be transferred.

9.2.2.11.ECP_BIDIRECTIONAL_READ_DL field

For asbidirectional SCSI command, the FCP_BIDIRECTIONAL_READ_DL field contains a count of the ma
number of all bytes to be transferred to the application client buffer in FCP_DATA IU payloads by th

P 1U with

his 16
Id. The

hdards.
pB field

B field.
ents of
e SCSI

5 to be
pL field

5 to be
DL field

s to be
DL field

TA and

ximum
e SCSI

command. T'he FCP_BIDIRECTIONAL_READ_DL field Is the Data-In Bufier Size defined by SAM-3.

An FCP_BIDIRECTIONAL_READ_DL value of zero indicates that no read operation is expected regardless of the

state of the RDDATA bit and that no FCP_DATA IUs shall be transferred for read data.
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If either RDDATA or WRDATA is set to zero, the FCP_BIDIRECTIONAL_READ_DL field is not included in the
FCP_CMND IU payload.

9.3 FCP_XFER_RDY IU

9.3.1 Overview and format of FCP_XFER_RDY IU

The FCP_XFER_RDY IU indicates that the target FCP_Port is prepared to receive part or all of the data for a
write operation. The FCP_XFER_RDY IU contains those parameters of the SAM-3 data delivery service
required by the initiator FCP_Port, including the length and beginning relative offset of the FCP_DATA IU that
is requested. Since the target FCP_Port has established buffering and caching resources based on the
requested data, the initiator FCP_Port shall provide the described data in the requested FCP_DATA |[U/5Ihe
initiator FCP_Port shall be ready to transmit any part or all of the number of bytes indicated in the FCR_ DL field
if requested.

An| FCP_XFER_RDY IU shall be transmitted preceding each write FCP_DATA IU when the WRITE
FCP_XFER_RDY DISABLED bit is set to zero by Process Login. If the target FCP_Port and\initiator FCP_HRort
haye negotiated write FCP_XFER_RDY disabled, FCP_XFER_RDY IUs shall be transmitted to request each
wrile FCP_DATA IU after the first FCP_DATA IU of the command. The first FCP_DATANU is transmitted withput
a pfeceding FCP_XFER_RDY IU (see 6.3.4).

The first 8 bytes of the FCP_XFER_RDY IU payload are defined in FC-FS-2for all IUs of category 5, the dpta
dedcriptor category. The fields defined in FC-FS-2 are given FCP names for-use in this standard. The formal of
the|FCP_XFER_RDY IU payload is shown in table 21.

Table 21 - FCP_XFER_RDY |Y payload

Bit 7 6 5 4 3 2 1 0
Byte
0 (MSB)
FCP_DATA_RO I

3 (LSB)
4 (MSB)

FCP_BURST_LEN _
7 (LSB)
8

Reserved

11

9.3|2 FcP_DATA_RO field

The FCP_DATA_RO(field contains a value specifying the relative offset in the PARAMETER field for the first dpta
byte of the requested FCP_DATA IU (see 5.2.12). The FCP_DATA_RO field is the "Offset of the data bejing
tranpsferred" field specified in FC-FS-2.

The¢ FCP_tPATA_RO field may be used by the target FCP_Port to request data out of order on writes if allowed by
the|EMDP bit in the Disconnect-Reconnect mode page (see 10.2.8). This is the same as the SAM-3 applicalron

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

The FCP_BURST_LEN field contains a value indicating the amount of buffer space prepared for all byte

s to be

transferred in the next FCP_DATA IU and requests the transfer of an FCP_DATA IU of that length from the
initiator FCP_Port. The FCP_BURST_LEN field is the "Length of the data being transferred" field specified in FC-
FS-2 and the value in the FCP_BURST_LEN field is the same as the SCSI data delivery request byte count (see

SAM-3).

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

FCP_DATA_RO shall not exceed the value of FCP_DL. The value In the FCP_BURST_LEN field shall not be 2
9.4 FCP_DATAIU
9.41 FCP_DATA IU overview

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

ero.

ent the

SCSI data transfers may be performed by one or more data delivery requests, each one performing a fransfer

no longer than:

a) the FIRST BURST sIZE field value (see 10.2.10) if the wRITE FCP_XFER *RDY DISABLED bit is set to
b) THE MAXIMUM BURST SIZE field value (see 10.2.7) if a FCP_XFERRDBY IU was received.
If more than one FCP_DATA IU is used to transfer the data, the relative offset value in the PARAMETER
used to ensure that the SCSI data is reassembled in the proper order (see 5.2.12). If an FCP_XFER_}I
is used to describe a data transfer and the first frame of the réequested FCP_DATA IU has a relative off;
differs from the value in the FCP_DATA_RO field of the FCRAXFER_RDY IU, the target FCP_Port shall re
FCP_RSP IU with the RsP_cODE field set to 03h (i.e., FEP_DATA parameter mismatch with FCP_DAT/

If required by the PRLI FCP Service Parameters, each Data-Out action FCP_DATA IU shall be precede
FCP_XFER_RDY IU containing a standard data descriptor payload that indicates the location and lengt
data delivery. If the wRITE FCP_XFER_RDY BISABLED bit is set to one in the PLRI FCP Service Paramet
(see 6.3), the first FCP_DATA IU shall betransmitted without a preceding FCP_XFER_RDY IU.

If the DATA OVERLAY ALLOWED bit is setto one in the PLRI FCP Service Parameter page (see 6.3) for the
FCP_Port, the target FCP_Port mayjrequest that data be overlaid. If the DATA OVERLAY ALLOWED bit is set
in the PLRI FCP Service Parameter page (see 6.3) for the initiator FCP_Port, the target FCP_Port s
request that data be overlaid\If data overlay is not allowed and the target FCP_Port attempts to overls
the initiator FCP_Port may not be able to guarantee data integrity and may indicate service delivery failun
retransmission as part of an error recovery process is not considered data overlay, even if retransmission
to the same offset‘in-the application client buffer.

The target ECR/Port may request data bursts in any order if allowed by the EMDP bit in the Disc
Reconnectimode page (see 10.2). By the time data transfer has been terminated, all data between the ¢
zero and\the highest offset shall have been transferred. If error conditions occur that prevent the transfer

one; or

field is
RDY 1U
set that
turn an
A RO).

d by an
n of the
br page

nitiator
to zero
nall not
y data,
e. Data
occurs

bnnect-
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of data
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in thezmiddle of a data transfer, the FCP_SNS_INFO shall indicate that only data from the offset of zero u
first byte of missing data has been transferred. Even if data of a higher offset was successfully transfi

rred, it

statt ot beconsidered vatid:

FC-FS-2 specifies the mechanisms used to transfer an IlU. The mechanisms vary with the class of service being

used and the service parameters that are in effect.
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9.4.2 FCP_DATA IUs for read and write operations

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

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

q
B)

process the command normally except that data beyond the FCP_DL count shall not be requested or
transferred;
transfer no data and return CHECK CONDITION status with the sense key set to ILLEGAL REQUHST
and the additional sense code set to INVALID FIELD IN COMMAND INFORMATION UNIF,; or
may transfer data and return CHECK CONDITION status with the sense key set to ABORTED CQM-
MAND and the additional sense code set to INVALID FIELD IN COMMAND INFORMATION UNIT.

During a write operation that is not using FCP_XFER_RDY IUs, the initiator FCP_Peort\indicates that it has

Th

tralsferred all the required data by transferring Sequence Initiative to the target FCP_Port.

initiator FCP_Port shall not transfer data outside the buffer length defined by«cP_DL. If the write operafion

reguires a total amount of data less than the amount of data provided by ¢the initiator FCP_Port, the target
FCP_Port shall discard the excess bytes. Because there were fewer bytes’provided than required by Fcp_[pL,

the

FCP_RESID_UNDER bit (see 9.5.7) shall be set to one in the FCP~RSP IU. The command is completed

acdording to the rules specified by the SCSI command set for that cemmand.

If the amount of data requested or transferred does not match the number of bytes of data calculated from the
valye of the FCP_DL field and the value of the FCP_RESID field*(see 9.5.12), the error detection and recovery
procedure described in clause 12 may be invoked or the ECP 1/O operation may be terminated with a recovery
abqgrt (see 12.3) or other failure indication. The mechanism an initiator FCP_Port uses to determine that the
corfect amount of data has been returned is vendor.specific. Data that has been retransmitted and overlaid shall

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

9.4{3 FCP_DATA IUs for bidirectional.commands

Dufing a bidirectional command, the(initiator FCP_port shall always have available a buffer with the length
spqcified by the FcP_DL field to transfer data to the target FCP_Port. The target FCP_Port shall not request dpta

outgide the buffer length specified:by the FCP_DL field.

During a bidirectional command, the initiator FCP_Port shall always have available a buffer with the lenjgth
spqcified by the FCP_BIDIRECTIONAL_DL field to receive data from the target FCP_Port. The target FCP_Port shall

not|transfer data outsidethe buffer length specified by the FCP_BIDIRECTIONAL_DL field.

If a| bidirectional.command requested that data beyond FCP_DL be transferred, the device server shall set the

FCH

g)
B)

RESID_OVER™bit (see 9.5.8) to one in the FCP_RSP IU and:

process the command normally except that data beyond the FCP_DL count shall not be transferred; o
transfer no data in either direction and return CHECK CONDITION status with the sense key set to ILLE-
GAL REQUEST and the additional sense code set to INVALID FIELD IN COMMAND INFORMATIDN

c)

UNIT.

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

a) process the command normally except that data beyond the FCP_BIDIRECTIONAL_READ_DL count shall not
be transferred; or

b) transfer no data in either direction and return CHECK CONDITION with the sense key set to ILLEGAL
REQUEST and the additional sense code set to INVALID FIELD IN COMMAND INFORMATION UNIT.

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

bidirectional SCSI command or the number of bytes of data calculated from the valug-lof the
FCP_BIDIRECTIONAL_READ_DL field and the value of the FCP_BIDIRECTIONAL_READ_RESID field (see 9.5:13) for the
read operation of a bidirectional SCSI command, the FCP |/O operation may be terminated with-a recovefy abort
(see 12.3) or other failure indication. The mechanism an initiator FCP_Port uses to determine that the [correct
amount of data has been returned is vendor specific. Data that has been retransmitted-and overlaid ghall be
counted only once for the purposes of calculating residual values.

9.4.4 FCP_DATA IU use of fill bytes

During transfer of data in response to an FCP_CMND_IU with the RDDATA bit&et to one and the WRDATA bit set
to zero, all frames of FCP_DATA _IUs except the frame with the highest relative offset within the Data-In Buffer
shall have no fill bytes.

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

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

9.5 FCP_RSPIU

9.5.1 Overview and format of FCP_RSP IU

The FCP_RSP IU provides completion information for FCP I/O operations. The information includes SCSI
status, protocol verification, and.any applicable autosense data. The target FCP_Port shall send an FCP_RSP
IU for each task management-function delivered with an FCP_CMND IU, indicating the completion statup of the
task management function‘in' the RSP_CODE field.

The bits and fields in(bytes 10 and 11 summarize the completion status of an FCP 1/O operation and indicate
the meaning and-validity of other fields in the FCP_RSP IU. Bytes 10 and 11 shall be zero upon sugcessful
completion of @an-FCP 1/O operation, indicating that no other information is present in the FCP_RSP 1U. A
nonzero valuein either byte 10 or byte 11 should cause the application client to examine the fields in FCP_RSP
IU to determine whether a failure, a retryable temporary condition, or an expected response occurred.

If command linking is being performed, an FCP_RSP IU is provided for each command. For linked commands,
INTERMEDIATE status or INTERMEDIATE - CONDITION MET status indicates successful completipn of a

command withrmo other-mformation vatid-ifattother fretdsare zeroHfcommmand-timking s Tequested; the use of
the INTERMEDIATE or INTERMEDIATE-CONDITION MET status indicates that linking shall be performed. The
LINKED COMMAND COMPLETE Or LINKED COMMAND COMPLETE (WITH FLAG) Service Response defined by SAM-3 is
implicit in the presentation of INTERMEDIATE or INTERMEDIATE-CONDITION MET status in the FCP_RSP
IU.
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If data retransmission is enabled and a Sequence error is detected, a target shall not transmit an FCP_RSP 1U
with CHECK CONDITION status. See 12.3.5 for additional target error recovery.

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

C IDITION status and sense data that describes the error.
In the event that Sequence Initiative is not received within RR_TOVggq v (s€€ 11.4), the target FCP_Port nLay
impglicitly terminate the affected Exchange.
The content of the FCP_RSP IU is indicated in table 22.
Table 22 - FCP_RSP IU Payload
Bit 7 6 5 4 3 2 1 0
Byte
0
Reserved
7
8 (MSB)
retry delay timer _
9 (LSB)
10 FCP_ FCP_
FCP_ BIDI_ BIDI_ FCP_ FCP_ FCP_ gﬁg— FF{(S:$_
BIDI_ READ_ READ_ CONFx RESID_ RESID_ LEN7 LEN7
RSP RESID_ RESID_ REQ UNDER OVER VALI_D VALIB
UNDER OVER
11 SCSI STATUS CODE
12 (MSB)
fcp_resid N
15 (LSB)
16 (MSB)
FCP_SNS_LEN (= n) N
19 (LSB)
20 (MSB)
FCP_RSP_LEN (= m) N
23 (LSB)
24
FCP_RSP_INFO (m bytes long)(if any)(see table 23)
23+m
24+m
FCP_SNS_INFO (n bytes long)(if any)
23+m+n
24+m+n (MSB)
FCP_BIDIRECTIONAL_READ_RESID (if any) -
27+m+n (LSB)
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9.5.2 RETRY DELAY TIMER field

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

9.5.3 FCP_BIDI_RSP bit

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

9.5.4 FCP_BIDI_READ_RESID_UNDER bit

If the FCP_BIDI_READ_RESID_UNDER bit is set to one, the FCP_BIDIRECTIONAL_READ_RESID field jis valid and
contains the count of bytes that were expected to be transferred, but were not transferred. The application client
shall examine the FCP_BIDIRECTIONAL_READ_RESID FIELD field in the context of the command to defermine
whether or not an error condition occurred.

9.5.5 FCP_BIDI_READ_RESID_OVER bit

If the FCP_BIDI_READ_RESID_OVER bit is set to one, the FCP_BIDIRECTIONAL_READ-RESID field is valid and cpntains
the count of bytes that were not transferred because the FCP_BIDIRECHONAL_READ_DL value was ngt large
enough. The application client shall examine the FCP_BIDIRECTIONAL_READ—-RESID FIELD field in the context of the
command to determine whether or not an error condition occurred.

9.5.6 FCP_CONF_REQ bit

If the FCP_CONF_REQ bit is set to one, the initiator FCP_Port shall transmit an FCP_CONF |U to confirm|receipt
of the FCP_RSP Sequence. If the FCP_CONF_REQ bit istset to zero, the initiator FCP_Port shall not tranpmit an
FCP_CONF IU.

9.5.7 FCP_RESID_UNDER bit

If the FCP_RESID_UNDER bit is set to one, the-FCP_RESID field is valid and contains the count of bytes that were
expected to be transferred, but were not transferred. The application client shall examine the FCP_RESID|field in
the context of the command to determine whether or not an error condition occurred.

9.5.8 FCP_RESID_OVER bit

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

9.5.9 FCP_SNS~LEN_VALID bit

If the FCP_SNS=LEN_VALID bit is set to one, the FCP_SNS_INFO field contains valid information, the FCP_SNS_LEN
field is valid'and non-zero and contains the count of bytes in the FCP_SNS_INFO field. The application clignt shall
examifne‘the FCP_SNS_INFO field to determine whether or not an error condition occurred.

Ifthe FCP_SNS_LEN_VALID bit is set to zero, the FCP_SNS_LEN field is not valid and shall be treated as if ils value

O-L4.4

o
WCIT £T1U. OCT J.J. T5.

9.5.10 FCP_RSP_LEN_VALID bit

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

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

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

and

9.5

shall not be present.

11 SCSI sTATUS CODE field

Thg SCSI STATUS CODE field contains the status code for the SCSI command being completed,-as)defined

SA

9.5

For
ac

For
the
sp4
For
of t

For
exd
the

For
cor|
Up
val

cor
CD

If th
wa

Ac
If th

M-3.
12 FcP_RESID field

read operations and write operations, if the FCP_RESID_UNDER bit is set to one, the FCP_RESID field contg
bunt of the number of residual data bytes that were not transferred in FCP_DATA’IUs.

read operations and write operations, if the FCP_RESID_OVER bit is set to/one, the FCP_RESID field contg
excess of the number of bytes required by the SCSI command to be {ransferred over the number of by
cified by the Fcp_DL field.

bidirectional SCSI commands, if the FCP_RESID_UNDER bit is sett0.one, the FCP_RESID field contains a co
ne number of residual data bytes that were not transferred in the Data-Out FCP_DATA IUs for the comma

bidirectional SCSI commands, if the FCP_RESID_OVER‘bit'is set to one, the FCP_RESID field contains
ess of the number of bytes required to be transferred.if‘the Data-Out FCP_DATA IUs by the command o
number of bytes specified in the FCP_DL field.

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

bn successful completion of an FCP, |/Q-operation, the residual value is normally zero and the FCP_RH
e is not valid. FCP devices havingiindeterminate data lengths may have a nonzero residual byte count a
npleting valid operations. There,is no requirement to verify that the data length implied by the contents of
B does not cause an overrunor'underrun before beginning the processing of a SCSI command.

5 performed and the value of FCP_RESID is defined as follows:

FCP_RESID = FCR.DD - (highest offset of any byte transmitted + 1)

pndition of FCPRESID_UNDER may not be an error for some FCP devices and some commands.

e FCP_RESID_OVER bit is set to one, refer to 9.4.2 or 9.4.3. The FCP_RESID value is defined as follows:

FCP{RESID = (transfer length required by command) - FCP_DL

If th

€ FCP_RESID_UNDER bit is'set to one, a transfer that did not fill the buffer to the expected displacement FCp|

by
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e ECP _RESID UNDER andthe FCP RESID QVER hits are setto Zerg, the Eck_RESID field is not mnaningﬁll :

may have any value. The FCP_RESID field is always included in the FCP_RSP IU.

NOTE 4 Some early implementations presented the FCP_RSP IU without the FCP_RESID, FCP_SNS_LEN, and FCP_RSP_LEN fields if the
FCP_RESID_UNDER, FCP_RESID_OVER, FCP_SNS_LEN_VALID, and FCP_RSP_LEN_VALID bits were all set to zero. This non-standard behavior
should be tolerated.
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9.5.13 FCP_BIDIRECTIONAL_READ_RESID field
The FCP_BIDIRECTIONAL_READ_RESID field is included in the FCP_RSP IU for all bidirectional SCSI commands.

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

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

field.

Upon successful completion of an FCP 1I/O operation, the residual value is normally zero ahd the
FCP_BIDIRECTIONAL_READ_RESID value is not valid. FCP devices having indeterminate data lengths may|have a
nonzero residual byte count after completing valid operations. There is no requirement to'yvefify that the data
length implied by the contents of the CDB does not cause an overrun or underruncbefore beginnjng the
processing of a SCSI command.

If the FCP_BIDI_READ_RESID_UNDER bit is set to one, a transfer that did not-fill the buffer to the ejpected
displacement FCP_BIDIRECTIONAL_READ_DL was performed and the value of £€PZ BIDIRECTIONAL_READ_RESID is
defined as follows:

FCP_BIDIRECTIONAL_READ_RESID = FCP_BIDIRECTIONAL_READ_DL - (highest offset of any byte transmitlfd +1)
A condition of FCP_BIDI_READ_RESID_UNDER may not be an errorfor-some FCP devices and some cominands.

If the FCP_BIDI_READ_RESID_OVER bit is set to one, refer to 9:4:3. The FCP_BIDIRECTIONAL_READ_RESID Yalue is
defined as follows:

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

If the FCP_BIDI_READ_RESID_UNDER and. (the FCP_RESID_OVER bits are both set to zerp, the
FCP_BIDIRECTIONAL_READ_RESID field is not meaningful and may have any value.

9.5.14 FCP_SNS_LEN field
If the FCP_SNS_LEN_VALID bit is ong, the FCP_SNS_LEN field specifies the number of valid bytes of FCP_SNE_INFO.

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

The FcP_sSNsS_LEN fieldis-always included in the FCP_RSP IU.

9.5.15 FCP_RSP_LEN field

If the FCP_RSPLI"EN_VALID bit is one, the FCP_RSP_LEN field specifies the number of valid bytes of FCP_RSP_INFO.
The number shall be 00000004h, or 00000008h.

If the.FEP_RSP_LEN_VALID bit is zero, the FCP_RSP_LEN field is not valid and shall be treated as if its valye were
zero, No FCP_RSP_INFO is provided.

I'ne FCP_RSP_LEN Tield IS always Included In the FUF_RSF TU.

9.5.16 FcP_RSP_INFO field

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

Table 23 - FcP_RsSP_INFO field format

The valid RSP_CODE values are specified in table 24.

The¢ completion,status of the task management function is indicated by the RsP_CODE. If the Exchangg

abd
(i.e

Act'vities started by a task management function may continue after the FCP_RSP U for the task managem

Bit Z 6 5 4 3 2 1 0
Byte

0

Reserved
2
3 RSP_CODE
4

Reserved (if any)

7

Table 24 - RsP_CODE definitions

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

rted before)the FCP_RSP IU is returned, the completion status is unknown. If the RSP_CODE is set to (
, Task;Management function failed), the state of the logical unit is unknown.

5h

ent

has been delivered.

9.5.

17 FcP_SNS_INFO field

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

9.6 FCP_CONF IU

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

1 Overview of mode pages for the Fibre Channel Protocol

(E)

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

25.

10.
10.

Table 25 - Mode pages for FCP

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

2 Disconnect-Reconnect mode page

P.1 Overview and format of Disconnect-Reconnect mode’page for FCP

The Disconnect-Reconnect mode page (see table 26) allows.the application client to modify the behavior of

ser
deV
dey
cor
intqg
scd
sh3
ser

vice delivery subsystem. This subclause specifies the(parameters defined by SPC-3 that are used by F
ices and defines how FCP devices interpret the parameters. The application client communicates with
ice server to determine what values are mest appropriate for a device server. The device ser
hmunicates the parameter values in this mode page to the target FCP_Port, normally the Fibre Chan
rface circuitry. This communication is intetnal to the SCSI target device and FCP device and is outside
pe of this standard. If a field or bit contains a value that is not supported by the FCP device, the device ser
Il return CHECK CONDITION statds;*The sense key shall be set to ILLEGAL REQUEST and the additio
se code set to ILLEGAL FIELD, IN.PARAMETER LIST.

the
CP
the
ver
nel
the
ver
nal
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Table 26 - Disconnect-Reconnect mode page (02h)

Bit 7 6 5 4 3 2 1 0

Byte

0 PS Reserved PAGE CODE (02h)

1 PAGE LENGTH (OEh)

2 BLIEECD Ll _DATIO)

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 siz&

11 LSB)

12 emdp faa fab fac restricted restricted

13 Reserved

14 (MSB)

first burst size

15 LSB)
An interconnect tenancy is the period of time-when an FCP device owns or may access a shared Fibre Ghannel
interconnect. For arbitrated loops (see FC-AL-2) and Fibre Channel Class 1 connections, a tenancy typically
begins when an FCP device successfully opens the connection and ends when the FCP device releages the
connection for use by other device pairs. Data and other information transfers take place during inter¢gonnect
tenancies.
Point-to-point or fabric-attached Class 2 or Class 3 links and many other configurations do not have a goncept
of interconnect tenancy and may perform transfers at any time.
10.2.2 BUFFER FULL.RATIO field
The BUFFER FULLRATIO field indicates to the device server, during read operations, how full the buffer shpuld be
prior to requesting an interconnect tenancy. Device servers that do not implement the requested ratio[should
round down to the nearest implemented ratio as defined in SPC-3. FCP devices attached to links thafl do not
havethe concept of interconnect tenancy shall round the ratio to zero and transmit data in a vendor $pecific

manner.

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

10.2.3 BUFFER EMPTY RATIO field

The BUFFER EMPTY RATIO field indicates to the device server, during write operations, how empty the buffer

should be prior to transmitting an FCP_XFER_RDY IU that requests the initiator FCP_Port to send data.

Device
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servers that do not implement the requested ratio should round down to the nearest implemented ratio as
defined in SPC-3.

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

10.2.4 BUS INACTIVITY LIMIT field

The BUS INACTIVITY LIMIT field indicates the maximum time that the target FCP_Port is permitted to maintain an
interconnect tenancy without data or information transfer, measured in transmission word increments. If the bus
inactivity limit is exceeded or if the bus is inactive and the target FCP_Port holding the bus detects that the limit

is nning ta be exceeded the device server shall end the intercannect tenancy This value may he raunded as

deflned in SPC-3. A value of zero indicates that there is no bus inactivity limit.

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

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

10.2.5 DISCONNECT TIME LIMIT field

The DISCONNECT TIME LIMIT field indicates the minimum delay between interconnect tenancies measureq in
inctements of 128 transmission words. Target FCP_Ports in configurations having the concept of interconnect
tenpncy shall delay at least this time interval after each interconnect tenancy:before beginning arbitration. The
deyice server may round this value to any value it prefers. A value of zera.indicates that the disconnect time limit
dogs not apply.

The¢ DISCONNECT TIME LIMIT field is not applicable for FCP devices-attached to links that do not have the concept
of ipterconnect tenancy.

10.2.6 CONNECT TIME LImIT field

Thg CONNECT TIME LIMIT field indicates the maximum, duration of a single interconnect tenancy, measured in
inctements of 128 transmission words. If the connect time limit is exceeded the device server shall conclude the
intgrconnect tenancy, within the restrictions placed on it by the applicable Fibre Channel configuration. The
deyice server may round this value to any value it prefers. A value of zero indicates that there is no connect time
limit.

The¢ CONNECT TIME LIMIT field is not applicable for FCP devices attached to links that do not have the concept of
intgrconnect tenancy.

10.2.7 MAXIMUM BURST SIzEfield

The MAXIMUM BURST S|zE)field indicates the maximum size of all bytes in an FCP_DATA IU that the target
FCP_Port shall transfer to the initiator FCP_Port in a single Data-In FCP_DATA IU or request from the initigtor
FCP_Port in an FCP_XFER_RDY IU. This parameter does not affect how much data is transferred in a single
intgrconnect tenancy. This value is expressed in increments of 512 bytes (e.g., a value of 1 means 512 bytes,
twq means-1024 bytes, etc.). The device server may round this value down as defined in SPC-3. A value of zgro
ind|cates\there is no limit on the amount of data transferred per data transfer operation. This value shall|be
impglemented by all FCP devices. The initiator FCP_Port and target FCP_Port may use the value of this
parameter to adjust internal maximum buffering requirements.

10.2.8 EMDP bit

The enable modify data pointers (EMDP) bit indicates whether or not the target FCP_Port may use the random
buffer access capability to reorder FCP_DATA IUs for a single SCSI command. If the EMDP bit is set to zero, the
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target FCP_Port shall generate continuously increasing relative offset values for each FCP_DATA IU for a
single SCSI command. If the EMDP bit is set to one, the target FCP_Port may transfer the FCP_DATA IUs for a
single SCSI command in any order. If the EMDP bit is set to zero, data overlay is prohibited even if it is allowed
by the state of the PRLI FCP Service Parameter page DATA OVERLAY ALLOWED bit. The EMDP bit does not affect
the order of frames within a Sequence. The enable modify data pointers function is optional for all FCP devices.

For bidirectional commands, the EMDP bit applies independently to the read operation and write operation. If the
EMDP bit is set to zero, the target FCP_Port shall generate continuously increasing relative offset values for the
read operation and the write operation, but there is no read operation to write operation or write operation to

read-operation orderina reauirement
g 4 <1

10.2.9 FAA, FAB, FAC bits

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

An FA bit set to one indicates that the target FCP_Port shall use the access fairness algorithm for the specified
frames. An FA bit set to zero indicates that the target FCP_Port may choose to not\use the access fpirness
algorithm. The FAA bit controls arbitration when the target FCP_Port has one or more FCP_DATA IU frgmes to
send to an initiator FCP_Port.

The FAB bit controls arbitration when the target FCP_Port has one or more FCP_XFER_RDY IU frames {o send
to an initiator FCP_Port.

The FAC bit controls arbitration when the target FCP_Port has an\FCP_RSP IU frame to send to an |nitiator
FCP_Port. If the target FCP_Port intends to send multiple frame types, it may choose to not use the jaccess
fairness algorithm if any applicable FA bit is set to zero. FEP devices attached to links that do not have the
concept of interconnect tenancy shall ignore the FA bits.. The FA bits are optional for all FCP devices.

10.2.10 FIRST BURST SIZE field

When the WRITE FCP_XFER_RDY DISABLED bit jS *negotiated as being set to one in the PRLI FCP Pervice
Parameter page (see 6.3), the FIRST BURST.SIZE field indicates the maximum amount of all bytes that ghall be
transmitted in the first FCP_DATA IU sefb from the initiator FCP_Port to the target FCP_Port. If all |data is
transmitted in the first IU, no subsequent FCP_XFER_RDY IUs shall be transmitted by the target FCP_|Port. If
the maximum amount of data has been transmitted, but more data remains to be transferred, thg target
FCP_Port shall request that data with subsequent FCP_XFER_RDY IUs.

When the WRITE FCP_XFERRDY DISABLED bit is negotiated as being set to zero in the PRLI FCP Bervice
Parameter page (see 6.3),.the FIRST BURST SIZE field is ignored and permission to transmit data from the |nitiator
FCP_Port to the target/FCP_Port is managed using FCP_XFER_RDY IUs. For data transmissions from the
target FCP_Portto'the initiator FCP_Port, the FIRST BURST SIZE field is ignored.

The FIRST BURSW/SIZE field value is expressed in increments of 512 bytes (e.g., a value of one means 512 bytes,
two means\1024 bytes). A value of zero indicates that there is no first burst size limit. The FIRST BURST SIZE field
shall beximplemented by all FCP devices that support the WRITE FCP_XFER_RDY DISABLED bit being set|to one.
The application client and device server may use the value of this parameter to adjust internal maximum
buffering requirements.
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The Fibre Channel Logical Unit Control mode page (see table 27) contains those parameters that select FCP
logical unit operation options. The implementation of any parameter and its associated functions is optional. The
mode page follows the MODE SENSE and MODE SELECT command rules specified by SPC-3.

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

Bit 7 6 5 4 3 2 1 0

Byte

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

1 PAGE LENGTH (06h)

2 Reserved PROTOCOL IDENTIFIER (FCP =-0h)

3 Reserved epdc

4 Reserved

5 Reserved

6 Reserved

7 Reserved

An [ENABLE PRECISE DELIVERY CHECKING (EPDC) bit of one indicates thab the logical unit shall use the pred
dellvery function defined by this standard (see 4.4). When the EPBE bit is set to zero, the logical unit shall
usq the precise delivery function and shall ignore the contents/of the CRN field in the FCP_CMND IU (4
9.2]2.2). The EPDC bit is valid for all types of link connections.\f the precise delivery function is not suppor
and the Fibre Channel Logical Unit Control mode page is, supported by the logical unit, the EPDC bit shall
mapked as not changeable and shall follow the MODE<SENSE and MODE SELECT command rules specified

by BPC-3.

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

that the precise delivery function is not supported by that logical unit.

10.4 Fibre Channel Port Control mode-page

10.4.1 Overview and format of Fibre Channel Port Control mode page

The¢ Fibre Channel Port Control mode page contains those parameters that select FCP_Port operation optio
Th¢ mode page policy shall beper target port (see SPC-3). The mode page shall be implemented by logical yinit
0 and may be implemented by logical units other than logical unit 0. The implementation of any bit and
asdociated functions(s 'optional. The mode page follows the MODE SENSE and MODE SELECT command
rulgs specified by-SPC-3.

Somme of the bits defined by the Fibre Channel Port Control mode page require the FCP_Port to violate one
mofe of the-Fibre Channel standards. The non-standard behaviors have been identified as useful for cerfain
spqcialized operating environments.
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The format of the Fibre Channel Port Control mode page is shown in shown in table 28.

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

Bit 7 6 5 4 3 2 1 0

Byte

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

1 PAGE LENGTH (06h)

2 Reosenved RPROTOCOLIDENTIEIER (l:f‘D = nh)

3 dtfd plpb ddis dim rha alwi dtipe jtoli

4 Reserved

5 Reserved

6 Reserved rrJtov units

7 sequence initiative resource recovery timeout value (rr_tovgeq init)

10.4.2 DISABLE TARGET ORIGINATED LOOP INITIALIZATION (DTOLI) bit

If the DISABLE TARGET ORIGINATED LOOP INITIALIZATION (DTOLI) bit is set to.ene, a target FCP_Port attache
arbitrated loop (see FC-AL-2) shall not generate a LIP following insertion into the loop. The target FQ
shall respond to a LIP when it is received. If the DTOLI bit is set t6 zero, the target FCP_Port attache
arbitrated loop shall generate LIP(F7,xx) after it enables a portinto a loop. If the target FCP_Port is atta
an arbitrated loop and detects loop failure at its input, it shafl follow the error initialization process def
FC-AL-2 regardless of the state of the DTOLI bit. Target FCR+'Ports not attached to an arbitrated loop shal
the DTOLI bit.

10.4.3 DISABLE TARGET INITIATED PORT ENABLE (DTIPE) bit

If the DISABLE TARGET INITIATED PORT ENABLE (DTIPE) bit is set to one, a target FCP_Port attached to an arl
loop (see FC-AL-2) shall wait for an initiatop FCP_Port to send the Loop Port Enable (LPE) primitive se
before inserting itself into an arbitrated-loop (see FC-AL-2). The target FCP_Port shall wait in a parti

dto an
P_Port
d to an
Ched to
ned by
ignore

pitrated
juence
ipating

state with the Port Bypass circuit, if any, set to bypass the target FCP_Port. The target FCP_Port uses the hard

address available in the SCA-2 connector (see SFF-8067) or in device address jumpers to determine
LPE primitive sequences aréwaddressed to it. An LPE primitive sequence addressed to the broadcast 4
shall also cause the target-FCP_Port to insert itself into the loop. If the DTIPE bit is set to zero, the
FCP_Port shall enableTitself onto the loop in according to the rules specified in FC-AL-2. Target FCP_P
attached to an arbitrated loop shall ignore the DTIPE bit.

10.4.4 ALLOW-LOGIN WITHOUT LOOP INITIALIZATION (ALWLI) bit

If the ALLOW LOGIN WITHOUT LOOP INITIALIZATION (ALWLI) bit is set to one, a target FCP_Port attache
arbitrated“loop (see FC-AL-2) shall use the hard address available in the SCA-2 connector (see SFF-8
in device address jumpers, enter the monitoring state in participating mode, and accept logins without us

hether
ddress
target
brts not

] to an
P67) or
ing the
brm the

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

normal loop initialization procedure before entering the monitoring mode and accepting a login ELS.
FCP_Ports not attached to an arbitrated loop shall ignore the ALWLI bit.

Target
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10.4.5 REQUIRE HARD ADDRESS (RHA) bit

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

14

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

TarEet FCP_Ports not attached to an arbitrated loop shall ignore the RHA bit.
10.

If the DISABLE LOOP MASTER (DLM) bit is set to one, a target FCP_Port attached toan.arbitrated loop (see FC-AL-
2) ghall not participate in loop master arbitration and shall not become loop master. The target FCP_Port shall
only repeat LISM frames it receives. If the DLM bit is set to zero, the target FCP_Port may participate in lgop
magter arbitration in the normal manner and, if successful, may become l@oep master during the loop initialization
progcess. Target FCP_Ports not attached to an arbitrated loop shall.ighore the DLM bit.

.6 DISABLE LOOP MASTER (DLM) bit

10.4.7 DISABLE DISCOVERY (DDIS) bit

If the DISABLE DISCOVERY (DDIS) bit is set to one, a target\FCP_Port without a valid FLOGI attached to|an
arbjtrated loop (see FC-AL-2) shall not require receipt of\Address or Port Discovery (i.e., ADISC or PDISC ELBs)
follpwing loop initialization as described in FC-DAY\ The logical units shall resume processing tasks [on
comppletion of loop initialization. If the DDIS bit is set'to zero, the target FCP_Port shall wait to complete target
disgovery, as defined by FC-DA, before allowing processing of tasks to resume.

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

10.4.8 PREVENT LOOP PORT BYPASS (PLPB) bit

If the PREVENT LOOP PORT BYPASS (PLPB) bit is set to one, a target FCP_Port attached to an arbitrated loop (3ee
FC1AL-2) shall ignore any.oop Port Bypass (LPB) and Loop Port Enable (LPE) primitive sequences. The Igop
port shall always remain”participating. If the PLPB bit is set to zero, the target FCP_Port allows the Loop Hort
Bypass (LPB) and-Ltoop Port Enable (PBE) primitive sequences to control the port bypass circuit gnd
participation on the“oop as specified by FC-AL-2. Target FCP_Ports not attached to an arbitrated loop shall
ignpre the PLPB\DIL.

The¢ DTIPE.and PLPB bits shall not both be set to one at the same time. If an invalid bit combination is sent by the
application client, the device server shall return CHECK CONDITION status and the sense key shall be sef to

ILLEGAL REQ and-the additional sense code shall be setto INVALID D INTHE PARAM R L9

10.4.9 DISABLE TARGET FABRIC DISCOVERY (DTFD) bit

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

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

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

Table 29 - Values for RR_TOV UNITS

Byte 6 Units of measure for

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

The RR_TOVgeq 7 field indicates the number of time units spegified by the RR_TOV UNITS field that shall he used
by the timer that performs the RR_TOVgq 7 timeout functionf no timer is specified, the RR_TOVgeq |t value

shall be ignored by the device server and a vendor specific-default value shall be used for RR_TOVggq | ni7-
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11 Timers for FCP operation and recovery
11.1 Summary of timers for the Fibre Channel Protocol

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

Table 30 - Timer summary

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

Initiator | Target

H D_TOV M (0] Error_Detect_Timeout 2s 273 11.3
Value

R_A_TOVgeq quat M o} Resource_Allocation Private loop =0 s 1,2 1.
Timeout Value Public loop =10 s

H_A_TOVg M M Private loop=2 s 1,2 1.

Public loop=-10 s

HR_TOVytn M Resource Recovery 2s 114
Timeout Value

RR_TOVgeq_inir M If RETRY bit is set to 0: 114

2s

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

HEC_TOV M M REC Timeout Value >E D TOV+1s 4 11.
(minimum)
yLrP_TOV M Upper Level Pratoeol If RETRY bit is set to 0: 11.4
Timeout Value > Operation-specific timer +
E D TOV+1s

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

NOTE 1 R_A_TOV is defined by FC-FS=2.
This standard defines the default R_A_TOV for Sequence Qualifiers as zero for private loops and 10 s for public
loops. This standard defings.the default R_A_TOV for ELS responses as 2 s for private loops and 10 s for public
loops. If ELSs are usedtoset R_A_TOV, the same value is applied for both uses. Other Fibre Channel standards
may specify different-default values for R_A_TOV for different topologies.

NOTE 2 Target FCP_Pofts\that support Class 2 delivery service shall implement this timer.

NOTE 3 E_D_TOV.defadlt timeout values are defined by FC-FS-2, and FC-DA. ELSs are provided to set values other than th
default valué. This standard defines the default value required by the recovery protocol, deriving the value as follows:

(]

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

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

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

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

E_D_TOV is a general error detect timeout value (see FC-FS-2, FC-AL-2, FC-LS, and FC-DA). For FCP-3
Sequence recovery, it is used to time the following:

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

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

c) the minimum time a Sequence Initiator shall wait for an ACK response before it considers the ACK to be
missing and begins recovery actions.

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

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

11.3 Resource Allocation Timeout (R_A_TOV)
R_A_TOV has two separate components, labeled R_A_TOVggq quaL @nd R_A_TOVE;s.

R_A_TOVsEgq qual is used to define the minimum amount of time that a Sequence Initiator shall waif before
reusing the Sequence_Qualifier associated with an aborted Sequence. The Sequence_Qualifer is comppsed of
the s_ID, D_ID, OX_ID, RX_ID, and SEQ_ID fields.This value is also the minimum amount of time that a Sefjuence
Initiator shall wait following receipt of the BA_ACC reply Sequence to an-ABTS before transmitting a Reginstate
Recovery Qualifier (RRQ) ELS.

Using a value of zero for this timeout value assumes that a Sequence Initiator does not transmit any Frames for
a Sequence after an ABTS is sent for that Sequence. If a design-uses a queuing mechanism for the transinission
of Sequences, the queue for a given Sequence shall be empty before an ABTS for that Sequence is sent, or the
act of sending the ABTS purges the queue.

A value of two times R_A_TOVE_ g is used to detetmine the minimum time that the Originator of an Extended
Link Service or FC-4 Link Service request shall:wait for the response to that request.

After completion of FLOGI, Public Loop devices shall use the value of R_A_TOV specified by the Fabrit in the
FLOGI ACC.

11.4 Resource Recovery Timeout(RR_TOV)
RR_TOV has two separate components, labeled RR_TOV 1y and RR_TOVgeq -

RR_TOV, 1y is the minimum time a target FCP_Port shall wait for a specific initiator to perform Exghange
Authentication following the completion of the Loop Initialization Protocol (i.e., the receipt of CLS whil¢ in the
OPEN-INIT state) (see FC-DA). RR_TOVgq 7 is the minimum time a target FCP_Port shall wait for an |nitiator
FCP_Port response following transfer of Sequence Initiative from the target FCP_Port to the initiator FQP_Port
(e.g., following™ransmission of the FCP_XFER_RDY IU during a write command). If either of thgse two
conditions_ is~not recovered successfully before expiration of RR_TOV, a target FCP_Port may impl|citly or
explicitli,perform a LOGO with that initiator FCP_Port and reclaim the resources associated with those
Exehanges (see 12.4.1.5).

The value of RR_TOVg o w+may be set using the Fibre Channel Port Control mode page (see 10.4.10).

11.5 Read Exchange Concise Timeout Value (REC_TOV)

REC_TOQV is used by the initiator FCP_Port to provide a minimum polling interval for REC and by the target
FCP_Port for FCP_CONF IU error detection. The REC_TOV timer shall be implemented such that at least one
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REC_TOV period passes between transmission of a command and the first polling for Exchange status with the
REC ELS. Table 31 describes REC_TOV usage pertaining to the initiator FCP_Port.

Table 31 - Initiator FCP_Port REC_TOV Usage

Timer starts or restarts after:

Timer stops without sending REC after:

FCP_CMND IU has been sent.

FCP_RSP IU is received for the FCP_CMND IU or the
Exchange is aborted.

FCP_DATA IU Sequence has been sent by the initiator
FCP_Port (optional)

FCP_RSP IU is received for the FCP_CMND IU or the
Exchange is aborted.

REC was sent for an FCP_CMND IU and an ACC was
received indicating the command is in progress (i.e. REC
polling interval).

FCP_RSP IU is received for the FCP_CMND IU or the
Exchange is aborted.

Table 32 describes REC_TOV usage pertaining to the target FCP_Port.

11
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Table 32 - Target FCP_Port REC_TOV usage

Timer starts after:

Timer stops without sending REC after:

FCP_RSP IU requesting an FCP_CONF IU has been sent.

FCP_CONF IU.is received or the Exchange is aborted.

.p Upper Level Protocol Timeout (ULP_TOV)

P_Port congestion.

P_TOV is an operation-specific timer maintained by the Upper Level Protocol. ULP_TOV is used to time
hpletion of Exchanges associated with ULP operations;-Since the amount of time required varies depend
n the operation, the value assigned for this timer is determined by the operation being timed. So
rations may require extended periods of time té.complete.

P timers take into account response timéincrements caused by command queuing and multi-initig

the

ne

tor
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12 Link error detection and error recovery procedures

12.1 Error detection and error recovery overview

12.1.1 Exchange level

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

for a list of these mechanisms.

To recover from these errors, all FCP compliant initiator FCP_Ports shall be capable of invoking the recovery

dIUUIJl ful IbﬁUl I tU tcl IIIiI IdtU d fdlill LL®) E)\b; Idiyc al Il.]I tU recuvel ti 1< dbbUb;diUUl IeSOUICes ds UIUbL,I I;JCUI il I
FCP compliant target FCP_Ports shall be capable of processing the requested recovery abort to finish-g
the Exchange and to recover the associated resources. The failed command may then be reissued by
level programs according to protocols beyond the scope of this standard.

This standard allows the use of the REC ELS to monitor the progress of active Exchangess An FCP-3
may accept or reject error detection inquiries.

12.1.2 Sequence level

Sequence level error recovery as described in 12.4 shall not be used for bidifectional SCSI commands

To recover from errors, FCP-3 compliant devices may perform retransmission procedures that all
commands to be completed without requiring higher level programs to'perform command retries. Such r¢
may be useful for SCSI logical units that depend critically on comimand ordering and maintaining rec

using the SRR FCP FC-4 Link Service by setting the RETRY"bit to one in the PRLI before perform
retransmission of individual IUs (see 6.3.4). An FCP-3 device that has agreed to perform retransmissic
use and accept the REC ELS and SRR FCP FC-4 Link Service as defined by this standard to perfq
retransmission.

Even after agreeing to perform retransmissiong;the initiator FCP_Port may choose to request a recover
and the target FCP_Port shall be able to accept and perform the recovery abort.

While the basic error detection and error recovery procedures are class independent, acknowledged cla
services may use the acknowledgemeént mechanism as an additional error detection feature and m
mechanisms defined in FC-FS-2 to-assist in the recovery process.

This clause defines the errdr-detection and recovery mechanisms for fabrics that guarantee in-orde
delivery. However, if continuously increasing sequence count is used and if support for recovery qual
fully implemented as defined in FC-FS-2, the same recovery mechanisms may be used for fabrics that
guarantee in-order.frame delivery, as shown in the examples in Annex C.

Examples of efrordetection and error recovery are provided in Annex C.
12.2 FCP\ error detection
12.2.1 . Overview of FCP-3 error detection

The'subclauses of 12.2 describe the initial events that indicate an error may have occurred. The error
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12.2.2 FCP-3 error detection using protocol errors for all classes of service

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

a) a Sequence error is detected in a Sequence transmitted from a target FCP_Port to an initiator FCP_Port;


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

- 76— 14776-223 © ISO/IEC:2008(E)

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

FCP_RESID_UNDER bit is set to zero;

H)

q)

Th

Th
a

Th

a bidirectional SCSI command completed with the read data count smaller ~than
FCP_BIDIRECTION_READ_DL and the FCP_BIDI_READ_RESID_UNDER bit is set to zero;
a bidirectional SCSI command completed with the write data count smaller than FerR:MDL, he
FCP_RESID_UNDER bit is set to one, and the write data count plus FCP_RESID is not equal to Fep.'DL; and
a bidirectional SCSI command completed with the read data count nysmaller than
FCP_BIDIRECTIONAL_READ_DL, the FCP_BIDI_READ_RESID_UNDER bit is set to one, and the‘read data count
plus FCP_BIDIRECTIONAL_READ_RESID is not equal to FCP_BIDIRECTIONAL_READ_DL.

Exchange Originator may further identify and recover additional errors as describedin 12.4.

Exchange Responder shall also initiate error detection and recovery after a;Sequence error is detected in
guence transmitted from an initiator FCP_Port to a target FCP_Port (see-12:3.5).

Exchange Responder (i.e., target FCP_Port) may detect that RECZTOV times out and an expected

FCP_CONF IU has not been received. The Exchange Responder may then use the methods described in 1.4
to determine the presence of an error, regardless of whether Exchange level or sequence level error recovery

is tp

12.2.3 Error detection mechanisms for acknowledged classes of service

Acknowledged classes of service provide the additionalerror detection mechanisms described below.

The

q)
&)

Th
Thl
q
B)

lo
ThT

be used.

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

after E_D_TOV times out and no ACK hasbeen received for the FCP_CMND |U;
after E_D_TQV times out and no ACK.¥ has been received for an FCP_DATA |U frame or no ACK_0
has been received for an FCP_DATA"IU (see example in figure C.22);

after E_D_TOV times out and no-ACK has been received for the FCP_CONF IU; or
an ACK with the F_cTL field Abort Sequence Condition bits set to Abort Sequence, Perform ABTS is|re-
ceived. (See FC-FS-2.)

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

after E_D_TQOV-times out and no ACK has been received for the FCP_XFER_RDY IU (see examplg in
figure C.6);
after E_D.TFOV times out and no ACK_1 has been received for an FCP_DATA IU frame or no ACK_0O
has been received for an FCP_DATA IU (see example in figure C.21); or

after'E_D_TOV times out and no ACK has been received for the FCP_RSP IU.

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

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

12.3.1 Recovery abort overview

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

ge that

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

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

protocot.

12.3.2 Initiator FCP_Port invocation of recovery abort

The initiator FCP_Port terminating the Exchange sends an ABTS sequence to the D_ID of the target FQ
of the Exchange being terminated. The ABTS sequence shall have the PARAMETER figld set to 4
EXCHANGE. The ABTS sequence shall be generated using the 0x_ID and RX_ID fieldialues of the Ex
to be aborted. FC-FS-2 allows ABTS to be generated by an FCP_Port regardless\of whether or no
Sequence Initiative. Following the transmission of ABTS, any Device_Data Frames.received for this Ex
shall be discarded until the BA_ACC with “Last Sequence of Exchange” bit set to.one is received from th
FCP_Port.

Recovery abort may not take effect immediately (e.g., if ABTS is.sent following transmission of a
command, the initiator FCP_Port may receive some or all of the-fequested read data before receivi
BA_ACC to the ABTS). The initiator FCP_Port shall be capablefof receiving this data and providing BB
in order for the target FCP_Port to send the BA_ACC.

P_Port
ABORT
Change
it has
change
e target

READ
ng the
| Credit

After the processing of a task management function that.clears tasks, recovery abort shall be invoked for all

Exchanges not successfully terminated with an FCP_RSP IU status set to COMMAND CLEAREL
9.2.2.5).

Following receipt of the BA_ACC in response>to an ABTS, and after R_A_TOVggq quaL has elaps|
initiator FCP_Port shall transmit RRQ.

If a BA_ACC, BA_RJT, LOGO, or PRLQ is not received from the target FCP_Port within 2 times R_A_T|
second level error recovery as described in 12.5 shall be performed.
12.3.3 Target FCP_Port response to recovery abort

When an ABTS (Abort Exchange) is received at the target FCP_Port, it shall abort the designated Ex
and return one of the following responses:

. (See

ed, the

OVELs,

change

a) the target FECPOPort shall discard the ABTS and return LOGO if the N_Port or NL_Port issuing the ABTS

is not currently logged in (i.e., no PLOGI);

b) the targetFCP_Port shall return BA_RJT with Last Sequence of Exchange bit set to one if the r¢ceived

ABTS>contains an assigned RX_ID field value and a FQXID that is unknown to the target FCP_Po
c) thetarget FCP_Port shall return BA_ACC with Last Sequence of Exchange bit set to one.

Upen transmission of any of the above responses, the target FCP_Port may reclaim any resources ass
with the designated Exchange after R_A_TOVggq quaL has elapsed or a Reinstate Recovery Qualifier

It; or

bciated
(RRQ)

ELS request has been received.

If the RXx_ID field is FFFFh, target FCP_Ports shall qualify the FQXID of the ABTS based only upon the combined

values of the D_ID field, s_ID field, and the ox_ID field, not the RX_ID field.
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If the Exchange resources were not reclaimed upon responding to the ABTS, they shall be reclaimed at the time

the response to the RRQ is sent.

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

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

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

tion”; or

g the target FCP_Port shall return ACC with Last Sequence of Exchange bit set to one.
12.8.4 Additional error recovery by initiator FCP_Port
Thip procedure may be used whether or not the FCP devices have agreed to Sequence level recovery.

If ULP_TOV times out and the Exchange is not complete, the application client shall clear“the Exchar
respurces using the ABORT TASK task management request or the initiator FCP_Port shall'clear the Exchar
respurces using the recovery abort protocol (see 4.9).

12.8.5 Additional error recovery by target FCP_Port
This procedure may be used whether or not the FCP devices have agreed ta Sequence level recovery.

If ajtarget FCP_Port detects a Sequence error, it shall discard the Sequence(s) based on the Exchange e
policy specified by the F_cTL field Abort Sequence Condition bits in the first frame of the Exchange (see FC-
2).

by sending an ABTS with the PARAMETER field to ABORT SEQUENCE (see FC-FS-2). If a Recovery Qual
range is returned in the BA_ACC for the ABTS the“target FCP_Port shall send a RRQ ELS a
R_A_TOVseq qual times out after receipt of the BALACC.

Forn unacknowledged classes of service, the target-FCP_Port shall not attempt recovery for Sequence errg
The target FCP_Port shall depend on initiator FCP_Port timeouts for recovery.

Fornacknowledged classes of service, if a target FCP_Port detécts a Sequence error, it may abort the sequerl:ce
[
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ge

ror
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Tanget FCP_Ports shall implement RR_TOV as described in 11.4 to facilitate recovery of resources allocated

to an initiator FCP_Port that is no longer responding. The target FCP_Port may send a LOGO to the initig
FCP_Port and terminate all open Exchanges for that initiator FCP_Port upon detection of the following:

RR_TOV, 1, (see FC-DA); or

Sequence level error detection and recovery

.1 Using information from REC to perform Sequence level recovery

tor

gd) the initiator FCP_Port(has failed to perform target FCP_Port Exchange authentication within

) RR_TOVggq v times out without the initiator FCP_Port transmitting any expected Sequence for any
open Exchange.at-this target FCP_Port (e.g., FCP write Data-In response to an FCP_XFER_RDY IU).

12.4.1.1 _polling exchange state with rec
REL is ‘periodically transmitted by the initiator FCP_Port to poll each outstanding Exchange to determine |f a
SC 8 IS-Progressig-prope anrd--any-Seauenrees-havre-beenreecetrecHReorree imire-efpolling-with

the REC ELS is controlled by REC_TOV. REC_TOV is normally selected to be long enough that processing

the

transfers of Sequence Initiative in the Exchange and completing the Exchange occur before REC_TOV times
out. If REC_TQV times out, then an REC ELS is performed. The information returned in the REC ACC payload
is compared with the expected state information known by the initiator FCP_Port and target FCP_Port. If the
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information is inconsistent, indicating that a link error occurred, error recovery actions may be performed to
complete the Exchange. Optional error detection and recovery procedures for acknowledged and
unacknowledged classes of service are specified in 12.4.1.2, 12.4.1.3, 12.4.1.4, 12.4.1.5, 12.4.1.6, 12.4.1.7,

and 12.4.1.8.

12.4.1.2 detection of errors while polling with rec

If an Exchange Originator receiving an acknowledged service Sequence detects a Sequence error, it shall send

an ACK Frame with the F_cTL field Abort Sequence Condition bits set to “Abort Sequence, Perform

ABTS”

before issuing the REC (see FC-FS-2). The REC for the Exchange containing the FCP_CMND IU shall be

[fssued-ima mew EXciange:

If the response to the new Exchange issuing the REC is an LS_RJT with a reason code of “commz
supported”, the initiator FCP_Port shall assume the target FCP_Port is an FCP device not_supportir
detection using REC. The initiator FCP_Port shall perform recovery using recovery abort(as-docume
12.3.

If an ACC, LS_RJT, LOGO, or PRLO is not received from the target FCP_Port within*2 times R_A_T,|
second level error recovery as described in 12.5 shall be performed.

12.4.1.3 fcp_cmnd iu recovery

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

If the FCP_CMND IU was not received by the target FCP_Port (i.e., the:initiator FCP_Port receives an L
for the REC with the reason code of “Logical error” and reason codé ‘explanation set to “Invalid OX_ID
combination”), retransmit the FCP_CMND IU using a new Exchange. If the precise delivery function is e
the CRN value shall remain the same in the retransmitted FCP_CMND IU.

If the ACC for the REC indicates that the FCP_CMND |4:was received by the target FCP_Port and that
Sequence has been sent (i.e., by indicating that the.initiator FCP_Port does not hold Sequence Initiati
that the Exchange is not complete), the command"is in process and no recovery is needed at this tim
minimum interval of REC_TOV, the REC shallbe retransmitted to more quickly determine if a reply Se
has been lost.

For examples of such recoveries, see-figure C.1 and figure C.2.

12.4.1.4 fcp_xfer_rdy iu recovery.

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

If the ACC for an REC indicates that an FCP_XFER_RDY IU was sent by the target FCP_Port (i.e., by ing
that the initiator FCP_Rort'holds Sequence Initiative, that all bytes were not transferred, and that the Ex
is not complete), butnot received by the initiator FCP_Port, the initiator FCP_Port shall issue an SRR ir
Exchange to request retransmission of the FCP_XFER_RDY IU. The target FCP_Port shall first trans
ACC for the SRR and then shall retransmit the FCP_XFER_RDY IU in a new Sequence containing th

Relative Offset as the originally transmitted FCP_XFER_RDY IU. After the FCP_XFER_RDY IU is succ
received,\the FCP 1/O operation continues normally.

Fof.examples of this type of recovery, see figure C.5 and figure C.6.
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4 24-1-5—Ffep—rspiurecovery

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

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

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

When an error in transmitting an FCP_RSP IU is detected, the initiator FCP_Port shall issue an SRR FC-4 Link
i j issi P irst

smit the ACC for the SRR, then shall retransmit the FCP_RSP IU in a new Sequence.
An [Exchange carrying a command that was terminated by a CHECK CONDITION requesting an FCP-CONF
IU prior to transferring data may have the same REC values as an Exchange carrying a command having|an
FCP_XFER_RDY IU not received by the initiator FCP_Port. For a command transferring data from the initigtor
FCP_Port to the target FCP_Port with a non-zero FCP_DL, the parameters for the SRR shall indicate that|an
FCP_XFER_RDY IU is expected from the target FCP_Port. The target FCP_Port is aware\of the actual presgent
state of the transfer and response and shall either retry the FCP_XFER_RDY IU or, if‘the actual data trangfer
length for the command was zero, retry the FCP_RSP |U.

Forn non-tagged command queuing operations, the target FCP_Port shall retdinythe Exchange information until:

qd) the next FCP_CMND IU has been received for that LUN from the sanie initiator FCP_Port;
H) an FCP_CONF IU is received for the Exchange; or
g after RR_TOVggq 7 times out.

Forntagged command queuing operations, the target FCP_Port shall retain Exchange information until:

d) an FCP_CONF IU is received for the Exchange; or
) after RR_TOVgq iy times out.

The Exchange information retained shall include data\transfer information, data descriptors, and FCP_RSP
infgrmation.

u

If rgtransmission is enabled between the initiatoh FCP_Port and target FCP_Port, FCP_RSP IU information shall
be:

q) discarded RR_TOVgcq vy afterithe FCP_RSP IU was transmitted to the initiator FCP_Port; or,
H) discarded after a new Exchange with the same 0X_ID and S_ID field values and task retry identifier is|re-
ceived.

If r¢transmission is not enabled between the initiator FCP_Port and target FCP_Port, FCP_RSP informatjon
may be discarded immediately after the FCP_RSP IU has been transmitted to the initiator FCP_Port.

The value of RR_TOVgz, 7 is set using the Fibre Channel Port Control mode page (see 10.4.10).

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

12,

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

4.6 fcp_data iu recovery - write operations

Exlmples of FCP_RSP IU recoveries are provided in figure C.8 through figure C.12.

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

by the SRR. The initiator FCP_Port responds with the requested data.

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

used

Examples of data recovery during write operations are provided in figure C.13 through figure C.16.

12.4.1.7 fcp_data iu recovery - read operations

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

If the ACC for the REC indicates that data was sent by the target FCP_Port but not sucéessfully received
initiator FCP_Port (i.e., by indicating a data sent count greater than the initiator ECP_Port has succ
received), then the initiator FCP_Port shall send a SRR FC-4 Link Service frame in\a new Exchange to
retransmission of the FCP_DATA IU that was not successfully received. Thevinitiator FCP_Port shall
RELATIVE OFFSET field in the SRR to that of the next data requested. Jf.the initiator FCP_Port is un
determine the Relative Offset of the next data requested, the initiator EGP_Port shall set the RELATIVE
field to zero. The target FCP_Port shall first transmit the ACC for the SRR, then shall retransmit the red
data specified by the SRR in a new Sequence, and then complete’ the’Exchange in the normal manner, in
transmitting or retransmitting the FCP_RSP |U. If the target ECP_Port responds to the SRR with an FQ
and an FCP_RSP IU has not yet been sent or is again requested, the device server shall send an FCP_
with CHECK CONDITION status and sense data coritaining a sense key of HARDWARE ERROR
additional sense code of INITIATOR DETECTED ERROR MESSAGE RECEIVED.

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

It is the responsibility of the initiator FCP_Port to determine the action (e.g., retry, allow ULP timeout, o
status to ULP) based on the information determined by REC and other internal states. The target FQ
does not initiate error recoyery*for Class 3 (see 12.3.5).

Examples of data recovery during read operations are provided in figure C.17 through figure C.20.

12.4.1.8 fcp_confiiurecovery
This procedure-miay be used whether or not an FCP device has agreed to Sequence level recovery.

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

Target.ECP_Ports that implement confirmed completion shall set the RX_ID field value to a unique valu
than FFFFh for each Exchange to enable unambiguous recovery.
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transmitting REC to the initiator FCP_Port to determine if the FCP_CONF has been transmitted. Timing of
polling with the REC ELS is controlled by REC_TOV.
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If the initiator FCP_Port has sent the FCP_CONF IU, the reply to the REC from the target FCP_Port shall be a
LS_RJT with the reason code of “Logical error’ and reason code explanation set to “Invalid OX_ID-RX_ID
combination”. The target FCP_Port shall assume that the FCP_CONF IU was sent and release the Exchange.

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

U xchanae is aborted
’ J

If apother FCP_CMND IU is received by the target FCP_Port with the same 0x_ID field value as an Exchange
waiting for an FCP_CONF IU and with the RX_ID field value unassigned, the target FCP_Port shall assume that
the]FCP_CONF IU was sent and release the Exchange.

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

12.4.2 Additional error recovery requirements
12.
If ah ACK is received with the F_CTL field Abort Sequence Condition bits set to Abert Sequence, Perform ABTS,

the|Sequence Initiator shall send an ABTS for the Sequence. After R_A_TQV times out, an RRQ shall be sgent
by the Sequence Initiator.

.2.1 error indicated in ack

12.4.2.2 missing ack

FCiFS-2 requires that an ABTS(Sequence) be transmitted by a Sequence Initiator detecting a missing ACK. If
no ACK has been received within E_D_TOV, the target FCP_Rert'shall abort the sequence by sending an ABTS
reguest with the PARAMETER field set to ABORT SEQUENGE? If a Recovery Qualifier range is returned in the
BA| ACC for the ABTS the target FCP_Port shall send an'RRQ at least R_A_TOVggq quaL after receipt of the
BA| ACC. Adjustment of subsequent sequence counts may be required as specified by FC-FS-2.

12.4.2.3 distinguishing exchange to be aborted

Wheen ox_ID field values are reused within R.A_TOV and RX_ID field values are not used, and if there ig a
migsing ACK to an FCP_RSP IU, a target FCP_Port may attempt to abort a more recent Exchange that uged
the| same ox_ID field value. To prevenisthat, a target FCP_Port using acknowledged service behavior gnd
performing error recovery shall:

g) set the RX_ID field to a value other than FFFFh to distinguish outstanding Exchanges as described in
FC-FS-2; or
H) always request FCP_CONF |U.

If a|Sequence error is détected for an FCP_DATA IU performing a Data-Out action, the target FCP_Port shall
serld an ACK Frame)with the Abort Sequence Condition bits set to “Abort Perform ABTS”.

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

Regovery ‘abort shall be invoked for Exchanges that were not successfully recovered by the specified efror
recpvefy procedures.

12.5—Second=teveterrorrecovery

12.5.1 ABTS error recovery

If aresponse to an ABTS is not received within 2 times R_A_TOVE g, the initiator FCP_Port may send the ABTS
again, attempt other retry operations allowed by FC-FS-2, or explicitly logout the target FCP_Port. If those retry
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operations attempted are unsuccessful, the initiator FCP_Port shall explicitly logout (i.e., use FC-LS Logout,

LOGO) the target FCP_Port. All outstanding Exchanges with that target FCP_Port are terminated at the
FCP_Port.

12.5.2 REC error recovery

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

initiator

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

2) send another REC in a new Exchange.

I the Tesponse 1o the second REC 15 not received within 2 times R_A_TOVE[g, the mitator FCP_Port
send an ABTS(Exchange) for the REC followed by an RRQ if a BA_ACC is received for the ABTS;

Other retry mechanisms after the second REC fails are optional and, if implemented, shall comply with F(

should

D-FS-2.

ABTS(Exchange) may be required to clear resources associated with the original failing Exchange if the retry

mechanisms are not successful.

See figure C.26 through figure C.29.

12.5.3 SRR error recovery

If a response to an SRR is not received within 2 times R_A_TOVg g, the initiator FCP_Port shall s
ABTS(Exchange) for the SRR followed by an RRQ if a BA_ACC is receivedfor the ABTS. The initiator FQ
shall then perform an ABTS(Exchange) for the original Exchange.

See figure C.30 through figure C.33.
12.6 Responses to FCP type frames before PLOGI or PRLI

If a target FCP_Port receives an FCP_CMND IU from‘an"FCP_Port that is not successfully logged or
target FCP_Port using either an implicit or explicit login/(i.e. PLOGI), it shall discard the FCP_CMND IU
a new Exchange, send a LOGO request to that FCP_Port. No Exchange is created in the target FCP_
the discarded request, and the Originator of the/discarded request terminates the Exchange associated
discarded request and any other open Exchanges for the target FCP_Port sending the LOGO.

If a target FCP_Port receives an FCP~CMND IU from an FCP_Port that has not successfully complete
implicit or explicit Process Login with:the target FCP_Port, it shall discard the FCP_CMND IU and seng
to the initiator FCP_Port. No Exchange is created in the recipient FCP_Port for the discarded request,
Originator of the discarded request terminates the Exchange associated with the discarded request.
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If an FCP device receives a frame of category 0001b or 0011b (i.e., solicited data or solicited control) and the

FCP device has not performed successful implicit or explicit login and Process Login with the source
frame, the FCP deviee shall discard and ignore the content of the frame. If login is not completed, th
device may transmit a LOGO request to the source of the unexpected frame. If login is completed, but H
Login is not eompleted, the FCP device may transmit a PRLO request to the source of the unexpected

of the
e FCP
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frame.



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

—84-—

14776-223 © ISO/IEC:2008(E)

Annex A - FCP-3 mapping to SAM-3

(normative)
A.1 Definition of procedure terms

FCP-3 services are provided to the application client by the initiator FCP_Port to request and manage tasks as
described by the SAM-3 standard. SAM-3 further defines how the target FCP_Port enables the device server
to receive and process the tasks addressed to a logical unit. The Fibre Channel protocol is described in terms

of the services provided by the initiator FCP_Port and target FCP_Port.

Se¢ table A.1 for the mapping of objects and identifiers used in this standard to the equivalent remote procedlire

call terms and definitions used in the SAM-3.

Table A.1 - FCP-3 procedure terms mapped to terms from SAM-3 standard

FCP-3 standard procedure terms

Equivalent SAM-3 terms

address identifier of initiator FCP_Port

initiator port identifier

address identifier of target FCP_Port

target portiidentifier

Port_Name of initiator FCP_Port

initiator port name

Port_Name of target FCP_Port

farget port name

fully qualified exchange identifier

I_T_L_Q Nexus

fully qualified exchange identifier + logical unit number

I_T_L_Q Nexus

ter
of the terms are defined, and the routing of the terms. The routing shows:

Q

) the originating object of the term;
) the object that is the final destination of the term;.and

ol oN

SeI] table A.2 for the definitions of the terms used by this standard and the equivalent SAM-3 names of

the objects that the term moves through to reachthe final destination object.

the

s, the name of the standard where the procedure terms are defined, the standard where the binary contents



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

14776-223 © ISO/IEC:2008(E) - 85—

Table A.2 - Procedure terms

Standard Standard where
FCP terms where term | binary contents Term routing
defined of term defined
application client buffer offset SAM-3 SAM-3 .
DS & targ—® init
data buffer size SAM-3 SAM-3 L.
AC —» init
command descriptor block SAM-3 SAM-3/cmd L.
AC —» init # targ #-0)S
(note 1)
Data-In Buffer SAM-3 cmd (note 2) . N
DS —» targ—® init.“® AL
Data-Out Buffer SAM-3 cmd (note 2) L.
AC —» init #starg # 0OS
device server buffer SAM-3 cmd (note 2) L.
DS & “targ—# init
initiator SCSI ID SAM-3 this standard
DS-—# targ
or ‘FM -+ targ
link control function this standard this standard L.
AC & init ® targ
logical unit number SAM-3 this standard .
AC & init & targ # [0S
or AC - init # targ & TM
or DS & targ—® init
request byte count SAM-3 SAM-3
Y DS - targ
service response SAM-3 this standard L. N
DS & targ—® init # AL
or targ # DS
status SAM-3 SAM-3 L. N
DS & targ—® init = AC
task ta SAM-3 this standard L.

9 AC - init # targ # 0OS
or AC - init # targ »{ TM
or DS - targ—® init

target port identifier SAM-3 this standard L.
AC —» init # targ # QS
or AC # init # targ #{ TM
or DS & targ
target port identifier +'initiator port identifier| this standard this standard
targ # DS
or targ & TM
task attribute SAM-3 this standard .
AC & init & targ # [0S
Key:{AC = application client, cmd = SCSI command standards, DS = device server, init = initiptor,
SAM-3 = SAM-3, TM = task manager, targ = target
NOTE 1 The portions not defined in SAM-3 are defined in the SCSI command standards (e.g. SPC-3).
NOTE 2 Parameter lists are defined within one of the SCSI command standards (e.g., SPC-3). SCSI standards do not defing
non-parameter list information.
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Annex B - FCP examples
(informative)

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

B.1.1 Overview of examples

This annex provides examples of the use of FCP IUs. The functions enclosed in square brackets summarize

actions—tha e—not-specified-b his—standard—b S a) nerformed-b a a) a argets.

any two IUs that do not transfer Sequence Initiative.

Sequence streaming may be performed between

B.1.2 SCSI FCP read operation
A typical SCSI FCP read operation with a single data IU is shown in table B.1.

Table B.1 - FCP read operation, example

Initiator FCP_Port function U Target FCP_Port function

Command request T1, FCP_CMND -

[Prepare data transfer]

<« 13, FCP_DATA Data-In action

[Prepare response message]

«— 14, FCP_RSR Response

[Indicate command completion]
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B.1.3

SCSI FCP write operation

_87-

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

Table B.2 - FCP write operation, example

Initiator FCP_Port function

U

Target FCP_Port function

Command request

T1, FCP_CMND

[Prepare Data-Out transfer
buffer]

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

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

“«— 1, 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 because th

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

e SCSI

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

[Indicate command completion]



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

- 88— 14776-223 © ISO/IEC:2008(E)

B.1.5 SCSI FCP read operation with multiple FCP_DATA IUs
A typical SCSI read operation with multiple FCP_DATA IUs is shown in table B.4.

Table B.4 - FCP read operation, example

Initiator FCP_Port function U Target FCP_Port function

Command request T1, FCP_CMND -

[Prepare data franster]

“«— 13, FCP_DATA Data-In action
«— 13, FCP_DATA Data-In action
«— I3, FCP_DATA Data-In action

[Prepare response\message]

«— 14, FCP_RSP Response

[Indicate command completion]

B.1.6 SCSI FCP write operation with FCP_XFR_RDY disabled

A typical SCSI write operation performed with FCP_XFER_RDY disabled is shown in table B.5. Only the fjrst
transfer is performed without a requesting FCP_XFER_RDY.

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

Initiator FCP_Port function U Target FCP_Port function

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

<~ 11, FCP_XFER_RDY Second data delivery request
Data-Out Action T6, FCP_DATA -

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

[Prepare response message]

<« 14, FCP_RSP Response

[Indicate command completion]
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B.1.7 SCSI FCP bidirectional command with write before read

A typical SCSI FCP bidirectional command with a single data U transferred in each direction is shown in table
B.6. The command in the example accepts write data before returning read data.

Table B.6 - FCP bidirectional command with write before read, example

Initiator FCP_Port function U Target FCP_Port function

Command rnqnncf T‘I‘ ECP_CMND N

[Prepare Data-Out transfer

buffer]
“— 1, FCP_XFER_RDY Data-Out delivery request
Data-Out action T6, FCP_DATA -
[Prepare Data-In transfer]
«— 13, FCP_DATA Data=In action
[Prepare response message]
«— 14, FCP_RSP Response

[indicate command completion]

B.1.8 SCSI FCP bidirectional command with read before write

A typical SCSI FCP bidirectional command with a singlé.data U transferred in each direction is shown |n table
B.7. The command in the example accepts write data'before returning read data.

Table B.7 - FCP bidirectional command with read before write, example

Initiator FCP_Port function U Target FCP_Port function

Command request T1, FCP_CMND -

[Prepare Data-In transfer]

<« 13, FCP_DATA Data-In action
[Prepare Data-Out transfer
buffer]
«— 1, FCP_XFER_RDY Data-Out delivery request
Data3Out action T6, FCP_DATA -
[Prepare response message]
«— 14, FCP_RSP Response

[indicate command completion]
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B.1.9 SCSI FCP bidirectional command, write first, write FCP_XFER_RDY disabled

A SCSI FCP bidirectional command with three write data |Us and one read data IU is shown in table B.8. The
command in the example accepts write data before returning read data. The initial write FCP_XFER_RDY U
has been disabled during Process Login.

Table B.8 - FCP bidirectional command, write FCP_XFER_RDY disabled, example

Initiator FCP_Port function U Target FCP_Port function
Command request T1, FCP_CMND -
Data-Out action T6, FCP_DATA -
<« 11, FCP_XFER_RDY Second Data-Out delivery,
request
Data-Out action T6, FCP_DATA -
«— 1, FCP_XFER_RDY Last Data-Out delivery request
Data-Out action T6, FCP_DATA -

[Prepare Data-In transfer]

<« 13, FCP_DATA Data-In action

[Prepare response message]

<« 14, FCP_RSP Response

[indicate command completion]
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B.1.10 SCSI FCP bidirectional command with intermixed writes and reads

A SCSI FCP bidirectional command with three data |Us transferred in each direction is shown in table B.9. The
command in the example accepts some write data before returning read data, but intermixes writes and reads
thereafter.

Table B.9 - FCP bidirectional command with intermixed writes and reads, example

Initiator FCP_Port function

U

Target FCP_Port function

Command request

T1, FCP_CMND

[Prepare Data-Out transfer
buffer]

1, FCP_XFER_RDY

First Data-Out delivery request

Data-Out action

T6, FCP_DATA

[Prepare‘Data-In transfer]

13, FCP_DATA

First.Data-In action

1, FCP_XFER_RDY

Second Data-Out delivery
request

Data-Out action

T6, FCP_DATA

1, FCP_XFER<RDY

Last Data-Out delivery request

Data-Out action T6, FCR.DATA
13,.FCP_DATA Second Data-In action
13, FCP_DATA Last Data-In action
[Prepare response message]
14, FCP_RSP Response

[indicate command completion]
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B.1.11 SCSI linked commands

A SCSI WRITE command linked after a SCSI READ command is shown in table B.10. The WRITE command
is using the FCP_XFER_RDY IU. INTERMEDIATE Status in the FCP_RSP, together with the link control bits
present in the CDB of the FCP_CMND indicate that the second operation is linked to the first.

Table B.10 - FCP linked commands, example

Initiator FCP_Port function U Target FCP_Port function

Command request (READ) T1, FCP_CMND —

[Prepare data transfer]

<« I3, FCP_DATA Data-In action

[Prepare response‘message]

<« 15, FCP_RSP Response (INFERMEDIATE or
INTERMEDIATE CONDITION
MET status)
[Perform command linking]
Command request (WRITE) T3, FCP_CMND -

[Prepare data transfer buffer]

“«— 11, FCP_XFER_RDY Data delivery request

Data-Out Action T6, FCP_DATA -

[Prepare response message]

<« 14, ECP_RSP Response

[Indicate command completion]
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B.1.12 SCSI WRITE command with confirmed completion

A SCSI WRITE command with confirmed completion is shown in table B.11.

Table B.11 - FCP write command with confirmed completion

Initiator FCP_Port function U Target FCP_Port function

Command request (WRITE) T1, FCP_CMND -

[Prepare data transfer]

«— 1, FCP_XFER_RDY Data delivery request

Data-Out action T6, FCP_DATA -

[Prepare responselmessage]

«— 15, FCP_RSP Responses/with
FCP_CONF_REQ

[indicate command completion]

Confirm completion T12, FCP_CONF — A~JAccept confirmation]

B.1.13 SCSI FCP task management function

An example of a SCSI Task Management function is shown_in' table B.12. Additional link services ay be
required in some cases to complete the activities initiated by‘the Task Management function.

Table B.12 - FCP task management function, example

Initiator FCP_Port function U Target FCP_Port function

Command request, no CDB T1, FCP_CMND -

[Do Task Management]

<« 14, FCP_RSP Response

[Indicate task management ,eomplete]



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

-94 - 14776-223 © ISO/IEC:2008(E)

B.2 FCP write example, frame level

A chart of the Sequences and frames typically transmitted to perform an FCP write is shown in figure B.1. All
frames of a Sequence have a frame level FC-FS-2 acknowledgment returned automatically as part of the link

control.

Figure B.1 - Example of class 2 FCP write operation

Initiator Seq—Initiator Frames— Target Frames Target Seq
FCP_CMND
FCP_CMND Frame (T1)
— SOFi2, ox_ID, Originator,
Initiator, First Seq, End Seq,
Xfer Seq Initiative, EOFn
ACK
RX_ID, EOFt
— FCP_XFER_RDY
FCP_XFER_RDY Frame (1)
-+— SOFi2, FQXID, Responder,
Initiator, End Seq,
Xfer.Seq Initiative, EOFn
ACK, EOFt —
FCP_DATA —
FCP_DATA Frames (T6)
(See figureB.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 —
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Figure B.2 - Example of class 2 FCP_DATA write

— 05—

Initiator Seq

Initiator Frames

Target Frames

Target Seq

ECP_DATA

FCP_DATA Frame (T6)
— SOFi2, FQXID, Originator,
Initiator, RO,
Hold Seq Initiative, EOFn

FCP_DATA Frame (T6)
SOFn2, FQXID, Originator,
Initiator, RO,

Hold Seq Initiative, EOFn

FCP_DATA Frame (T6)
SOFn2, FQXID, Originator,
Initiator, RO, End Seq,
Xfer Seq Initiative, EOFn

ACK

ACK

ACK, EOFt
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B.3 FCP read example, frame level

A chart of the Sequences typically transmitted to perform an FCP read is shown in figure B.3. All frames of a
Sequence have a frame level FC-FS-2 acknowledgment returned automatically as part of the link control.

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

Initiator Seq Initiator Frames Target Frames  Target Seq

FCP_CMND
FCP_CMND Frame (T1)
SOFi2, ox_Ip, Originator,

Initiator, First Seq, End Seq,
Xfer Seq Initiative, EOFn
ACK
-« RX_ID, EOFt

FCP_DATA
FCP_DATA Frames (13)

(See figure B.4)
ACKs
(See figure B.4) >
FCP_RSP
FCP_RSP Frame (14)
-« SOFi2, FQXID, Responder,
Initiator, Last Seq, End Seq,
Xfer Seq Initiative, EOFn
ACK, EOFt
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Figure B.4 - Example of class 2 FCP_DATA read

FCP
Initiator Seq

FCP
Initiator Frames

FCP

FCP

Target Frames  Target Seq

ACK

ACK

ACK, EOFt

FCP_DATA

FCP_DATA Frame (13)
SOFi2, FQXID, Responder,
Initiator, RO,

Hold Seq Initiative, EOFRn

—>
[ ]

FCP. DATA Frame (I13)

SOFn2, FQXID, Responder,

Initiator, RO,
Hold Seq Initiative, EOFn

—
°
°
°

FCP_DATA Frame (13)

SOFn2, FQXID, Responder,

Initiator, RO, End Seq,
Hold Seq initiative, EOFn

—>
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Annex C - Error detection and recovery action examples
(informative)

C.1 Introduction

This informative annex diagrams various error detection and recovery procedures for FCP devices conforming
to this standard. These examples include cases where recovery mechanisms specified by FC-FS-2 interact with

overy mechanisms shecified by this standard The conventions for the diaarams are shown in tahle C 1
4 g 4 )

rec

Table C.1 - Diagram Drawing Conventions

Drawing Convention Meaning

. Acknowledged.or
Unacknowledged Frame

______________ > Acknowledgement Frame

r——-

timeout value exceeded,
I caused transmission of IU,
L— FC-4 Link Service, or ELS

IU or ELS received is
processed to transmit 1U,
. FC-4 Link Service, or ELS

X Frame lost or dropped

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

Error detection complete.
Operation continues with
specified error recovery if
continuously increasing
Sequence count
prerequisites are not met.

Continue
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Figure C.1 - Lengthy FCP_CMND or Lost ACK

Status Detection

Unacknowledged Classes

Acknowledged Classes

REC may be used at any time to ascertain status of an Exchange. It may also
be used in conjunction with ABTS(Sequence) to obtain additional information
useful in the error recovery progess.

No Error Recovery

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

FCP_CMND FCP_CMND
REC_TOV - REC.TOV _ _ -
| or |
L | REC - EDTOV | | g — — _ ACK]
I
< ACC L REC -
Init Targ ACK
Continue * 5T T
< ACC
» _A% _—_ — _>
Init Continue Targ
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Figure C.2 - FCP_CMND Lost, Unacknowledged Classes

Error Detection

REC TOV FCP_CMND
r— +—»X
|
L REC -
LS RJT
-
Init Targ
Continue

Error Recovery
The LS_RJT (Logical Error, Invalid OX_ID&RX_ID combination) for the REC

indicates the Exchange is unknown. The:.FCP_CMND is retransmitted in a
new Exchange using the same CRN.and in the same class of service.

| FCP_EMND

Init Targ
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Figure C.3 - FCP_CMND Lost, Acknowledged Classes

Error Detection

FCP_CMND
Eptov r— 1T—®»X
|

L g ABTS (Sequence)

R_A_TOV

]
!
Y

Ini Targ

The BA_ACC indicates thatthe FCP_CMND was never received. The
BA_ACC payload is SEQ-ID VALIDITY = invalid, LOWEST SEQ_CNT =0, HIGHEST
SEQ_CNT = SEQ_CNT*fleld value of the ABTS frame. Both the initiator
FCP_Port and target FCP_Port establish Recovery Qualifiers. The value of
R_A_TOV for in-order delivery is zero. The use of REC to determine status
for error recovery is optional. The FCP_CMND is retransmitted in a new Ex-
change using the same CRN and in the same class of service.

Error Recovery

FCP_CMND

Init Targ
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Figure C.4 - FCP_CMND Acknowledgement Lost, Acknowledged Classes

Error Detection

FCP_CMND
EDTOV r — >
' ACK
| X e -—=—-
|
| ABTS (S
L (Sequence) o
ACK
- — — — = —
BA ACC
r— -
| ACK
Cl T T T T T >
I
I
RATOV Exchange continues
Reclaim No recovery needed
Initiator
Recovery
Qualifier
Ini Targ

No Error Recovery
The BA_ACC_PRayload indicates that FCP_CMND was received. The
BA_ACC payload is SEQ_ID VALIDITY, SEQ_ID field value of the FCP_CMND,
LOWEST SEQ_CNT = HIGHEST SEQ_CNT = SEQ_CNT field value of the
FCP_CMND. The issuance of RRQ is not necessary in this case, since the
target FCP_Port has not established a Recovery Qualifier. However, the ini-
tiator FCP_Port is not able to reclaim the resources associated with its Re-
covery Qualifier until R_A_TOV timeout expires. The value for R_A_TOV is
zero for in-order delivery. The use of REC to determine status for error recov-
ery is optional.
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Figure C.5 - FCP_XFER_RDY Lost, Unacknowledged Classes

Error Detection

REC_TOV FCP_CMND
r— |
| FCP_XFER_RDY
] (RO=0)
| X=—]
|
L | REC -
ACC
REC_ Tov: "~ T
Wait REC_TOV*. If !
FCP_XFER_RDY is returned, |
continue with the Exchange. |
(ACC to REC arrived before |
FCP_XFER_RDY, outof or- L
der). Otherwise continue re-
covery. Continue
Init Targ

Error Recovery

The ACC for the REC indicates-the initiator FCP_Port holds Sequence Initiative and th
Exchange is open. The initiator FCP_Port sends an SRR requesting the
FCP_XFER_RDY be resent. The target FCP_Port resends the FCP_XFER_RDY usin
the same Relative Offset! A new SEQ_ID is used for retransmission of the
FCP_XFER_RDY, For'in-order delivery, the value of REC_TOV* is zero.

SRR

ACC

FCP_XFER_RDY (RO=0)

Y%

Init Targ
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Figure C.6 - FCP_XFER_RDY Lost, Acknowledged Classes

Error Detection
FCP_CMND

FCP_XFER_RDY
(RO=0) .

X<e— 7
ABTS (Sequence)

P — 1 RATOV
ACK |

I
I
I
N

-

Continue
Init * Targ
Error Recovery

For acknowledged classes, the:BA'_ACC indicates that the FCP_XFER_RDY was never re-
ceived by the initiator. The BA_ACC payload is SEQ_ID VALIDITY = invalid, LOWEST SEQ_CNT
= 0, HIGHEST SEQ_CNT = SEQ: CNT field value in ABTS frame = 1. Both target and initiator
FCP_Ports establish Recovery Qualifiers. The value for R_A_TOV* for in-order delivery is
zero. A new SEQ_ID(isyused in the retransmission of FCP_XFER _RDY. The use of REC to
determine status for)error recovery is optional.

SRR
-
ACK
- — — — — — — — — -
ACC
-
ACK
_________ _>
FUFP_AFER_RDY (RU=U)
ACK
_________ .>
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Figure C.7 - FCP_XFER_RDY Received, ACK Lost, Acknowledged Classes

Error Detection

FCP_CMND
|
ACK
-t — — — — — -
FCPXFERRDY
(RO=0) E_D_TOV
|- [
|
ACK
- — — X |
|
- ABTS (Sequence) oy
ACK
______ _>
BA_ACC
B~ <" 7 RATOW
ACK |
* - - = | Reclaim
Initiator
Exchange continues gi;ﬂ;’i:?
No recovery needed

Init Targ

No Error Recovery

The BA_ACEC\indicates that the FCP_XFER_RDY was received by the initiator.
The BA_ACC’ payload is SEQ_ID VALIDITY, SEQ_ID = SEQ_ID field of the
FCP_XEER_RDY frame, LOWEST SEQ_CNT = HIGHEST SEQ_CNT = SEQ_CNT field
value_ef the ABTS frame. No error recovery is required. There is no need for the
target FCP_Port to issue the RRQ since no Recovery Qualifier was established
by the initiator FCP_Port in this case. It still lets R_A_TOV* expire before reclaim-
ing the resources associated with its Recovery Qualifier. The value of R_A_TOV*
for in-order delivery is zero, The use of REC to determine status for error recovery
is optional.
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Figure C.8 - FCP_RSP Lost, FCP_CONF not requested, Unacknowledged Classes

Error Detection

REC_TOV FCP_CMND
r— -
| FCP_RSP
= X -
: | RR_TOVggq
Lol REC > :
| A
| REC_TOV* | - cc v
Wait REC_TOV. If FCP_RSP |
is returned, continue with the |
Exchange. ACCto RECar- L _p
rived before FCP_RSP was ,
sent). Otherwise, perform error Continue
recovery.
Init Targ

The ACC for the REC indicates the initiator holds'Sequence Initiative and the Exchange
is complete. The initiator sends an SRR requésting the FCP_RSP be resent. The target
FCP_Port retransmits the FCP_RSP. For in-order delivery, the value of REC_TOV* is ze-

ro.

For Sequence level recovery, the target FCP_Port keeps the context of this Exchange as

defined in 12.4.1.5.

For Exchange level recovery, the context of the Exchange may be purged by the target

Error Recovery

FCP_Port after FCP_RSP is.transmitted.

SRR
L
ACC
¢
FCP_RSP
-
ACK
_________ _>
Init Targ
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Figure C.9 - FCP_RSP Lost, FCP_CONF not requested, Acknowledged Classes

-107 -

Error Detection
FCP_CMND

X+——7F

ABTS (Sequence)

Init

Error Recovery

A_

FCP_RoP E D TOV

d1

R_A/TOV*

BA_ACC to ABTS indicates thatthe FCP_RSP was never received by the initiator FCP_Pq
. The payload is SEQ_ID VALIDITY = invalid, LOWEST SEQ_CNT = 0, HIGHEST SEQ_CNT =
SEQ_CNT field value in ABTS frame = 1. Both initiator and target FCP_Ports establish Recc
ery Qualifiers. The yaldue of R_A_TOV* for in-order delivery is zero. A new SEQ_ID is use
in the retransmission‘of FCP_RSP. The use of REC to determine status for error recovery

optional.
SRR
|
ACK
- — — — — — — — — -
ACC
-
ACK
_________ _>
FCP_RSP
B
ACK
_________ _>
Init Targ

V_
d
is
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Figure C.10 - FCP_RSP Lost Read Command, no FCP_CONF, Acknowledged Classes

Error Detection

FCP_CMND

FCP_RSP
X<+—— -

ABTS (Sequence

Init

Error Recovery

BA_ACC to ABTS indicates that the FCP_RSP was never received by the initiator FCP_Port.
The payload is SEQ_ID VALIDITY = valid, SEQ_ID = SEQ_ID field of FCP_DATA Sequence, Low-
EST SEQ_CNT = X, HIGHEST SEQENT = SEQ_CNT field value in ABTS frame. Both initiator and
target FCP_Ports establish Reeovery Qualifiers. The value of R_A_TOV* for in-order deliv-
ery is zero. A new SEQ_ID\is used in the retransmission of FCP_RSP.

The use of REC to detérmine status for error recovery is optional.

SRR
-
ACK
i s
-
ACK
_________ _>
FCP_RSP
¢
ACK
_________ _>
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Figure C.11 - FCP_RSP Received, ACK Lost, Acknowledged Classes, Example 1

Error Detection

Acknowledged Classes

ECR_CMND
|
ACK
-t — — — — — A
< FCP_RSP
ACK 1
- — — X | E_D_TOV
ACK -
______ L -
BA RJT
) T A RaTow
ACK | ST
. — — — = — | .
Reclaim
Target
. Recovery
Init Tar
g Qualifier

No.Error Recovery

The BA_RJT for the ABTS'indicates with reason code of Logical Error and
the reason code explanation of Invalid OX_ID - RX_ID Combination that the
Exchange is unknown and therefore complete. No error recovery is required.
The target FCP \Port establishes a Recovery Qualifier. The associated re-
sources are not-reused for a period of R_A_TOV. For in-order delivery, the
value of R-A_"TOV* is zero. The target FCP_Port does not need to issue
RRQ as.no Recovery Qualifier was established by the initiator FCP_Port.
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Figure C.12 - FCP_RSP Received, ACK Lost, Acknowledged Classes, Example 2

Error Detection

FCP_CMND, 0X_ID=j, RX_ID=FFFFh

—_— e — — — —— —_—

- — —

| E_D_TOV
—_d

ABTS (Sequence),

OX_ID=j, RX_IDzH

E_D TOV
E_D_TOV Timer
stops
R_A TOV*
- — 7
Reclaim Target
FCP_Port Recovery
Qualifier

No Error Recovery

The BA_RJT for the ABTS indicates that the Exchange is unknown and therefore complete
and no error recovery is required. The target FCP_Port establishes a Recovery Qualifier.
The associated resources*are not reused for a period of R_A_TOV.

No action is taken on"ABTS until the ACK to the outstanding Sequence has been received,
allowing the analysis-to take into consideration the rx_iD field value, to eliminate ambiguity.
For in-order delivery, the value of R_A_TOV* is zero.

The target ECP) Port need not issue RRQ, as no Recovery Qualifier was established by the
initiator FCPPort.
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