INTERNATIONAL ISO/IEC
STANDARD 14165-226

First edition
2020-01

Information technology —<Fibre
channel —

Part 226:
Single-byte command code sets
mapping protocol - 6 (FC-SB-6)

Reference number
ISO/IEC 14165-226:2020(E)

© ISO/IEC 2020


https://standardsiso.com/api/?name=09225f20ff8bb93b9085672a6bc80a48

ISO/IEC 14165-226:2020(E)

A~ “COPYRIGHT PROTECTED DOCUMENT

© ISO/IEC 2020

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 ¢ Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=09225f20ff8bb93b9085672a6bc80a48

ISO/IEC 14165-226:2020(E)

Foreword

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

form the specialized system for worldwide standardization. National bodies that are members of ISO
participate in the development of International Standards through technical committees established
respective organization to deal with particular fields of technical activity. ISO and IEC technical com

or IEC
by the
mittees

collaborate in fields of mutual interest. Other international organizations, governmental and non-governmental, in

liaison with ISO and IEC, also take part in the work.

The procedures used to develop this document and those intended for its further maintenance are deschibe
ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types.of do
should be noted (see www.iso.org/directives).

d in the
cument

Attention is drawn to the possibility that some of the elements of this document may be thessubject of paten rights.

ISO and IEC shall not be held responsible for identifying any or all such patent rights. Détails of any paten
identified during the development of the document will be in the Introduction andfor*on the ISO list o
declarations received (see www.iso.org/patents) or the IEC list of patent “declarations receivsg
http://patents.iec.ch).

Any trade name used in this document is information given for the conveniénce of users and does not const}
endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions
to conformity assessment, as well as information about ISO's adherence to the World Trade Organization|
principles in the Technical Barriers to Trade (TBT) see www.is6.org/iso/foreword.html.

This document was prepared by INCITS (as INCITS 544-2018) and drafted in accordance with its editorial
was assigned to Joint Technical Committee ISQYIEC]TC 1, Information technology, Subcommittee
Interconnection of information technology equipment, and adopted under the “fast-track procedure”.

Alist of all parts in the ISO/IEC 14165 series.cah be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A c
listing of these bodies can be found atwww.iso.org/members.html.
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Foreword (This foreword is not part of American National Standard INCITS 544-2018.)
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Introduction

FC-SB-6 describes the Fibre Channel protocol mapping for the Single-Byte Com-
mand Code Sets. FC-SB-6 is one of a number of Fibre Channel protocol mappings,
referred to as FC-4s.
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INTERNATIONAL STANDARD ISO/IEC 14165-226:2020(E)

Fibre Channel —

Singie-Byte Command Code Sets
Mapping Protocol - 6

(FC-SB-6)

1 Scope

D

This standard describes a communication interface between a channel and O control units that utiliz
the Single-Byte Command Code Sets (SBCCS) as implemented in a wide range of data processing
systems. It employs information formats and signaling protocols that,provide a uniform means fq
communicating with various types of I/O control units, facilitating a_high’bandwidth, high performancg,
and long distance information exchange environment. The sighaling protocols and information
exchanges are defined at a layer (FC-4) to compatibly utilize the link services and other functions
provided by the INCITS Fibre Channel Framing and Signaling (FC-FS-4) and the INCITS Fibre
Channel Link Services (FC-LS-3) specifications. This FE-4 ‘Upper Level Protocol is referred to as thee
Fibre Channel-Single-Byte-6 Command Code Sets Mapping Protocol (FC-SB-6).

=

D

This standard modifies the FC-SB-5 standard te’specify enhancements and clarifications to th
command-mode and transport-mode protocols to increase the efficiency and expand the capabilitie
of operations.

[
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2 Normative References

21

Qualification and availability of references

The references listed in this clause contain provisions that, through reference in this text, constitute provisions

of thi

s document. At the time of publication, the editions indicated were valid. All standards are subject to

revision, and parties to agreements based on this standard are encouraged to investigate the possibility of
applying the most recent editions of the standards listed in this clause.

Orde
coun
(ISO

In order to avoid delivery errors, it is important that you accurately quote the standard's reference number give
in thg ISO catalogue. For standards published in several parts, you should specify the number(s) of the require|
part($). If not, all parts of the standard will be provided.

Copig¢s of the following documents may be obtained from ANSI, amISO member organization:

For fyirther information, contact the ANSI Customer Sérvice Department:

or the

IETH
wWww

2.2

s for ISO Standards and ISO publications should normally be addressed to the ISO member i your

ry. If that is impractical, ISO Standards and ISO publications may be ordered from ISO Central Secretariat
CS):

Phone: +41 22749 01 11

Fax: +41 22 749 09 47

E-mail: customerservice@iso.org

Post: ISO, 8, chemin de Blandonnet,

CP 401 - 1214 Vernier, Geneva - Switzerland

[N ]

Approved ANSI standards;
approved international and regional standards (ISO and IEC);;and
approved foreign standards (including JIS and DIN).

Phone: +1 212-642-4980

Fax: +1212-302-1286

\Web: http://www.ansi.org

E-mail: ansionline@ansi.org

InterNational Committee forInformation Technology Standards (INCITS):

Phone: 202-626-5737

\Web: http#/www.incits.org

E-mail: inCits@itic.org

Requestifor Comments (RFCs) may be obtained directly from the IETF web site at http:f/

ietf.orgfrfe.html.

Approved References

FC-P

FC-P

FC-P

FC-P

I-2:INCITS 404-2006, Fibre Channel Physical Interfaces - 2 (FC-PI-2)
I-5:INCITS 479-2011, Fibre Channel Physical Interfaces - 5 (FC-PI-5)
I-6:INCITS 512-2015, Fibre Channel - Physical Interface - 6 (FC-PI-6)

I-6P:INCITS 533-201x, Fibre Channel - Physical Interface - 6 (FC-PI-6P)
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SBCON:ANSI X3.296-1997, Single-Byte Command Code Sets Connection Architecture (SBCON)
FC-SB-5:INCITS 485-2014, Fibre Channel - Single Byte Command Code Sets - 5 (FC-SB-5)
FCP-4:INCITS 481-2012, Fibre Channel - Protocol - 4 (FCP-4)

FDDI-MAC:ISO/IEC 9314-2:1989, Fibre Distributed Data Interface - Media Access Control (FDDI-MAC)

.3 References Under Development
t the time of publication, the following referenced standards were still under development. For informatipn on
tihe current status of the document, or regarding availability, contact the relevant standards/boedy or jother
ogrganization as indicated.

HC-FS-4:INCITS Project 2238-D, Fibre Channel - Framing and Signaling - 4 (FC-FS-4)

HC-LS-3:INCITS Project 2237-D, Fibre Channel - Link Services - 3 (FC-LS-3)

-

C-SW-6:INCITS Project 2220-D, Fibre Channel - Switch Fabric - 6 (FC-SW/-6)

HC-PI-7:INCITS 543-201X, Fibre Channel - Physical Interface - 6 (FC-PI:7)
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3 Definitions and Conventions
3.1 Overview
For this standard, the following definitions and conventions apply.
3.2 Definitions

3.2.1 channel

entity, typically of a host computer, which consists of one N_Port and elements which performsth
functions specified by this standard to provide access to I/O devices by means of control units ¢
emulated control units

= O

3.2.2 channel-command word (CCW)
a) control block which contains a request to perform an 1/O operation in command mode; or }§)
structure of a specific system architecture which specifies the command to be executed along with
parameters

3.2.3 CCW channel program
single channel-command word or sequence of channel-command werds executed sequentially that
control a specific sequence of channel operations

3.24 CCW /O operation
decoding, accepting, and executing a CCW by an 1/O device

3.2.5 channel image
single ULP instance of a channel having the logical‘appearance of a channel

3.2.6 channel-path identifier (CHPID)
system-unique 8-bit value assigned to eachsinstalled channel path of a system

3.2.7 channel program
a) CCW channel program; or b) TCW channel program

3.2.8 channel-to-channel connection
association between two channels, one of which provides an emulated control unit, which allows those
two channels to exchange*lUs on an exchange pair

3.2.9 command'mode
mode of operation that is used to perform SB-6 device-level functions that are performed using ap
exchange pairand to perform all FC-SB-6 link-control functions

3.2.10 {connection

assogiation between a channel and control unit established: a) after the successful transfer of IUs th
censtitute an exchange pair resulting in two open exchanges, one inbound and the other outbound,
and both occurring between the channel and the control unit in command mode; or b) after transfer ¢f
an U by a channel to a control unit that opens an exchange in transport mode

—

3.2.11 control unit
physical or emulated entity, consisting of at least one N_Port and elements which adapt the
characteristics of one or more 1/0O devices to allow their attachment to the N_Port of a channel
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3.2.12 control-unit image
single ULP instance of a control unit having the logical appearance of a control unit

3.2.13 CRC Offset Block
list of 1-word values identifying the byte offset of each intermediate CRC word in the write transport
data

3.2.14 device
equipment such as a printer, magnetic tape unit or direct-access-storage device (DASD) that is

cessed by means of a control unit to allow attachment to a channel

.2.15 device-command word (DCW)
) control block which contains a device I/O command; or b) structure of a specific system architecture
hich specifies an I/O command to be executed along with parameters

.2.16 device-level functions
rotocols and functions used to perform and manage I/O operations

.2.17 device information block (DIB)
ta block present in all device-level FC-SB-6 command-mode IUs exceptlUs used to perform 1/O
perations in transport mode

.2.18 disconnection
removal of a connection by closing one or both exchanges of\an exchange pair or by closing a
tfansport exchange

.2.19 exchange pair
tvo FC-FS-4 exchanges between a channel and a control unit with sequence initiative in opposite
irections that are linked together by the SB-6 ULP

.2.20 extended CRC offset block
list of 1-word values identifying the CRC offsets and block lengths of segments of write transport data

.2.21 Fabric
ntity that interconnects Nx_Ports attached to it and is capable of routing frames by using the D_ID
imformation in a Frame_Header (see FC-FS-4)

.2.22 image
roup of related processées-behind a single N_Port (e.g. a single system or a single logical partition of
system)

.2.23

inbound exchange

change‘ofian exchange pair which originates from a control unit and that carries information to the
annel

.2:24 initiation IU

first IU of an exchange

3.2.25 1/0 operation
execution of an operation specified by a CCW or a TCW
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3.2.26 link-level functions

FC-FS-4 link-control mechanisms and basic-link services (BLS), FC-LS-3 extended-link services
(ELS), and SB-6 link-control functions used to make operational and manage the physical and logical
link between an entity acting as a channel and an entity acting as a control unit

3.2.27 mode of operation
identifies the protocols and functions of either command mode or transport mode, used by a channel
and control unit to perform device-level functions.

3.2.28 N_Port
see FC-FS-4

3.229 N_Port_ID
see FC-FS-4

3.2.30 outbound exchange
exchange of an exchange pair which originates from a channel and that carrigs/information from thie
channel to the control unit

3.2.31 persistent IU pacing
method for allowing an FC-SB-6 channel to retain a pacing credit for-use at the start of execution of g
channel program

3.2.32 SB-6 offline condition
condition recognized when a receiver transitions from the FC-FS-4 active state to the FC-FS-4 OL
receive state

[92)

3.2.33 transport command control block (TCCB)
variable length data structure that contains device-command words (DCWs) and associated contr
information that is sent from a channel to a-¢€ontrol unit

3.2.34 transport command word (TCW)
a) control block which contains a request to perform an I/O operation in transport mode; or b) structur
of a specific system architecture.which specifies a TCCB to be sent from the channel to the CU

[0

3.2.35 TCW channel proagram
single transport command word

3.2.36 TCW I/O operation
decoding, accepting, and executing a TCCB by an 1/O device

3.2.37 transport exchange
single bi=directional exchange that carries the communication required between a channel and contr¢
unit-fo_perform a device-level function

3.2.38 transport mode
mode of operation that is used to perform SB-6 device-level functions using transport exchanges

3.2.39 transport status block (TSB)
variable length data structure that contains status for a TCW I/O operation

© ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=09225f20ff8bb93b9085672a6bc80a48

ISO/IEC 14165-226:2020(E)

INCITS 544-2018

3.2.40 ULP process

function executing within a channel or control unit which conforms to the Upper Level Protocol (ULP)
immediately above the SB-6 service interface

3.3 Editorial Conventions

3.3.1 English Usage Conventions

In_this standard, a number of conditions, mechanisms, sequences, parameters, events, states, or

sjmilar terms that do not have their normal English meaning are printed with the following conventions:
a) The first letter of each word in uppercase and the rest lowercase (e.g., Exchange, Class, etc));

b) A term consisting of multiple words, with the first letter of each word in uppercase andthé rest
lowercase, and each word separated from the other by an underscore (_) charactef. A word
may consist of an acronym or abbreviation which would be printed in uppercase.€:g., N_Port);
and

c) aterm consisting of multiple words with all letters lowercase and each word-separated from the
other by a dash (-) character. A word may also consist of an acronym"or abbreviation which
would be printed in uppercase. (e.g., device-level, CUE-with-busy):

(Gertain words and terms used in this standard have a specific meahing beyond the normal English
eaning.These words and terms are defined either in the definitions or in the text where they first
ppear.

ists sequenced by lowercase or uppercase letters showno ordering relationship between the listed
ms. Lists sequenced by numbers show an ordering€lationship between the listed items.

I a field or a control bit in a frame is specified as-not meaningful, the entity which receives the frame
shall not check that field or control bit.

.3.2 FC Link Functions

order to support the SB-6 protocol,-the FC-FS-4 and FC-LS-3 functions referenced in this document
re required to be supported by, a‘channel, control unit and Fabric (if present) as specified in this
cument.

.3.3 Bit Numbering

Il words defined . by)FC-FS-4 and FC-LS-3 use the convention that bit 31 is the Most Significant Bit
(MSB) and bit_0)is/the Least Significant Bit (LSB). All words defined by the FC-SB-6 protocol use the
nvention that'bit 0 is the MSB and bit 31 is the LSB. All bytes defined by FC-FS-4 and FC-LS-3 use
the convention that bit 7 is the Most Significant Bit (MSB) and bit 0 is the Least Significant Bit (LSB).
Il bytes'defined by the FC-SB-6 protocol use the convention that bit 0 is the MSB and bit 7 is the LSB.
or FC*FS-4, FC-LS-3 and FC-SB-6, byte 0 is the most significant byte of a word, and byte 3 is the
l@astsignificant. In all figures, tables and text of this document, the most significant bit of a binary value

is shown as the left-most bit. Figure 1 gives a comparison between the FC-FS-4/FC-LS-3 convention
and the FC-SB-6 convention.
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Figure 1 — FC-FS-4/FC-LS-3 and FC-SB-6 Bit Numbering Conventions

8

MSB LSB
Byte 0 Byte 1 Byte 2 Byte 3
Bit
FC-FS-4/ 31 23 15 7 0
FC-LS-3:
FC-SB-6: 0 8 16 24 31

3.3.4 Binary Notation

Binary notation may be used to represent some fields. Single bit fields are represented using th
binary values zero and one. For multiple bit fields, the binary value is enclosed in\single quotatio
marks followed by the letter b. For example, a 4-byte field containing a binary value may b
represented as ‘00000000 11111111 10011000 11111010’b.

3.3.5 Hexadecimal Notation
Hexadecimal notation may be used to represent some fields. Whendhis’is done, the value is enclose
in single quotation marks and preceded by the word hex. For example, a 4-byte field containing
binary value of ‘00000000 11111111 10011000 11111010’b is shown in hexadecimal format as hex’Q
FF 98 FA'.

3.4 Abbreviations, Acronyms, and Symbols

Abbreviations and acronyms applicable to this standard are listed below. See FC-FS-4 and FC-LS-
acronyms associated with those specifications. For all other acronyms, refer to the index.

ABTS Abort Sequence BLS

AS address specific

BLS FC-FS-4 Basic Link Service
CcC chain command

CCw channel-command word
CD chain data

CH chaining

CHPID channel pathiidentifier

Cl channel initiated

CNP CRC"not provided
CcOB CRC Offset Block

- O

oL O

cocC continue on command immediate
CR command retry

CRC cyclic redundancy check
CRR command response request
CTC channel-to-channel

CTCA channel-to-channel adapter
Cu control unit

DACK device-level acknowledgment
DCW device command word

DIB device information block

DU data chaining update

E end
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EE early end

ELP Establish Logical Path link-control U
ELS FC-LS-3 Extended Link Service

ES extended status

FC fibre channel

FC-FS-4 FC Framing and Signalling Interface-4 Specification
FC-LS-3 FC Link Services-3 Specification

FC-PI-6 FC Physical Interface Specification-6

FC-SB-6 Single Byte Command Code Sets Protocol-6 Specification

LOGI F_Port Login ELS
QXID  Fully Qualified Exchange ID
| information unit (see FC-FS-4)
1] information unit identifier
ACK Link Level Acknowledgment link-control 1U
BY link level busy link-control U
ESB link error status block
IRR Link-Incident Record Registration ELS
OGO N_Port logout ELS

PE Logical Path Established link-control IU
PR Logical Path Removed link-control 1U
RC longitudinal redundancy check

RI long record/immediate

RJ Link level Reject link control 1U

S_RJT Link-Service Reject ELS Reply

Cl program control interruption

LOGI N_Port Login ELS

RLI Process Login ELS

RLO Process Logout ELS

SA Query Security Attributes ELS

EC Read Exchange Concise ELS

EX repeat execute

FCN Registered Fabric Change Notification ELS
LIR Registered Link Incident Recerd ELS

LP Remove Logical Path link-centrol IU

NID Request Node Identification Data ELS

RQ Reinstate Recovery Qualifier ELS

SCN Registered State Change Notification ELS

\" residual count valid

CR State Changé Registration ELS
DC self-describing component

LI suppress’length indication

SS synehrohize send status

YR synchronize response

CA transport command area

CAH transport command area header
CAX transport command area extension
CCB transport command control block

TCH transport command header

TCOB Transfer CRC Offset Block command
TCW transport command word

TIN Test Initialization link-control 1U

TINC test initialization capability
TINCR testinitialization capability result
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TIR Test Initialization Result link-control 1U
TSB transport status block

TTE Transfer TCA Extension command
ULP upper level protocol

3.5 Keywords

3.5.1 mandatory: A keyword that indicates items required to be implemented as defined byh
standard.

[

3.5.2 may: A keyword that indicates flexibility of choice with no implied preference.

3.5.3 model-dependent: A keyword describing an item (e.g. bit, field, code.value, etc.) orp
behavior (e.g., number of retries) that is not defined by this standard and may benendor specific.

[

3.5.4 optional: A keyword that describes features that are not required to be implemented by th
standard. However, if any optional feature defined by this standardsds implemented, it shall b
implemented as defined in this standard.

3.5.5 reserved: A keyword referring to bits, bytes, words, fields and code values that are set asid
for future standardization. Their use and interpretation may be‘specified by future extensions to th
or other standards. A reserved bit, byte, word or field shall beset to zero by the originator and ignore
by the recipient.

o wn O

3.5.6 shall: A keyword indicating a mandatory reqirement. Designers are required to implement gl
such requirements to ensure interoperability with-other products that conform to this standard.

3.5.7 should: A keyword indicating flexibility of choice with a preferred alternative; equivalent to thie
phrase “it is recommended”.

3.5.8 vendor specific: A keyword-describing items (e.g., a bit, field, code value, etc.) that are not
defined by this standard.
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4 Structure and Concepts
4.1 Introduction

This clause provides an overview of the structure, concepts, and mechanisms used in Fibre Channel (FC), FC-
FS-4, FC-LS-3 and FC-SB-6.

Communication over Fibre Channel takes place between a pair of N_Ports. FC-FS-4 and FC-LS-3 define all of
the functions and protocols required to transfer information from one N_Port to another. Depending upgn the
nfiguration, the communicating N_Ports are between a channel and control unit or in the case of @ chgnnel-
-channel connection, between a channel and a channel emulating a control unit.

C-SB-6 is a mapping protocol, referred to as an FC-4 that maps a particular upper level protacol(ULP) insfance
tp FC-FS-4. The FC-SB-6 ULP is based on the Single-Byte Command Code Set (SBCON)-and on FCP-4,. See
nnex E for additional information.

n N_Port supports an FC-4 mapping protocol and its associated ULP. More than-oné FC-4 and ULP instances
the same type or different type may be supported by the same N_Port.

.2 FC-4 General Description
he FC-4 mapping layer uses the FC-FS-4 protocol to transfer UpperLevel Protocol (ULP) information. |Each
C-4 describes, through mapping rules, how ULP processes of.thé same ULP type interoperate. An example
an active ULP process is an FC-SB-6 I/O operation in progress-at a device of a particular type such as a disk

rive.

he protocols are described in terms of the elements visible in the stream of frames, sequences, and exchanges
nerated by a pair of communicating nodes transfefring ULP information.

.3 FC-SB-6 General Description
.3.1 FC-SB-6 Instance

n FC-SB-6 ULP instance may be'either an N_Port-based FC-SB-6 channel image, an N_Port-based [SB-6
ntrol-unit image, or an N_Port-based emulated control-unit image. Information associated with the exegution
an I/O operation and the operation of a device is transferred between a channel image and control-unit image.
.3.2 FC-SB-6 Protocols

Tiwo levels of protacal are defined for this standard:

a) link-leveliand

b) device-level.

HC-SB-6 protocols are classified as either link-level or device-level, depending on whether they are for the
purpose of managing a logical path and exchanging information over that path or for the purpose of managing
the execution of an I/O operation.

The execution of an I/O operation requires both FC-SB-6 link-level and device-level protocols at the channel
and control unit. Information exchanged between a channel and control unit as a result of executing an 1/0
operation is transferred under the control of device-level protocols, which rely on link-level protocols for sending
and receiving frames (see 4.7.2 and 4.7.3).
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4.4

4.41

Channel-Path Elements

Overview of Channel-Path Elements

The channel path provides the communication path between two systems. The physical elements that make up
a channel path are a channel, possibly a Fabric, a control unit, and one or more links.

4.4.2

A chag
proto
proce
withir
capa

4.4.3

A chag
chan
N_Pdq
acqu
framg
multi
on es

Figun

Channel

nnel provides the functions specified by FC-FS-4, FC-LS-3, and FC-SB-6, and performs their pres¢ribe
cols. Each channel shall provide one N_Port. When the N_Port of a channel is shared byrmultipl
sses, such as multiple operating systems, each channel path shall be logically and separately represente
the channel. This logical representation is termed a “channel image” (see 4.4.3). A channel may also b
ple of providing control unit emulation (see 4.5.6.2).

O Qo O O

Channel Image

—

nnel image has the logical appearance of a channel. Each channel image appears to be an independe
nel although all channel images on a specific channel share the same N_PortID and physical paths. Th
rt of a channel performs certain functions for all sharing channel images-(e.g., link synchronization an|
sition of address identifiers) and may perform functions for a single sharing channel image (e.g., sendin
s during the performance of link-level and device-level functions).(The N_Port of a channel common

ble channel images may perform functions for multiple channel images simultaneously by multiplexing work
ch function and interleaving frames for each function on thedink-as allowed by FC-FS-4.

e 2 shows multiple channel images which are sharing the.same N_Port_ID.
Figure 2 — Channel Path'with Channel Images
Channel
n
2
1 |
0 :
N_Port_ID Link Control
Unit
L Channel
Image

Eithe

I 'single or multiple channel images may exist at an N_Port. Each channel image denotes one FC-SB6

channel ULP instance.

NOTE 1 — Channel images represent different logical channel paths even though the channel images share the same
N_Port. Therefore, there is one channel per channel path.
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4.4.4 Control Unit

A control unit provides the logical capability necessary to operate and control one or more devices and adapts,
through the use of common facilities, the characteristics of each device to an N_Port provided by the channel.
These common facilities which include N_Port functions and may include FC-SB-6 functions provide for the
execution of I/O operations, indications concerning the status of the device and control unit, control of the timing
of data transfer over the channel path, and certain levels of device control.

control unit may have more than one N_Port in order to allow attachment to more than one link, each.ffom a
ifferent channel or from a different F_Port on the same or a different Fabric. When a control-unitN_Hort is
tached to a link from a Fabric, the control unit and its devices may be physically accessible overithat N| Port
all channels also attached to links from that Fabric.

—

Vhen an N_Port on a control unit is shared among multiple channel paths, each channel path’'shall be lodically
ppresented separately within the control unit. This logical relationship is called the logi¢al path (see 4.5]5). A
pntrol unit shall provide at least one logical path for each operational N_Port_ID, howeyver, the number of Ipgical
aths that a control unit permits is model dependent.

o Q5 <

A control unit may also be capable of supporting N_Ports that act as channel\paths.

NOTE 2 — Certain ULPs have a dependency upon the existence of a single path to a control unit for a given channel for
purposes of managing the 1/0 configuration. In order to satisfy this dependency, it is recommended that a contrpl unit
have only one N_Port which is configured to communicate with a given“channel.

NOTE 3 — A control unit may have more than one N_Port, each cahfigired to communicate with a different channgl.

NOTE 4 — A control unit may be connected to more than one channel at the same time. When a control unit is conrected
to more than one channel at the same time, each connection may be for the same or a different device.

44.5 Control-Unit Image

A control-unit image has the logical appearance of a control unit. Each control-unit image appears to e an
dependent control unit, although all eantrol-unit images common to one control unit may share the same
mmon facilities and N_Ports. These-.éommon facilities may provide some or all of the FC-SB-6 functiong and
rotocols. Those FC-SB-6 functions_and protocols not provided by the common facilities shall be provided by
the individual images.

Up to 256 devices may becattached to each control-unit image.

HC-SB-6 protocols opetfate for each control-unit image independent of all other control-unit images excelpt for
résolving contention-for the common facilities shared among control-unit images. The N_Port_ID of a cdntrol-
unit common to. multiple control-unit images may perform functions for multiple control-unit imfages
sjmultaneously‘by multiplexing work on each function and interleaving frames for each function on the link as
allowed by FC-FS-4.

Higure 3 shows multiple control-unit images which are common to a single N_Port_ID.

15

© ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=09225f20ff8bb93b9085672a6bc80a48

ISO/IEC 14165-226:2020(E)

INCITS 544-2018
Figure 3 — Channel Path with Control-Unit Images
Control Unit
n
2
‘ 1
. 0
Channel Link N_Port_ID
Control -
Unit
Image —
NOJTE 5 — Each control-unit image is architecturally identical, even though each image 'may provide a different devid

type
logi

4.4.6
The |
4.5

4.5.1
Supp

4.5.2

A channel path that consists of a single_link interconnecting one or more control-unit images to one or mor

chan
acha
uniti
chan
multi

. The presence of multiple control-unit images becomes apparent only through-the'logical addresses used whe
cal paths are established (see 4.7.4 and 4.5.5).

Link
nk is as described by FC-PI-2, FC-PI-5, FC-PI-6, FC-PI-6P, FC-PI-7 and FC-FS-4.
Channel-Path Configurations

Channel-Path Configuration Overview
ort for point-to-point configuration and Fabric ¢enfiguration is provided.
Point-to-Point Configuration
nel images forms a point-to-point configuration. A point-to-point configuration shall be permitted betweg]
nnel and control unit only when:a single control unit is defined on the channel path or when multiple contro
mages all share the samé N’ Port. Figure 4 shows a point-to-point configuration consisting of a sing|
nel image and single eontrol-unit image, and figure 5 shows a point-to-point configuration consisting

ble channel images_andcontrol-unit images.

Figure 4 — Point-to-Point Channel-Path Configuration (Single Logical Image)

Channel Link Control
Unit

>

= b 7 o5 0
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Figure 5 — Point-to-Point Channel-Path Configuration (Multiple Logical Images)

Channel Control Unit
Channel Control -
Image Unit Image
Channel
Image )
Link Control -
Unit Image

—

he channel N_Port and the control-unit N_Port resolve contention among the logical images for access fo the
ink.

>

maximum of one link shall be attached to the channel in a point-to point ¢hannel-path configuration| The
aximum number of control-unit images that shall be addressed over the link\is 256; therefore, the maxjmum
umber of devices that shall be addressed over point-to-point channel path eonfiguration is equal to 256 cgntrol-
nit images times 256 devices per control-unit image, or 65536.

.5.3 Fabric Configuration

>

channel path that consists of one link which interconnects.ené or more channel images with a Fabric anfl one
r more links, each of which interconnects the Fabric with*one or more control-unit images, forms a Habric
pnfiguration.

QO

=

lultiple channel images and multiple control-upitiimages may share the resources of the FC links and the
abric, such that multiplexed 1/0O operations may-be performed.

-

—

here are two types of Fabric configurations: single-switch and multi-switch. In a single-switch Fabric
pnfiguration, all channels and control\units are attached to a single switch (see figure 6). In a multi-switch
abric configuration, channels and ¢ontrol units are attached to multiple, interconnected switches (see figure 7).

1 Q
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Figure 6 — Single-switch Fabric Channel-Path Configuration (Multiple Channel Images)
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Figure 7 — Multi-switch Fabric Channel-Path Configuration (Multiple Channel Images)
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(see NOTE below about routing through a Fabric)

Control Unit

[ Control |
Control  [Unit
Unit Image
Image

[
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Channel

—

F_Ports

Control Unit

Channels and confrol units may be attached to the Tinks from the Fabric in any combinatfion, depending on
configuration requirements and depending on available resources in the Fabric. Sharing a control unit through
a Fabric means that communication with the control unit may take place over one N_Port in the case where the
control unit has only one link to the Fabric or over multiple N_Ports in the case where a control unit has more
than one link to the Fabric.

A maximum of one link shall be attached to the channel in a Fabric configuration. The same control unit and
device addressing capability exists as for the point-to-point configuration, however the attachment flexibility is
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greatly increased with a Fabric through the capability to use the 24 bit N_Port address, to access multiple control
units.

For a detailed description of the Fabric refer to FC-SW-6. The N_Port of the channel or control unit attaches to
an F_Port of the Fabric. The F_Port is required to support at least Class 2 and Class 3 service.

NOTE 6 — This standard does not limit the number of switches in a Fabric but some implementations may limit the
number or switches in the route between an N_Port of any channel and an N_Port of any control unit due to configuration

+ HA| 'H
e rageTret CorTSIatTatornsT

.5.4 Physical Path

he communication path between a channel and a control unit is composed of two differentparts, the physical
annel path (physical path) and the logical channel path (logical path). The physical path is the link, }r the

imterconnection of two or more links by a Fabric, that provides the physical transmission,path between a channel
nd a control unit. The logical path is the relationship that exists between a channel and<a control unit for dgvice-
vel communication during execution of an 1/0 operation and presentation of status.

.5.5 Logical Path

logical path is the relationship established between a channel image ‘and control-unit image which identifies
communication path over which device-level information may be transferred and to which certain devicetlevel
llegiances may be associated. The logical path is established as part of the channel and controf unit
itialization procedures by the exchange of FC-SB-6 link-controiMUs.

hen the logical path is established, device-level communication is allowed on that logical path. All devicetlevel
rotocols depend upon the existence and identity of logical paths. Device-level protocols are executed oVer an
tablished logical path by means of the exchange ofinformation units between the channel and the contrd|l unit.
hen a logical path is not established, only link-level communication is permitted.

logical path is identified within a channel orgontrol unit by the combination of a 24-bit N_Port address idetifier
signed to the channel, a 24-bit N_Port address identifier assigned to the control unit, an 8-bit logical adfiress
signed to the channel image establishing the logical path, and an 8-bit logical address assigned to the cdntrol-
nit image to which the logical path_is being established. Both the channel and the control unit recogrlize a
gical path by the same combination of addresses. The two 24-bit address identifiers define the N_Pdrts to
hich the images are associated, and the two 8-bit logical addresses identify the images for which the Ipgical
th exists.

channel image may-have one or more logical paths to each control-unit image. The number of logical paths
channel or contrélinit permits depends on system requirements and model capabilities.

ven though-multiple logical paths may be associated with the same N_Port on the control unit the chpnnel
ths represented by these logical paths are treated as if each were associated with a separate N| Port
interfacé;each logical path represents a logical relationship to a channel.

llegiances, 1/0O operations, system resets, and path groups for a particular system are identified by megns of
the logical path established by the channel for that system. To a control unit, each logical path represents a
different channel path or logical subdivision of a channel path.

When multiple control-unit images are provided, their presence is apparent only through associated logical
paths.
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4.5.6 Channel-to-Channel Communication

4.5.6.1 Channel-to-Channel Communication Overview

A channel supporting channel-to-channel communication shall be able to accept a request to establish one or
more logical paths and shall be able to provide all of the functions of a control-unit image on logical paths on
which communication is to take place. In addition to providing all of the functions required of a channel for other
logical paths, a channel supporting channel-to-channel communication shall provide all of the functions required
of a dontrol unit on a logical path for which it has accepted an Establish Logical Path (ELP) IU (see 6.4.2). Whe
a chgnnel supports channel-to-channel communication, the N_Port of the channel is also the N_Port of the
emulgated control unit.

=)

Figure 8 shows a Fabric configuration in which a control-unit image of one channel, referred to as ‘channel A
is communicating with another channel, referred to as “channel B.” In the configuration showni6ne or more ¢f
the control-unit images of channel A has accepted a request from channel B to establish a |ogical path, and the
contrpl-unit image within channel A is providing all of the functions required of a control upit on the logical path
to a ¢orresponding channel image of channel B. Both channel A and channel B may also have established
logical paths with other control units attached to the Fabric.

Figure 8 — Fabric Channel-Path Configuration (Multiple Channel Images, Channel-to-Channel
Connection)
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4.5.6.2 FC-SB-6 Channel-to-Channel Adapter

A FC-SB-6 channel-to-channel adapter is a channel capable of emulating a control unit and is used by a
program in one system to communicate with a program of another system. The FC-SB-6 channel-to-channel
adapter provides the data path and synchronization for a data transfer between two channels; however, in so
doing, it presents a view as though it were a control unit including support of requests for logical paths and all
of the functions of a control-unit image (or images) on logical paths over which communication is to occur.

.6 Information Transfer

C-SB-6 information is transferred on an FC link in FC-4 information units. An information unit is acollectjon of
ta that is organized according to a particular structure depending on the function being performed or theg data
ntent. The types and structures of the IUs defined for this standard are described in 8.3. An linformatioh unit
i$ transferred in a sequence which shall be sent as one or more FC-FS-4 device-data frames.

.7 Protocols
.7.1 Protocol Overview

he link-level protocols describe the physical characteristics of a channelpath and the associated profocols
reéquired for the transmission and reception of frames. The link-level protocols for this standard are defirjed in
C-FS-4, FC-LS-3, and in clause 6. The device-level protocols are associated with the execution of gn 1/0
peration for a specific device. The device-level protocols for FC-SB-6 are defined in this standard and prpvide

ultiplexing at the frame level, streaming of commands and data; and the transport of multiple /O comnjands
im a single IU. The frame level multiplexing provided is based on Fibre Channel protocols. This multiplexing
llows for multiple simultaneous exchanges, each concurféently transferring information, between a channgl and
ntrol unit over the same N_Port to different devices.

he presence of multiple channel images or muliiple control-unit images only becomes apparent through the
logical paths that are established. All device-level protocols depend on the existence of and identity of fhese
logical paths. When the logical path is known, the particular logical images for which the link-level and dg¢vice-
vel facilities are dedicated at any one time“is also known.

Tlhe execution of an I/O operation requires link-level and device-level protocols to be present in both the channel
and the control unit. Informationvexehanged between a channel and control unit as a result of executing gn I/O
dperation is transferred underthe control of the device-level protocols with the aid of the link-level protocqls for
sending and receiving frames=The failure to satisfy protocols at either level results in an error being recognized.

Higure 9 shows the relationship between the link level, device level, physical path, and logical path.

Figure 9'<- Relationships among Link Level, Device Level, Physical Path, and Logical Path

Device Link Link Device
Level Level Level Level
Logical Path
- - |- — - - — — - — — — — — — — — — e
- - |
Physical Path

4.7.2 Link Level Protocol

Link-level protocols refer to FC-FS-4 Basic Link Services (BLS), FC-LS-3 Extended Link Services (ELS) and
FC-SB-6 link-level functions.
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Link-level protocols are used to establish and maintain the physical and logical paths in order to provide for
transmission and reception of frames and primitive sequences. They include functions such as acquiring
address identifiers, establishing frame credit, generating the basic frame structure, coordinating the protocols
for frame transmission, and checking the integrity of information sent in frames (see FC-FS-4, FC-LS-3 and
clause 6).

Certain functions require the exchange of information between the channel and control unit at the link level.
These functions are performed by means of link-level protocols (e.g., initialization). Before communication over
a chgnnel path is allowed to occur, and before an 1/0 operation may be executed, some form of initialization
shall|be completed according to the requirements of the system and according to the specifications._6f the
architectural definition (see FC-LS-3 for link initialization and login definitions).

[oN

Onceg the N_Port of a channel has performed initialization procedures for a control unit, includingdogging in an
estalflishing a logical path to a control-unit image, that control-unit image is considered operational’and capabl
of exgcuting I/O operations over that channel path.

D

4.7.3| Device Level Protocols

Devige-level protocols allow for transfer of information specifically related to an 1/O0peration, transfer of status
of a device or control unit, and recovery when errors are detected by the channel or the control unit.

The {ypes of device-level information transferred between a channel and control unit that use device-lev
protacols are: commands, data, control information, and status. Cemmands are provided by the channgl
progam being executed. Data is the information associated with~the command being executed that is to
transferred to or from the device. Control information includes, functions that manage the transfer of da
betwgen the channel and control unit and functions that manage execution of the 1/0O operation. Status
describes the results of the completion of an 1/0 operation (Successful or unsuccessful) or provides informati
not agsociated with an 1/0 operation that is to be reported.to the channel.

Devige-level information is transferred between a channel and a control unit in FC-SB-6 information units (s
8.3).[FC-SB-6 information units are transferredyusing link-level functions, device-level functions, link-levgl
protocols and device-level protocols (e.g.,when the channel receives initiative to start an 1/0 operation i
command mode, the device-level functions and device-level protocols obtain the command and othgr
parameters from the current CCW and insert them into the appropriate fields within a command 1U). When th
command IU is ready for transmission, link-level functions and link-level protocols provide additional informati
(e.g.,|address identifiers and exchange ID in the frame header) and then coordinate the actual transmission ¢f
the frame on the channel path;

4.7.4| Addressing

Two |evels of addressing are used for the link-level and device-level structure. All control units and channels
use Qoth levels of ‘addressing. Link-level addressing identifies the N_Port, which identifies the physical path
within the charinel-path configuration to be used for communication between a channel and a control unit. Link
level laddressing also identifies the channel images or control-unit images associated with an N_Port (see F(
FS-4).

Device-level addressing identifies the device to the channel or control unit, once the physical path, as
designated by the link-level addressing, has been determined.

Link-level addressing is considered to be the first level of addressing because it determines the N_Port, physical
path, and the sharing logical image; device-level addressing is considered to be the second level of addressing

because it determines the device once the N_Port and logical image are determined. Both levels of addressing
have specific address assignment requirements.
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Link-level addressing requires each N_Port to be assigned a 24-bit address, called the address identifier. The
address identifier of the sender of a frame is in the S_ID field in the FC-FS-4 header, and the address identifier
or the recipient of a frame is in the D_ID field of the FC-FS-4 header (see 5.5.3). An N_Port that does not have
an address identifier assigned is unidentified; an N_Port that has an address identifier assigned is identified.
The assignment of an address identifier to an N_Port occurs when the N_Port performs initialization and the
required login procedure (see FC-LS-3). When an unidentified N_Port performs initialization, it acquires its
address identifier through the procedures defined for the login process.

ink-level addressing also requires that each channel and control-unit image be assigned an 8-bit address,
lled the logical address. The logical addresses of the sender and receiver of an U are in the FC-SB-6,h¢ader
ield of the IU (see 8.4). A channel image or control-unit image is assigned a logical address whenit'is crdated.
logical address shall be unique at a channel or control unit N_Port_ID but need not be uniqueson a channel
th. The assignment of logical addresses and the method by which this assignment is performed are model
pendent.

hen either multiple channel images or multiple control-unit images are created, they\share a single N_Pqrt_ID
for each link, and therefore, the same respective address identifier. A maximum of-256 channel images angd 256
ntrol-unit images shall share the same N_Port_ID. The combination of the address identifier and the lpgical
dress determines the image to which the device-level addressing applies.

evice-level addressing depends on the assignment of an 8-bit address; called the device address, to pvery
vice. A device address shall be unique on a logical path on a contral unit but need not be unique on a channel
th because the resultant combination of the N_Port address identifier, control-unit logical address, and the
vice address uniquely identifies a device on a channel pathy“The assignment of device addresses and the
ethod by which this assignment is performed are model dépendent (see 8.4.5).

ontrol units that attach to more than one link provide an’N_Port per link, with each N_Port having an ass|gned
dress identifier.

Il lUs sent on a channel path rely on link-levelhaddressing information to determine the correct physical path
to the destination N_Port_ID and, for certainlU types, to determine the image associated with that N_Port_ID.
ome |Us require only link-level addressing while others require both link-level addressing and devicetlevel
dressing. An IU sent to perform a.link-level protocol requires only link-level addressing, and an IU sé¢nt to
rform a device-level protocol requires link-level addressing and in some cases device-level addregsing.
evice-level addressing identifies the device that is the source or destination of the information in the 1. For
vice-level protocols that degs not use device-level addressing, the protocol relies on the fully quglified
change identifier (FQXID) associated with the exchange to identify the logical path and device. The FQXID is
rovided in the FC-FS-4"header and is composed of the source port identifier, the destination port identifigr, the
X_ID field value, and-the RX_ID field value (see FC-FS-4).
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5 FC-FS-4 Link Control
5.1 FC-FS-4 Link Control Overview

FC-FS-4 provides services which support the transfer of data between N_Ports in frames which
consist of a frame header and a payload. This clause describes how FC-FS-4 services are used to
perform FC-SB-6 link-level functions and device-level functions, and defines how the fields in the
frame header are used to perform these functions. For a general description mechanisms and frame
header fields which are unrelated to this standard, see FC-FS-4.

5.2 Class of Service

Class 3 service shall be used when sending all FC-SB-6 |Us except for the test initialization U (sefe
6.4.7). Class 2 service shall be used when sending the test initialization IU becausg, the N_Poft
receiving the test initialization IU may be in a non-operational state. When this is the case, Class P
provides the means for the Fabric to provide timely notification of this fact, thereby avoiding costly
timeouts and retry operations.

The FC-SB-6 ULP requires the Fabric to indicate support for sequentiakdelivery during Fabric logi
(see clause 7).

=

=S

NOTE 7 — Since this standard requires the test initialization 1U to be.sent in Class 2, N_Ports which suppo
this standard are required to indicate support for Class 2 at login. Se€)FC-LS-3 for additional information.

5.3 Buffer-to-Buffer Credit Reclamation

During operation over extended periods of time, errors may occur which result in the loss of one ¢
more R_RDY primitive signals. The loss of R_RDBY primitive signals affects the available buffer-tq
buffer credit at an N_Port and as a result, may, affect that N_Port’s ability to send frames and maintain
optimum performance. Designs should beAolerant of the loss of some R_RDY primitive signals fgr
short periods of time but also shall be capable of taking some action to offset the cumulative effect ¢f
errors over longer periods of time. The_cumulative loss of R_RDY primitive signals over long periods
of time may result in a reduction intavailable buffer-to-buffer credit to a point where performance |{s
significantly affected or, in the extreme case where the available buffer-to-buffer credit goes to zerg,
the inability to send a frame, and an FC-FS-4 link timeout error.

=

To prevent the loss of R"RDY primitive signals from resulting in a performance degradation or FC-F§-
4 link timeout error,(N) Ports shall perform a model-dependent buffer-to-buffer credit reclamati
procedure which réihitializes the available buffer-to-buffer credit at both ends of the link. The preferr:
reclamation prec€dure is specified in FC-FS-4.

When theypreferred buffer-to-buffer credit reclamation procedure is not supported, an alternati
procedure shall be performed periodically at model-dependent time intervals. The time interval of th
model-dependent procedure should be as large as possible provided that buffer-to-buffer crediit
reclamation is performed before the loss of R_RDY primitive signals results in a performan
degradation. To minimize the number of IUs lost as a result of buffer-to-buffer credit reclamation, th
buffer-to-buffer reclamation procedure is not initiated when open exchanges exist, and an effort is

made to quiesce the link before the procedure is performed.

NOTE 8 — When the preferred buffer-to-buffer credit reclamation procedure is not performed, the channel may
quiesce the link before performing buffer-to-buffer credit reclamation by not initiating new exchanges and
allowing all channel programs to complete and all exchanges to end. Control units may quiesce the link by
completing all channel programs which are in process and by returning control unit busy status to new
commands or control functions other than a system reset or purge path. Since efforts made to quiesce the link
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do not guarantee that no IUs are lost, occasional errors resulting from buffer-to-buffer credit reclamation
should be expected.

NOTE 9 — When the preferred buffer-to-buffer credit reclamation procedure is not performed, implementations
should use the FC-FS-4 link reset primitive sequence protocol to provide buffer-to-buffer credit reclamation. In
addition, it is preferred that data queued in receive and transmit buffers before the protocol is initiated as well
as data received into buffers during the time when the protocol is being performed be preserved and
processed normally when the protocol is completed. For additional information on the link reset primitive
sequence protocol, see FC-FS-4.

NOTE 10 — When the preferred buffer-to-buffer credit reclamation procedure is not performed, the suggested

defaurttime Mmtervar between the performance of each bulfer-to-buifer credit rectamation procedure 15
approximately 24 hours. A means should be provided to adjust the time interval and randomly vary the time
interval by up to 10% so that reclamation does not occur at predictable time intervals such as the same time
each day. For Fabric configurations, a means should be provided which minimizes the probability)of
simultaneous buffer-to-buffer credit reclamation by a large number of N_Ports because of the system
performance impact which results. The means used to avoid simultaneous buffer-to-buffer credit reclamation
is model-dependent but may include the use of a slightly different time interval by each N_Port or by, causing
the time interval of each N_Port to begin at a different time.

NOTE 11 — When the preferred buffer-to-buffer credit reclamation procedure is not performed; unnecessary
execution of an alternative buffer-to-buffer credit reclamation procedure should.be avoided. An
implementation should defer buffer credit reclamation for a model-dependent time inteérval after performing a
procedure such as login or link initialization which initializes the available buffer-to-bufféer credit. In a point to
point configuration, only one of the N_Ports is required to initiate the buffer-tosbuffer credit reclamation
procedure because the procedure initializes the available buffer-to-buffer credit at both ends of the link.
F_Ports are not required to perform the procedure since performance of buffépr reclamation by the attached
N_Port reinitializes the available buffer-to-buffer credit at both the N_Port and the attached F_Port.

54 FC-SB-6 Sequences and Exchanges
54.1 FC-SB-6 Sequences

Vhen receiving frames from the link, FC-FS-4 provides'@ mechanism which assembles sub-blocks of
ata contained in the payloads of one or more frames'into a single data block called a sequence. Each
C-4 defines the contents of the sequences whichare used for ULP functions. When the contents and
sage of a sequence are defined by a ULP,\tis referred to as an information unit (IU). For this
fandard, IUs contain commands, device-level controls, link controls, and related functions. The IUs
efined by this standard are summarized/in Table 1, and the contents of FC-SB-6 IUs conform to the
eneral structures in 8.3. The protocols.for using 1Us for FC-SB-6 link-level functions and device-level
nctions are found in clause 6 and‘clause 9, respectively.

aQ O u c T O <

.4.2 FC-SB-6 Exchanges

n exchange pair consisting of two unidirectional exchanges, one used by the channel to send IUs
nd one used by the‘eontrol unit to send 1Us, are required for all FC-SB-6 link-control functions and
for all FC-SB-6 device-level functions that are executed in command mode. A single bi-directional
change, referred to as a transport exchange, is required for all device-level functions executed in
tlansport mode>» Exchange pairs and transport exchanges are described in the following sections.

.4.2.1. FC-SB-6 Exchange Pairs

IUs?which a channel sends during the execution of an FC-SB-6 link-control function or the execution

of an FC-SB-6 device-level function in command mode are restricted to one exchange, and IUs which
a channel receives during the operation are restricted to a different exchange. The exchange on which
the channel sends IUs is referred to as the outbound exchange, and the exchange on which the
channel receives IUs is referred to as the inbound exchange.
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Inbound exchanges and outbound exchanges shall transfer IUs in a single direction. When both an
outbound exchange and an inbound exchange simultaneously exist between a channel and a control
unit for the execution of the same link-level function or device-level function, an exchange pair is said
to exist, and the control unit is said to be connected to the channel. A channel program which is
executed in a single connection uses only one exchange pair. If the connection is removed by the
closing of the exchanges during the channel program, a new exchange pair shall be required to
complete the channel program.

4.2.1.1 neral Rules for Initiating Exchange Pair:

A channel shall initiate an exchange pair by sending an initiation IU as an unsolicited command ¢
unsolicited control information category. A control unit shall initiate an exchange pair by sending a
initiation 1U as an unsolicited control or unsolicited data information category (see Table AY.

=

5.4.2.1.2 Exchange Pairs for FC-SB-6 Link Control Functions

A control-unit image that initiates an exchange pair for an FC-SB-6 link-contrel finction shall wait fq
a response to the initiation IU before it initiates another exchange pair with the N_Port of the sam
channel if the exchange pair to be initiated is:

(G

a) for another FC-SB-6 link-control function, or
b) for a device-level function not associated with a specific device.
5.4.2.1.3 Exchange Pairs for Device-Level Functions
A control-unit image that initiates an exchange pairor a device-level function not associated with

specific device shall wait for a response to the initiation 1U before it initiates another exchange pair |if
the exchange pair to be initiated is:

V)

a) with the same channel image for a'device-level function not associated with a specific devicg;
or

b) with the N_Port of the same:channel for an FC-SB-6 link-control function.

A channel or control unit may initiate multiple exchange pairs, each for a different device or for th
same device provided(that there is no more than one exchange pair or transport exchange for
specific device on a logical path. A new exchange pair for a specific device on a logical path shall ng
be initiated when any-of the following conditions apply:

~ O O

a) an exchange pair or transport exchange already exists for the same device on the same logical
path; ‘or

b)&the channel or control unit initiating the new exchange pair has initiated another exchange pal
for the same device on the same logical path and not received a response.

=

If either of the above conditions apply, the channel or control unit shall wait for the existing exchange

pair or transport exchange to be closed before initiating the new exchange pair for the device on the
logical path.
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5.4.2.1.4 Exchange Pair Processing

In order to avoid errors caused by lost IUs or by the inability to send an IU, sufficient resources should
be held in reserve in order to support new exchange pairs for unexpected events. If an IU initiating a
new exchange pair is received, sufficient resources should be available to properly receive the IU and
to initiate a new exchange in response. If an unexpected event requiring a new exchange pair to be
initiated occurs, resources should be available for supporting the new exchange pair.

After a channel or control unit has closed one of the exchanges of an exchange pair for a device on a

lagical path, an abnormal condition may result in the recognition of a valid initiation IU for the same
vice on the same logical path before the other exchange of the previous exchange pair has been
osed. When this occurs and the initiation IU is not a purge path IU, the IU may be accepted and held
ntil both exchanges of the previous exchange pair have been closed or a link-busy condition may ‘be
récognized (see 6.4.10 and 9.5.1).

.4.2.2 FC-SB-6 Transport Exchanges
IUs which a channel and control unit send during the execution of an FC-SB-6 device-level function
that is performed in transport mode are restricted to a single, bi-directional exchange referred to as a

tiansport exchange. Transport exchanges are not used to execute link-levekfunctions.

54.2.2.1 General Rules for Initiating a Transport Exchange

b~

channel shall open a transport exchange by sending a transperticommand U as an Initiation [U. A
pntrol unit shall not open a transport exchange (see table 1):

Q

.4.2.2.2 Transport Exchanges for Device-Level Functions

channel may open multiple transport exchanges, each for a different device or for the same device
n different logical paths. A new transport exchange may be opened for a specific device on a logical
th when a transport exchange already exists:for that device and logical path only to perform an
imterrogate operation (see 9.3.3.2); otherwise, the channel shall not open a new transport exchange
td a device and logical path when a transport exchange or exchange pair is open for that device and
logical path. When a transport exchange or exchange pair is open for a device and logical path, the
annel shall wait for the existing transport exchange or exchange pair to be closed before initiating
the new transport exchange for the‘device on the logical path.

.5 FC Frame Header Fields
.5.1 Frame HeaderField Overview

he FC frame header identifies the source and destination of a frame, the exchange and sequence to
hich a frame.belongs, the order in which a frame was sent, and the type of information in the frame
yload. The 'frame header consists of a frame routing field (R_CTL), source link address field and
stination'link address field (S_ID and D_ID), an FC-4 identification field (TYPE), an optional header
ntfel field (DF_CTL), fields which identify and control FC-FS-4 sequences and exchanges (F_CTL,
XZID, RX ID, SEQ ID, SEQ CNT), and a parameter field whose function depends on the frame

type. The usage of these fields for frames which are part of an IU is described in5.5. The frame header
format is described in FC-FS-4. For a definition of the settings of frame header fields in frames which
contain FC link-control functions and BLSs, see FC-FS-4. For a definition of FC ELSs, see FC-LS-3.

28

© ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=09225f20ff8bb93b9085672a6bc80a48

ISO/IEC 14165-226:2020(E)

INCITS 544-2018
5.5.2 R_CTL Field

The R_CTL field contains two sub-fields, the routing bits and the information field. The routing bits
identify the frame payload as FC-4, FC-FS-4 or FC-LS-3. For all frames used to send an 1U, the routing
bits shall be set to ‘0000’b to indicate that the payload contains FC-4 Device Data.

When the routing bits are set to ‘0000’b and the frame is used to send an IU, the information field
contains an information category field which identifies the category of the information in the payload
(see FC-FS-4 for a list of information categories and their corresponding values of the informatio

field). All frames in an FC-SB-6 U shall contain the same information category. The information
category of an IU depends on the contents of the IU and the conditions under which the 1U is_sent.

Table 1 summarizes the information categories which shall be used to send each IU.

Table 1 — Information Categories of FC-SB-6 IUs

FC-SB-6 IU Name

Information Category

Primary Content

Command U

Unsolicited Command

Command DIB or Command/Data DIB

Solicited Data IU

Solicited Data

Data DIB or Status DIB

Unsolicited Data 1U

Unsolicited Data

Status DIB

Solicited Control 1U

Solicited Control

Link control DIB or Control DIB

Unsolicited Control U

Unsolicited Control

Link Control DIB or Control DIB

Transport Command U

Unsolicited Command

Transport Command Control Block (TCCB)

Transport Data 1U

Solicited Data

Data

Transport Response 1U

Command Status

Status and Extended Status

Transfer Ready U

Data Descriptor

Data Offset and Length

Solicited Control none

Transport Confirm 1U

5.5.3 D_ID and S_ID Fields
Each channel and control unit is assigned a unique N_Port ID during the initialization procedure (see
clause 7). When 'sending an IU, the D_ID field shall be set to the N_Port ID of the recipient of the frame,
and the $»ID/field shall be set to the N_Port ID of the sender of the frame.
5.5.4. CS_CTL

When the F_CTL bit 17 is set to zero, Word 1 bits 24-31 of the Frame_Header is defined as the
CS CTL field. The CS CTL field is defined by FC-FS-4.

When the F_CTL bit 17 is set to one, Word 1 bits 24-31 of the Frame_Header is defined as the Priority
field. The Priority field is defined by FC-FS-4. Support for the use of non-zero Priority values is
indicated in F_Port_Login (FLOGI) and N_Port_Login (PLOGI) (see FC-LS-3), and when it is indicated
by the setting of F_CTL bit 17, FC-SB-6 has additional requirements on the setting of the Priority field
for command mode operations (see 9.2.5) and transport mode operations (see 9.3.6).
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5.5.5 TYPE Field

The TYPE field identifies the FC-4 protocol which defines the frame payload. This field shall be set to
hex’1B’ in all frames of a command-mode IU that are sent by a channel. This field shall be set to
hex’1C’ in all frames of a command-mode IU that are sent to a channel. All frames of a transport-mode
IU sent by the channel or to the channel shall have the TYPE field set to hex'08’.

If a channel which does not provide control-unit emulation receives an ELP IU with the TYPE field set
to hex1B’, it shall send a link-level reject (LRJ) IU in response; if the channel provides control-unit

mulation, the emulated control unit may send an LPE IU with the TYPE field set to hex*1C’ in
résponse (see 6.4.9,11.2.8, and 6.4.2 for additional information). IUs other than the ELP U, LRJ U,

nd LACK IU, which have the TYPE field set to hex'1B’, shall be discarded by the channel and ho
response sent.

.5.6 F_CTL Field

he F_CTL field controls sequences and exchanges. These bits are defined in FC-FS:4. FC-SB-6 has
the following requirement on the relative offset present bit in the F_CTL field:

elative Offset present: The relative offset present bit may be set to one for IUs of information

tegory solicited data. For all other information categories, the relative offset present bit shall be set
to zero (see 7.3.2.4, 7.4.2.2 and FC-FS-4). For command mode, the relative offset present bit may be
skt to one for all solicited data IUs with a data DIB. For transport mode, the relative offset present bit
shall be set to one for all transport-data IUs.

apability to perform sequence reassembly upon receptionwusing SEQ_CNT (see FC-FS-4) in the
bsence of relative offset for command mode solicited data-lUs with a data DIB shall be provided.

he settings of all other bits in the F_CTL field are defined in FC-FS-4.
.5.7 SEQ_ID

Tlhe SEQ_ID field is defined by FC-FS-4.

§55.8 DF_CTL

Tlhe DF_CTL field shall be set{o zero.

55.9 SEQ_CNT

Tlhe SEQ_CNT field’is defined by FC-FS-4.

NOTE 12 —\When sending IUs, the use of continuously increasing sequence count is recommended. This
increases’the probability that errors caused by lost frames are detected.

5.5.10.C OX_ID

The OX_ID field is defined by FC-FS-4.
5511 RX_ID

The RX_ID field is defined by FC-FS-4.
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5.5.12 Parameter Field

If the relative offset present bit is set to one in the F_CTL field of an IU sent with information category
solicited data, then the parameter field shall contain the offset from the base address into which the
data in a frame shall be stored. For command-mode data IUs with a data DIB, the base address for
the solicited data information category is zero and refers to the first byte of each data IU. For
transport-data 1Us, the base address for the solicited data information category is zero and refers to
the first byte of the first transport-data 1U sent for the operation, and the relative offset shall have a
value that is a multiple of 4 (i.e.. each frame of each transport-data IU shall begin on a word

boundary).

If the information category of an IU is not solicited data, the relative offset present bit shall be set fo
zero and the parameter field shall be ignored by the recipient (see 5.5.6 and see FC-FS-4).
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6 Link-Level Functions
6.1 Link-Level Function Overview

FC-FS-4 link control, FC-FS-4 BLSs, FC-LS-3 ELSs, and FC-SB-6 link control provide the means by
which the elements interconnected by the physical paths are brought to an operational state and
maintained in an operational state (see clause 5, FC-FS-4 and FC-LS-3). The functions provided by
FC-FS-4 BLSs, FC-LS-3 ELSs, and FC-SB-6 link control are collectively referred to as link-level
functions. Link-level functions provided by FC-SB-6 link control are referred to as FC-SB-6 link-contr

functions. The link-level functions required for FC-SB-6 support are described in this clause.
6.2 FC-FS-4 Basic Link Services
6.2.1 Basic Link Services Overview

A brief overview of the Basic Link Services (BLS) commands required by FC-SB-6-is provided. See
FC-FS-4 for detailed descriptions of these commands.

6.2.2 Abort Sequence

When an exchange is to be aborted, the abort sequence (ABTS)BLS shall be performed. For th
conditions under which one or more exchanges are aborted, «efer to clause 11 and 9.4.12. Th
settings of fields in the header of the ABTS BLS command are specified in FC-FS-4. When th
recipient of an ABTS BLS command accepts it, the recipient shall send a basic accept (BA_AC(
response indicating that the entire exchange is being aborted and a recovery qualifier is to b
established by setting the Last_Sequence bit in the FOCTL field to one, the Low SEQ_CNT field {
hex’0000’, and the High SEQ_CNT field to hexX’FFFFR.“The recovery qualifier causes all frames for g
sequences of the exchange to be discarded until'‘the recovery qualifier is reinstated. After receivin
the BA_ACC response and after waiting for an R-A_TOV timeout period, the sender of the ABTS BL
command shall send a reinstate recovery-qualifier ELS command to allow the OX_ID and RX_|
combination to be reused (see 6.3.5 and.FC-FS-4).

=0 O —O® L O

U Q@

6.3 FC-LS-3 Extended Link Services
6.3.1 Extended Link-Services Overview

A brief overview of the/Extended Link Services (ELS) commands required by FC-SB-6 is providedl.
See FC-LS-3 for detailed descriptions of these commands.

6.3.2 F_PortLogin
Explicit FyRort login shall be performed by means of the F_Port login (FLOGI) ELS during th

initialization process. See 7.3.2.2 for a definition of other aspects of explicit F_Port login specific to th
standard, and see FC-LS-3 for general aspects of the explicit FLOGI ELS.

» O

6.3.3 N_Port Login

Explicit N_Port login shall be performed by means of the N_Port login (PLOGI) ELS during the
initialization process. When an N_Port has performed N_Port login with another N_Port, that N_Port
is said to be logged in with the other N_Port.

When a PLOGI ELS command is received from an N_Port with which the recipient is currently logged
in, the recipient shall perform implicit N_Port logout with the source N_Port and shall consider all open
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exchanges with the source N_Port to be abnormally terminated (see FC-FS-4 and 10.5.7) before
accepting the PLOGI ELS command.

If the N_Port of a control unit completes explicit N_Port login with the N_Port of a channel at a time
when one or more logical paths are indicated as being established to the channel, initiative to send a
test initialization U to that channel shall be generated (see 6.4.7). See 7.3.2.4 for a definition of other
aspects of explicit N_Port login specific to this standard, and see FC-LS-3 for general aspects of the
explicit PLOGI ELS.

.3.4 N_Port Logout

| _Port logout may be performed either explicitly or implicitly. For the conditions under which implicit
| _Port logout occurs, see FC-LS-3. When communication with the N_Port of a control unit is nolahger
réquired and no logical paths exist for which the channel is providing control-unit emulation, the N” Port
a channel shall initiate explicit N_Port logout by sending a LOGO ELS command and.waiting for a
response. The N_Port of a channel shall initiate explicit N_Port logout with the N_Port of a-control unit
ifl it receives an IU from the control unit and it is not configured to communicate with.the control unit.

he N_Port of a control unit shall initiate explicit N_Port logout with the N_PRortof a channel if the
ntrol unit receives an IU from a channel with which the N_Port of the control unit is not logged in.
hen this occurs, the received IU shall be discarded and no further action-is taken by the N_Port of
e control unit.

<

Vhen the N_Port of a control unit accepts a LOGO ELS commatid from the N_Port of a channel to
hich logical paths exist, it shall reset its internal indicators fepthe logical paths established with the
hannel, and perform the equivalent of a system reset (9.4 4).for the affected logical paths.

Q<

NOTE 13 — FC-LS-3 requires that during the N_Port.login procedure, other communication with the
destination N_Port shall not be initiated or accepted. Therefore if a control unit has sent a PLOGI ELS to a
channel and receives an IU from the channel before. receiving a response to the PLOGI ELS, the received U
is discarded and no LOGO ELS is sent.

6.3.5 Reinstate Recovery Qualifier

Tlhe reinstate recovery qualifier (RRQ)MELS shall be performed in order to allow reuse of the OX_ID
and RX_ID of an exchange which was aborted. When the sender of an ABTS BLS command receives
d BA_ACC response, it shall sehd an RRQ ELS command after waiting an R_A_TOV timeout period.
Qther aspects of the Reinstate,Recovery Qualifier ELS are given in FC-LS-3.

6.3.6 Registered State\Change Notification

In a point-to-point-configuration, the registered state change notification (RSCN) ELS shall be

rformed in order to notify the directly-attached N_Port of an event which has affected the state of
tihe sending channel or control unit, provided that the attached N_Port has previously registered to
receive state-change notifications (see 6.3.7). In a Fabric configuration, the RSCN ELS shall be

rformed in order to notify the Fabric Controller of an event which has affected the state of the
sending N_Port. Additional aspects of the RSCN ELS including the format of the RSCN ELS request,
theformat of the response, and the conditions under which a Fabric Controller sends an RSCN ELS

request are given in FC-LS-3.
The N_Port of a channel or a control unit may optionally perform the RSCN ELS when an event causes
a change in existing logical paths or, for a control unit, in the ability to accept new logical paths. When

the resources common to the N_Port of a channel are shared among channel images, the N_Port of
that channel shall be capable of reporting a state change by performing the RSCN ELS.
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When a control unit that was not previously capable of performing transport-mode operations
becomes capable of performing transport-mode operations, the control unit shall send an RSCN ELS
request, or cause an RSCN to be generated, as a result of the transport-mode capability change (see
FC-LS-3 for conditions that cause an RSCN to be generated).

When a control unit that was not previously capable of supporting persistent IU pacing becomes
capable of supporting persistent IU pacing, the control unit shall send an RSCN ELS request, or cause
an RSCN to be generated, to all channel nodes with which the control unit currently has at least one
logical channel path established.

The N_Port of a channel or control unit shall perform the RSCN ELS by sending the RSCN EL
request to the Fabric Controller if a Fabric is present, or to the N_Port of the attached control unit ¢
channel if no Fabric is present. The address format byte (byte 1 of the Affected N_Port ID,page of th
RSCN ELS request) shall be set to zero to indicate that all three bytes of the N_Port ID are valid, an
the affected N_Port ID shall be set to the N_Port ID of the sender. The sender of-the RSCN EL
request shall not issue the request if it already signaled a condition which would‘cause the Fabr
Controller, if present, to issue an RSCN ELS request on behalf of its N_PortuD (see FC-LS-3 fq
conditions that cause the Fabric Controller to issue an RSCN on behalf of an N_Port ID).

s o0 Wa & 5 U

Once the N_Port of a channel or control unit recognizes a condition ferwhich an RSCN ELS request
is to be sent, initiative to send an RSCN ELS request is generated{Subsequent state changes in the
sender shall not create initiative to send another RSCN ELS request if the initiative to send the first
RSCN ELS request has not been discharged. Once the initiative)to send the first RSCN ELS request
has been discharged, a subsequent state change shall creaté a new initiative.

Initiative to send an RSCN ELS request shall be discharged when an accept (ACC) link service reply
is received in response to the RSCN ELS request.

[0

When an RSCN ELS request is accepted, the reeipient shall check each affected N_Port ID page (s€|
FC-LS-3). All three allowed values of the address format byte shall be supported. If an affected N_Po
ID indicated in any affected N_Port ID page corresponds to an N_Port ID to which one or more logics
paths are established, initiative to send)a test initialization IU to that N_Port may be generated (see
6.4.7). If an affected N_Port ID corresponds to an N_Port ID to which no logical path is indicated gs
being established, initiative to send’a test initialization (TIN) IU shall not be generated, and no furthgr
action is needed. However, at-a channel, initiative to establish logical paths may be generated if ifs
model-dependent configuration information indicates that a new control-unit image may have becomg
available.

= ~+

If, at a channel, an N Port ID specified in an affected N_Port ID page is an N_Port ID corresponding
to a control unit'inithe configuration for the channel, initiative to send an RNID ELS to the control unjit
shall be generated. Subsequent to the successful completion of the RNID ELS, a PRLI ELS may b
issued to-determine whether the control unit supports transport mode.

NOTE 14 — Sending the RSCN ELS request is not functionally equivalent to performing the FC-FS-4 online {o
offline primitive sequence protocol (see FC-FS-4 and 11.2.4). However, the RSCN ELS request may be usgd
by a channel or control unit to report a state change that has affected logical paths. When multiple logical

6.3.7 State-Change Registration

The state-change-registration (SCR) ELS shall be performed in order to register to receive RSCN ELS
commands. General aspects of the SCR ELS, including the format of the SCR ELS command and
response, are given in FC-LS-3. If a Fabric is present, the D_ID field in the FC-FS-4 header of the SCR
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ELS command shall be set to the N_Port ID of the Fabric Controller. If no Fabric is present, the D_ID
field shall be set to the N_Port ID of the attached channel or control unit. The registration function field
in the payload of the SCR ELS command shall be set to hex’03’ to request notifications to be sent for
events detected by both the Fabric Controller and the affected N_Ports. After the SCR ELS command
is accepted, registration remains in effect until N_Port logout occurs with the recipient of the SCR ELS
command.

6.3.8 Query Security Attributes

—

he query security attributes (QSA) ELS shall be performed by a channel in a multi-switch Fabric
pnfiguration in order to determine the currently-enforced security attributes of the attached switch
bee FC-LS-3 and 7.3.2.3)

Q

—~~

NOTE 15 — See Annex A for a method by which a channel may determine the presence of a mdlti-switch
Fabric configuration.

6.3.9 Request Node-ldentification Data

6.3.9.1 Request Node-ldentification Data Requests and Responses

—

he request-node-identification-data (RNID) ELS shall be performed in-order to acquire the node
dentification data of the recipient (see FC-LS-3). When either the RNIDELS command or the RNID
CC ELS reply is sent, the node-identification data format field shallbe set to hex’18’. In the RNID
CC ELS reply, the 32 byte node descriptor shown in figure 10, shall be returned in the specific node-
dentification data field. When the RNID ACC ELS is received;{the’common node-identification data, if
present, may be ignored.

- > > =

A channel shall establish initiative to send an RNID ELS:
a) as part of the channel initialization process-described in 7.3.3;

b) to each control unit N_Port identified(in an affected N_Port page for the RSCN that is in the
configuration for the channel (see*6.3.6) when the channel has accepted an RSCN ELS; and

c) to each control unit N_Port in-the configuration for the channel when the channel does not
support persistent IU pacihg and becomes capable of supporting the concurrent enablement of
the persistent IU pacingfunction.

A control unit establishesyinitiative to send an RNID ELS in the following situations:

a) as part of thé-control unit initialization process described in 7.4.3; and

b) to a chaanel N_Port when the control unit receives an RNID ELS from the channel N_Port with
which the control unit has established one or more logical paths.

6.3.9:2" Specific Node-ldentification Data

For this standard, the specific node-identification data is referred to as the node descriptor. A node
descriptor (ND) is a 32-byte field that describes a node. The ND consists of a 1 byte flags field, a 3
byte node parameters field, and a 28 byte node-ID.

The node-ID is composed of the following:
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a) SDC ID: The first 26 bytes of the node-ID identify the Self-Describing Component (SDC)
containing the interface that determines the node. The SDC ID shall correspond to the
information provided on a serial-number plate attached to the external surface of the structure
containing the SDC; and

b) Interface ID (Tag): The last two bytes of the node-ID shall contain an interface identifier (ID)
that uniquely identifies the physical location of the associated SDC interface.

Node-1Ds with the same SDC ID shall not use the same interface ID.

Collectively, the 25 bytes of information contained in word 1, bytes 0 and 1 of word 2, bytes 1-3 ef word
3, and words 4-7 of the node descriptor shall provide a vendor specific node identifier.

A node descriptor shall have the format given in figure 10.

Word
0 Flags Node Parameters
1 Type Number
2 Type Number (continued) Model Number
3|Model No. (cont.) Manufacturer
4 Plant of Manufacture Sequence Number
5 Sequence Number (continued)
6 Sequence)Number (continued)
7 Sequence No. (continued) Tag
Bit 0 16 31

Figure 10,.£ Contents of the Node Descriptor

Flags: Byte 0 of word 0 describes.the manner in which selected fields of the node descriptor are to bj
interpreted. The meaning of bits/0-7 is as follows:

D

Bit  Meaning
0-2  Node-ID validity. Bits 0-2 contain a code that describes the validity of bits 3-7 of the flags fieldl,
the node-parameters field, and the node-ID contained in words 1-7. The codes and thejr
meanings are as follows:

Value Meaning

0 Bits 3-7 of the flags field, the node parameters field, and the node-ID are valid.
1 Bits 3-7 of the flags field, the node parameters field, and the node-ID are valid,
however, they may not be current. This value shall be used when the SDC hals

obtained the requested node ID but subsequently has observed some event (e.g., as
the loss of signal on a link) which may have resulted in a configuration change and the
SDC has been unable to obtain the node ID again.
2 Node-ID is not valid. The SDC is unable to obtain the requested node-ID. Except for
the node-ID-validity field, the contents of the node descriptor shall have no meaning.
3-7 Reserved.
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When the N_Port of a channel or control unit receives an RNID ELS command, the channel or
control unit shall determine the node-ID validity and set the appropriate node-ID validity code in
the flag field of the ND. If, while obtaining its node-ID, an error is detected or it is determined for
some other reason that the node-descriptor information is suspect (i.e., not valid), then the
node-ID validity code shall be set to the value 2 in the flag field of the node descriptor being
sent in the accept response.

In the accept response to the RNID ELS command, a node-ID validity code of either 0 or 2 in
the flag field of the node descriptor shall be indicated. Since a node descriptor is either valid or

not valid, a node-ID validity code of 1 shall never be sent in the accept response to the RNID
command.

3 Node type. When zero, bit 3 shall specify that the node described by this node descriptonis a
device-type node; when one, this bit shall specify that the node described by this‘hode
descriptor is a central-processor-complex-type (CPC-type) node.

47 Reserved.

Node Parameters: Bytes 1-3 of word 0 shall contain additional information about-the node.

<

Vhen bit 3 of the flags field is zero, indicating that this is a device-type node; the contents of bytes 1-
of word 0 shall be as follows:

W

I

yte Description

—

Bits 0-2 of byte 1 contain a code that shall specify the interface protocol type of the interface
identified by the node descriptor. The codes and their meanings are as follows:

Value Meaning

Reserved.

FC-SB

FC-4s other than FC-SB;s$uch as FCP

FC-SB and other FC-4s;:such as FCP

FC-4 support not specified (this shall not be used if another value applies)
-6 Reserved

vendor specific

N wWN-2O

A node which supports the requirements of this standard shall use code 1 or 3.
Bit 3 of byteé-his defined as follows:

Whenbits 0-2 of byte 1 indicate support for the FC-SB interface protocol, bit 3 of byte 1
indicates the following:

a) When the bit is one, the node supports FC-SB process login using the process login
(PRLI) ELS; or

b) When the bit is zero, the node does not support FC-SB process login.

When bits 0-2 of byte 1 do not indicate support for the FC-SB interface protocol, bit 3 of byte
1 is reserved and set to zero.
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Bit 4 of byte 1 is defined as follows:

When bits 0-2 of byte 1 indicate support for the FC-SB interface protocol, bit 4 of byte 1
indicates the following:

a) When the bit is one, the node supports the TINC and TINCR functions; or

b) When the bit is zero, the node may not support the TINC and TINCR functions.

When bits 0-2 of byte 1 do not indicate support for the FC-SB interface protocol, bit 4 of byt
1 is reserved and set to zero.

[0

Bit 5 of byte 1 is defined as follows:

—

When bits 0-2 of byte 1 indicate support for an FC-4 interface protocol;bit 5 of byte
indicates the Fibre Channel physical interface type as follows:

a) When the bit is one, the physical interface is Fibre Channel over Ethernet (FCoE); or

b) When the bit is zero, the physical interface is the Fibre Channel native interface.

—

When bits 0-2 of byte 1 do not indicate support for an FC-4 interface protocol, bit 5 of byte
is reserved and set to zero.

Bit 6 of byte 1 is reserved.

Bit 7 of byte 1 is defined as follows:

—

When bits 0-2 of byte 1 indicate support for the FC-SB interface protocol, bit 7 of byte
indicates the Fibre Channel physieal interface type as follows:

a) When the bit is one, the node supports concurrent enablement of the persistent U pacing
function; or

b) When the bit is zero; the node does not support concurrent enablement of the persistent
IU pacing function.

When a channel that supports concurrent enablement of the persistent IU pacing function
receives(ajnode descriptor from a control unit with bit 7 of byte 1 equal to one, the channgl
enables persistent U pacing for all currently established logical paths with the control unif.
For'logical paths that are established subsequent to the processing of the node descriptof,
thepersistent IU pacing bit in the ELP/LPE U optional features field is used to enable qr
disable persistent IU pacing.

When bits 0-2 of byte 1 do not indicate support for the FC-SB interface protocol, bit 7 of byfe
1 is reserved and set to zero.

2 Class. Byte 2 of word 0 shall contain a code that specifies the class to which the device
belongs. The codes and their meanings are as follows:

Value  Meaning

0 Unspecified class
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Direct access storage (DASD)
Magnetic tape

Unit record (input)

Unit record (output)

Printer

Communications controller
Terminal (full screen)
Terminal (line mode)
Reserved

O O ~NOO OB WN -

10 Fabric
11-255 Reserved

3 Byte 3 shall contain zero, except in the following case:

When code 10 is specified in the class field byte 3 shall contain the area field (bitsy15 - 8) of
the Port address identifier of the associated switch interface.

-

Vhen bit 3 of the flags field is one, indicating that this is a CPC-type node, the contents of bytes 1-3
f word O shall be as follows:

(@)

I

yte Description

1 Type. When the class field contains a value other than 1, byte)1 of word 0 shall be reserved
and set to zero.

When the class field contains a value of 1, byte 1 of word 0 shall be defined as follows:

Bits 0-2 of byte 1 contain a code that specifies’the interface protocol type of the interface
identified by the node descriptor. The codes.and their meanings shall be as follows:

Value Meaning

Reserved.

FC-SB

FC-4s other than FC-SB, such as FCP

FC-SB and othertEC-4s, such as FCP

FC-4 supportmnet specified (this shall not be used if another value applies)
-6 Reserved

vendor specific

N wWN-2O

Bit 3 of byte' 1 is defined as follows:

When bits 0-2 of byte 1 indicate support for the FC-SB interface protocol, bit 3 of byte 1
indicates the following:

a) When the bit is one, the node supports FC-SB process login using the process login

(PRLI) ELS; or
b) When the bit is zero, the node does not support FC-SB process login.

When bits 0-2 of byte 1 do not indicate support for the FC-SB interface protocol, bit 3 of byte
1 is reserved and shall be set to zero.
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Bit 4 of byte 1 is defined as follows:

When bits 0-2 of byte 1 indicate support for the FC-SB interface protocol, bit 4 of byte 1
indicates the following:

a) When the bit is one, the node supports the TINC and TINCR functions; or

b) When the bit is zero, the node may not support the TINC and TINCR functions.

When bits 0-2 of byte 1 do not indicate support for the FC-SB interface protocol, bit 4 of byt
1 is reserved and shall be set to zero.

[0

Bit 5 of byte 1 is defined as follows:

—

When bits 0-2 of byte 1 indicate support for an FC-4 interface protocol;bit 5 of byte
indicates the Fibre Channel physical interface type as follows:

a) When the bit is one, the physical interface is Fibre Channel over Ethernet (FCoE); or

b) When the bit is zero, the physical interface is the Fibre Channel native interface.

—

When bits 0-2 of byte 1 do not indicate support for an FC-4 interface protocol, bit 5 of byte
is reserved and shall be set to zero.

Bit 6 of byte 1 is reserved.

Bit 7 of byte 1 is defined as follows:

—

When bits 0-2 of byte 1 indicate support for the FC-SB interface protocol, bit 7 of byte
indicates the following:

a) When the bit is one, the node supports concurrent enablement of the persistent U pacing
function; or

b) When the bit is zero; the node does not support concurrent enablement of the persistent
IU pacing function.

When a channel that supports concurrent enablement of the persistent IU pacing function
receives(ajnode descriptor from a control unit with bit 7 of byte 1 equal to one, the channgl
enables persistent U pacing for all currently established logical paths with the control unif.
For'logical paths that are established subsequent to the processing of the node descriptof,
thepersistent IU pacing bit in the ELP/LPE U optional features field is used to enable qr
disable persistent IU pacing.

When bits 0-2 of byte 1 do not indicate support for the FC-SB interface protocol, bit 7 of byfe
1 is reserved and shall be set to zero.

2 Class. Byte 2 of word 0 shall contain a code that specifies the class to which the interface
belongs. The codes and their meanings shall be as follows:

Value Meaning

0 Unspecified class
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1 Channel path, not CTC capable

2-6  Reserved

7 FC-SB for the channel-to-channel adapter (FC-SB CTCA)
8 Emulated control unit support only

9-255 Reserved

3 Identification. Byte 3 of word 0 shall contain the CHPID of the channel path that contains the
specified interface.

he contents of the following five fields shall correspond to the information provided on a serial-
umber plate attached to the external surface of the SDC. The ASCII character code used in these
Ids shall be ASCIlI/Latin 1.

ype Number: Word 1 and bytes 0-1 of word 2 shall contain the six-character (0-9) ASCHI" type
umber of the SDC. The type number shall be right justified with leading ASCII zeros if nécessary.

odel Number: Bytes 2-3 of word 2 and byte 0 of word 3 shall contain, if applicable, the three-
aracter (0-9 or uppercase A-Z) ASCIl model number of the SDC. The model number shall be right
justified with leading ASCII zeros if necessary.

anufacturer: Bytes 1-3 of word 3 shall contain a three-character (0-9 oruppercase A-Z) ASCII code
that identifies the manufacturer of the SDC.

lant of Manufacture: Bytes 0-1 of word 4 shall contain a tweo<€haracter (0-9 or uppercase A-Z)
SCII plant code that identifies the plant of manufacture for the' SDC.

equence Number: Bytes 2-3 of word 4, words 5-6, and bytes 0-1 of word 7 shall contain the 12-
aracter (0-9 or uppercase A-Z) ASCII sequence number of the SDC. The sequence number shall
right justified with leading ASCII zeros if necessary-

serial number shall consist of the concatenation of the plant-of-manufacture designation with the
sequence-number designation.

ag: Bytes 2-3 of word 7 shall contain:the physical identifier for the SDC interface that is identified by
the preceding 26 bytes of the node descriptor.

.3.10 Registered Link-Incident Record
.3.10.1 Registered Link:Incident Record Requests and Responses

he registered link-incident record (RLIR) ELS provides the means to send a link-incident record to
the N_Port of a channel. General aspects of the RLIR ELS, including the format of the RLIR ELS
mmand and-ACC reply, are given in FC-LS-3. When the RLIR ELS command is sent, the link-
incident récord format field shall be set to hex’18’. When the RLIR ELS command is received, the link-
imcident descriptor may be ignored and the common link-incident record, if present, may be ignored.
hespecific link-incident record field shall contain a 100 byte FC-SB-6 specific link-incident record of
theformat described in 6.3.10.2.

Control units shall use the link-incident reporting procedure to report link-incidents.
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6.3.10.2 Specific Link-Incident Record for FC-SB-6

The specific link-incident record for FC-SB-6 is shown in table 2.

Table 2 — Specific Link-Incident Record for FC-SB-6

Byte Contents
0-3 1Q IC Reserved
4-35 Incident
Node
Descriptor
36-67 Attached
Node
Descriptor
68-99 Incident
Specific
Information

Incident Qualifier (1Q): Byte 0 shall describe the manner in which the contents of the link-incidemt
record shall be interpreted. The meaning of bits 0-7 is as follows:

Bit Meaning
0 Reserved
1 Reserved.

D

2 Switch: When one, bit 2 shall.indicate that the incident node, identified by the incident-nod
descriptor, is a switch nodelWhen zero, bit 2 shall indicate that the incident node is notja
switch node.

3 Reserved.

4-5 Bits 4 and 5 (constitute a two-bit code which shall identify the reporting class for the link
incident. The\codes and their meanings are as follows:

Value“"Meaning

0 Informational report: All link-incidents reported with incident code bit 0 set to one shll
use a reporting class value of zero.
1 Link degraded but operational: Link-incidents reported with incident -code bit O set to

zero shall use reporting class 1 if the link associated with the incident node is notinf
link-failure or offline state as a result of the event which generated the link-incident

record.

2 Link not operational: Link-incidents reported with incident code bit 0 set to zero shall
use reporting class 2 if the link associated with the incident node is in a Link-Failure or
Offline state as a result of the event which generated the link-incident record.

3 Reserved.
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6 Subassembly type: When one, bit 6 shall specify that the type of subassembly used for the
node that is the subject of this link-incident record is laser. When zero, bit 6 shall specify that
the type of subassembly used for the node that is the subject of this link-incident record is not
laser.

7 FRU identification: When one, bit 7 shall specify that the incident-specific-information field is in
a format that provides field-replaceable-unit (FRU) identification. When zero, bit 7 shall specify
that the incident-specific-information field is vendor specific.

Incident Code (IC): Byte 1 shall contain the incident code which describes the incident that was

ogbserved by the incident node.
Bit  Meaning
0 Bit 0 of the incident code shall indicate whether the link-incident record is a‘pfimary or

secondary report of the link-incident. When bit 0 is set to zero, the link-incident record shall be
a primary report. When bit 0 is set to one, the link-incident record shall be a se¢ondary report.

17  Bits 1-7 of the incident code shall contain a value that specifies the typ€.ofincident which was
observed. The values that may be specified are as follows:

Value Meaning

0 Reserved.

1 Implicit Incident: A condition which has beer caused by an event known to have
occurred within the incident node has been recognized by the incident node. The
condition affects the attached link in such a.way that it may cause a link-incident to be
recognized by the attached node.

2 Bit-error-rate Threshold Exceeded: The'number of code violation errors recognized by
the incident node has exceeded a:threshold (see FC-FS-4).
3 FC-FS-4 Link Failure - Loss\of Signal or Loss of Synchronization: A loss of

synchronization condition haS)been recognized by the incident node, and it persisted
for more than the R_T ~TOV timeout period. A loss of signal condition has been
recognized by the incident node (see FC-FS-4).

4 FC-FS-4 Link Failure.# Not-Operational Primitive Sequence (NOS) Recognized: The
NOS primitive sequence has been recognized by the incident node (see FC-FS-4).

5 FC-FS-4 Link~Failure - Primitive Sequence Timeout: The incident node has
recognized(either a link reset protocol timeout (see FC-FS-4) or a timeout when timing
for the appropriate response while in the NOS Receive state and after the NOS is no
longer—ecognized (i.e., Event Timeout, see FC-FS-4).

6 FCiF$S-4 Link Failure - Invalid Primitive Sequence for Port State: Either a link reset
(LR) or link reset response (LRR) primitive sequence was recognized by the incident
node while in the wait-for-OLS state (see FC-FS-4).

A link-incident record shall be generated and reported for an FC-FS-4 link-failure
condition only if the FC-FS-4 link-failure condition persists for longer than SB_TOV.

7-127 Reserved.

Incident-Node Descriptor: Bytes 4-35 shall contain the node descriptor of the incident node. The
contents of a node descriptor are described in 6.3.9.2.
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Attached-Node Descriptor: Bytes 36-67 shall contain the node descriptor of the node attached to the
incident node at the time the link-incident was detected. The contents of a node descriptor are
described in 6.3.9.2.

Incident-Specific Information: When bit 7 of the incident-qualifier field is set to zero, bytes 68-99
shall contain node-dependent incident information, which may provide additional information related
to the incident.

When bit 7 of the incident-qualifier field is set to one, bytes 68-99 shall contain field-replaceable-unit
(FRU) identification information.

When the incident-specific-information field contains FRU identification information, the formatof the
incident-specific information is shown in table 3:

Table 3 — Incident-Specific Information

Bytes Contents

68 - 69 |[FRU Flags| Reserved

First FRU Callout
70 - 81 (12 Bytes)

Second FRU Callout

82-93 Model-Depéndent Information
(12 Bytes)
94 - 99 Reserved

Byte 68 shall contain the FRU-flags field. The meaning of bits 0-7 shall be as follows:

Bit Meaning
0 Reserved.

1 Formatbit; FRU-callout-field format:

Value Meaning

0 FRU-part-number format
1 FRU-code format

2-5 Reserved.

6-7  Validity code for FRU-callout fields:
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Value Meaning

00 Reserved.
01 First-FRU-callout field valid; Second-FRU-callout field contains 12 bytes of model-
dependent data.
10 First-FRU-callout and second-FRU-callout fields valid.
11 Reserved.
Byte 69 shall be reserved and set to zero.

Bytes 70-81 shall contain the first-FRU-callout identification information.

Bytes 82-93 shall contain either the second-FRU-callout identification information or 12 bytes |of
nmpodel-dependent information, depending on the value of bits 6-7 of the FRU-flags field.

Bytes 94-99 shall be reserved and set to zeros.

—

he format of a valid FRU-callout field depends on the value of bit 1 (format bit) of the/FRU-flags field
within the same link-incident record.

When the format bit is set to zero, the FRU-callout field shall be in ASCIl;~tight justified, with either
lg¢ading blanks (hex’20’) or leading ASCII zeros (hex’30’).

<

Vhen the format bit is set to one, the FRU-callout field shall be in hexadecimal, right justified, with
ading zeros (hex'00’).

.3.11 Link-Incident-Record Registration

he link-incident-record registration (LIRR) ELS provides the means for the N_Port of a channel to
régister to receive link-incident records from a control'unit. General aspects of the LIRR ELS including
the format of the LIRR ELS command and ACC réesponse are given in FC-LS-3.

he N_Port of a channel shall send an LIRR command during the initialization procedure (see
ause 7). The registration function field. shall be set to hex’01’ to indicate the set registration-
nditionally receive function, and the\link-incident-record registration type field shall be set to hex’18’.
Ithough it is possible to clear registration for link-incident records by setting the registration function
Id to hex’FF’, the sender shallnever set the registration function field to this value.

.3.12 Read Link Error Status Block

I a control unit supports error code transfer in Purge Path IUs, it shall use the Read Link Error Status
lock (RLS) ELS reduest to attempt to obtain the link error status block (LESB) of the attached F_Port
($ee 8.11.2.14),General aspects of the RLS ELS, including the format of the RLS ELS command and
résponse, are;given in FC-LS-3.

.3.13._Registered Fabric Change Notification

I aThannel receives the Registered Fabric Change Notification (RFCN) ELS request indicating that a

security attribute is changing, it shall perform the channel login and security attribute determination
link-initialization procedure. See 7.3.2. General aspects of the RFCN ELS, including the format of the
RFCN ELS command and response, are given in FC-LS-3.
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6.3.14 Process Login
6.3.14.1 Process Login Overview

A channel that supports the process login (PRLI) ELS and transport-mode operations shall send a
PRLI request to each control unit in its configuration that also supports the process login ELS to
determine whether the control unit supports transport-mode operations. General aspects of the PRLI
ELS, including the format of the PRLI ELS request and response, are given in FC-LS-3 with specific
settings for FC-SB-6 defined in 6.3.14. The PRLI request is sent during channel initialization (see 7.3)

prior to establishing logical paths and may also be sent as the result of a process logout.

The PRLI ELS is used to exchange process login service parameters between a channel and control
unit and is not used to establish logical image pairs or to set process associators. A PRLICELS shgll
not be sent to a control unit that does not support FC-SB-6 process login. Support for)the FC-SB
process login is indicated in the node descriptor for the control unit (see 6.3.9). A PRLI ELS request
may be sent by a channel to a control unit when logical paths are established with\the control unit an
applies to all the established logical paths.

If a control unit receives a PRLI ELS request that would modify the serviCe parameters for a process
login already in effect with the channel, the control unit responds to the \PRLI ELS request with a link
service reject (LS_RJT). The LS_RJT response is sent with reasom’code hex’09’, “unable to perfor

command request at this time”. After the control unit sends the kS RJT, the control unit shall send g
process logout (PRLO) ELS request to the channel to allow a réetry of the PRLI ELS request from the
channel to be successfully performed.

If the channel receives an LS_ACC response for a~RRLI request that would modify the servic
parameters for a process login already in effect with'the control unit, the channel performs a PRL
ELS with the control unit. The channel establishesdnitiative to send a PRLI ELS request to the contr
unit after completion of the process logout.

= U0

6.3.14.2 PRLI Request Service Parameter Page

The content of the FC-SB-6 PRLI réquest service parameter page is described in figure 11.

Word
Type Code |FC-LS-3 Reserved

0 A¥pe Code Extension Flags

1 Obsolete

2 Obsolete

3 Max. Initiation Reserved FC-SB-6 Flags

Delay Time
Bit0 8 16 24 31

Figure 11 — Service Parameter Page for a PRLI Request

Bytes 1 and 2 of word 3 are reserved and shall be set to zero.

Type Code: Byte 0 of word 0 identifies the FC-4 protocol and shall be to set to hex’1B’ to indicate the
FC-SB-6 protocol.
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Type Code Extension: Byte 1 of word 0 shall be set to zero.

FC-LS-3 Flags: Bits 16-19 of word 0 are defined by FC-LS-3 and are set as follows:
Bit Meaning

16 Obsolete.

17 Obsolete.

Establish Image Pair. Bit 18 of word 0 shall be set to zero by the channel and ignored by the
control unit.

Reserved. Bit 19 of word 0 shall be set to zero by the channel and ignored by the control’unit.

aximum Initiation Delay Time: Byte 0 of word 3 contains a binary integer that specifi€s in units of
seconds the maximum value that the control unit can set as the initiation-delay time in aPRLO request
ee 6.3.15.4). This value is generally based on the amount of time that the channel can hold off
initiating new 1/O operations without disrupting the system.

RC-SB Flags: Byte 3 of word 3 contains flags defined by this standard as follows:

Bit Meaning

0 Transport Mode Supported. When bit 0 is set to zero, the‘channel does not support transport-
mode operations. When bit 0 is set to one, the channel supports transport-mode operations.

1 Reserved.

2 DCW Incorrect Length Facility Supported-When bit 2 is set to one, the DCW-incorrect-length
facility (see 9.3.3.3) is supported by the.channel. When bit 2 is set to zero, the DCW-incorrect-
length facility is not supported by the Channel. When the transport-mode-supported bit (bit 0) is
equal to zero, bit 2 shall be set to.zero by the channel and shall be ignored by the control unit.

3 Transport Mode Command“Retry Supported. When bit 3 is set to one, transport-mode
command retry (see 9.5.2.2) is supported by the channel. When bit 3 is set to zero, transport-
mode command retryis\not supported by the channel. When the transport-mode-supported bit
(bit 0) is equal to zéro, bit 3 shall be set to zero by the channel and shall be ignored by the
control unit.

4 First Transfer Buffer Credits Supported. When bit 4 is set to one, the use of first-transfer-buffer
credits (see’9.3.2.2.2) is supported by the channel. When bit 4 is set to zero, the use of first-
transfeg=buffer credits is not supported by the channel. When the first-transfer- ready-disabled-
supported bit (bit 7) is zero, bit 4 shall be set to zero by the channel and shall be ignored by
the control unit.

5 Bidirectional Data Transfer Supported. When bit 5 is set to one, bidirectional data transfer

(see 9.3.2.4) is supported by the channel. When bit 5 is set to zero, bidirectional data transfer
is not supported by the channel. When the transport-mode-supported bit (bit 0) is equal to
zero, bit 5 shall be set to zero by the channel and shall be ignored by the control unit.

6 Reserved.
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7 First Transfer Ready Disabled Supported. When bit 7 is set to one, first-transfer-ready-
disabled operation (see 9.3.2.2) is supported by the channel. When bit 7 is set to zero, first-
transfer-ready-disabled operation is not supported by the channel. When the transport-mode-
supported bit (bit 0) is equal to zero, bit 7 shall be set to zero by the channel and shall be
ignored by the control unit.

6.3.14.3 PRLI Accept Service Parameter Page

The content of the FC-SB-6 PRLI accept service parameter page is described in figure 12.

Word
of TypeCode | PEEY Hage | Coso | Resened
1 Obsolete
2 Obsolete
3 _ First Burst Size or . Reserved FC-SB-6 Flags
First Transfer Buffer Size
Bit0 8 16 20 24 31

Figure 12 — Service Parameter Response Page.for a PRLI LS_ACC

Byte 3 of word 0 and byte 2 of word 3 are reserved and shall be set to zero.

Type Code: Byte 0 of word 0 identifies the FC-4 protocol and shall be to set to hex’1B’ to indicate the
FC-SB-6 protocol.

Type Code Extension: Byte 1 of word 0 shall be set to zero.

FC-LS-3 Flags: Bits 16-19 of word 0.dre defined by FC-LS-3 and are set as follows:
Bit  Meaning

16 Obsolete.

17 Obsolete.

18 Image RairEstablished. Bit 18 of word 0 shall be set to zero by the control unit and ignored by
the channel.

19 Reserved. Bit 19 of word 0 shall be set to zero by the control unit and ignored by the channel|.

Response Code: Bits 20-23 of word 0 contain a binary integer indicating the result of the PRI
Request. The meanings of the response codes values are defined by FC-LS-3.

First Burst Size/First Transfer Buffer Size: If the use of first-transfer-buffer credits is not supported
by the control unit or the channel, bytes 0-1 of word 3 shall contain the first-burst size. When non-zero,
the first-burst size is an unsigned 16-bit binary integer that specifies the maximum amount of data in
units of 4k bytes that are allowed to be sent in the first transport-data IU for a write data transfer when
first-transfer-ready disabled is in effect for a transport-mode operation (see 9.3.2.2). A value of zero
shall indicate that there is no first-burst size limit specified by the control unit.
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If the use of first-transfer-buffer credits (see 9.3.2.2.2) is supported by both the channel and control
unit, bytes 0-1 of word 3 shall contain the first-transfer-buffer size. The first-transfer-buffer size is an
unsigned 16-bit binary integer that specifies in units of 4k bytes the size of each first-transfer buffer. A
first-transfer-buffer-size equal to zero indicates that there is no buffer space allocated by the control
unit for a first write transport-data IU when first-data-transfer-ready disabled is in effect (see 9.3.2.2.2).

FC-SB Flags: Byte 3 of word 3 contains flags defined by this standard as follows:

Bit Meaning

0 Transport Mode Supported. When bit 0 is set to zero, the control unit does not support
transport-mode operations. When bit 0 is set to one, the control unit supports transport-moéde
operations.

1 Reserved.

2 DCW Incorrect Length Facility Supported. When bit 2 is set to one, the DCW-incorrect-length
facility (see 9.3.3.3) is supported by the control unit. When bit 2 is setto zero, the DCW-
incorrect-length facility is not supported by the control unit. When the transport-mode-
supported bit (bit 0) is equal to zero, bit 2 shall be set to zero by the-control unit and shall be
ignored by the channel.

3 Transport Mode Command Retry Supported. When bit .3 (i set to one, transport-mode
command retry (see 9.5.2.2) is supported by the control unit. When bit 3 is set to zero,
transport-mode command retry is not supported by theccontrol unit. When the transport-mode-
supported bit (bit 0) is equal to zero, bit 3 shall be set.to zero by the control unit and shall be
ignored by the channel.

4 First Transfer Buffer Credits Supported. When'bit 4 is set to one, the use of first-transfer-buffer
credits (see 9.3.2.2.2) is supported by the-control unit. When bit 4 is set to zero, the use of
first-transfer-buffer credits is not supparted by the control unit. When the first-transfer-ready-
disabled-supported bit (bit 7) is zerg,(bit 4 shall be set to zero by the control unit and shall be
ignored by the channel.

5 Bidirectional Data Transfer Supported. When bit 5 is set to one, bidirectional data transfer
(see 9.3.2.4) is supportéd by the control unit. When bit 5 is set to zero, bidirectional data
transfer is not supported-by the control unit. When the transport-mode-supported bit (bit 0) is
equal to zero, bit 5 shall be set to zero by the control unit and shall be ignored by the channel.

6 Reserved.

7 First Transfer Ready Disabled Supported. When bit 7 is set to one, first-transfer-ready-
disabled operation (see 9.3.2.2) is supported by the control unit. When bit 7 is set to zero, first-
transfer-ready-disabled operation is not supported by the control unit. When the transport-
mede-supported bit (bit 0) is equal to zero, bit 7 shall be set to zero by the control unit and
shall be ignored by the channel.

6.3.15 Process Logout
6.3.15.1 Process Logout Overview

A channel or control unit that has successfully performed process login uses the Process Logout
(PRLO) ELS to request that a process logout be performed. A process logout does not cause logical
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paths between a channel and control to be removed. General aspects of the PRLO ELS, including the
format of the PRLO ELS request and response, are given in FC-LS-3 with specific definitions for this
standard defined in 6.3.15.

Process logout shall terminate transport-mode operation between a channel and control unit. When
the process logout procedure completes, the channel shall not initiate transport-mode operations to
the control unit until a subsequent PRLI is performed to re-establish transport-mode operating
parameters.

6.3.15.2 Channel Process Logout Procedure

=

When a channel determines that it will issue a PRLO ELS request, it shall not send transport‘mode g
command-mode initiation 1Us to the control unit for a period equal to the exchange quigsCe’ timeo
value (EQ_TOV - see 10.2.10) prior to sending the PRLO ELS request. During this period, the chann¢l
continues processing open exchanges to attempt to reduce the number of open exehanges with th
control unit when the PRLO ELS request is sent.

When a channel sends a PRLO ELS request, it shall not send transport:-mode or command-mod
initiation 1Us to the control unit until it completes process logout. If the channel receives an LS_RJT
the PRLO ELS request, the channel shall retry the request a minimum-of one time. When the chann¢l
receives an LS_ACC response to the PRLO ELS request or exhausts-tetry attempts, the channel shgll
abort all open transport exchanges with the control unit by invoking ABTS to complete the procegs
logout function at the channel.

When the channel receives a PRLO ELS request from/avcontrol unit, the channel shall not sen|
transport-mode or command-mode initiation IUs to the control unit for a period equal to PL_TOV.
During the PL_TOV period, the channel shall continue processing any open exchanges. Whe
PL_TOV expires, the channel shall respond to the!PRLO request with an LS_ACC response and shdll
abort all open transport exchanges with the control unit by invoking ABTS to complete the proceds
logout at the channel.

Subsequent to the completion of a process logout, the channel shall successfully complete an RNI
request to the control unit before initiating new 1/0 operations to the control unit. The channel shdll
delay for an amount of time equalto’the initiation-delay time specified in the PRLO ELS request befo
sending the RNID ELS request.-During the initiation-delay time interval, the channel processes status
presented by the control unit. If, during the delay interval, the channel determines that a TIN comman
is required, initiative to perform the TIN command is established after the delay interval expires or th
delay interval is othefwise terminated.

Ifan LS_ACC response is received for the RNID request, and the control unit indicates support for FQ¢-
SB-6 process1ogin, the channel shall send a PRLI ELS request (see 6.3.14) to the control unit if th
channel supports FC-SB-6 process login. If the PRLI response from the control unit indicates suppo
for transport-mode operations and the channel supports transport-mode operations, the channel sh{ll
resume operation and support transport-mode operations; otherwise, the channel shall resum
operation without transport-mode support until a subsequent process login is performed that enablds
transport-mode operation.

If an LS_ACC response is not received for the RNID request, the channel establishes initiative to
perform the TIN command and maintains initiative to perform the RNID. If an RNID request does not
complete successfully prior to the completion of the TIN or LP_TOV, the channel shall reset internal
path-established indicators for all logical paths to the control unit.
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6.3.15.3 Control Unit Process Logout Procedure

When a control unit determines that it shall issue a PRLO request to a channel, it shall respond to
initiation 1Us containing a device-level function with control-unit busy status for a period equal to
EQ_TOQV prior to issuing the PRLO request. During this delay period, the control unit continues
processing open exchanges to attempt to reduce the number of open exchanges with the channel
before the PRLO request is issued. When the control unit is able to accept initiation IUs containing a
device-level function, control-unit-end status shall be sent to each logical path that accepted a status
byte with the control-unit-busy indication (see 9.4.10).

he control unit shall issue a PRLO request when it has a process login in effect with a channel when
it needs to modify the existing process login service parameters. Modified service parameters may be
sent by the control unit to the channel in an LS_ACC response to a subsequent PRLI ELS request
filom the channel. The control unit shall also issue a PRLO request in the following circumstances:

a) When it receives a transport-command IU from a channel for which a processnogin is not in
effect; or

b) When it receives a PRLI ELS request from a channel that would modify<service parameters for
a process login already in effect with the channel.

==

the control unit receives an LS_RJT to the PRLO ELS request, the control unit may retry the PRLO
LS. When the control unit receives an LS_ACC response to the PRLO ELS request or exhausts any
ptry attempts, the control unit shall abort all open transport exchanges with the channel by invoking
BTS to complete the process logout at the control unit. The ‘control unit shall resume operation
ithout transport-mode support until a subsequent process:login is performed that enables transport-
ode operation.

= > 3 m

hen a control unit receives a PRLO ELS request, it shall respond to all transport-mode and
mmand-mode initiation 1Us with control unit busy status for PL_TOV. During PL_TQV, the control
nit shall continue processing any open exchanges. After PL_TOV expires, the control unit shall
respond to the PRLO ELS request with an)LS_ACC response and shall abort all open transport
changes with the channel by invokingt\ABTS to complete the process logout at the control unit.

fter sending an LS_ACC for a PRLO/ELS request that contained a non-zero initiation-delay time, the
ntrol unit shall not send an ELS ‘request or initiate an exchange with the channel until one of the
llowing occur:

—h

a) the initiation-delay time specified in the PRLO ELS request has expired;
b) the control unit receives and accepts an ELS request from the channel; or

c) the control unit receives an initiation IU from the channel.

—

he caontrol unit shall operate without transport-mode support until a process login is performed that
nables transport-mode operation.

[0))

52

© ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=09225f20ff8bb93b9085672a6bc80a48

ISO/IEC 14165-226:2020(E)

INCITS 544-2018

6.3.15.4 PRLO Request Logout Parameter Page

The content of the FC-SB-6 PRLO request logout parameter page is shown in figure 13.

Word
0| Type Code Reserved FC-LS-3 Flags
1 Obsolete
2 Obsolete
3 Initiatiqn Delay Reserved
Time
Bit 0 8 16 31

Figure 13 — Logout Parameter Page for a PRLO request

Byte 1 of word 0 and bytes 1-3 of word 3 are reserved and shall be set to zero.

Type Code: Byte 0 of word 0 identifies the FC-4 protocol and shall be-t0,set to hex’1B’ to indicate the
FC-SB-6 protocol.

FC-LS-3 Flags: Bits 16-31 of word 0 are defined by FC-LS-3 ahd are set as follows:
Bit  Meaning
16 Obsolete.
17 Obsolete.

18-31 Reserved. Shall be set to zeros.

Initiation Delay Time: Byte 0 of word 3 contains a binary integer that specifies in units of seconds th
minimum amount of time that thie\recipient of the PRLO ELS request shall delay before sending a
ELS or initiating an exchange ‘orexchange pair with the sender of the PRLO ELS request. When th
PRLO is being sent as the fesult of transport-command U from a channel for which a process login
not currently established; this value is set to zero (see 6.3.15.2 and 6.3.15.3).

n O S5 0

6.3.15.5 PRLO Accept Logout Parameter Page

.The content'efithe FC-SB-6 PRLO accept logout parameter page is shown in figure 14.

Word
0 Type Code Reserved FC-LS-3| Resp Reserved
Flags | Code
1 Qbsaolete
2 Obsolete
Reserved
Bit 0 8 16 20 24 31

Figure 14 — Logout Parameter Page for a PRLO LS_ACC
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Bytes 1 and 3 of word 0 and word 3 are reserved and shall be set to zero.

Type Code: Byte 0 of word 0 identifies the FC-4 protocol and shall be to set to hex’1B’ to indicate the
FC-SB-6 protocol.

FC-LS-3 Flags: Bits 16-19 of word 0 are defined by FC-LS-3 and are set as follows:

Bit Meaning

Obsolete.

Obsolete.

18-19 Reserved. Shall be set to zeros.

esponse Code: Bits 20-23 of word 0 contain a binary integer indicating the result 6f the PRLO
equest. The meanings of the response codes values are defined in FC-LS-3.

.3.16 Read Exchange Concise

he Read Exchange Concise (REC) ELS is used by a channel that-supports transport-mode
perations to determine the state of a TCW 1/O operation at a control unit:\General aspects of the REC
LS, including the format of the REC ELS command and response, are given in FC-LS-3.

he REC request payload identifies the OX_ID and RX_ID of¢he“transport-mode operation for which
S atus is to be provided. If the control unit receiving the REC:ELS determines that the OX _ID or RX_ID
the request payload are inconsistent, then it shall reply.with an LS _RJT Sequence with a reason
de of unable to perform command request and a reason code explanation of invalid OX_ID-RX_ID
mbination. The Parameter field in the frame headerof an REC ELS and of an LS_ACC in response
an REC ELS is not used by FC-SB-6. See 9.5:5for FC-SB-6 usage of the REC ELS.

<

Vhen the reply to the REC ELS is LS_ACQC;, the FC4VALUE field in the LS_ACC payload should be
et to zero and the E_STAT field in the payload shall be set as defined in FC-LS-3.

n

—

he FC4VALUE may be set to a nen-zero value for read and write operations. For read and write
perations, the FC4VALUE should be set to:

(@)

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

b) For a read.eperation, the number of bytes transmitted by the device. Data that has been
retransmitted or overlaid shall be counted only once; or

c) For.a bidirectional operation, 00000000h.

6.4 “FC-SB-6 Link-Control Functions

6.4.1 FC-SB-6 Link-Control Function Overview
FC-SB-6 link-control functions provide the means by which the logical paths between a channel and
control-unit are established and maintained. FC-SB-6 link-control functions also provide information

about conditions on the physical and logical paths that affect the transmission or reception of
information units (IUs). These functions are performed by means of control IUs containing a link-
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control DIB (link-control IUs - see 8.12). A link-control IU containing a link-control DIB with a link
header specifying one of the link-control functions, is referred to by the name of the link-control
function specified in the link header (e.g., when the link-control function is a request to establish a
logical path, the link-control IU is referred to as an establish logical path 1U - see table 4 for a list of the
link-control functions).

FC-SB-6 link-control functions are performed primarily during initialization or when certain error
conditions occur on a link. Link-control IUs shall only be sent in command mode.

FC-SB-6 link-control requests shall be part of a request-response pair, followed by a link-level
acknowledgment (LACK) response. The link-control IU containing the request (link-control-requestI)
shall be sent, opening an exchange, as an unsolicited control information category. The €xchang
containing the link-control-request IU shall be left open. The link-control IU containing the reéspon
(link-control-response IU) shall be sent as a solicited control information category in a néw’exchangg.
The exchange containing the link-control-response IU shall be closed. When the sender of the link
control-request IU receives the link-control-response IU, it shall send a link-level-acknowledgment Iy
as a solicited control information category on the same exchange used to sendthe'link-control-request
IU. The exchange containing the link-level-acknowledgment IU shall be cloged. An example of an FG-
SB-6 link-control function is a link-control-request IU sent by the channel4o request the establishmeIt
of a logical path, a link-control-response U sent by the control unit indieating whether or not the logical
path was established, and a link-level-acknowledgment IU sent by the-Channel to close the outbound
exchange.

Link-control-request IUs shall always be sent on a new exghange (i.e., they shall never be sent on an
existing exchange). If a link-control-request IU is received on an existing exchange, an FC-SB-6 link
level protocol error shall be detected.

If a channel or control unit receives an U when“any of the following apply, then the IU shall be
discarded and a link-level protocol error shall be-detected:

a) The received IU is a link-control-response |U and no link-control-request IU was sent, or a lin}
control-request IU was sent and the link-control-response U received is not an allowe
response;

[oX

b) The received IU is a link~control IU specifying a link-control function that is not recognized;

c) The received IU hias an information category other than an information category allowed for the
IU; or

d) The received IU is a link-control 1U with a link-payload byte-count field set to a value different
from that)described in table 4.

55

© ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=09225f20ff8bb93b9085672a6bc80a48

ISO/IEC 14165-226:2020(E)

INCITS 544-2018

Table 4 summarizes the FC-SB-6 link-control functions and the contents of fields within the IU. For a
definition of the format of fields in link-control IUs, see figure 16 and 8.12.

Table 4 — Summary of Link-Control Request and Response IUs

FC-SB-6 Header Link Header
Link-
Sentby | Expected Link- Control
Sent by | Control| Reply or Channel |Control-Unit| Control | |nfo. Field
Channel Unit Replyto | ImagelD Image 1D Eield Link Payload |

Link-Control Request IUs

ELP yes no LPE,LPR Channel |Control-Unit| 0100 0001 | Optional None

Image ID Image ID Features
RLP yes no LPR Channel |Control-Unit| 0100 1001 n/a None
Image ID Image ID
TIN yes yes TIR Function Function | 0000 1001 | Functien None
Dependent1 Dependent1 |déntifier®
Link-Control Response |Us
LPE no yes ELP Channel |Control-Unit| 0101 0001*| Optional None
Image ID Image ID Features

LPR no yes ELP,RLP Channel |Control-Unit| 01011001 | Reason None

Image ID Image ID

1

2

(22NN, B

TIR yes yes TIN Function Function./| 0000 0001 | Function |Initialization/
Dependent? | Dependent? Identifier” | Capability

State?

LRJ yes yes ||nitiation IU?| Note3 Note3 0001 0001 | Reason None

Code

LBY | vyes yes |initiation IU°|  Note? Note®> | 0010 0001 n/a None

LACK yes yes Note® 0 0 0110 0001 n/a None

Notes:

See 6.4.7 for a description of the use of\the’channel image ID and control-unit image ID fields in the TIN [U.

See 6.4.8 for a description ofthe use of the channel image ID field, control-unit image ID field, and link
payload in the TIR IU.

This field is set to the same value as the corresponding field in the discarded initiation 1U.

See 6.4.6 for a description of the possible uses for the LACK IU.

A valid reply to-all Initiation IUs except initiation 1Us sent in transport mode

The TIN YY-is used to perform both the TIN and TINC functions- when bit 7 of byte 0 of the link-control-
information field is zero, the TIN function is performed (see 6.4.7.2); when the bit is set to one, the TINC

function is performed (see 6.4.7.3).

The TIR IU is used to perform both the TIR and TINCR functions- when bit 7 of byte 0 of the link-control-
information field is zero, the TIR function is performed (see 6.4.8.2); when the bit is set to one, the TINCR

function-is porfnrmod (eoo 648 Q)

The functions performed by the FC-SB-6 link-control IUs in the above table are described in clause 6.
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6.4.2 Establish Logical Path

The establish logical path (ELP) function shall be sent from a channel image to a control-unit image to
indicate the optional features supported by the channel and to request the establishment of a logical
path. The number of CTC connections for which the channel is providing emulated control unit
functionality may also be indicated. A logical path, when established, shall identify the channel and
control-unit images and shall specify the optional features that are used when IUs are sent between
the channel and the control unit. Optional features are alternate methods of operation that may be
used in place of the default method of operation.

A channel shall perform the ELP function by sending an ELP IU to the control unit. The link-control DIB
shall contain a link header with a link-control field specifying the ELP function, a link~¢contro
information field specifying optional features, and a CTC counter field that may specify theumber ¢f
CTC connections for which the channel is providing emulated control unit functionality)(see 8.12.2).
The link-control DIB shall not contain a link payload. The normal response to an ELR-U is the logical
path established IU.

The channel image for the path to be established shall be identified by the gombination of the chann¢
N_Port ID and channel image ID.

The control-unit image shall be identified by the combination of the control-unit N_Port ID and controf
unit image ID.

All control units shall be able to accept any value in the charinel image ID field. The control unit mgy
still restrict the quantity of logical paths permitted based®©n‘fesources and system requirements.

Although a control unit that does not allow multiplé.control-unit images may restrict the number ¢f
logical paths it accepts to one, that one logical patty may have any value of channel logical address

The optional features that the channel supports shall be specified in the link-control-information field
(see 8.12.2.3).

Each bit in the link-control-information field corresponds to a different optional feature. The bit for an
optional feature shall be set to,one-if that optional feature is supported; otherwise, the bit shall be set
to zero. Bits for which no optional feature is defined shall be set to zero by the channel and ignored by
the control unit.

Optional features for(the following bits in the link-control information field have been defined:

Bit Meaning

0 Enhanced CRC Generation: When bit zero of the link-control information field is set to zero in
the*ELP U, optional CRC generation initialization is not supported. When bit zero of the link-
control information field is set to one in the ELP IU, optional CRC generation initialization {s
supported. See 8.6.5 for additional information.

1 Persistent IU Pacing: When bit one of the link-control information field is set to zero in the ELP

IU, persistent IU pacing is not supported. When bit one of the link control information field is
set to one in the ELP IU, persistent IU pacing is supported. See 9.2.2.5 for additional
information.

15 CTC Connection: When bit 15 of the link-control information field is set to zero in the ELP U,
the channel does not support control-unit emulation for a CTC connection on the indicated
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logical path. When bit 15 of the link-control information field is set to one in the ELP U, the
channel does support control-unit emulation for a CTC connection on the indicated logical
path. When control-unit emulation for a CTC connection is supported, the value specified in
the CTC counter field is valid (see 8.12.2.4).

When a control unit which is not an emulated control unit receives the ELP IU, it shall compare the
optional features of the channel with its own supported optional features. The optional features to be
used shall be those features which both the channel and the control unit support.

hen an emulated control unit receives an ELP U, the optional features to be used are those optional
features which both channels support with the exception of the CTC connection feature. A channel
sppporting CTC connection may use the CTC connection optional feature and respond with an LRE
regardless of whether the other channel supports CTC connection. If the sending chanpélhas
indicated support for CTC connection by setting the CTC connection bit to one in the ELP IUfthe’CTC
nnection bit in the LPE U is set to one; otherwise the CTC connection bit is set to zerof

he requested logical path shall be established provided that the optional features,forithe requested
logical path do not affect the optional features associated with other previously-established logical
ths with the same channel. If the request to establish a logical path would affect the optional features
sociated with other previously established logical paths with the same.echannel, the requested
logical path shall not be established, and an LPR IU shall be sent in respgnse to the ELP U with an
ppropriate reason code (see 6.4.5).

hen a logical path is established, the optional features which bgth the channel and the control unit
sjpport shall be saved and associated with the logical paths(for‘that channel in such a way that all
sjbsequent IUs for which those features apply are transferred.on that logical path using those optional
features.

channel shall attempt to establish logical paths to the control-unit images that are described in its
nfiguration definition. This shall be done whena channel image is initialized, when configuration
anges are made, or when the channel receives an indication that the logical path no longer exists.
he generation of a configuration definition. is)beyond the scope of this standard.

ach logical path shall be established\with a separate exchange of IlUs, an ELP request IU and an LPE
résponse |U. Failure to establish a logical path shall not affect other existing logical paths or the ability
establish other logical paths.

I an ELP IU is received with a request for a logical path that is already established, the IU shall be
accepted, provided thatno errors are detected. If the establishment of the logical path would not affect
optional features associated with other previously established logical paths with the same channel, a
slystem reset shall-be performed with respect to that logical path and a logical path established
response shallHbe’sent. The logical path established response does not indicate initiation or any
degree of pragress made for the associated system reset.

Tlhe channel shall not consider the logical path to be established until it receives an error-free logical
path“established IU. The control unit shall not consider the logical path to be established until the
necessary action is taken at the control unit to establish the logical path, and the sending of an error-

free logical path established U is completed. If an error is detected when an ELP IU is received, the
appropriate response, if any, shall be made, and the logical path shall not be established. If the control-
unit image is not able to perform the ELP function for reasons other than an error condition or a link-
busy condition, a logical path removed IU containing the appropriate logical path removed reason
code shall be sent in response. If a logical path removed IU is received in response to an ELP IU, the
logical path shall be considered not established. If a logical path removed IU response is received, the
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ELP IU may be retried until the logical path is established. The number of retries is model dependent.
In the case of logical path removed, whether or not the ELP is retried shall depend on the reason code
(see 6.4.5).

If a channel receives an ELP IU with a TYPE field of hex’1B’, a link-level-reject (LRJ) IU with a reject-
reason code of protocol error shall be sent in response if the conditions for sending an LRJ IU are
satisfied. See 6.4.9 for additional information. Otherwise, when CTC connection is supported, a
Logical Path Established (LPE) IU is sent to complete the establishment of the logical path.

In the event that there is an error in the response to a channel request to establish a logical pathth
channel shall not assume that the requested action has or has not taken place. If no valid respense

received by the channel to the ELP request, the channel may retry the request. The number of retrie
is model dependent.

»w »n O

6.4.3 Remove Logical Path

The remove logical path (RLP) function shall request the control unit to remove a logical path.
channel shall perform the RLP function by sending an RLP IU to the control-unit. The link-control DI
shall contain a link header with a link-control field specifying the RLP function and no link payload.

W=

The logical path to be removed shall be specified by the combination-of the channel N_Port ID, the
channel image ID, the control-unit N_Port ID, and the control-unit image ID.

An RLP IU shall be sent when a change in the channel-path-Configuration requires a control unit to be
either physically or logically removed.

The removal of a logical path shall cause the control-unit image and its associated devices to b
logically removed from the channel path. When.an“RLP IU is received and accepted, the logical pat
shall be removed, and the equivalent of a system'reset shall be performed only for the affected logic
path; that is, only the control-unit image associated with the logical path shall be affected, and on
those operations and allegiances within the control-unit image for this logical path shall be reset (s
9.4.4 for information regarding systeém reset). The logical path removed IU shall be the normal
response. Other logical paths associated with the same channel or different channels and thie
allegiances maintained to them- shall be unaffected. After a logical path is removed, IUs for device
level functions shall not be sent-or received using that logical path.

- O

An RLP IU shall be received over the same physical path over which the logical path was establisheI.
If an RLP IU is receivedfor a logical path that does not exist, the RLP shall be accepted, provided th
no errors are deteCted, and the logical path removed response shall be sent.

—

If an error is.detected when an RLP IU is received, the IU shall be discarded, the specified logical pa
is not removed, and the appropriate response, if any, for the error recognized shall be sent. Th
channetsshall not consider the logical path removed until it receives the LPR IU and no errors a
detetted. The control unit shall not consider the logical path removed until the logical path removed |
is-sent.

Unless the channel receives a valid response to an RLP, the channel shall not assume that th

requested action has or has not taken place. If an invalid response is received by the channel to the
remove-logical-path request, the channel shall retry the request. The number of retries is model
dependent.
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6.4.4 Logical Path Established

The logical path established (LPE) function shall confirm the successful completion of an ELP request
and the establishment of the logical path, and shall indicate the optional features to be used on all IlUs
sent between the channel and the control unit. An optional feature shall be used only if the channel
has indicated support for that optional feature, the control unit supports the optional feature, and use
of the feature does not affect the optional features associated with other previously established logical
paths with the same channel. A control unit shall perform the LPE function by sending an LPE IU to
the channel. The link-control DIB shall contain a link header with a link-control field specifying the LPE
fiinction and a link-control-information field specifying optional features. The link-control DIB shall not
ntain a link payload.

he logical path which was established shall be identified by the combination of the control-unit NCPort
, control-unit image ID, the channel N_Port ID, and the channel image ID in the LPE |U. The optional
features to be used shall be specified in the link-control-information field. See 8.12.2.3.

ach bit in the link-control-information field shall correspond to a different optional feature. The bit for
n optional feature shall be set to one if that optional feature is to be used; otherwise, the bit shall be
set to zero. See 6.4.2 for information concerning the CTC connection optionalfeature. Bits for which
optional feature is defined shall be set to zero by the control unit and ignered by the channel.

ee 6.4.2 for a definition of the bits in the link-control information field for' which optional features have
en defined.

hen a channel receives an LPE response to the ELP IU, thelindicator for the requested logical path
shall be established provided that the optional features for the.requested logical path do not affect the
ptional features associated with other previously established logical paths with the same control unit.
hen the logical path is established, the optional features to be used shall be saved and associated
ith the logical paths for that control unit in such a way-that all subsequent IUs for which those features
pply are transferred on that logical path using these optional features. If establishment of a logical
th would affect the optional features associated with other previously established logical paths, an
LP IU shall be sent to remove the logical,path.

hen an ELP IU is accepted, the I\RE’ IU shall be the normal response. A logical path shall be
nsidered not established by the recipient of an ELP IU until it has sent the LPE U and shall be
nsidered not established by the sender of an ELP IU until the LPE IU is received.

4.5 Logical Path Removed

he logical path reméved (LPR) function shall confirm the successful completion of an RLP request
nd the removal of-alogical path. A control unit shall perform the LPR function by sending an LPR U
to the channel~The link-control DIB shall contain a link header with a link-control field specifying the
PR functionyand a link-control-information field specifying a reason code. The LPR IU shall have no
k payload,

he/combination of the control-unit N_Port ID, control-unit image ID, the channel N_Port ID, and the
anhel image ID in the LPR U shall identify the logical path that was removed.

An LPR IU shall be the normal response to an RLP request. A logical path shall be considered not
removed by the recipient of an RLP frame until it has sent the LPR IU in response and shall be
considered not removed by the sender of the RLP IU until the LPR U is received.
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An LPR IU may also be sent in response to an ELP IU when no error or link-busy conditions are
detected but the requested logical path is not established.

The first byte of the link-control-information field in the link header is defined as follows:

Bit Meaning

0-3  Bits 0-3 of the link-control-information field in the link header shall be reserved for future use;
these bits shall be set to zeros by the sender of the LPR IU and shall be ignored by the

recipient of the IU.

4-7  Bits 4-7 of the link-control-information field shall contain a reason code which indicates wh
the logical path was removed. The values (in binary) for the following reason codes@hall hayj
these meanings:

O <

Value Meaning

0000 This LPR IU is a response to RLP.

0001 The supported optional features received would affect/those in use on already
established logical paths with the same channel. The~ELP should not be retried fq
this condition.

0010 The control-unit image has no resources available for establishing new logical paths
on this physical path. The channel may retry the)ELP a model-dependent number ¢f
times.

0011 Device-level initialization is not complete; the control unit is not ready to perforin
device-level operations. The channghshould retry the ELP a model-depender
number of times.

0100 A control-unit image corresponding-to the control-unit image ID field in the FC-SB-
header of the ELP IU does nat exist. The channel should not retry the ELP for th
condition.

=

—

n O

0101-

1111 Reserved.
A link-level protocol error shall be detected if an LPR IU containing a reserved reason-code value is
received.

6.4.6 Link-Level Acknowledgment
The LACK function shall be used to close an exchange used to initiate a link-control request, and

exchanges whichcan not be closed with either a link-control response or a device-level-contr¢
function. Examples of exchanges which may be ended with the LACK IU are as follows:

a) Aneexchange left open as a result of a link-control request;

b)SAn exchange left open as a result of a cancel, system reset, or request status sent in a
initiation 1U as information category unsolicited control which received a DACK IU as an
allowed response;

-

c) An exchange left open as a result of a selective reset device-level control function which
received a DACK IU as an allowed response;

d) An exchange left open as a result of an initiation IU receiving an LRJ IU or LBY IU as an
allowed response; or
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e) An exchange left open as a result of a command or a device-level-control function which
received an address exception |U as an allowed response.

The LACK function shall be performed by sending the LACK IU. The link-control DIB shall contain a
link header with a link-control field specifying the LACK function and no link payload.

The channel and control-unit image IDs of the LACK IU shall be set to zero by the sender and ignored
by the recipient.

4.7 Test Initialization
.4.7.1 Test Initialization Overview

he test-initialization (TIN) IU provides a method for determining which logical paths are considered
tablished for a channel image or control-unit image, and for determining which logical-paths are
pable of being established for a channel image with a control unit.

hen the TIN IU is used to determine the logical paths that are considered established for a channel
age or control-unit image, the function performed by the TIN IU is defined asthe TIN function; when
e TIN IU is used to determine the logical paths that are capable of being,established for a channel,
e function performed by the TIN IU is defined as the TIN Capability (TINC) function. The TIN function
performed when the TIN IU contains a link header with bit 7 of.byte zero of the link-control-
imformation field set to zero. The TINC function is performed when the TIN IU contains a link header
ith bit 7 of byte zero of the link-control-information field set to oné€.

he TIN and TINC functions are described in the following sections.
.4.7.2 Test Initialization Function

he test-initialization (TIN) function shall provide a method for determining which logical paths are

nsidered established for a channel image or.¢ontrol-unitimage. The TIN function shall be performed

sending a TIN IU that specifies the TIN function and is specified in either basic or extended mode.
asic or extended mode shall be specified by the value of the image-ID count field contained in byte
ne of the link-control information field.\lf-the value of the count field is zero, a basic-mode TIN function
i$ specified. If the value is non-zero,~an extended-mode TIN function is specified. The link-control DIB
all contain a link header with a.ink-control field specifying hex '09' with bit 7 of byte zero of the link-
ntrol-information field set toyzero. No link payload is provided for the TIN function. A TIN IU that
ecifies the TIN function i§ referred to as the TIN function and a TIR U that specifies the TIR function
ig referred to as the TIR function.

shall be model dependent as to whether the channel or control unit uses basic or extended mode;
wever, if basic'mode is used, the receiver shall correspondingly use basic mode for the TIR function
response;iotherwise a link-level protocol error shall be recognized. Unless stated otherwise, text
rtaining‘equally to both basic and extended modes will not be referenced by either mode. Whenever
xt perfains to a particular mode of operation, the appropriate mode will be specified.

channel or control unit may send the TIN function at any time; however, when initiative to perform
the test-initialization function is generated, the TIN function shall be sent. The occurrence of any of the
following events at a channel or control unit shall create the initiative to send a TIN function as follows:

a) If an RSCN is accepted by the N_Port of a channel or a control unit and one or more of the
affected N_Ports is the N_Port of a channel or control unit to which one or more logical paths
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are indicated as being established, initiative to send a TIN function to each channel or control
unit to which a logical path is indicated as being established shall be generated;

b) If the N_Port of a channel receives the LOGO ELS request from the N_Port of a control unit at
a time when internal indicators at the channel indicate that one or more logical paths exist with
the control unit, initiative to send a TIN function to the control unit shall be generated;

c) Ifthe N_Port of a control unit receives a PLOGI ELS request from the N_Port of a channel at a
time when one or more logical paths are indicated as being established to the channel. initiative

to send a TIN function to the channel shall be generated; or

[0

d) If a control unit exits the FC-FS-4 link failure state at a time when one or more logical paths af
indicated as being established to one or more channels, initiative to send a TIN,function t
each channel to which a logical path is indicated as being established shall be génerated.

O

Once initiative to send a TIN function to either a channel or control unit is generated, subsequemnt
occurrences of any of the above events shall not create initiative to send another TIN function to the
same channel or control unit if initiative to send the first TIN function has not been discharged. Forp
channel, initiative to send a TIN function to a control unit shall be discharged after the TIN function hgs
been sent and a TIR function has been received in response or an event occurs which requires the
removal of all logical paths to the control unit. For a control unit, initiative to send a TIN function to a
channel shall be discharged if one of the following occurs:

a) ATIN function has been sent to the channel and a TR unction is received in response;
b) A logical path time-out condition for the charinel has been recognized by any control-unit

image, and the control unit has attemptedito send a TIN function to that channel aftg
recognizing the time-out condition, (see 10.2.4); or

-

¢) An event occurs which requires the removal of all existing logical paths to the channel.

Upon accepting a TIN function, the re€ipient shall check whether it has logical paths with the source
of the TIN function. The normal response is a TIR function.

When a channel sends a TIN function in basic mode, the logical paths to be tested for establishment
shall be specified by the channel N_Port ID and channel image ID. The control-unitimage ID field shdll
be set to zero by the channel and ignored by the control unit.

—_

When a control unit sends a TIN function in basic mode, the logical paths to be tested for establishme
shall be specified’by the control-unit N_Port ID and control-unit image ID. The channel image ID fiel
shall be set.tozero by the control unit and is ignored by the channel.

When the‘channel sends a TIN function in extended mode, the set of logical paths to be tested fgr
establishment shall be specified by the channel N_Port ID, the channel image ID, and an 8-bit imagg-
IB.count value contained in byte one of the link-control information field. The range of logical paths
be tested shall be determined starting with the channel image ID and incrementing to the smaller of §)
the extent specified by the 8-bit image-ID count value, or b) a maximum channel image 1D of 255. Th

image-ID count field shall be interpreted as an 8-bit unsigned binary integer, and the value in the field
may range from 1 to 255. The value in the image-ID count field indicates the number of channel images
beyond 1 to be tested. (e.g., a channel image ID of 2 and a count of 3 will test the 4 channel images
2, 3, 4, and 5). If the value in the image-ID count field is greater than 253, it shall be regarded by the
control unit as an image-ID count of 253. The control-unit image ID shall be set to zero by the channel
and is ignored by the control unit.
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When the control unit sends a TIN function in extended mode, the set of logical paths to be tested for
establishment shall be specified by the control-unit N_Port ID, the control-unit image ID, and an 8-bit
image-ID count value contained in byte one of the link-control information field. The range of logical
paths to be tested for establishment shall be determined starting with the control-unit image ID and
incrementing to the smaller of a) the extent specified by the 8-bit image-ID count value, or b) a
maximum control-unit image ID of 255. The image-ID count field shall be interpreted as an 8-bit
unsigned binary integer, and the value may range from 1 to 255. The value in the image-ID count field
indicates the number of control-unit images beyond 1 to be tested. (e.g., a control-unit image ID of 2
and a count of 3 will test the 4 control-unit images 2, 3, 4, and 5). If the value in the image-ID count

field is greater than 253, it shall be regarded by the channel as an image-ID count of 253. The channel
image ID shall be set to zero by the control unit and ignored by the channel.

NOTE 16 — The maximum upper limit of the contents of the image-ID count field is specified as 253 tasallow
the payload of the extended TIR function to be contained within a single IU. If additional images beyand the
specified maximum of 254 need to be verified, then additional basic-mode or extended-mode TIN. IUs/heed to
be sent that specify the TIN function.

6.4.7.3 Test Initialization Capability Function

Tlhe test-initialization capability (TINC) function provides a method for a channel to determine the
¢gical paths that are capable of being established between a channel image and a control unit. The
TINC function shall be performed by the channel sending a TIN IU that specifies the TINC function to
d control unit. The link-control DIB shall contain a link header with thedink-control field specifying hex
09’ with bit 7 of byte zero of the link-control-information field set to ohe. No information is provided in
he link payload for the TINC function. A TIN IU that specifies the,TINC function is referred to as the
INC function and a TIR IU that specifies the TINCR functionds referred to as the TINCR function.

— =

A channel may send a TIN IU that specifies the TINC function at any time. Upon receiving a TIN U
that specifies the TINC function, the control unit determines the logical paths that it is capable of
tablishing with the channel images specified in the-TIN IU and performs the TINCR function. The
t of logical paths the control unit considers capable of being established includes all logical paths
at are already established and logical pathsthat are permitted to be established according to the
ntrol-unit configuration. Depending on the resources available at the control unit, it may not be
ssible to establish all the indicated logical paths at a given time.

hen the channel sends a TIN |U that'specifies the TINC function, the set of logical paths to be tested
r establishment capability shalkbe specified by the channel N_Port ID, the channel image ID, and an
bit image-ID count value ¢ontained in byte one of the link-control information field. The range of
gical paths to be tested shall be determined starting with the channel image ID and incrementing to
e smaller of a) the number of images specified by the 8-bit image-ID count value, or b) a maximum
annel image ID of 255. The image-ID count field shall be interpreted as an 8-bit unsigned binary
imteger, and the valoe in the field may range from 0 to 255. The value in the image-ID count field
dicates the number of channel images to be tested. (e.g., a channel image ID of 2 and a count of 3
ill test the channel images 2, 3, and 4). This differs from the definition of the image-ID count field in
e TIN function. If the value in the image-ID count field is greater than 254, it shall be regarded by the
ntrolunit as an image-ID count of 254. If the value of the image-ID count is zero, it shall be regarded
the_control unit as an image-ID count of 1. The control-unit image ID shall be set to zero by the
abhel and is ignored by the control unit.

NOTE 17 — The maximum upper limit of the contents of the image-ID count field is specified as 254 to allow
the payload of the TINCR function to be contained within a single 1U. If additional images beyond the specified
maximum of 254 need to be verified, then additional TIN IUs that specify the TINC function need to be sent.
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6.4.8 Test Initialization Result
6.4.8.1 Test Initialization Result Overview

The test-initialization-result (TIR) IU shall be used to confirm the successful completion of either the
TIN function or the TINC function.

When the TIR IU is sent to confirm successful completion of the TIN function, the function performed
by the TIR IU is defined as the TIR function. When the TIR IU is sent to confirm successful completion

of the TINC function, the function performed by the TIR IU is defined as the TINCR function. The(Tl
function is indicated when the TIR IU contains a link header with bit 7 of byte zero of the link-gontr
information field set to zero. The TINCR function is indicated when the TIR IU contains a link| head
with bit 7 of byte zero of the link-control-information field set to one. A TIR U shall be sentonly as
response to a TIN IU that is accepted.

The TIR and TINCR functions are described in the following sections.
6.4.8.2 Test Initialization Result Function

The test-initialization-result (TIR) function shall confirm the successful-completion of the TIN functi
and shall indicate which logical paths are considered established for the channel or control unj
performing the TIR function. The TIR function shall be specified<ineither basic or extended mode
determined by the value of the image-ID count field contained,in byte one of the link-control informati
field. If the value is zero, a basic-mode TIR function is specified. If the value is non-zero, an extende
mode TIR function is specified. The TIR IU for the TIR fdnction shall contain a link header with a lin
control field specifying hex '01' with bit 7 of byte zero 6fithe link-control-information field set to zero.

The TIR function shall be performed by sending.a-FIR U that specifies the TIR function. A basic-mod
TIR function shall be sent in response to a basic~mode TIN function and may also be sent in respon
to an extended-mode TIN function. A basie=mode TIR function may be sent in response to a TIN
function when the control unit does not support the FC-SB-6 TINC function. An extended-mode TI
function shall only be sent in responsé to an extended-mode TIN function; otherwise, a link-lev
protocol error shall be recognized.

[oN

When a TIR function is sent in basic mode, the link-control DIB shall contain a 32 byte logical path fiel
in the link payload (see table 5 for the format of the logical path field).

If a channel sends the basic-mode TIR function, the channel image ID field shall be set to zero by th
channel and ignofed-by the control unit. The control-unit image ID field shall be the same as th
control-unit image ID field received in the TIN function. If a control unit sends the basic-mode TI
function, the 'ehannel image ID field in the SB-4 header shall be the same as the channel image |
field received’in the TIN function, and the control-unit image ID field shall be set to zero by the contr
unit andsignored by the channel.

U AU D O
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The 32 byte link payload for the basic-mode TIR function has the format given in table 5.

Table 5 — Logical Path Field - Basic

Word Contents
0 Logical Paths 0 - 31
1 Logical Paths 32 - 63

2 Logical Paths 64 - 95

3 Logical Paths 96 - 127

4 Logical Paths 128 - 159

5 Logical Paths 160 - 191

6 Logical Paths 192 - 223

7 Logical Paths 224 - 255

he logical-path field shall indicate whether each of the 256 possible logical paths are considered
stablished. There is a bit in the logical-path field for each-péssible logical path that may be
stablished with the source of the TIN function. Each bit shall eorrespond to an image ID. Starting with
it 0, word 0, logical addresses 0 through 255 are assigned:in ascending order. The bit for a logical
ddress corresponding to a logical path shall be set to one'if that logical path is established and shall
e set to zero otherwise (see 3.3.3 for a definition of theZSB-4 bit numbering convention used in table

).

N O o DO O

-

Vhen the basic-mode TIR function is receivedlin response to a TIN function and one or more logical
paths are indicated as not established when¢hey were previously considered to be established, a test-
initialization-result error shall be recognized. If one or more logical paths are indicated as being

tablished when they were previously-considered not established, a test-initialization-result error
shall be recognized. For recovery from a test initialization result error, see 11.2.9. If a test-initialization-
result error is not recognized, na.action shall be taken.

hen an extended-mode TIR function is sent, the link-control DIB shall contain a link header with the
link-control field specifying the TIR function, an 8-bit image-ID count value contained in byte one of the
link-control informatien field, and a logical path field in the link payload. The contents of the link
yload shall specify)the logical paths that are recognized as being established by the receiver of the
tended TIN_function, and which correspond to the range of image IDs specified in the received
tended TIN-function. The image-ID count indicates the range of logical paths contained in the
responseSstarting with the control-unit image ID or channel image ID specified in the TIN being
résponded to and incrementing to the smaller of a) the extent specified by the 8-bit image-ID count
lué.contained in byte one of the link-control information field of the TIN function; or b) a maximum
nirol-unit image or channel image ID of 255. The image-ID count field shall be interpreted as an 8-

bit unsigned binary integer and the value in the field may range from 1 to 253. The value in the image-
ID count field indicates the number of control-unit images or channel images beyond 1 that were tested
and for which results are being provided. (e.g., a count of 3 indicates 4 images were tested). The
length of the payload specified by the link-payload byte count contained in the DIB header shall be 32
plus 32 times the value of the image-id count field, and may vary between 64 and 8128 bytes (see
table 6 for an example and definition of the format of the logical path field).
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If the channel sends an extended-mode TIR function, the channel image-ID field shall be set to zero
by the channel and ignored by the control unit. The control-unit image ID shall be the same as the
control-unit image ID received in the extended TIN function. If a control unit sends an extended-mode
TIR function, the channel image ID shall be the same as the channel image ID received in the
extended TIN function, and the control-unit image ID shall be set to zero by the control unit and ignored
by the channel.

An example of the link payload for an extended TIR function which would be returned in response to
a TIN function with an image ID field set to zero and an image-ID count field set to 253 is shown i

table 6.

Table 6 — Logical Path Field - Extended

Word Contents
0 Logical Paths 0 - 31
1 Logical Paths 32 - 63
2 Logical Paths 64 - 95
3 Logical Paths 96 - 127
4 Logical Paths{128 - 159
5 Logical Paths 160 - 191
6 Logical Paths 192 - 223
7 Logical Paths 224 - 255
8 Logical Paths 256 - 287
9 Logical Paths 288 - 319
2031 | Logical Paths 64,992 - 65,023

In thé.example of table 7, the logical-path field indicates whether each of the 65,024 logical paths an
considered established.

D

The first 256 bits of the logical path field shall relate to the set of logical paths corresponding to thie

first source image ID, and continuing, logical paths 256-511 shall correspond to the second source
image ID, and subsequent groups of 256 logical paths likewise shall correspond to consecutively
increasing source image IDs. The bit for a logical address corresponding to a logical path shall be set
to one if that logical path is established and shall be set to zero otherwise.
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6.4.8.3 Test Initialization Capability Result Function

The test-initialization-capability result (TINCR) function shall confirm the successful completion of the
TINC function and shall indicate the logical paths that the control unit performing the TINCR function
is capable of establishing with the channel that sent the TINC function and shall include logical paths
that are already established.

Due to resource constraints, a control unit may only be able to establish a subset of the logical paths
that it indicates it is capable of establishing at any one time.

he TINCR function shall be performed by sending a TIR IU that specifies the TINCR function. A
INCR function shall be sent only as a response to a TINC function.

hen a TINCR function is sent, the link-control DIB shall contain a link header with the link-control
Id specifying hex ‘01’ and bit 7 of byte zero of the link-control-information field set to oney a logical
th field in the link payload, and an 8-bit image-ID count value contained in byte one of thellink-control

the link-control information field of the TINC function, or b) a maximum,ehannel image ID of 255.
he image-ID count field shall be interpreted as an 8-bit unsigned binary’integer and the value in the
Id may range from 1 to 254. If the image-ID count value is zero or greater than 254, a link-level
rotocol error shall be recognized.

he contents of the link payload shall specify the logical paths)that are recognized as being capable
being established by the control that received the TINC function and which correspond to the range
channel image IDs specified in the received TINC function. The length of the payload specified by
the link-payload byte count contained in the DIB headér’shall be 32 times the value of the image-id
unt field, and may vary between 32 and 8128 bytes\(see table 7 for an example and definition of the
rmat of the logical path field).

Tlhe channel image ID in the TINCR shall be the same as the channel image ID received in the TINC
flinction and the control-unit image ID shall be set to zero by the control unit and ignored by the
channel.

An example of the link payload for a TINCR function which would be returned in response to a TINC
tinction with an image ID field\set to zero and an image-ID count field set to 254, is shown in table 7.

—h
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Table 7 — TINCR Logical Path Field

Word Contents
0 Logical Paths 0 - 31
1 Logical Paths 32 - 63
2 Logical Paths 64 - 95
3 Logical Paths 96 - 127
4 Logical Paths 128 - 159
5 Logical Paths 160 - 191
6 Logical Paths 192 - 223
7 Logical Paths 224 - 255
8 Logical Paths 256 - 287
9 Logical Paths 288% 319
2031 | Logical Paths 64,992 - 65,023

In the example of table 7, the logigal-path field indicates which of the 65,024 logical paths can be
established with the control unityand includes logical paths that are already established.

The first 256 bits of the logical ‘path field shall relate to the set of logical paths corresponding to the firgt
source image ID, and continuing, logical paths 256-511 shall correspond to the second source image
ID, and subsequent groups of 256 logical paths likewise shall correspond to consecutively increasing
source image IDs( The bit for a logical address corresponding to a logical path shall be set to one [if
that logical path-is capable of being established or is already established with the channel that sent
the TINC fungetion; otherwise, the bit shall be set to zero.

6.4.9 tink-Level Reject
The.link-level-reject (LRJ) function shall be performed when a command-mode initiation |IU wals

received and discarded by a channel or control unit because of an error condition. The LRJ function
shall be performed by sending an LRJ IU. For a transport-mode initiation U, the control unit sends ja

transport-response U with status indicating link-level reject (see table 28) when the IU was received
and discarded because of a logical-path-not-established condition. No other link-level reject conditions
are defined for transport mode.

When an LRJ IU is sent, the channel and control-unit image ID fields shall be set to the corresponding
values in the U for which the reject is being sent. If the IU for which the reject is being sent contains
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other than a link-control DIB and the AS bit is set to one, then the AS bit shall be set to one in the LRJ
IU and the device address is provided. If the AS bit is set to zero in the IU being rejected, the AS bit
shall be set to zero in the LRJ 1U.

The link-control DIB shall contain a link header with a link-control field specifying the LRJ function and
a link-control information field specifying the reject-reason code. The DIB shall not contain a link
payload.

A channel or control unit shall send an LRJ IU in response to a command-mode initiation IU when a

lagical path not established error condition is detected and all of the following conditions are satisfied:
a) The IU contains no FC-FS-4 errors;
b) The IU contains no exchange errors;

c) The U is either an unsolicited control 1U, an unsolicited command IU, or an unsalicited data IU;
and

d) No other condition exists or has been recognized that requires the sending of either a link-level-
busy IU or an FC-FS-4 primitive sequence.

b~

n LRJ IU shall also be sent by a channel as the response to an ELP IU received with a TYPE field of
ex’1B’, provided all of the above conditions are satisfied and any.of the following conditions are
ptisfied:

w_

a) The channel does not support CTC connection or does not support CTC connection for the
requested logical path (see 6.4.2);

b) The channel is not waiting for a response fromran ELP U previously sent to the channel from
which it received the ELP IU, and the CTC ¢ounter field of the received ELP IU contains a valid
CTC counter value which is less than the number of CTC connections for which the channel is
providing the emulated control unit functionality (see 8.12.2.4);

c) The channel is not waiting for.axesponse from an ELP IU previously sent to the channel from
which it received the ELP IUxthe CTC counter field of the received ELP IU contains a valid
CTC counter value whichtis equal to the number of CTC connections for which the channel is
providing the emulated control unit functionality, and the N_Port ID of the channel is less than
the N_Port ID of the(channel which sent the received ELP IU;

d) The channel is-waiting for a response from an ELP IU previously sent to the channel from
which it received the ELP 1U, and the CTC counter field of the received ELP IU contains a valid
value whigh.is less than the CTC counter value specified in the ELP U previously sent; or

e) The‘channel is waiting for a response from an ELP IU previously sent to the channel from
which it received the ELP IU, the CTC counter field of the received ELP IU contains a valid
value which is equal to the CTC counter value specified in the ELP U previously sent, and the
N Port ID of the channel is less than the N Port ID of the channel which sent the received ELP

U.

When an LRJ IU is received in response to an IU which initiates a connection, the type of error shall
be indicated by the reject-reason code. If the LRJ IU is received in response to an IU sent during a
connection, a link-level protocol error shall be recognized.
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The LRJ IU shall have a two byte link-control information field. Bits 1-7 of the first byte of the link-
control information field shall contain the reject-reason code. The link-control information field of an
LRJ IU shall have the format shown in figure 15.

r Reject-Reason Code Reserved
0 1 78 15

Figure 15 — Link-Control Information Field of the LRJ IU

The reject-reason code shall appear in bits 1-7 of the link-control information field of an LRJ IU. [Fhis
field shall identify the error condition that caused the IU to be rejected.

When a channel sends the LRJ IU, the only valid reject-reason codes shall be {000 0110°D,
corresponding to the logical path not established reject-reason code, and ‘000 1001'b;correspondin
to protocol error reject-reason code, respectively. All other reject-reason codes.shall be reservedl.
When a control unit sends the LRJ 1U, the only valid reject-reason code is ‘000.01410’b, correspondin
to the logical path not established reject-reason code. All other reject-reason codes shall be reservedql.

U

The protocol error reject-reason code is used by the channel to indicate ‘an error condition if an EL
IU with a type code of hex’1B’ is received. The logical path not established reject-reason code is use
by the channel and the control unit when a logical path not established error condition is detected.

[oN

Bit zero and bits 8-15 of the link-control-information field shall be reserved for future use; these bifs
shall be set to zero by the sender and are ignored by the recipient of an LRJ IU.

A link-level protocol error shall be detected if an LRJ1WY'is received with a reserved reject-reason-code
value.

6.4.10 Link-Level Busy

The link-level-busy (LBY) function shalbbe performed to indicate that a command-mode initiation |
was received and discarded by a ehannel or control unit because of a link-busy condition. The LB
function shall be performed by sehding an LBY IU to the source of the IU which was discarded. Th
link-control DIB shall contain_aJink header with a link-control field specifying the LBY function and n
link payload. The link-levelbusy function is not supported in transport mode.

o ¢ XU

=

The channel and control-unit image ID fields shall be set to the corresponding values in the U fq
which the LBY IU is'being sent. If the IU for which the LBY IU is being sent contains other than a lin}
control DIB and the AS bit is set to one, then the AS bit shall be set to one in the LBY |U and the devig
address shall-be provided. If the AS bit is set to zero in the IU for which the LBY is being sent, the A
bit shall be 'set to zero in the LBY IU.

U oA

An LBY 1U shall be sent as a response when an IU is not accepted because of a link-busy conditiovL.
Link-busy conditions for which the LBY IU is sent shall be temporary conditions which cause 4
initiation 1U to be discarded such as when a self-initiated function is being performed or when an F(
SB-6 resource required for the reception of the initiation IU is temporarily unavailable.

An LBY IU shall be sent in response to a command-mode initiation IU only if all of the following
conditions are satisfied:

a) The IU contains no FC-FS-4 error;
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b) The IU contains no exchange errors;

c) The IU is either an unsolicited control 1U, an unsolicited command IU, or an unsolicited data IU;
and

d) No other condition exists or has been recognized that requires the sending of either a link-level-
reject IU or an FC-FS-4 primitive sequence.

When an LBY U is received in response to an initiation IU a temporary busy condition shall be

récognized, and the link-level or device-level function may be immediately retried or retried at a later
time. When an LBY U is received in response to an IU while a connection exists, a link-level protocel
grror shall be detected.
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7 N_Port Link Initialization

7.1 N_Port Link Initialization Overview

This clause describes the initialization procedures for a channel and control unit unique to this standard.

The initialization process establishes the necessary conditions for elements of a channel path to be able to
sustain both link-level and device-level communication. Under normal conditions, the initialization process

occurs infrequently (e.g., after a power on procedure or during a systeme-initialization procedure) and isagt part
of the execution of an 1/0O operation.

Tlhe initialization process may be thought of as a series of hierarchical steps.

Hor the channel, the steps of the initialization process and their associated procedures aré:
1) link-initialization procedure;

2) channel login and security attribute determination procedure;

3) channel node-identifier-acquisition procedure;

4) channel state-change-registration procedure;

5) channel-link-incident-record-registration procedure;

6) channel process login procedure when FC-SB-6 process login is supported by the channel and cpntrol
unit; and

7) channel logical-path-establishment procedure:

Hor the control unit, the steps of the initialization process and their associated procedures are:
1) link-initialization procedure:

2) control unit login procedure;

3) control unit node-identifier-acquisition procedure;

4) control unit state-change-registration procedure;

5) control unit_process login procedure when FC-SB-6 process login is supported by the channel and
controlunit; and

6) control unit logical-path-establishment procedure.

I a-procedure encounters an FC-LS-3 or FC-SB-6 response indicating a busy condition, the procedure shgll be
retried until either the busy condition no longer exists and the procedure is successful or a condition other than
a busy condition is encountered, in which case, the protocols defined for that condition determine the action to
be taken. The retry for a busy condition may be deferred until attempts to complete the procedure with other
N_Ports have been made.

If a procedure is not successful because of an unrecoverable error, that portion of the initialization process shall
be terminated and all or a portion of the channel or control unit shall be considered uninitialized, depending on
which initialization procedures were not successful.
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The hierarchy of initialization steps shall also be followed when there is an error or another event that causes
regression within the initialization process. When an error or other event indicates that the results achieved at
a previously completed step are no longer valid, information associated with that step and possibly subsequent
steps in the hierarchy shall be discarded or may be considered no longer current for node-identifier information,
and the initialization process for the affected channel or control unit shall be repeated for all affected steps (see
11.1 and 6.3.9). A node-identifier that is not current is an identification of the last known node attached to the
N_Port, but as the result of some event, such as an FC-FS-4 link-failure condition, may not reflect the current
attached node, since a configuration change may have occurred. For example, if a channel observes that a link
whicE was previously considered operational Is now not operational because of an FC-LS-3 link-fallu

condition, then the channel N_Port is implicitly logged out with the N_Port or F_Port at the other end of the)lin
and if the FC-FS-4 link failure condition persists for longer than SB_TOV, it removes any logicalpaths
estaflished for that link, and may discard the neighboring-node identifier or may consider the identifier,to be n¢t
curreht. For this situation, the initialization process would start again with the link initialization precedure wh
the FIC-FS-4 link failure condition no longer exists.

A Repistered State Change Notification (RSCN) ELS command received from a Fabric €ontroller or N_Po
which contains the N_Port ID of a channel or control unit for which the recipient of-the*RSCN considers th
initialjzation process complete, may cause a test-initialization U or RNID ELS command to be sent in order
verifyl the effect of the state change on previously established logical paths. If the test-initialization-result |
confifms that logical paths previously established by the initialization precess are no longer considere
established, the procedures shall be attempted, beginning at the appropriate step within the initialization-
procgss hierarchy, to reestablish the logical paths.

An RBCN ELS command received from a Fabric Controller or N_Portwhich contains the N_Port ID of a channgl
or cohtrol unit for which the recipient of the RSCN considers theinitialization process incomplete, may cause
test-ipitialization 1U or RNID ELS command to be sent in orderto verify the effect of the state change on logical
pathg previously established. If the test-initialization-response IU confirms that logical paths previous
established by the initialization process are no longer:considered established, the procedures shall b,
attempted, beginning at the appropriate step within _the initialization-process hierarchy, to reestablish logical
pathg. If the test-initialization-result IU confirms that\ogical paths previously established are still valid, then th
previpusly incomplete step shall be retried, and if successful, the next step in the hierarchy shall be attempt
for each logical path that is required on the.channel path but that is not yet established. If the retry does not
resulf in the successful completion of the.initialization process, the recipient of the RSCN shall continue
consider the initialization process incomplete for that N_Port.

When an error or other event causes regression to the node-identifier acquisition step or to a previous st
within the initialization process and the existing node-identifier of its neighbor is valid, the N_Port shall set th
flag-fleld node-ID-validity ¢ode to the value 1 (node-ID is valid but may no longer be current) in the nod
desciiptor for the affected_ngighboring node.

NOJTE 18 — Many of‘the processes used during initialization require the appropriate action or response be taken within
prepcribed periodof-time. The values selected for these periods of time are significantly greater than the worst-case
propagation delay."In order that these time values not be compromised, it is important that each component in the path
be ¢lesignedto.contribute the minimum amount of delay and that no one component in the path use a significant portign
of the allowed time value. It should also be recognized that factors other than those directly associated with t
propeddre(being performed may subtract from the time allowed. For example, when propagating a frame through [a
Falric,-the time required to route the frame through the Fabric should be taken into account.

7.2 Link-Initialization Procedure

Link initialization is described in FC-FS-4. When link initialization is complete, the N_Port or F_Port is in the
active state.

Once link initialization is complete for an N_Port or F_Port, the N_Port or F_Port is considered to be operational
as long as it remains in the active state (see FC-FS-4).
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When an N_Port or F_Port exits the active state, the attached link is considered not operational, and the
appropriate FC-FS-4 link initialization procedure shall be successfully completed in order to consider it
operational.

7.3 Initialization Process for a Channel

7.3.1 Channel Initialization Overview

or a channel, the initialization process consists of the following procedures: link initialization, channel loegih and
security attribute determination, channel node-identifier acquisition, channel state-change registration,| channel
k-incident-record registration, process login when supported by the channel and control unit,@and channel
Igpgical-path establishment.

.3.2 Channel Login and Security Attribute Determination
.3.2.1 Overview

he N_Port of a channel shall attempt to perform channel login and security attribute determination follpwing
the completion of link-initialization. Channel login and security attribute determination consists of three gteps:
abric login, channel security attribute determination, and N_Port login. Fhe’login protocol is described ipn FC-
-3 clause 6.

.3.2.2 Channel F_Port Login

he N_Port of a channel, including the N_Port of a chann¢l, providing CTC connection, shall initiate chpnnel
login by sending an FLOGI ELS command with S_ID=hex'00 00 00’ and D_ID=hex’FF FF FE'. The command
shall be sent using Class 2 service, and support for Class 2 and Class 3 shall be indicated in the sgrvice
rameters. If the channel is attached to a Fabric, théresponse from the Fabric assigns the channel an N| Port
(Annex A, "Fabric Address Assignment", describés an address assignment scheme which allows the yse of
sjmplified configuration record formats). If an aceept response is received, and if support for sequential dejivery
nd Classes 2 and 3 service is indicatedsthen the channel shall proceed with channel security attfibute
termination. If errors prevent the successful receipt of an accept response, or if the service parameters pf the
response do not indicate support for.sequential delivery and Classes 2 and 3 service, further steps in the
initialization procedure shall not be performed.

fthe N_Port of a channel receives an FLOGI ELS command before it is able to send an FLOGI ELS command,
r if the response to the FLOGI ELS command indicates that the channel is not attached to a Fabric, thgn the
_Port of the channel shall proceed with N_Port login instead of F_Port login or Channel Security Attfibute
etermination.

O zZ0

~l

.3.2.3 Channel Security Attribute Determination

After the N_Port of a channel (including a channel providing CTC connection) has completed Fabric logip in a
ulti-switch Fabric configuration, the N_Port of a channel shall perform channel security attribute determinfption.
In single-switch Fabric configurations, channel security attribute determination is not required, and further gteps
the initialization procedure are performed regardless of whether channel security attribute determination was
performed (see 6.3.8 for additional information regarding the QSA ELS and Fabric configurations).

Channel security attribute determination is initiated by sending the QSA ELS command to the Fabric Controller.
Change notification shall be enabled for Fabric binding and insistent domain ID. If the N_Port of a channel
receives an accept response from the Fabric Controller, and if support for Fabric binding and insistent domain
IDs is indicated, then the channel shall consider channel security attribute determination successful, and further
steps in the initialization procedure shall be performed.
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If errors prevent successful completion of the QSA ELS or if support for Fabric binding and insistent domain IDs
is not indicated, then the channel shall consider channel security attribute determination unsuccessful. If
channel security attribute determination is unsuccessful, further steps in the initialization process shall not be
performed, the internal indicators for the logical paths previously considered established over the affected link
shall be reset, and the associated device-level error recovery shall be performed (see 11.3.2.2).

7.3.2.4 Channel N_Port Login

7.3.2{4.1 Channel N_Port Login Overview

[oN

Afterjthe N_Port of a channel (including a channel providing CTC connection) has completed Fabric login an
secufity attribute determination, or if the attempted Fabric login has revealed that the N_Port of the channel
directly attached to another N_Port, the N_Port of the channel shall perform N_Port login. Whenlperformin
N_Part login, Class 2 service shall be used, and support for the following features shall be indicated:

Q »n

a) |Classes 2 and 3; and
b) [ continuously increasing relative offset for solicited data information category
7.3.2{4.2 Channel N_Port Login: Point-to-Point Configurations

If the|N_Port of the channel is directly attached to another N_Port, the N_Port of the channel shall perform login
only with the attached N_Port. If no errors occur during N_Port login,«and if support for Class 2, Class 3, and
contipuously increasing relative offset for solicited data information/category is indicated, then the chann
considers N_Port login successful, and further steps in the initialization process shall be performed. If errois
occut, if support for Class 2 and Class 3 is not indicated, or if'support for continuously increasing relative offsgt
for salicited data information category is not indicated, thenithe channel considers N_Port login unsuccessfu|,
and flurther steps in the initialization process shall not be*performed.

7.3.2|4.3 Channel N_Port Login: Fabric Configurations

If the]N_Port of a channel is attached to a Eabric, then after F_Port login and security attribute determinati
are cpmplete, the N_Port of the channel shall initiate N_Port login with the N_Ports of each control unit whi
is copfigured to the channel, with each_channel which supports CTC connection which is configured to th
chanpel, with the management server, and with the Fabric Controller as required in further steps in th
initialjzation process. When an initialization procedure requires communication with an N_Port with which th
N_Part of the channel is not logged in, then the N_Port of the channel shall initiate N_Port login with that N_Po
before performing the procedure. The channel also performs N_Port login with a control unit if it receives
PLOGI ELS from a contralynit.

If no prrors occur during N_Port login, if support for Class 2 and Class 3 is indicated, and (for the case of logi
with @ control unit or with a channel which supports CTC connection) if support for continuously increasin
relatiye offset fon solicited data information category is indicated, then the channel shall consider N_Port logi
successful With respect to the N_Port, and further steps in the initialization process with respect to that N_Poyt
shall|beerformed; otherwise, the channel shall consider N_Port login with that N_Port unsuccessful, an
furthgr‘steps in the initialization process with respect to an N_Port shall not be performed.

7.3.3 Channel Node-ldentifier Acquisition

The channel shall attempt to acquire the neighboring-node identifier and, when the channel supports transport-
mode operation, to acquire the node identifier of the N_Port for each control unit which is configured to the
channel. The neighboring-node identifier refers to the identification of the node directly attached to the channel.

Channel node-identifier acquisition may be performed prior to channel N_Port login.
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7.3.3.1 Channel Neighboring Node ID Acquisition

If the N_Port of a channel, including a channel providing CTC connection, is attached to another N_Port, the
N_Port of the channel shall attempt to acquire the neighboring node identifier by sending an RNID ELS request
to the attached N_Port after it has completed login with that N_Port. If the N_Port of the channel, including a
channel providing CTC connection, is attached to a Fabric, the N_Port of the channel shall attempt to acquire
the neighboring node identifier by sending an RNID ELS command to the Fabric Controller after it has completed
login and security attribute determination.

I, an LS_RJT is received in response to the RNID ELS request to the neighboring node, or if errors occuryhich

revent the N_Port of the channel from sending the RNID ELS request or receiving the requested fnode-
identifier, the channel shall consider node-identifier acquisition of its neighbor unsuccessful (see ‘FC-LSt3 for
formation on LS_RJT).

When the channel is attached to a Fabric, the channel shall continue the initialization procéss even if the atfempt
td acquire the node-identifier of its neighboring node was unsuccessful. The lack of sugcess in acquiring g valid
and current neighboring-node identifier shall not prevent the establishment of logical paths or the execut|on of

ink-level and device-level functions. See 7.3.3.2 for handling of node-id acqguisition failure in a point-totpoint
cpnfiguration.

—

he retry attempt to acquire the neighboring-node-identifier may be deferred for a link error, or an FC-LS-3 busy
I reject indication. When the neighboring-node identifier is received, @channel that checks the node-desdriptor
lags field shall perform the following actions.

= O

a) When the node-ID-validity code is zero, the channel shall establish the received 32-byte node desdriptor
as the node descriptor of its neighbor, and channel‘hode-identifier acquisition is complete.

b) When the node-ID-validity code is not zero, thé.channel shall either:

1) Check the existing node-descriptor _nede-ID-validity code if it had previously established the |node
descriptor of its neighbor and, if valid and not current, maintain the existing 32-byte node desdriptor
with an indication that the node-identifier is not current, or maintain an indication that the [node
descriptor of its neighbor is notvalid, or

2) Not check the existingode-descriptor node-ID-validity code and maintain an indication that the[node
descriptor of its neighbor is not valid.

When the node-ID-validity .code is not zero, the channel shall retry channel node-identifier acquisition yntil a
vhlid node descriptorés,acquired. If there is reason to suspect that subsequent retries may not be successful,
tme node-identification procedure shall be suspended. If the channel has to provide node descriptor$ in a
flinction such as\link-incident reporting prior to acquisition of a valid and current node descriptor, the chpnnel
shall send the nhode descriptor of its neighbor with a node-ID-validity code of 1 or 2, as appropriate.

NOTE 19 When a channel checks the neighbor-node-descriptor flag field and recognizes that the node-ID-validity code
is not\zero, the preferred implementation is to check the existing node-descriptor node-ID-validity code if it had previously
established the node descriptor of its neighbor and, if valid and not current, maintain the existing 32-byte node desgriptor
with an indication that the node-identifier is not current, or maintain an indication that the node descriptor of its neighbor
is not valid.

NOTE 20 — When a condition occurs that affects the validity of the neighboring-node identifier, the channel should
consider the neighboring-node identifier as not current. This requirement applies for all conditions except for powering off
or initial machine loading (IML), in which case, the channel may discard the neighboring-node identifier.
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7.3.3.2 Channel Control Unit Node Id Acquisition

Channel control unit node ID acquisition shall be performed when the channel supports transport mode. When
the channel is attached to a Fabric, the N_Port of the channel shall attempt to acquire the node identifier of each
control unit N_Port which is configured to the channel by sending an RNID ELS request to each of those control
unit N_Ports. In the case of a point-to-point configuration, the RNID ELS request is performed as part of the
acquire-neighboring-node-ID procedure.

The 4ctions taken by the channel when issuing the RNID ELS to a control unit are as follows:

a) | If an error occurs which prevents the channel from sending the RNID ELS request, or if the RNID'ELS s
sent but no response is received or an LS_RJT is received, the channel shall consider nodesidentifigr
acquisition of the control unit unsuccessful. Initiative to issue the RNID ELS to the control unit may
periodically re-established and is re-established when a condition occurs such as @n/RSCN for th
control unit that indicates conditions at the control unit may have changed. The.lack of success i
acquiring a valid and current control unit node identifier shall not prevent the establishment of logic
paths or the execution of link-level and device-level functions.

O
-

If the RNID ELS request to a control unit N_Port completes with an LS\ACC and both the following
conditions are true:

1) the node-ID-validity code is zero in the node descriptor providediin the LS _ACC; and
2) the node descriptor provided in the LS_ACC indicates support for FC-SB-6 process login,

then the channel performs an FC-SB-6 process login prier to establishing logical paths to the control unit
(see 7.3.6).

O

c) |In all other cases, the channel does not perfortm process login with the control unit and attempts f
establish logical paths to the control unit.

7.3.4] Channel State-Change Registration
The ¢hannel state-change-registration procedure enables the N_Port of a control unit or channel supportin

CTC [connection (in a point-to-pointiconfiguration), or the Fabric Controller (in a Fabric configuration) to sen
regisfered-state-change notifications*to the N_Port of a channel (see 6.3.6).

o ©

If theg N_Port of a channelincluding a channel supporting CTC connection, is directly attached to another
N_Paqrt, the N_Port of the €channel shall register for state-change notification by sending the SCR ELS command
to the attached N_Port;-hiowever, if the channel is already registered to receive state-change notifications, |it
need|not re-register,If the channel, including a channel supporting CTC connection, is attached to a Fabric, the
N_Part of the channel shall register for state change notification by sending an SCR ELS command to the Fabric
Controller; howeyer, if the channel is already registered to receive state-change notifications, it need not rg-
register. Foradditional information on the SCR ELS command, see 6.3.7. After accepting the SCR ELP
command, \the Fabric Controller sends an RSCN ELS command to the N_Port of the channel when othgr
N_Pqrts’have potentially changed their states. When an accept response to the SCR ELS command is received,
all IUs containing link-level information which are allowed for a channel may be sent unless link-incident-record
registration is required. If errors occur which prevent the channel from sending the SCR ELS command or
receiving an accept response, then the channel shall not proceed with further steps in the initialization process.

7.3.5 Channel Link-Incident-Record Registration

The channel link-incident-record-registration procedure enables control units which are not emulated control
units and the management server to send RLIR ELS commands to the channel (see 6.3.10 and 6.3.11). The

78

© ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=09225f20ff8bb93b9085672a6bc80a48

ISO/IEC 14165-226:2020(E)

INCITS 544-2018

channel is not required to perform link-incident record registration with other channels providing CTC
connection.

The N_Port of a channel shall perform the link-incident-record-registration procedure by sending the LIRR ELS
command after it has completed the channel state-change registration procedure and before sending any other
ELS command or FC-SB-6 IU. If the N_Port of a channel is directly attached to a control unit which is not an
emulated control unit, the LIRR ELS command shall be sent to the N_Port of the control unit. If the N_Port of
the channel is attached to a Fabric, the LIRR ELS command shall be sent to the management server. In addition
for a Fabric configuration, link-incident-record registration shall be performed with each control unit with_ yhich
tihe channel completes the N_Port login procedure; however, link-incident record registration is not requifed to
performed with other channels providing CTC connection.

I the N_Port of a channel receives an accept response to the LIRR ELS command, the channel shall consider
ink-incident-record registration successful with respect to the N_Port to which the request’was sent, and the
annel shall continue with further steps in the initialization process with respect to that™N_Port. If an LS| RJT
received in response to the LIRR command, or if errors occur which prevent the N« Port of a channel from
sending the LIRR ELS command to an N_Port or receiving an accept response, the channel shall considef link-
imcident-record registration unsuccessful with respect to the N_Port, and gdhe“channel shall continug the
initialization process even though link-incident-record registration with the N.\Port was unsuccessful. Whegn the
annel considers link-incident record registration unsuccessful, it is allowed to register for another type ¢f link
incident record, or for common link-incident records.

.3.6 Process Login

hen the channel supports transport-mode operation, thesN_Port of the channel shall attempt to perfofm an
C-SB-6 process login with each control unit N_Port that'is' configured to the channel that supports FC{SB-6
rocess login as indicated by the node descriptor provided by the control unit (see 6.3.14).

he channel shall initiate the FC-SB-6 process login by sending a PRLI ELS request that specifies the FC-SB-
type code to the control unit. If an LS_ACC response is received for the PRLI, logical path establishmeni (see
.3.7) shall be performed with the control unit; otherwise logical path establishment shall not be performed with
the control unit.

C-SB-6 process login allows the ‘channel and control unit to exchange various operating parameterg (see
.3.14), including whether the channel and control unit support transport-mode operation.

.3.7 Channel Logical-RPath’Establishment

he last initialization(procedure performed at the channel is the establishment of logical paths between the
annel images sharing the N_Port and the control-unit images configured to the channel images. The channel
logical-path-establishment procedure creates, at the channel, the information necessary for a particular chpnnel
age to commiunicate with a particular control-unit image to perform 1/O operations.

he channel shall initiate the establishment of the logical path by sending an ELP IU. If the control unit ig able
to fofm(a logical path between the channel image and control-unit image, it shall respond with the LRE U
imdicating that the request is accepted and the logical path has been established; otherwise, it shall indicatg that
the logical path is not established and the reason why. When the logical path is established, the channel shall
then allow device-level communication on that logical path between the specified channel image and control-
unit image (see 6.4.2).

The channel shall consider the logical path to be established upon receiving an error-free LPE IU from the
control unit. When the channel considers the logical path to be established, the channel shall consider the
initialization process to be complete for the combination of that channel image and control-unitimage. When the
logical path is established, the N_Ports at each end of the physical path, and the device-level facilities
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associated with those N_Ports shall be considered operational and have the capability of performing their
respective functions (see clause 8 for information about IUs containing device-level information).

A logical path shall no longer be usable for the exchange of IUs when either end of the path no longer considers
the logical path to be established. A channel shall consider a logical path to be no longer established when either
of the following events occurs:

a) The channel sends a RLP request to the control unit, and an error-free LPR response is returned (see
6.4.3); or

b) | A channel detects an error for which the recovery action includes removing the logical path (see14.3.2).

When a logical path is not established, the channel shall not perform device-level functions andrprotocols with
respgct to the corresponding control-unit image.

When the channel is initialized, one or more attempts to establish a logical path with each control-unit image i
the channel-path configuration shall be made. The number of times beyond one that the channel attempts t
estalflish the logical path for a control-unit image during initialization is model depehdent.

o S5

A log|cal path may be removed by a control unit because of an FC-SB-6 link failure, a logical path timeout errof,
an FC-SB-6 offline condition, or a condition internal to the control unit; when this'occurs, it may be asynchronous
to the activity of the channel (see 11.3.2). If the control unit is not actively communicating with the channgl
image, the channel may not be immediately aware of the loss of the logical path. When the channel image latg
attenppts to perform a device-level function using the logical path;, abnormal conditions which affect the
initialjzation of the channel are encountered (see 11.2.8).

-

During the initiation of a device-level function for a device ori¢ontrol unit, if the channel determines that a logic
path,|which it considers to exist, is to be removed, then the channel shall consider the device or control unit ngt
operational with respect to the logical path and shall terminate the device-level function on this logical path. Th
chanpel shall also recognize a not-operational condition for all other devices for which an 1/0O operation was
active or disconnected with respect to that logicahpath. All other devices associated with the logical path that is
remojed shall not be affected.

During the initiation of a device-level fung¢tion for a device or control unit, if the channel determines that th
logical path was previously not established, the channel shall attempt, by means of the initialization process,

establish the logical path before performing the device-level function. If the logical path is successful
estalflished, the channel shall proceed to attempt to initiate the device-level function if the device-level functi

is still pending. If the initialization process is terminated during the initiation of the device-level function, th
logicdl path shall remain(net established and the channel shall consider the device or control unit to be n¢t
operational with respectto that logical path.

7.4 [|Initialization'Process for a Control Unit

7.4.11 Control Unit Initialization Overview

For g ¢ontrol unit, the initialization process consists of the following procedures: link initialization, control unjit
login, control unit node-identifier acquisition, control unit state-change registration, process login, If supported,
and control unit logical-path establishment.

7.4.2 Control-Unit Login

The N_Port of a control unit shall attempt to perform control-unit login following the completion of link-
initialization. Control-unit login consists of two steps: F_Port login and N_Port login. For a description of F_Port
and N_Port login protocol, see FC-LS-3.
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7.4.2.1 Control Unit F_Port Login

Except in the case of an emulated control unit in which F_Port login is performed by the channel, the N_Port of
a control unit shall initiate control-unit login by sending an FLOGI ELS command with S_ID=hex’00 00 00’ and
D_ID=hex’FF FF FE’. The command shall be sent using Class 2 service, and support for Class 2 and Class 3
shall be indicated in the service parameters. If the N_Port of the control unit is attached to a Fabric, the response
from the Fabric assigns the N_Port of the control unit an N_Port ID (Annex A, "Fabric Address Assignment”,
describes an address assignment scheme which allows the use of simplified configuration record formats). If an

cept response is received, and if support for sequential delivery and Classes 2 and 3 service is indicatedlthen
the control unit shall proceed with further steps in the initialization procedure. If errors prevent the succegssful
réceipt of an accept response, or if the service parameters of the response do not indicate support for'sequgntial

livery and Classes 2 and 3 service, further steps in the initialization procedure shall not be péerformed.

I{ the N_Port of a control unit receives an FLOGI ELS command before it is able to send an FLOGI| ELS
mmand, or if the response to the FLOGI ELS command indicates that the N_Port @b a control unit |s not
tached to a Fabric, then the control unit shall proceed with N_Port login instead of ExPort login.

~J

.4.2.2 Control Unit N_Port Login
71.4.2.2.1 Control Unit N_Port Login Overview

i~

fter the N_Port of the control unit has logged in with the Fabric, or if(Fabric login has indicated that the N| Port
f the control unit is directly attached to another N_Port, the control unit shall perform N_Port login. \When
erforming N_Port login, Class 2 service shall be used and support for the following features shall be indigated:

holle)

a) Classes 2 and 3; and
b) continuously increasing relative offset for solicited data information category.
71.4.2.2.2 Control Unit N_Port Login: Point-to-Point Configurations

Ifthe N_Port of the control unit is directly.attached to another N_Port, the N_Port of the control unit shall pefform
login with the attached N_Port; however, for the case of an emulated control unit, the N_Port of the chanpel is
e same as the N_Port of the control unit, and N_Port login is not repeated on behalf of the N_Port ¢f the
mulated control unit. If no errors.occur during N_Port login, and if support for Class 2, Class 3, and continuously
imcreasing relative offset for-solicited data information category is indicated, then the control unit congiders
_Port login successful, and-further steps in the initialization process shall be performed. If errors ocgur, if
support for Classes 2 and 3’is not indicated, or if support for continuously increasing relative offset for solicited
ta information categery is not indicated, then control-unit login is regarded as unsuccessful, and further gteps
the initialization process shall not be performed.

.4.2.2.3 Control Unit N_Port Login: Fabric Configurations

I the N SPort of the control unit is attached to a Fabric, then after F_Port login is complete, the N_Port ¢f the
ntrol'unit shall initiate N_Port login with the Fabric Controller as required in further steps in the initialization
rocess (see 7.4.3 and 7.4.4). When an initialization procedure requires communication with an N_Porf with
which the control unit is not logged in, the N_Port of the control unit shall initiate N_Port login with that N_Port
before performing the procedure. The N_Port of a control unit also initiates N_Port login with a channel when
the control unit has received initiative to send a TIN to that channel but the N_Port of the control unit is not logged
in with the N_Port of the channel (see 6.4.7). In all other cases, the control unit performs N_Port login only upon
receiving a PLOGI ELS request.

If no errors occur during N_Port login, if support for both Class 2 and Class 3 is indicated, and (for the case of
login with the N_Port of a channel) if support for continuously increasing relative offset for solicited data
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information category is indicated, then the control unit shall consider N_Port login successful with respect to that
N_Port, and further steps in the initialization process with respect to that N_Port shall be performed; otherwise,
the control unit shall consider login with that N_Port unsuccessful, and further steps in the initialization process
with respect to that N_Port shall not be performed.

7.4.3 Control Unit Node-ldentifier Acquisition

The control unit node-identifier-acquisition procedure provides a means by which the control unit shall acquire
the ngighboring-node identifier. If the N_Port of a control unit is attached to another N_Port, the N_Port of-th
contrpl unit shall attempt to acquire the neighboring node identifier by sending an RNID ELS command.to th
other]N_Port as soon as it has completed login with the other N_Port, except in the case of an emulated control
unit where node-identifier acquisition is performed by the channel. If the N_Port of the control unit(syattach
to a Habric, the N_Port of the control unit shall attempt to acquire the neighboring node identifiercbylsending
RNIO ELS command to the Fabric Controller as soon as it has completed N_Port login with the Eabric Controllef,
except in the case of an emulated control unit, where node-identifier acquisition is performéd by the chann
(see B.3.9 for additional information about the RNID ELS).

When the recipient of the RNID ELS command is able to provide node-identification-data of type FC-SB-6, |it
shall|respond with the node-identifier and a flag indicating the validity of the.node-identifier. The preferre
implgmentation is for the neighboring node to immediately return a valid node-identifier.

[oN

If an LS_RJT is received in response to the RNID ELS, or if errors occunwhich prevent the control unit from
sending the RNID ELS request or receiving a reply containing the requésted node-identifier, the control unit shgll
consider node-identifier acquisition of its neighbor unsuccessful.

The ¢ontrol unit shall continue the initialization process everikif’the attempt to acquire the node-identifier wg
unsucessful. The lack of success in acquiring a valid @nd current node-identifier shall not prevent th
estaljlishment of logical paths or the execution of link-level and device-level functions.

[OIN7)

A control unit that checks the node-descriptor flag_field shall perform the following actions:

[¢]

a) | When the node-ID-validity code is zero; the control unit shall establish the received 32-byte nod
descriptor as the node descriptor of:its’neighbor, and control unit node-identifier acquisition is complete).

b) | When the node-ID-validity code is not zero, the control unit shall either:

1) Check the existing node-descriptor node-ID-validity code if it had previously established the nod
descriptor of its neighbor, and, if valid and not current, maintain the existing 32-byte node descriptq
with an indicationthat the node-identifier is not current, or maintain an indication that the node
descriptor of itsyneighbor is not valid, or

= O

2) Not check.the existing node-descriptor node-ID-validity code and maintain an indication that the node
descfiptor of its neighbor is not valid.

When the node-ID-validity code is not zero, the control unit shall retry control unit node-identifier acquisition unfil
a valid‘node descriptor is acquired. If there is reason to suspect that subsequent retries may not be successtI,
the node-identification procedure shall be suspended. If the control unit has to provide node descriptors in a
function such as link-incident reporting prior to acquisition of a valid and current node descriptor, the control unit
shall send the node descriptor of its neighbor with a node-ID-validity code of 1 or 2, as appropriate.

NOTE 21 — When a control unit checks the node-descriptor flag field and recognizes that the node-ID-validity code is not
zero, the preferred implementation is option b1 above.
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NOTE 22 — When the response to the RNID ELS request contains a value of 2 in the Node-ID-validity field, the control
unit should not resend the RNID ELS request so frequently that the frame exchanges seriously degrade the execution of
other operations on the link.

NOTE 23 — When a condition occurs that affects the validity of the neighboring-node identifier, the control unit should
consider the neighboring-node identifier as not current. This requirement applies for all conditions except for powering off
or initial machine loading (IML), in which case, the control unit may discard the neighboring-node identifier.

NOTE 24 — In a preferred implementation involving a Fabric, the Fabric attempts to acquire the node-identifiers of each
N_Port which has acquired a node-identifier from the Fabric.

.4.4 Control Unit State-Change Registration

he control unit state-change-registration procedure enables the N_Port of a channel (in_a-point-to{point
nfiguration) or a Fabric Controller (in a Fabric configuration) to send registered state changenotificatigns to
the control unit (see 6.3.6).

I the N_Port of a control unit is attached to another N_Port, the N_Port of the control unit shall register for gtate-
ange notification by sending the SCR ELS command to the other N_Port except in the case of an emylated
ntrol unit where state-change registration is performed by the channel, or in the-case in which the contrgl unit
i$ already registered to receive state-change notifications. If the N_Port of the control unit is attached to a Fabric,
the N_Port of the control unit shall register for state-change notifications /by-sending an SCR ELS commgnd to
the Fabric Controller, except in the case of an emulated control unit, where state change registration is dope by
the channel, or in the case in which the control unit is already registered to receive state-change notificafions.
or additional information on the SCR ELS command, see 6.3,7:{After the SCR ELS command is accgpted,
SCN ELS commands are sent to the N_Port of the control unit'‘when other N_Ports have potentially chgnged
their states. When an accept response to the SCR ELS command is received, the control unit shall consider
sfate-change registration successful, and all IUs containirig:link-level information which are allowed for a cpntrol
nit may be sent. If errors occur which prevent the sending the SCR ELS command or receiving an afcept
response, the control unit shall consider state-change registration unsuccessful and shall not proceed with
flirther steps in the initialization process.

4.5 Process login

control unit that supports FC-SB-6process login shall perform FC-SB-6 process login when a PRL| ELS
request with an FC-SB-6 type code\is'received from a channel. The control unit responds to the PRLI refuest
ith an LS_ACC response with FC-SB-6 process login operating parameters (see 6.3.14), including whether it
sjpports transport-mode operations. When any of the operating parameters provided by the control unit quring
rocess login change, the control unit shall send a PRLO to perform explicit process logout (see 6.3.15).

.4.6 Control Unit Logical-Path Establishment

he control unit'shall attempt to establish a logical path when a link-control IU containing a request f¢r the
tablishment 6f a logical path between a specified channel image and control-unit image is received] The
ntrol-unit-logical-path-establishment procedure consists of either accepting or refusing the requested lpgical
th. If the control unit is able to accept the specified logical path, it shall respond with a link-control 1U
ntdining an indication that the request is accepted and the logical path has been established; otherwjse, it
shalbindicate that the logical path is not accepted. When the logical path is established, the control unit| shall
then allow device-level communication on that logical path between the channel image and control-unit image
(see 6.4.2).

The control unit shall consider the logical path to be established upon sending the logical-path-established
response without errors. When the control unit considers the logical path to be established, the control unit shall
consider the initialization process to be complete for the combination of that channel image and that control-unit
image.
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A logical path shall no longer be usable for the exchange of IUs containing device-level information when either
end of the path no longer considers the logical path to be established. A control unit shall consider a logical path
to be no longer established when any of the following events occurs:

a) A remove-logical-path request is received, and an error-free response is returned indicating logical path
removed (see 6.4.3);

b) The control unit detects an error for which the recovery action includes removing the logical path (see
11.2); or

c) | The control unit is powered off.

(2

Whe:r a logical path is not established, the control unit shall not perform device-level functionscand protoco
with ffespect to the logical path.

NOJTE 25 — A logical path may be lost and reestablished without the recognition of an error condition. When a logical paf
is rot established, the equivalent of a system reset occurs with respect to that logical paths This reset without th
recpgnition of an error condition is acceptable only because there is an explicit requirement for all FC-SB-6-1/0O-interfag
deviices to provide reset-event notification (see 9.6). If a logical path is removed, either the’program is aware of the res¢

or the device reports that a reset has occurred. The report occurs only if the logicakpath is reestablished and an I/
opgration is initiated to the device on the logical path.

OS 00>
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8 FC-SB-6 Information Units
8.1 FC-SB-6 Information Unit Overview
This standard is based upon the FC-4 Information Unit construct described in FC-FS-4.
Information associated with the execution of an I/O operation and the operation of a device is

transferred between the channel and control unit as Information Units. FC-SB-6 Information Units
(IUs) contain FC-SB-6 device-level commands, status. data, data descriptor or control information. or

FC-SB-6 link-control information. All FC-SB-6 IUs are sent as FC-4 device-data frames (FC-FSH#
routing control bits set to ‘0000’b).

[oN

This standard makes use of seven of the FC-FS-4 information categories: the unsolicited<comman
IU, the command-status IU, the solicited-data IU, the unsolicited-data 1U, the solicited<control 1U, th
unsolicited-control IU, and the data-descriptor IU.

D

8.2 Rules for Sending FC-SB-6 IUs
8.2.1 Overview of Rules for Sending FC-SB-6 Information Units

This subclause defines the information category a channel or controkunit uses when it sends an F@-
SB-6 U, and the placement of the IU within an exchange. All of the allowed information categories and
placements within an exchange of FC-SB-6 |Us are summarized in table 8 and table 9. When p
particular U is sent, however, its information category andits placement within an exchange may
depend on the conditions under which the IU is sent. For those cases in which such a dependenqgy
exists, rules define the conditions under which an information category is used and the conditions
under which the IU starts or ends an exchange. Rules for IUs which contain device-level functions arne
given following the tables. Rules for IUs which contain link-level information are given in 6.4.
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Table 8 — Characteristics of IlUs Sent by a Channel

FC-FS-4 Information | Sequence
FC-SB-6 IU Type F,M, or L Category Initiative
Command’ F/IM Unsolicited command H
Command-Data’ F/M Unsolicited command H
Transport Command 2 F Unsolicited command |  T/H®
Data' M Solicited data H
Transport Data? M Solicited data )
Control’ F Unsolicited control H
Control’ F /M/ L/FxL Solicited control H
Transport Confirm? L Solicited.control H
Link-Control (request) F Unsolicited control H
Link-Control (response) FxL/L Solicited control H
Key
F: IU opens an exchange but does not close it
M: IU is neither first nor last IU of an exchange
L: IU closes a pre-existing exchange
FxL: IU opens and closes an exchange
H: IU Sequence initiative held or last sequence
T: IU Sequence initiative transferred
Notes

1. Sent only in command mode.
2 _ Sent only in transport mode.
- Sequence initiative is held on write if first-transfer-ready disabled; otherwise initiative is transferred.
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Table 9 — Characteristics of IlUs Sent by a Control Unit

FC-FS-4 Information Sequence
IU Type F,M,orL Category Initiative
Data’ M Solicited data H
Transport Data? M Solicited data H
Transfer Ready? M Data descriptor T
Control' F/M/L/FxL Solicited control H
Status’ F/M/L/FxL Solicited data H
Status’ F Unsolicited data H
Transport Response? M/L Command status T
Link-Control (request)’ F Unsolicited control H
Link-Control (response)’ FxL/L Solicited control H
Key
F: IU opens an exchange but does not close it
M: IU is neither first nor last IU of an exchange
L: IU closes a pre-existing exchange
FxL:  IU opens and closes an exchange
H: IU Sequence initiative held or last:sequence
T IU Sequence initiative transferred-or last sequence
Notes

1. Sent only in command mode.
2. Sent only in transport mode.

8.2.2 Rules for Device-level Functions in Command Mode

a) A channel shall send an IU containing a command or command-data DIB in an unsolicited
command+U as the first or middle sequence of an exchange, depending on whether there is an
exchange already open for that device. The exchange shall be left open.

b) Aistatus DIB shall be sent as an initiation IU unless sent for a specific device when an inbound
exchange already exists for that logical path and device.

c) Status shall be sent as an information category solicited data if sent on an existing exchange ¢r
if sent as an initiation IU in direct response to an initiation IU from the channel. The data I1J

containing the status DIB shall close the inbound exchange unless one of the following
conditions apply:

1) All of the conditions for chaining are satisfied and device-end status is included in the status
DIB;
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2) The status is sent in response to a control 1U;
3) The status is sent as a result of receiving an early end indication; or
4) Supplemental status is included in the status DIB.
Status sent in response to a selective-reset U requesting retry or unit check with the CI bit set

to one shall be regarded as sent in response to the selective-reset IU (a control IU), and the
inbound exchange shall be left open.

d) Status shall be sent as an information category unsolicited data if it is sent as an initiation U
and is not a direct response to an initiation 1U from the channel. The inbound exchange shall be
left open.

e) A control unit shall not send a status DIB for any specific device, on the same logi€al path, on
more than one exchange at the same time.

f) If a channel sends an initiation IU containing a device-level control functiop-or a command to a
device on a logical path and simultaneously a control unit sends an initiation 1U as information
category unsolicited data containing status for the same device on the'same logical path, then
the control unit shall send a response to the initiation U using theexisting inbound exchange
with an IU which contains the same token (see 8.5.5). as the initiation IU from the channel. The
channel shall discard the initiation IU from the control unit and.shall wait for another IU on the
inbound exchange from the same device which contains a-résponse to its initiation 1U.

8.2.3 Rules for Device-level Functions in Transport Mode

a) A channel shall send a transport-command lU'as an unsolicited command IU as the first
sequence of a transport exchange. The exchange shall be left open and sequence initiative for
the transport exchange shall be transferred to the recipient unless the operation is a write
operation and first-transfer ready is disabled is in effect (see 9.3.2.2).

b) For a write operation when first-transfer ready disabled is in effect, the channel may send a
write transport-data IlU immediately following the transport-command IU. The transport-data |U
shall not contain an amount of-data that exceeds the amount of data allowed for a first write-
transport-data IU when fitst-transfer ready disabled is in effect (see 9.3.2.2). The exchange
shall be left open and sequence initiative for the transport exchange shall be transferred to the
recipient.

c) Status shall be-sent in a transport-response IU as information category command status in
response to ‘a‘transport-command IU from the channel. The transport-response U containing
the status)shall close the transport exchange unless confirm completion (see 8.17) is required
for thettransport-response IU. When confirm completion is requested, the exchange shall be
left.0pen and sequence initiative for the transport exchange shall be transferred to the channel.

dY"When a transport exchange is open for a specific device and logical path, the channel may
send an unsolicited transport-command IU as the first sequence of another transport exchange

to the same device and logical path if the new transport-command IU specifies the interrogate
operation (see 9.3.3.2).

e) If a channel sends a transport-command IU to a device on a logical path and simultaneously a
control unit sends an initiation U as information category unsolicited data containing status on
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another exchange for the same device on the same logical path, then the following actions
shall be performed in the order listed by the channel and control unit:

1) The channel shall respond to the initiation IU from the control unit with a stack status control
IU on a new outbound exchange;

2) If the transport-command IU is for a write operation and first-transfer-ready is disabled, the
channel shall send a transport-data 1U to the control unit;

3) At this point, sequence initiative for the transport exchange is held by control unit and thie
channel waits for an IU from the CU sent in response to the command 1U; and

4) The control unit shall respond to the stack status control IlU with a DACK control’JU on th
existing inbound exchange and then shall either perform the transport operation specifie]
by the transport-command IU from the channel or presents the stacked‘status with bugy
status in the transport-response IU on the transport exchange.

QD

8.3 FC-SB-6 IU Structures

FC-SB-6 IUs used to perform operations in command mode use a uniform IU structure as shown i
figure 16 and described in the following sections. The format of EC=SB-6 |Us used to perform I/
operations in transport mode are shown in figure 17 and described‘in the following sections.

U5

Command mode FC-SB-6 |Us all contain an 8-byte FC-SB-~6 header followed by an 8-byte IU headef.
Immediately following the IU header is a field referred tod@s'the device-information block (DIB). A DIB
shall contain a minimum of 16 bytes consisting of a;12 byte DIB header followed by four bytes
longitudinal-redundancy check (LRC - see 8.6.3). Faor'certain DIB types, a variable length DIB da
field may immediately follow the LRC. The maximum length of the DIB data field shall be 8160 bytes.
Six different DIB types are defined; they are: thé data DIB, command DIB, status DIB, control DI
command-data DIB, and link control DIB, Fhe type and structure of the DIB is determined by bits i
the information unit identifier (IUI) field of.the IU header (see 8.5.2).

There are five types of FC-SB-6 1Us defined for transport-mode operations: transport-comman

command and transport-response |Us contain the 8-byte FC-SB-6 header; the transport-data 1U, th
transfer-ready IU and the_ttansport-confirm IU do not contain an FC-SB-6 header and rely on the ful
qualified exchange identifier (FQXID) associated with the transport exchange to identify the logic
path and device. The FQXID is provided in the FC-FS-4 header and is composed of the source poft
identifier, the destination port identifier, the OX_ID field value, and the RX_ID field value (see FC-F$-
4).
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FC-SB-6 general IU payload structure for command-mode IUs

FC-SB-6 U DIB LRC DIB Data
Header | Header Header
(8) (8) (12) 4) (0-8160)
FC-SB-6 unsolicited command 1J with command DIB
FC-SB-6 U Command | LRC
Header | Header Header
(8) (8) (12) 4)
FC-SB-6 unsolicited command |U with command-data DIB
FC-SB-6 U Command | LRC Data Pad CRC
Header | Header Header
(8) (8) (12) 4) (0-8160) (0-3) (0/4)
FC-SB-6 solicited data IU with data DIB
FC-SB-6 U Data LRC Data Pad CRC
Header | Header Header
(8) (8) (12) 4) (0=8160) (0-3) (0/4)
FC-SB-6 solicited/unsolicited data IU with status\DIB
FC-SB-6 U Status LRC Supplemental Status Pad CRC
Header | Header Header
(8) (8) (12) @) (0-32) (0-3)  (0/4)
FC-SB-6 solicited/unsolicited control IU with control DIB
FC-SB-6 U Control LRC Control Payload Pad CRC
Header | Header Header
(8) (8) (12) 4) (0-256) (0-3)  (0/4)
FC-SB-6 solicited/unsolicited control IU with link control DIB
FC-SB-6 U Link LRC Link Payload Pad CRC
Header' | Header Header
(8) (8) (12) (4) (0-8156) (0-3) (0/4)

" . P .
| Legernd. see 10110wINg page.

Figure 16— IU Payload Structures for Command-Mode IUs
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FC-SB- | Transport Transport Transport Command Area (TCA) LRC | DL
6 Cmd Cmd Area
Header Header Header
(TCH) (TCAH)
(8) (4) (16) (8-240) “4) @)
FC-SB-6 transport-data U (read transfer)
Data Final |Fina
Pad~{CR(
(0=3Y (0/4
total length = 0 - (4 gigabytes minus 41)
FC-SB-6 transport-data 1U (write transfer)
CRCor [COB|COB| TCA TCA | TCA Data Inter- | Inter- Data Final [Fing)
Extende | or | or |Extension| X X mediat | mediat Pad [CR(
d CRC |eCO |eCO 3 Pad |CRC e PAD* e CRC?
Offset B B
Block? |Pad |CRC
(0-N) (0/4) (0/4) (0-N) (0/4) (0/4) (0<3)~ (0/4) (0-3) (0/4
total length = 0 - (4 gigabytes-minus 4")
FC-SB-6 transport-response U
FC-SB-6 Status LRC Extended Status LRC
Header
(8) (20) 4) (0/(32-64) (0/4)
FC-SB-6 transfer-ready U
Relative Offset Maximum Burst Length Reserved
(4) (4) (4)
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FC-SB-6 transport-confirm IU - no payload

null

(©)

Legend:
(x-y) - number of bytes in field may range from x bytes to y bytes.
(x/y) - number of bytes in field is either x bytes or y bytes.

Notes:

See 9.3.2 for restrictions on the data byte count for read and write transfers.

T See 8.13.5.2.1.2 for a description of when the CRC Offset Block (COB) or extended CRC Offset
Block (eCOB) fields are provided.

See 8.13.5.2.1.3 for a description of when the TCA Extension (TCAX) fields are provided,
Multiple intermediate pad and CRC words may be provided in write transport-data IUs;during an
operation that performs write data transfer. For an operation that performs read data transfer, a
single CRC word is provided for read data transferred in all read transport-data |1Us.

4

Figure 17 — IU Payload Structures for Transport-ModedUs
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8.4 FC-SB-6 Header

8.4.1 FC-SB-6 Header Overview

An FC-SB-6 header shall be provided in all command-mode FC-SB-6 IUs and in the transport-
command and transport-response |Us. An FC-SB-6 header is not provided in the transport-data,
transfer-ready and transport-confirm 1Us. Although the transport-response IU contains an FC-SB-6
header, the contents of the header are not used to identify the operation. In transport mode, the FQXID
(see 4.7.4) in the transport-command U that initiates a transport exchange is used to identify all other

IUs for the exchange.
8.4.2 FC-SB-6 Header Format

The FC-SB-6 header provides FC-4 addressing information to identify the logical path and’the device
for the exchange. figure 18 shows the FC-SB-6 header format.

0 Reserved/x’FE’ CH Image ID Reserved CU\mage ID
1 Device Address Reserved/Maodel-Dependent
0 8 16 24

Figure 18 — FC-SB-6 Header

Bits 16-23 of word 0 shall be reserved. Bits 0-7 of word 0_and bits 16-31 of word 1 shall be reserved
in all command-mode IUs. In transport-command and transport-response |Us, bits 0-7 of word 0 shdll
be set to hex’FE’. In transport-command IUs, bits 16-3%.0of word 1 shall be set to a model dependent
value; in transport-response |Us, bits 16-31 of word’1 shall be set to bits 16-31 of word 1 of the
command IU for which the response IU is being sent.

8.4.3 Channel Image ID

Bits 8-15 of word 0 contain the 8-bit ID ©f the channel image. For all IUs except a control U containing
a link-control DIB, the channel image ID specified shall correspond to a logical path previous
initialized by the establish-logical*path procedure; otherwise a logical-path-not-established error shdl
be recognized. For a link-contrel'DIB, the channel-image ID shall be meaningful for the following lin
control functions: establish<logical path (ELP), logical-path established (LPE), remove-logical paill
(RLP), logical-path remoyved (LPR), test-initialization (TIN), test-initialization result (TIR), link-lev

reject (LRJ), and linkélevel busy (LBY). For the LACK link-control function the channel-image ID shdll
be set to zero by the sender and ignored by the recipient.

=<<

8.4.4 Control-Unit Image ID

Bits 24533 of word 0 contain the 8-bit ID of the control-unit image. For all IlUs except a control I
containing a link-control DIB, the control-unit image ID specified shall correspond to a logical pa
previously initialized by the establish-logical-path procedure; otherwise a logical-path-not-establish
error shall be recognized. For a link-control DIB, the control-unit image ID shall be meaningful only fgr
the following link-control functions: establish-logical path (ELP), logical-path established (LPE),

remove-logical path (RLP), logical-path removed (LPR), test initialization (TIN), test initialization result
(TIR), link-level reject (LRJ), and link-level busy (LBY). For the LACK link-control function the control-
unit image ID shall be set to zero by the sender and ignored by the recipient.
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8.4.5 Device Address

When the AS bit in the IU header of a command-mode U is set to one, and for all transport-command
and transport-response IUs, bits 0-15 of word 1 shall contain the address of the device for the
exchange. The device address specified shall correspond to a device configured to the control-unit
image specified by the control-unit image ID; otherwise, an address exception condition shall be
recognized by the control unit.

Bits 0-7 of the device address shall be set to zeros by the source of an IU. In command mode, if bits

7 of the device address are not set to zeros when the AS bit is set to one, a device-level protocol

rror shall be recognized. When the AS bit is set to zero, the 16-bit device-address field shall be set

td zero by the sender of the IU and is ignored by the recipient of the 1U. In transport mode, if bits -7
the device address are not set to zeros, a device-level protocol error shall be recognized.

nly one device address shall be used during a single connection. Once a device addressshas been
identified for a connection, the use of a different device address during this same conneéction shall
result in a device-level protocol error being recognized.

Ifa control unit receives either a command-mode U with the AS bit set to one of a'tfransport-command
IU with a device address of a not-ready device, it shall either perform the specified function and provide
the appropriate response, if any, or, when the specified function requires;a ready device, generate
nit-check status; the sense data associated with the unit check shall indiCate intervention required. If
control unit receives an IU with the AS bit set to one or a transport.command or status 1U with and
the device address of an uninstalled device, it shall generate either@an address-exception condition or,
ptionally, unit-check status (see 8.11.2.10).

(@)

Tlhe manner in which device addresses are assigned is maodel dependent.
8.5 IU Header

8.5.1 IU Header Format

—

he information unit (IU) header is provided in all command-mode IUs and immediately follows the
C-SB-6 header and precedes the DiB:header. The IU header, shown in figure 19, provides FC-SB-
control flags and necessary information in order to associate an IU to a specific CCW.

[e)Mmn|

0 Ul DH Flags CCW Number
1 Reserved Token
0 16 31

Figure 19 — IU Header

—

he IU.header consists of five fields, the information-unit identifier (IUI) field, device header (DH) flags
field/*CCW number field, a reserved field, and the token field. Byte 0 of word 1 shall be reserved and
etio zero by the sender and ignored by the recipient.

wn
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8.5.2 Information-Unit Identifier
8.5.2.1 Information-Unit Identifier Format
Byte 0 of word 0 of the IU header is the information-unit identifier (IUl). The IU type and the functions

that affect field formats and interpretation are identified by bits in the 1UIl, which have the format shown
in figure 20.

(=]
(=]
(=]

AS—ES—3—1—TF2———H

0 1 2 3 4 5 6 7

Figure 20 — IU Identifier

Bits 0-2 of the IUI shall be reserved and are set to zeros by the sender for all IU typesyand ignored by
the recipient.

8.5.2.2 Address Specific (AS)
The AS bit, bit 3 of the IUIl, when set to one, shall indicate that the 1U-~is ‘associated with the specific

device identified by the device-address field of the FC-SB-6 headet-When the AS bit is set to zerg,
the IU shall not be associated with a specific device, and the device address shall not be used.

For a data IU containing a data DIB or command 1U, the AS-bit.shall be set to one; otherwise, a devics
level protocol error shall be detected.

-

For a data IU containing a status DIB, the AS bit may be set to either one or zero, depending o
whether the status is associated with the device er:the control unit (see table 20).

For a control IU, the AS bit may be either one or zero, depending on the particular control function (se
8.11, table 20, and 6.4).

[¢]

8.5.2.3 Supplemental Status (ES)

The ES bit, bit 4 of the IUl, may‘be set to either one or zero. The meaning of the bit when set to one
depends on the IU type.

For a data IU containinga data DIB or a command IU the ES bit shall be set to zero by the sender and
ignored by the recipient.

For a data IU-containing a status DIB, the ES bit may be set to either one or zero. If the ES bit is s¢t
to one, supplemental status, sometimes referred to as extended status, shall be present in the
supplemental status field. If the ES bit is set to zero, the length of the supplemental status field shdll
be zéro. The ES bit may be set to one only when the status DIB contains unit check status.

For a control U specifying the status-accepted function, the ES bit may be set to either one or zero. |If
the ES bit is set to one, the channel shall be indicating that it has accepted the supplemental statys

that was presented along with the status byte. If the ES bit is set to zero in a status-accepted IU that
is sent in response to a status DIB with the ES bit set to a one, it shall indicate that the status has been
accepted, but the supplemental status has not been accepted (see 9.2.3.2). The ES bit shall be set to
one in a status-accepted IU only in direct response to status with the ES bit set to one. For all other
control functions, the ES bit shall be set to zero by the sender and ignored by the recipient.
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8.5.2.4 DIB Type (T3,T2,T1)

Bits 5-7 of the |UI define the type of DIB contained in the IU. The DIB type also determines the format
of the DIB. Table 10 summarizes the setting of the T3-T1 bits.

Table 10 — DIB-Type Settings

T3 | T2 | T DIB Type DIB Format

0 0 Q [Data Data

0| 0| 1 |Command Command Header

0 1 0 Status Flags, Status, Count, Supplemental
Status

0| 1 1 |Control Control Function and Parameters

1] 0 | 0 |Command- Command Header and Data

data

1 0 1 |Link Control Link-control Funetions

1 1 0 |Reserved

1 1 1 |Reserved

A data DIB shall be sent only in a data IU and shall be-réceived by either the channel or control unit.

b~

command DIB shall be sent only in a command:lU and shall only be received by a control unit. If a
hannel receives a command DIB, a device-level protocol error shall be detected.

Q

b~

command-data DIB shall be sent only\ih.a command IU and shall only be received by a control unit
fa channel receives a command-data DIB, a device-level protocol error shall be detected.

b~

status DIB shall be sent only ih.a‘data IU and shall only be received by the channel. If a control unit
pceives a status DIB, a device:level protocol error shall be detected.

—

b~

control DIB shall be sent-only in a control IU and shall be received by the channel or control unit.

b~

link-control DIB.shall be sent only in a control IlU and shall be received by the channel or control unit.
8.5.3 Device-Header Flags

8.5.3.1._Format of Device-Header Flags

Hyté)1 of word 0 of the IU header is the device-header flags (DHF) field. The device-header flag bits

are used individually or collectively to invoke certain FC-SB-6 protocols to control the execution of an
I/O operation.

The format of the device-header flags field and the description of each of its flag bits follow. Bits 1,2,6,
and 7 of the device-header flag field shall be reserved and are set to zeros by the sender and ignored
by the recipient. The format of the device-header flags field is shown in figure 21.
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E 0 0 |CH| EE|CNP 0 0
1 2 3 4 5 6 7

Figure 21 — Device-Header Flags

8.5.3.2 End (E)

that the data sent exactly satisfies the CCW count and that the CRC field is present in the DIB. Als®,
the E bit, when set to one for a status DIB, shall be used to indicate that the quantity of data sent by
the channel with an early end indication exactly satisfied the record length (see 8.5.3.4). The-CCYV
number and token in the IU header, collectively and in a model dependent manner, identify the CCW
to which the E bit applies.

For a data DIB, the E bit may be set to either one or zero. If the E bit is set to onejthe CRC field sh4l
be present in the data DIB and the total quantity of data sent for the CCW shall exactly satisfy the CCV
count. If the E bit is set to zero, and the data sent for the CCW does not exaetly satisfy the CCW count,
the presence of the CRC field shall be determined by the EE bit.

<

For a command-data DIB, the E bit may be set to either one or zeraZlf'the E bit is set to one, the CR
field shall be present in the command-data DIB and the data in ¢the 1U exactly shall satisfy the CCV
count. If the E-bit is set to zero, and the data in the command-‘data DIB does not exactly satisfy th
CCW count, the presence of the CRC field shall be determinéd by the EE bit.

o < ()

If the DIB type being sent is a command DIB for a write.operation and the CCW count is zero, the
bit shall be set to one. If the DIB type being sent is a‘command DIB for a read operation, the E bit shg
be set to zero.

For a status DIB, the E bit may be set to one-or zero. The E bit shall be set to one for a status DIB t
indicate that for a write operation with an“early end indication, the data received from the chann¢
exactly satisfied the record length; otheépwise, the E bit shall be set to zero.

L-ANe)

=y

For a control DIB, the E bit shall.be set to zero by the sender and ignored by the recipient (see 8.1
and table 20).

=~

For a link-control DIB, the E-bit may be set to one or zero. The E bit shall be set to one when a lin
payload including the CRC field is present.

The presence ofthe CRC field does not mean that a valid CRC is provided. The CNP bit shall be
checked to determine if a valid CRC is provided in the CRC field.

8.5.3.3{€haining (CH)

The.CH bit, bit 3, when set to one, is used by the channel to signal its intention to chain or to confirfn
that chaining is continuing.

For a data 1U, the CH bit shall be set to zero by the sender and is ignored by the recipient.
Fora command IU, the CH bit may be set to either one or zero. If the CH bit is set to one, the command
IU shall be a command update as a result of either command chaining or data chaining and the DIB

shall contain information from the current CCW. Whether the command update is for data chaining or
command chaining shall be indicated by the DU bit in the command flag field. If the CH bit is set to
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zero, the command IU shall not be a command update. The CH bit shall be set to zero in a command
IU initiating the channel program; otherwise, a device-level protocol error shall be detected. The CH
bit shall be set to one in all remaining command |Us received during the execution of the channel
program; otherwise, a device-level protocol error shall be detected.

For a control IU from the channel, the CH bit may be set to one only when the status-accepted function
is indicated either during command chaining and the status does not include device end or when the
status represents a retry request for an 1/0 operation and the status does not include device end. The
CH bit shall be set to one by the channel when chaining is still indicated for the 1/O operation and set
td zero when chaining is not or no longer indicated for the I/O operation or when a retry request is not
cepted. For all control IUs specifying other than the status accepted function, the CH bit shall be set
to zero by the sender and ignored by the recipient.

.5.3.4 Early End (EE)

he EE bit, bit 4, when set to one for either the control-end function in a control DIB, ardata DIB, or a
mmand-data DIB shall be used to indicate that the quantity of data sent for the CCW indicated by
the CCW number is less than the CCW count specified for that CCW and fer the data DIB and
mmand-data DIB, the CRC field is present (see 8.11.2.3). If the EE bit is seito"zero, an early end
ndition is not being indicated and the presence of the CRC field shall be determined by the E bit.

hen, for a write operation, the channel is able to send some, but nat all; of the data specified for a
CW, the EE bit shall be set to one for either the command-data DIB‘or data DIB containing the CRC
ield. The CRC field may be present either in the same DIB containing data or in a data DIB containing
data immediately following the IU containing the last data bytes. If, for a CCW with a nonzero CCW
unt, the channel is unable to send any data, the EE bit shall be set to one for a command-data DIB
hich contains the CRC field. The CRC value sent shall be'the initialized value of the CRC generator.
ee 8.6.5 for additional information.

hen during data chaining the channel is unable;to obtain the next CCW and perform the command
pdate, the EE bit shall be set to one in a control*end IU in order to indicate that an early end condition
as detected and the channel is unable to,send or receive any more data for the current command.

hen, for a read operation, the contrelunit is able to send some, but not all, of the data specified for
CCW, the EE bit shall be set to one.in the data DIB containing the CRC field. The CRC field may be
resent either in the same DIB:\containing data or in a data DIB containing no data immediately
llowing the IU containing theJast data bytes.

98

© ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=09225f20ff8bb93b9085672a6bc80a48

ISO/IEC 14165-226:2020(E)

Table 11 summarizes the use of the EE bit for CCWs with a nonzero CCW count:

Table 11 — EE-bit Table

INCITS 544-2018

Number of CRC
Conditions Sent by | Bytes Sent DIB Type | EE | Field
All write CCWs. CH <CCwW Command- | 1 Yes
Some data sent Count data or data
All write CCWs CH 0 Bytes Command- | 1 Yes
No data sent data
Data chain CCW - Read or write CH 0 Bytes Control 1 No
No command update sent
All read CCWs Cu <CCW Data 1 Yes
Some data sent Count

When an early end indication is received by a control unit, status shalkbe returned at the completio
of the operation for which the early end indication was sent.

o

When the Early End condition is recognized, the control unit shall disregard detection of an incorrect
length condition, if any, and shall depend on the channel to-niake the decision to continue chaining ¢
not (see 8.7.2.3).

=

For a status DIB in a data IU and control IU specifying a control function other than the control-end
function, the EE bit shall be set to zero by the sendér and ignored by the recipient.

The EE bit and the E bit shall never be both-set to one in the same IU and if both are found set to one
in an U for which both are meaningful, a.device-level protocol error shall be recognized.

8.5.3.5 CRC Not Provided (CNP)

The CNP bit, bit 5, when set torone for a data, command-data, status, control, or link-control DIB shdl
indicate that the value contained in the CRC field is not valid, and that CRC checking for the da
associated with the CRCyfield should not be performed. The CNP bit shall only have meaning wh
the CRC field is present (see 8.6.5). When the CNP bit is set to zero, the CRC field shall contain
valid value, and if(the receiver provides CRC checking, and the receiver’s calculated value does n
equal the received value, an FC-SB-6 CRC error shall be detected.

—

8.5.4 CCW Number

The.€CCW number, bytes 2 and 3 of word 0, of the IU header contains a model-dependent 16-bit binary
value that is assigned by the channel to the CCW associated with the IU being sent.

A CCW number for a command U initiating an 1/O operation shall not be reused in a subsequent

command IU until the command which initiated the I/O operation is no longer retryable (see 9.5.2). A
CCW number for a command IU sent during data chaining and following a command U initiating an
I/0 operation shall not be reused in a subsequent command IU until the channel has recognized that
the CCW corresponding to this CCW number has been executed. This occurs when a data or control
IU has been received indicating that execution of the channel program has progressed to a CCW
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contained in a subsequently transferred command IU. See 9.2.2.4 for additional information on data
chaining.

The CCW number uniquely identifies a CCW specifying a retryable command or a CCW not specifying
a command sent during data chaining which the channel has not yet recognized as executed.

The value hex’ 0000’ is not a valid CCW number and shall not be used by the channel or control unit
to identify a CCW. This value shall be used in those IUs that do not specify a specific CCW number.
All values other than hex’0000’ shall be valid for assignment by the channel to CCWs executed.

henever a value other than hex’0000’ is present in the CCW number field, a valid token shall also

present in the token field in word 1 (see 8.5.5). If the channel receives an IU with the value
x'0000’ in the CCW number field and that IU is required to have a valid CCW number, a device-level
rotocol error shall be recognized.

control unit shall not check the CCW number.

ommand |Us and data IUs containing a data DIB shall require a valid CCW numbet. The channel
shall include the CCW number from the command IU in all data IUs sent to satisfy the CCW count
specified by the command IU, and the control unit shall include this CCW number-in all data IUs sent
to satisfy the CCW count specified by the command IU.

ome IUs do not pertain to a CCW, and therefore, do not require a valid*\CCW number. For example,
n unsolicited data IU containing a status DIB for asynchronous statlis or a link control request IU.

hen a disconnection occurs as a result of the acceptance of status by the channel, all CCW numbers
signed to CCWs associated with the connection being removed shall become void, and as such
shall be available for re-use by the channel. If the contrél~unit subsequently reconnects to present
sfatus, a CCW number of hex’0000’ shall be used. If a disconnection occurs as a result of an abnormal
ndition and a system reset or selective reset is not performed, the CCW numbers being maintained
the time of disconnection shall be preserved. The CCW numbers shall be preserved at least until
the device-level recovery performed after the disconnection has completed and may remain in effect
terward, depending on the result of the re€overy action.

he channel may indicate in a control:lU the CCW number for which the control function is to be
rformed. If the channel sends a selective reset control IU with the RO bit, RU bit, or RC bit set to
ne, then a valid CCW number shall be required if the request is for a specific command; otherwise,
CCW number of hex’0000’shall be used.

hen the control function specified does not require a valid CCW number to be specified, the value
ex’0000’ shall be 'used (see the individual control function descriptions for CCW number
requirements).

or a statusPIB, a valid CCW number may or may not be required depending on the status being
resentedifthe status DIB is for the presentation of channel-end status during an existing connection,
sfatus in‘response to a command received in a command IU, or stacked or pending status with the
usy‘indication in response to a command IU, the CCW number used shall be the CCW number from
theTcommand IU. If the status DIB is for the presentation of device-end status after a disconnection,

the CCW number used shall be hex’0000’. If the status DIB is sent in direct response to a request-
status IU that is used to retrieve stacked status, the CCW number from the request-status IU shall be
used. If the status DIB is in response to a channel initiated recovery procedure for a specific CCW
number, then the CCW number from the recovery request from the channel shall be used. If a control
unit sends retry status in an unsolicited data IU, the CCW number used shall be the CCW number from
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the command U that is to be retried. For all other cases where a status DIB is sent, a valid CCW
number shall not be required and the value hex’0000’ shall be used.

8.5.5 Token

The token field, bytes 1-3 of word 1, of the IU header shall contain a 24-bit binary value that is provided
by the channel. The value hex’000000’ is not a valid token and shall be used only in those IUs that do
not require a valid token. All other values of the token are valid and may be used by the channel. The
method of determining the token value to be sent in an |U and its use by the channel is mod

dependent.

The token field shall contain a valid token, whenever the IU contains a valid CCW number. If thetoken
field contains a value of all zeros, the CCW number is meaningless, and shall be set to-alhzeros by
the sender and ignored by the receiver. When the token field contains a valid token, the CEW numbegr
field may or may not contain a valid CCW number, depending on other information associated with the
IU.

A control unit shall not check the token.

A valid token shall always be sent in a command IU and data IU containing a data DIB. The control
unit shall include the token from the command IU in all data IUs sentd¢o,satisfy the CCW count specified
by the command IU. If the channel detects that a valid token isinot present when it receives a dafa
DIB, a device-level protocol error shall be recognized.

A valid token shall be sent by the channel in an unsolicited control IU. Examples are: system reset,
cancel, and link control requests, ELP or TIN.

A solicited control IU, sent by a control unit shall ggntain the token from the 1U to which it is being sent
in response. A solicited control IU, sent by a channel shall contain a valid token.

A valid token shall be sent in a solicited data IU containing a status DIB. If the status DIB is for eithgr
the presentation of channel-end status during an existing connection, status in response to
command received in a command IU,.or stacked or pending status with the busy indication in responsge
to a command IU, the token used-shall be the token from the command |U. Examples are: any status
containing channel-end status‘and control unit busy status. If the channel receives a solicited data IV
with a status DIB with a toKen that is not expected, or a token of all zeros, a device-level protocol errgr
shall be recognized.

The invalid token (hex’000000’) shall be sent in an unsolicited data IU containing a status DIB with
asynchronous 'status and in an unsolicited control IU sent by a control unit. Examples arg:
asynchronous’status presentation and the link-control request, TIN.

8.6 Device Information Block (DIB) Structure

8.6:1 DIB Structure Overview

A DIB is provided in all command-mode |Us and consists of a DIB header, LRC, and for some DIB

types a DIB-data field. The DIB type is identified by bits in the IU header. Figure 22 shows the DIB
structure common to all DIB types.
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DIB LRC DIB Data
Header
(12) (4) 0-8160

Figure 22 — Basic DIB Structure

8.6.2 DIB Header

.6.2.1 DIB Header Format

he DIB header is the first 12 bytes of every DIB type and immediately follows the IU header. The
ntents of the DIB header and the DIB data field are determined by the DIB type. Figure 23-shows
the basic DIB header structure common to all DIB types.

0 DIB Type Specific

1 DIB Type Specific

2 Reserved IU Count DIB Data Byte Count
0 7 15 31

Figure 23 — DIB Header Structure

—

he format and contents of the DIB header fields are describéd in other sections in this clause. The
llowing sections describe those fields in a DIB that are comimon to more than one DIB type.

.6.2.2 IU Count

yte 1 of word 2, of each DIB header type shall gontain the IU count. The IU count is an 8-bit binary
umber that shall be included in every IU sent.during an open exchange.

he IU count value shall be initialized to!hex’00’ when an exchange is opened and the first IU sent.
he value of zero shall be inserted in:the IU count field of the DIB header for the sequence sent to
pen an exchange. After each IU is'sent on a given exchange, the IU count shall be advanced by one
nd the new value included in the.|U count field of the next IU sent. When the IU count reaches hex’FF’
nd additional sequences areto be sent, the IU count shall be permitted to wrap and the next value
ed is hex’00’.

hen an exchange is-closed, there is no further need for an IU count parameter to be maintained by
the channel or control unit for that exchange.

I an IU is received with an IU count value that is not one greater than the IU count value received in
the previous)IU received for a given exchange, or, if the previous IU count was hex’FF’ and the next
count'received is not hex'00’, an IU count error shall be recognized and the IU shall be discarded.
I an“iU'is received that opens an exchange, it shall have an IU count value of zero, otherwise an U
unt error shall be recognized and the IU shall be discarded. When an U is discarded because of an

IU count error, the recovery performed depends on the operation or function being performed. In some
cases a retry of the operation may be attempted and in other cases the operation or function may be
terminated without retry.
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8.6.2.3 DIB Data Byte Count

Bytes 2 and 3 of word 2, of the DIB header shall contain the DIB data byte count. The DIB data byte
count is a 16 bit binary number that represents the number of bytes of data contained in the DIB-data
field. Pad bytes and CRC shall not be included in the DIB data byte count. For a command DIB, the
DIB data byte count shall be set to zero by the channel, and ignored by the control unit.

For a status DIB, the DIB data byte count shall be valid only when the ES status flag bit is set to one.
When the ES bit is set to one, the DIB data byte count shall represent the number of bytes of

supplemental status in the DIB data field. When the ES bit is set to zero, the DIB data byte count shgl
be ignored.

For a link control DIB, the DIB data byte count shall be valid only when the TIR link-contrelfunction
indicated. The DIB data byte count shall represent the number of bytes of link payload in the DIB dat
field.

[V

For a control DIB, the DIB data byte count field shall be valid only when the\Purge-Path-Respons
function is sent in response to a Purge Path request with a non-zero error code, and error-cod
transfer is supported.

[ON¢)

8.6.3 Longitudinal-Redundancy-Check Field

The longitudinal-redundancy-check (LRC) field shall contain’a 32-bit redundancy-check codsg
immediately following the DIB header in bytes 28 to 31 of the\lU (see figure 16). LRC shall be provide
only on the bytes contained in the FC-SB-6 header, IU header, and DIB header.

[T

The sender of an IU shall generate LRC and includé the value calculated in the LRC field of that I{.
The recipient of an IU shall also generate LRC and€ompare the value calculated to the LRC contained
in the 1U. If the value of the LRC contained in the IU equals the value calculated by the recipient,
valid LRC shall be recognized; otherwise;;an invalid LRC shall be recognized. If a valid LRC is
recognized, the contents of the FC-SB-6 header, IU header, and DIB header shall be considered validg;
otherwise, the contents of these hedders shall be considered invalid and an LRC error shall b
recognized.

See Annex C for a description‘of the procedure and an example of the LRC calculation.
8.6.4 DIB Data Field

8.6.4.1 DIB Data(Field Format

The DIB Datafield, if present, is a variable length field which contains either data, data and pad bytes,
data and,a'CRC field, data and pad bytes and a CRC field, or just a CRC field. The quantity of da
contained-in the DIB data field shall be indicated in the DIB data byte count field of the DIB header.
commmand DIB and a control DIB shall always be sent with a DIB data field of zero bytes. The maximu
number of bytes that shall be sent in the DIB data field shall be 8160 bytes. The format of the DIB da
field is shown in figure 24.

DIB Data Pad | CRC
Figure 24 — DIB Data Field

When the data field contains the maximum of 8160 bytes of data, the pad field and CRC field shall
both contain 0 bytes. When the CRC field is present in the DIB, the maximum number of bytes in the
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DIB data field and pad shall be 8156. All DIB data fields sent for a CCW shall contain 8160 bytes with

the possible exception of the last data DIB sent for the CCW. See 8.8 and 8.9 for additional
information.

8.6.4.2 Pad

Pad bytes, if present, are contained in the last word of the data field and shall be used to pad the data
field to the next word boundary.

or a command-data DIB or a data DIB, pad bytes shall be present only in the last IU containing data
that is sent for a CCW and then only when boundary alignment is necessary. For a command U with
command-data DIB, pad bytes shall be present only if all of the data to be sent for the current CC\¥
i$ included and word alignment is necessary. For a status DIB with supplemental status, a contrel'DIB
ith a control payload, and a link-control DIB with a link payload, pad bytes shall be present only if
ord alignment is necessary.

he value used for a pad byte is model dependent.

ad bytes, if present, shall be included in the generation of CRC but shall notdbe included in the byte
unt for the DIB-data field.

.6.5 Cyclic-Redundancy-Check Field

hen CRC generation is provided by the sender, the cyclic-redtéindancy-check (CRC) field, when
resent in an IU, shall contain a word-aligned 32-bit redundancy-check code, and the CNP bit shall be
set to a zero. When CRC is not provided, the word-aligned CRC field shall contain a model-dependent
lue, and the CNP bit shall be set to a one. The requiréments for the presence and location of the
RC field shall be the same, independent of whether €RC generation is provided or not.

he CRC field may be present in a command-data DIB, data DIB, status DIB, control DIB, and link
ntrol DIB. For a command-data DIB and a data DIB, the CRC field shall be present only when either
the E bit or the EE bit in the device-header flags field is set to one. For a status DIB, the CRC field shall
present only when the supplemental status (ES) bit is set to one. For a control DIB, the CRC field
shall be present only if a control paylead’is included. For a link control DIB containing a link payload,
the CRC field shall be present and the E bit is set to one.

RC shall be generated on data, supplemental status, control, and link payloads that are sent in the
IB-data field of an IU. When data is sent, CRC shall be generated on the data associated with a
CW. If more than one(CCW is used to transfer the data associated with a command (data chaining),
RC shall be generated and sent with the data for each CCW, that is, CRC generation shall not span
the data associated'with more than one CCW. If it is possible to send the data associated with a CCW
one U, thenthe/CRC for that data shall be sent as the last four bytes of the DIB of that IU. If it is not
ssible to send the data associated with a CCW in one IU, then the CRC for that data shall be sent
the last\four bytes of the last data IU required. In some cases it may be necessary to send an U
ith a DIB containing only a DIB header and a CRC, as when either the remaining quantity of data for
CCW'o be sent exceeds 8156 bytes but is less than or equal to 8160 bytes, or an early end condition
curs and CRC is not included with the last data sent for the CCW.

When CRC generation is provided, the sender shall generate CRC on the data sent and insert the
value calculated at the end of the last data DIB. When CRC checking is provided and the CNP bit is
set to zero, the recipient shall generate CRC on the data received and compare the value calculated
to the CRC contained in the IU. If the value of the CRC contained in the IU equals the value calculated
by the recipient, a valid CRC check shall be recognized; otherwise, an FC-SB-6 CRC error shall be
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recognized. If the receiver does not provide CRC checking or the CNP bit is set to one, the contents
of the CRC field shall be ignored.

Whenever some, but not all, of the data from a CCW is used (such as when a cancel is received during
an 1/O operation), and CRC checking is provided, and the CNP bit is set to zero, that data shall be
verified by checking the CRC for the entire CCW.

The processmg of CRC, in terms of generation and checklng shaII follow the equatlons in Annex A of

according to bit transmission order specified in Annex A. The coefficient of the highest order term\¢f
F(x), which is the polynomial representing the DIB data field, shall represent the most-significapt bit ¢f
the DIB data field; lower-order coefficients of the polynomial F(x) correspond to less-significant bits ¢f
the DIB data field in sequential order. The 32-bit CRC shall be the 32 coefficients of the frame chedk
sequence (FCS) polynomial in Annex A, equation (1). The most significant bit of the CRC, 'shall be th
coefficient of the highest order term of the FCS polynomial; sequentially less-significant bits shall
the coefficients of sequentially lower order terms of the FCS polynomial. The CRC-is transmitted
the link in the same bit-transmission order as all other words of the DIB.data field. Additional
information may be found in Appendix B of Fiber Distributed Data Interface - Media Access Contrpl
(FDDI-MAC).

When optional CRC generation initialization is not being used,he’initialized value of the CRC
generator shall be hexX FFFFFFFF’.

When optional CRC generation initialization is being used¢thie initialized value of the CRC generatqr
shall be set to the modulo 232 sum of the four 32-bit addénds shown in figure 25. The most significaft
bit of the initialized value of the CRC generator shall cerrespond to the most significant bit of the su:L
(see Note below). The channel image ID, control-unitimage ID, S_ID, and D_ID are those being used
in the exchange on which the data is sent. For.a.¢command-data DIB, a data DIB, and a status DIB,
the device address is that being used on the exchange on which the data is sent and the CCW numbgq
is that of the command IU for which the data‘is being sent. For a link-control DIB, the device addres
and CCW number fields are set to zero.

w =

0 hex'00’ CH Image ID hex'00’ CU Image ID
1 hex'00’ S_ID
2 D_ID hex'00’
3 Device Address CCW Number
0 15 31

Figure 25 — Addends of the Alternative Initialized Value of the CRC Generator

The.initialized value of the CRC generator shall be represented by the coefficients of the polynomi
“L(x)” in equations (2) and (4), Annex A of FC-FS-4. When optional CRC generation initialization
béing used, the bits of the modulo 232 sum of the quantities in figure 25 shall be used as coefficients
in the polynomial L(x). The most significant bit (bit 0) of the modulo 232 sum corresponds to th
coefficient of X>'; lower order bits of the modulo 2°“sum correspond to lower-order coefficients in the
polynomial L(x), respectively.

NOTE 26 — The preferred implementation is for CRC generation and checking to be provided. This provides
end-to-end protection for data at the FC-4 processing layer. Optional alternative CRC generation initialization
provides a higher level of protection by enabling the recipient of an 1U to detect a larger percentage of possible

105

© ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=09225f20ff8bb93b9085672a6bc80a48

ISO/IEC 14165-226:2020(E)

INCITS 544-2018

errors caused by lost frames and possible errors caused by the association of incorrect header information
with a block of data.

8.7 Command DIB Structure
8.7.1 Command DIB Overview

A command DIB shall be sent only in a command-mode command IU by the channel. It shall be used
o transfer information associated with the current CCW to the control unit. At the beginning of an I/O

—

gperation, a command IU containing a command DIB may be used to initiate an operation with a
device. When data chaining is performed for a read operation, a command |U containing a command
DIB shall be used to update the information held about the current command at the control unit.

m

ach command DIB shall contain a command header and LRC. The structure of the command U
pntaining the command DIB is shown in figure 16.

Q

8.7.2 Command Header
8.7.2.1 Command Header Format

Tlhe command header shall be the first 12 bytes of either a command DIB-ar-command-data DIB. The
command header shall contain both information from the current CCW and information supplied by the
channel necessary for the current command to be executed. The command header describes how
glxecution of the I/O operation being initiated is to be performied and may also specify how a
sjbsequent I/O operation is to be performed.

Tlhe command header has the format shown in figure 26.

0 CCW Command CCW Control Flags CCW Count
1 Reserved 1/O Priority Reserved Command Flags
2 Reserved U Count Data Byte Count

0 7 15 23 31

Figure 26 — Command Header

Bytes 0 and 2 of word 1 and byte 0 of word 2 shall be reserved and set to zero by the channel and
ignored by a control unit.

8.7.2.2 Command-Field
Byte 0 of word-0 of the command header shall contain the command specifying the 1/0 operation to

be executéd)with a device. The basic operations shall be specified by the following commands: read,
read backward, write, control, and sense.

Thelrightmost bit positions shall indicate the type of operation; the leftmost bit positions shall indicate

a modification code which expands the meaning of the basic command that is to be executed. The
modifier codes and the commands executed when they are decoded are model dependent.
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Table 12 lists the basic commands and the bit settings of the command field. See 3.3.3 for a definition

of the bit-numbering convention used in the table.

Table 12 — Contents of the Command Field

Bit Position

Command 0|12 |3|4|5)|6/|7

Reserved MIM|{M{M|]O0|]0]|O0]|O0

Sense MIM|{M{M|O0|1]0]0

Reserved MIM|{M{M|1]0]|0]0

Read Backward MIM|IM{M|1]1]0]0

Write MMM M M|{M| O] 1

Read MM MMM | M1~ 0

Control MMM M M4tM|I1]1

Explanation:

M represents a modifier bit.

When the command is initiating a device operatieny the command field may contain any value that
not reserved. If a reserved command code is received by a device, the device shall respond with uni
check status, and the sense data associated with the unit check shall indicate command reject.

[72]
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There are some commands (particular combinations of eight bits in the command field) which shall be
executed by all devices. Table 13 indicates these required commands.

Table 13 — Required Commands

Command Code
(hex) Function
04 Basic Sense
03 No-operation (no-op)
md Read configuration data
md Read node identifier
E4 Sense ID
md Set interface identifier
Explanation:
md  Model-dependent command code. The command code
may be obtained by using a sense-ID command.

Vhen a command IU is used to update the count and flags.during data chaining (the DU flag of the
pmmand DIB header is set to one), the contents of the command field is unpredictable and shall be
nored by the control unit receiving the command 1U,

Q<

P

ome commands, when executed, do not result in‘the transfer of data but either cause the device to
bspond to the command with status which contains channel end, with or without device end (and
ithout busy status) or cause the device to.chain and start execution of the next command for the case
here all of the conditions for not transferring status are satisfied. When this occurs, the device
peration is referred to as an immediate operation. There are other situations in which an device
peration may result in no data being'transferred (e.g., when a CCW count of zero has been validly
pecified). However, the operation shall not be an immediate operation if the CRR CCW control flag
not set for the command and\the device responds to the command by sending a command response
pntrol IU. Each of the basicjoperations is described in the following section.

L O O < < J (N

Q

>

Pead: A read command shall initiate execution of a device operation that performs device-to-channel
ata transfer. The bytes of data within a block shall be provided in the same order as those received
y the write command.

o Qo

Read Backward: A read-backward command shall initiate execution of a device operation in the
spme manner as the read command, except that bytes of data within a block shall be sent to the
channel in an order which is the reverse of that used in writing. The bits within an 8-bit byte shall be in
he’same order as sent to the device on writing. The control unit may be designed to cause mechanical

—

motion in the device in a direction opposite to that for a read command, or it may be designed to
operate the device as it would for a read command.

Unless otherwise noted, any description that applies to read shall also apply to read backward.
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Write: A write command shall initiate execution of a device operation that performs channel-to-device
data transfer.

Control: A control command shall initiate execution of a device operation that performs channel-to-
device data transfer. The device shall interpret the data as control information.

Sense: The sense command is similar to a read command, except that the data shall be obtained from
sense indicators rather than from a record source.

8.7.2.3 CCW Control Flag Field

D

Byte 1 of word 0 shall contain the CCW control flags. Bits 3 and 5-7 shall be reserved and shall b
ignored by the control unit receiving the command IU. The value to which bits 3 and 5-7Care set
unpredictable. The format of the CCW control flag field shall be as shown in figure 27.

[72]

CD | CC | SLlI CRR
0 1 2 3 4 5 6 7

Figure 27 — CCW Control Flag Field

Chain Data (CD): The CD flag, bit 0, when set to one, shall specify an intent to perform chaining ¢f
data. It shall cause the CCW control flags, CCW count, and cemmand flags designated in the next
command IU in which the DU flag and the CH bit are set to ongés to be used with the current commandl.
When the CD flag is set to one, the CC flag shall be ignored by the control unit (see 9.2.2.4). If
command IU with the DU flag set to one is followed by~a.command IU specifying a command, the C
flag shall be set to zero and the CC flag shall be set‘to’one.

When data chaining occurs, a new set of CCW centrol flags, CCW count, and command flags shall g
into effect for the current command.

It is model dependent whether the confrol unit permits data chaining for a particular command or for
particular device. When the controhunit does not support data chaining or if the command is reject
for another reason, the control unit’shall reject the command in the first command IU of a data chai
(i.e., a command IU with the CD’flag set to one and the DU flag set to zero) with unit-check status. |If
the command is rejected_due to data chaining, unit-check status shall be returned in a solicited da
IU containing a status'DIB sent either in direct response to the command IU or after sending
command response ¢ontrol IU. However, in either case, any data received for the rejected comman
shall be discarded by the control unit. When data chaining is not permitted, the sense data associat
with the unit cheekshall indicate command reject along with a model-dependent indication that the unjit
check occurred)because data chaining is not permitted for the command.

Chain Command (CC): The CC flag, bit 1, when set to one while the CD flag is set to zero, shqll
specify an intent to perform chaining of commands. Upon normal completion of the current I/
operation and after recognition of device end at the device, chaining of commands shall cause th
command code specified in the command header of the next command IU to be initiated.

In the channel or in the control unit, when the CD flag is set to one, the CC flag shall be ignored.

When command-chaining occurs at the channel, the command, CCW control flags, and CCW count
from the current CCW along with the command flags shall be transferred from the channel to the
control unit in a command IU; the CH bit shall be set to one in the device-header-flags field; and the
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DU flag shall be set to zero in the command-flag field of the command header. Other command flag
bits may also be set to one.

In the case where command chaining at the channel is the direct result of having received normal
status containing device end, the CH bit set to one and the DU flag set to zero shall indicate
acceptance of this status by the channel.

When command chaining occurs at the control unit, the command, CCW control flags, CCW count,
and command flags contained in the command header of the next command IU received, with the CH

it set to one and the DU bit set to zero, shall take control.

uppress Length Indication (SLI): The SLI bit, bit 2, shall control whether or not command chairing

i$ to occur on an incorrect-length condition, that is a condition recognized when the CCW count'is)hot

ual to the number of bytes requested or offered by the device. When the SLI bit is set to ong anhd an

imcorrect-length condition exists for the current command, command chaining, if indicated; shall be
rmitted. If the SLI bit is set to zero and an incorrect-length condition exists for a comimand that is
ecuted as a non-immediate operation, command chaining, if indicated, shall not,be‘permitted and

nding status with the residual count and appropriate status flag bits shall be transferred to the
annel. If the SLI bit is set to zero and an incorrect-length condition exists"for an immediate
mmand, command chaining, if indicated, may or may not occur depending-on‘the setting of the COC
mmand flag bit. If the COC command flag bit is set to zero command chaining shall not be permitted

nd ending status with the residual count and appropriate status flag.bits shall be transferred to the
annel (see 8.7.2.6).

ommand Response Request (CRR): The CRR flag, bit 4, when set to one for a command IU, other
than the first command IU of a channel program, shall cause the control unit to indicate that it has
sfarted execution of that command by sending a command-response IU.

he CRR flag shall only have meaning when the CH"bit in the DH_Flags field is set to a one. The
ntrol unit shall ignore the CRR bit in the first\command IU of a channel program, but not in
bsequent command IU’s that are command-ghained or data-chained.

hen a control unit starts execution of.a. command received as a result of command chaining or
mmand retry and for which the CRR\bit is set to one, a command-response U shall be sent to the
annel.

hen both the CRR CCW conirol flag and the REX command flag are set to one, a control unit shall
nd only one command-résponse U, independent of the number of times the command is executed.

he channel shall usé¢-the CRR flag in order to solicit a command response from the control unit when
ing the IU pacing-function (see 9.2.2.5). The conditions under which the channel uses the CRR flag
this manner-and the frequency it is used during the channel program are model dependent. The
annel mayialso periodically set the CRR flag to one in a command IU other than the first command
of a channel program for purposes of tracking the execution of the channel program. For example,

hen the.channel is executing a CCW with the Program-Controlled Interruption (PCI) flag set to a one,

hich.is not the first command of a channel program, it shall set the CRR flag in the command IU.

8.7.2.4 CCW Count Field
Bytes 2 and 3 of word 0 shall contain the byte count specified in the current CCW.

The CCW count field is a 16-bit field that shall indicate the number of bytes to be transferred between
the channel and control unit during execution of the CCW, not including the pad and CRC bytes (see
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8.6.4). The field shall be interpreted as a 16-bit unsigned binary integer. The value in the field may
range from 0 to 65,535.

8.7.2.5 1/O Priority Field

Byte 1 of word 1, shall contain the control-unit I/O priority number. This number shall form an unsigned
binary integer that shall specify the priority level that is applied at the control unit during execution of
a CCW channel program. I/O priority provides a means for specifying an end-to-end priority. The
usage of I/O priority is beyond the scope of FC-SB-6. The 1/O priority value is obtained from the control

unit priority field in the operation-request block (ORB). For additional information regarding the OR
see Annex E.

The specified control-unit I/O priority number may be any value in the range of 1 to 255; andit'shall
contained, unchanged, in byte 1 of word 1 for each command DIB or command-data DIB"Comprisin
the channel program in execution. The control unit shall not check the 1/O priority fieldiin'any comman|
DIB or command-data DIB subsequent to the first command or command-datarDIB of the channél
program. The number 1 shall designate the lowest priority that may be assigned.to the 1/0-operations
at the control unit and the number 255 shall designate the highest priority that may be assigned. Th
number 0 shall mean that no priority is assigned to the associated 1/0 opgrations. The handling of 1/Q-
operations, in this case, shall depend upon the control unit model.

Depending upon the model, fewer than 255 priority levels may:be supported by the control unit i
which case, the control unit shall round the specified priority to-the equivalent level of priority that it
supports. For example, if the control unit supported 127 levels of priority, then a specification of 2
would result in an equivalent priority of 127. Also depending’upon the model, the control unit may n
support the function of I/O priority, in which case, bytext.of word 1 shall be ignored.

NOTE 27 — A control unit should implement a model*dependent fairness algorithm which ensures that n
channel is permanently prevented from accessing'a device because it is setting the 1/O priority to a lower valy
relative to the I/O priority used by another channel.

® O

8.7.2.6 Command-Flag Field

Byte 3 of word 1, shall containnthe command flags. The channel shall use the command flags t
provide the control unit with additional information on how the 1/O operation, specified by the content
of the CCW in the command header, is to be executed.

» O

Bits 0-2 shall be reserved, shall be set to zeros by the channel, and shall be ignored by a control unit.
The format of the Command flag field shall be as in figure 28.

Reserved DU |COC| SYR REX SSS
0 2 3 4 5 6 7

Figure 28 — Command-Flag Field

Data-Chaining Update (DU).: The DU flag, bit 3, when set to one, shall indicate that the CC flag, the

CD flag, and the count sent in this command IU are associated with a new CCW used during data
chaining. The CH bit in the device-header-flags field shall be set to one when the DU flag is set to one.

Continue on Command Immediate (COC): The COC flag, bit 4, when set to one along with the CC
flag also set to one shall indicate that suppression of the incorrect length condition is recognized by
the channel and command chaining to the next command is permitted at the end of execution of a
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command immediate operation. When a command is executed as an immediate operation and the
CCW count for the command is nonzero, an incorrect length condition shall be recognized and
command chaining, if indicated, shall be under control of the COC flag or SLI flag. If the COC flag or
the SLlI flag is set to one, command chaining, if indicated, shall be permitted. If the COC flag and the
SLI flag are both set to zero, command chaining shall not be permitted (see 8.7.2.3).

Synchronize Response (SYR): The SYR flag, bit 5, when set to one, shall indicate to the control unit
that the command IU contains a command being sent in response to status received for the
immediately preceding command. The channel may set the SYR bit to one only when the CH bit is set

t¢ one and the DU bit is set to zero in the command header.

epeat Execute (REX): The REX flag, bit 6, may be set to one only for an output operation and when
the command and all of the data associated with the operation is contained in a single IU. Whén,the
REX flag is set to one, it shall indicate that the channel is requesting the control unit to perform the
tfansfer-in-channel function by repetitively executing the command in the command headér;

Vhen the channel has fetched a CCW containing a command, all of the conditions fer'setting the REX
it to one are satisfied, and the next CCW (the one to which chaining occurs) centains a transfer-in-
hannel command with an address of the previous CCW, it is recommended thatthe channel set the
EX bit to one in the command IU. Transfer-in-channel commands shall not-bge ‘sent to the control unit.

10 O <

<

Vhen the control unit recognizes this indication, re-execution of the\current command shall be
performed until one of the following conditions occur:

a) execution of the command results in status of other than‘channel end and device end alone
being recognized;

b) execution of the command has been performed 128 times; or

c) execution of the command is terminated bysa cancel, selective reset, or system reset.

Tlhe REX flag shall be set to one only when,the CD, DU, and SSS flag bits in the command header are
Il set to zero. If a command IU is received with the REX bit set and any of the CD, DU, or SSS flag
its are set to one, a device-level protocel error shall be recognized.

hen an execution of the command results in status of channel end, device end, and status modifier
lone being recognized, chaining to the next command shall occur at the control unit.

hen re-execution of the'command is performed 128 times without status other than channel end and
vice end alone beihgrecognized, re-execution of the command shall be terminated and the status
récognized for the ‘last execution of the command shall be sent to the channel.

hen execution of the command results in status of other than channel end and device end alone or
annel end,) device end, and status modifier being recognized, re-execution of the command shall be
terminated at the control unit and status shall be sent to the channel (see 8.10).

héen the REX flag is set to zero, re-execution of the command is not requested.

If for certain commands the control unit does not support the repeat execute function, then it may
always reject this command with unit-check status. If for other commands it does support the repeat
execute function, it shall accept and execute the command with the REX bit set to one as required by
the REX bit. If for all commands it does not support the repeat execute function, it may reject all
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commands with the REX bit set to one with unit-check status. Whenever a command is rejected with
unit-check status because the REX bit is set to one, model-dependent sense data shall be provided.

Synchronize Send Status (SSS): The SSSflag, bit 7, when set to one, shall indicate that the channel
has recognized a condition requiring synchronization with 1/0 execution at the control unit and is
requesting that status be generated and presented at the completion of the I/O operation for this
command IU. When the 1/O operation has been concluded at the device, a status DIB containing
device-end status is sent. When channel-end status is not accompanied by device-end status, a status
DIB containing channel-end status is sent, and the control unit subsequently sends a status DIB

containing device-end status when the 1/0O operation has been concluded at the device.

When conditions at the channel require synchronization with execution of a command at the control
unit, the SSS flag bit shall be set to one in the command IU. If data chaining is indicated for th
command, the SSS flag bit shall be set to one in the command IU sent for the last CCW(providing da
chaining.

When a command IU with the SSS flag bit is sent, command chaining at the channel shall b,
temporarily suspended. When chaining is suspended at the channel, execution of the channg¢l
program shall temporarily end with the execution of the last CCW for the{eurrent command, and unfil
initiative to perform command chaining is provided by the receipt,of\status that allows chaining,
command IUs and data IUs shall no longer be sent.

When a control unit completes the execution of a command for‘which the SSS flag is set, status shdl
be generated, and sent to the channel. If a command IU is-réceived with both the SSS flag and RE
flag set to one, a device-level protocol error shall be recégnized.

Pa

8.8 Command-Data DIB Structure

[0

A command-data DIB shall be sent only in a command-mode command IU by the channel. It shall b
used to transfer both information associated:with the current CCW for write commands with a nonzer
CCW count and all, some portion or nehe of the data associated with the command. When da
chaining is performed for a write operation, a command-data DIB shall be used to update th
information held about the current €ommand at the control unit.

O

A command-data DIB shall contain a command header, LRC, and a DIB-data field (see figure 16). Th
format of the command header shall be the same as that of a command DIB. The DIB data field sh4ll
be a maximum of 8160/bytes. If the CCW count for the command is 8156 bytes or less, all of the da
for the command shall be sent along with the CRC field in the DIB-data field. If the CCW count for th
command is greatérithan 8156 bytes, up to the first 8160 bytes shall be sent in the DIB-data field, an
the CRC field and)remaining data, if present, shall be sent in one or more subsequent data IUs. If th
CCW count forthe command is greater than 8156 bytes, and less than 8160 bytes, pad bytes shall
added atthe.end of the command-data DIB, and the CRC field shall be sent in a subsequent data IU.

The.BIB data byte count, bytes 2 and 3 of word 2, of the command header shall specify the number
of.data bytes contained in the DIB-data field (see 8.6.2.3).

8.9 Data DIB Structure

8.9.1 Data DIB Overview

A data DIB shall be sent only in a solicited command-mode data IU by either the channel or control
unit.
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For a write operation, the channel shall use one or more data |Us containing a data DIB to transfer any
remaining portion of data not sent in the command-data DIB. When the quantity of data to be sent for
a write operation exceeds the maximum number of bytes that is allowed to be sent in an IU, the
channel shall send a command IU containing a command-data DIB for the command and the
maximum number of bytes allowed; followed by one or more data IUs until either the quantity of data
specified by the CCW count is satisfied or an early end condition is recognized.

For a read operation, the control unit shall use one or more data |Us containing a data DIB to transfer
to the channel the data for the read command. When the quantity of data to be sent requires more than

ne data IU, the control unit shall send a data IU followed by one or more additional data IUs until one
the following occurs: 1) the quantity of data specified by the CCW count is satisfied, 2) an early end
ndition is recognized, or 3) a condition requiring status to be sent is recognized.

Il data IUs contain the maximum number of bytes, 8160, except the last data IU sent for a CCWWvhich
ay have less than the maximum.

Vhen the data DIB containing the last data byte for the current CCW contains more than 8156 bytes
f data, the CRC field shall not be included in the data DIB and shall be sent in a subsequent data DIB
y itself. The data DIB containing greater than 8156 bytes of CCW data shall haye pad bytes added,
necessary, and the CRC value sent in the subsequent data IU (if generated) shall cover both the
GCW data and the pad bytes. In the last data IU, containing only the 4-byte-CRC field, the byte count
shall be set to zero.

2T 0 <

—

he CCW number and token provided in the IU header of each data IU sent shall be the same as that
rovided in the command IU.

o)

8.9.2 Data Header

Tlhe data header is the first 12 bytes of a data DIB, The data header shall have the format shown in
figure 29.
0 Reserved
1 Reserved
2 Reserved IU Count DIB Data Byte Count
0 7 15 31

Figure 29 — Data Header

Word 0, word 1, and)byte 0 of word 2 shall be reserved and set to zero by the sender and ignored by
the recipient.

.10 Status'DIB

1071 _° Status DIB Processing

A status DIB shall be sent in either a solicited command-mode data IU or unsolicited command-mode
data IU by a control unit. It shall be used to transfer status, with or without supplemental status, to the
channel (see figure 16). A solicited data IU containing a status DIB may be sent in direct response to
a command IU, or to certain initiation IlUs when the request-status, selective-reset, or cancel control
function is specified.
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Additionally, a solicited data IU containing a status DIB may be sent during the data transfer portion of
an exchange.

An unsolicited data U containing a status DIB shall be used to present asynchronous status or any
status that initiates a connection and is not sent in direct response to an U received from the channel.

After sending a data IU containing a status DIB, the control unit shall discard all command IUs with the
SYR flag set to zero and data |Us associated with that device address and logical path, either queued
at the control unit. or received from the channel: discarding continues until a command IU with the SYR

flag set to one is recognized by the control unit for the device and logical path. Acceptance of the status
by the channel may be indicated explicitly when a status-accepted IU is received or may-~occyr
implicitly when a command U with the SYR bit in the command header set to one, is receivéd,

When any of the following conditions exist, status shall be sent to the channel at the compléetion of th
current 1/O operation.

D

a) The SSS command flag bit is set to one.

b) An early end indication is received.

c) The CC flag bit is set to zero.

d) The first command of the channel program is executed,as.an immediate operation.

e) The CC flag bit is set to one and the SLI flag bit is(set'to zero and an incorrect length conditio
is detected for a command that is executed as a-hon-immediate operation.

-

f) The CC flag bit is set to one, both the SLI-flag bit and COC command flag bit are set to zerg,
the CCW count is nonzero, and the command is executed as an immediate operation.

g) The REX bit is set to a zero and status other than channel end (with or without device end)
recognized.

[

h) The REX bit is set to a onexand status other than channel end and device end, or channel endl,
device end and status medifier is recognized.

i) The REX bit is setto one, and the command has been executed 128 times.
j) Status of chiamnel end (without device end) is recognized, and conditions at the control unjit

require adisconnection from the channel to suspend the transferring of command IUs and data
IUs.

If none‘ofithe above conditions exist, status shall not be sent and chaining, if indicated at the contr¢
unit,‘shall be permitted (see Annex D). Additionally, status shall not be sent if during an existing
exchange any previously sent status has not yet been accepted by the channel.

For a status DIB, the AS bit may be set to either zero or one depending on whether the status |s

associated with the control unit or a device. If the status contains one of the following combinations,
the status is associated with the control unit, and the AS bit shall be set to zero.

a) Control Unit Busy. If a control unit receives an IU that initiates an exchange and a busy
condition exists which prevents the acceptance of any FC-SB-6 IU with the exception of a
control IU indicating system reset, then the control unit shall send a solicited data IU with a
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status DIB with only the status-modifier and busy status bits set to ones and the AS bit set to
zero. This status is referred to as control-unit-busy status (see 9.4.10).

b) Control-Unit End Alone. If a control unit does not recognize a stack status sent in response to a
status DIB containing control-unit-busy status, the control unit shall later send a data 1U
containing a status DIB with the control-unit-end status bit set to one. When all other status bits
are set to zeros, the AS bit is set to zero, and the status is referred to as control-unit end alone.

c) Control-Unit End with Busy. When control-unit-end status is pending and the control unit

recognizes a valid command IU that initiates an exchange pair, the control unit may return a
solicited data IU with a status DIB with only the control-unit-end and busy status bits set to ones
and the AS bit set to zero. This status combination is referred to as control-unit end with busy,

d) Control-Unit End with Control Unit Busy. If a control unit receives an IU that initiat€s an
exchange pair and the IU is not a control IU indicating system reset, the control unitimay return
a solicited data IU with a status DIB and with only the status-modifier, control~unit-end, and
busy status bits set to ones, and the AS bit set to zero. This status combination is referred to as
control-unit end with control unit busy. When the channel recognizes this combination of status
bits, shall consider the status to be an indication that the control unit is not busy.

all other cases, the status shall be associated with a device address, and-the AS bit shall be set to
ne; if the AS bit is set to zero with any status combination not listed above, the channel shall detect
device-level protocol error.

data IU with the AS bit set to zero containing a status DIB shall be sent only if the status is one of
the preceding combinations and meets one of the following:conditions.

a) The status is control-unit end alone and is to be,sent in an unsolicited data 1U.

b) The status is in response to a valid requestsstatus IU that initiated a connection, and the status
byte is not control-unit end with busy.

c) The status is in response to a valid.command IU that initiated a connection, and the status is
not control-unit end alone.

d) The status is in response to a valid IU other than a system-reset IU, that initiated a connection,
and the status is control~unit busy.

Tlhe channel shall detecta‘device-level protocol error if a data IU containing a status DIB is received
hat has the AS bit setto zero and does not meet one of the preceding conditions.

—

NOTE 28 — Centrol units and devices should provide interlocks so that status is not lost, hidden, or included
with other statds when the result would cause the program or channel to misinterpret the original meaning and
intent of the status.

NOTE.29 — The protocol prohibits the sending of status except under the conditions listed in order to minimize
the‘performance impacts caused when status is presented.

8.10.2 Status DIB Structure
The format of the data IU for a status DIB is shown in figure 16. A status DIB shall consist of a 12-byte
status header, 4-byte LRC, and when supplemental status is included, from 1 to 32 bytes of sense

data (and, if necessary, pad bytes) and the 4-byte CRC field. When supplemental status is not
included in the status DIB, the status DIB shall consist only of the status header and the 4-byte LRC.
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8.10.3 Status Header
8.10.3.1 Status Header Format

The status header is the first 12 bytes of a status DIB. The status header shall have the format shown
in figure 30:

0 Status Flags Status Status Parameters

1 Queue-Time Parameter Defer-Time Parameter

2 Reserved IU Count Supplemental Status Byte Count
0 7 15 31

Figure 30 — Status Header
Byte 0 of word 2 shall be reserved and set to zero by a control unit and ignored\by the channel.

8.10.3.2 Status-Flags Field

[oN

Byte 0 of word 0 of the status header shall contain the status flags.(The status-flag field shall be use
to provide additional information to the channel concerning theiconditions that were present at th
control unit when status was generated and conditions that pertain to the status DIB. These flags shg
assist the channel in determining how to handle the status/-BIB and what status, if any, to report. Th
status-flag field shall have the format shown in figure 31¢

O =0

FFC Cl |0 CR | LRI | RV
0 1 2 3 4 5 6 7

Figure 31 — Status-Flag Field

Flag-Field Code (FFC): The FFC bits 0-2, is a three-bit encoded field that either in conjunction wit
or independent of the other status-flag bits shall further describe the status information contained i
the status byte, the status-parameter field, and the queueing-information fields. The flag-field cod
assignments shall be:

D S5 5

—

000 No Function. The status byte, status-parameter field, and queueing information fields are ng
affected by(this FFC code.

001 Queueing Information Valid. The queue-time-parameter field contains control-unit queuein
information. This code is set by the control unit and checked by the channel.

Q

010.5_Resetting Event. A resetting-event condition exists for the logical path and the device for whig
unit-check status is being presented. This code shall be permitted only when unit-check statu
is presented for a resetting-event condition and then only as initial status in response to
command |U for the first command of the channel program; if this code is indicated at an

< O »0 S5

other time, the channel shall detect a device-level protocol error (see 9.6).

011-111Reserved.

Channel Initiated (CI): The CI bit, bit 3, when set to one, shall indicate that this solicited data 1U
containing a status DIB is in direct response to a control IU indicating selective reset with either a
request for retry or a request for unit check (see 9.5.3.2 and 9.5.3.3). If the ClI bit is set to zero, this
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data IU containing a status DIB is not in direct response to a control IU indicating selective reset with
a request for retry or a request for unit check.

Reserved: Bit 4 shall be reserved.

Command Retry (CR): The CR bit, bit 5, when set to one, shall be used to request command retry if
the status byte also contains retry status. If the CR bit is set to zero or the status byte does not contain
retry status, command retry is not being requested. The status byte shall contain retry status if it
contains unit check and status modifier together with 1) channel end alone (meaning the control unit

r device is not yet ready to retry the command), or 2) channel end and device end (meaning the
ntrol unit and device are prepared forimmediate command retry). All other status combinations shall
t be considered retry status; if the CR bit is set to one with any other status combination, a device-
le¢vel protocol error shall be detected.

ong Record/Immediate (LRI): The LRI bit, bit 6, when set to one, shall indicate that either a long-
record condition was detected by the control unit or that the status being presented with a residual
unt equal to the CCW count is associated with a command that was executed,as<an immediate
peration.

hen the control unit detects a long-record condition (that is, additional dataswould have been sent to
the channel or written to the device beyond the data provided for the current' command), the LRI and
V bits shall be set to one and the residual count shall be set to zero. When data chaining is not used,
the amount of data provided for the current command is equal to the count provided in the CCW,
cept when early end is signalled. When data chaining is used;-the amount of data provided for the
rrent command is equal to the sum of the counts of all CCWs used for the current command.

hen the control unit executes a command, that is not the\first command of a channel program, as an
mediate operation and the CCW count is greater thafi‘zero, the LRI and RV bits shall be set to one
nd the residual count shall be set to the value of the'€CW count. When the control unit executes the
first command of a channel program as an immediate operation, and the CCW count is greater than
ro, the LRI bit is meaningless, may be set tozero or one, and shall not be checked by the channel.

he LRI bit may be set to one by the control unit only when the channel-end status bit is set to one. If
the channel-end status bit is set to zero-in a status DIB, the control unit shall set the LRI bit to zero,
nd the LRI bit shall be ignored by the channel.

ee table 14 for a summary of\the usage of the LRI bit.

esidual-Count Valid (RV): The RV bit, bit 7, when set to one, shall indicate that the status-
rameter field contains the residual count. For write commands, the residual count is equal to the
ifference betweenrthe CCW count for the write command and the number of bytes actually written to
the device. Fopread commands, the residual count is the difference between the CCW count and the
umber of bytes actually read from the device and transferred to the channel. The RV bit may be set
to one by.the control unit only when the channel-end status bit is set to one. If the channel-end status
it is set'to zero, the control unit shall set the RV bit to zero and the RV bit is ignored by the channel.

hén status is sent in response to the first command of a channel program that is executed as an

immediate operation, the RV bit shall be set to zero.
When status with channel end is sent in response to a command other than the first command of a
channel program that is executed as an immediate operation, the RV bit shall be set to one unless an

abnormal condition exists that precludes calculation or transfer of the residual count, in which case the
RV bit shall be set to zero and unit check shall be indicated in the status byte.
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When the LRI bit is meaningful and set to one, the RV bit shall be set to one (see 8.10.3.2).

When the RV bit is set to zero, both the E and LRI bits shall not be meaningful, and the status-
parameter field shall not contain a residual count (see 8.10.3.4).

Table 14 summarizes the use of the RV and LRI status flags and the channel-end status bit. In addition
to these bits, the E bit in the device-header-flags field shall be set to one if during a write command an
early end condition was indicated and the data sent by the channel is equal to the record length. In all
other cases. the E bit is set to a zero for a status DIB.

Table 14 — LRI and RV Bit Usage

CH
Condition END | LRI RV Status Parameter, Field
CCW count = data read or written 1 0 1 Residua)-Count = 0
CCW count < # bytes in record 1 1 1 (Note 1)
READ Command: 1 0 1 CCW count minus
CCW count > # bytes read and transferred #\bytes read & transferred
WRITE Command: 1 |Note 2|« 1 CCW count minus
CCW count > # bytes written # bytes written
Non-Immediate Command: 1 Note2| 1 CCW Count
CCW count>0 (no data transferred)
Immediate Command (not first) 1 1 1 CCW count
CCW count >0
Immediate Command (first) 1 X 0 IU Pacing parameter
CCW count>0 (Note 3)
Notes:
1. If the channel indicates‘early end, the residual count = CCW count minus # bytes written,
otherwise the status parameter field is set to zero.
2. If the channel indicates early end, the LRI bit is set to one if the CCW count < # bytes in
record, otherwis€ the LRI bit is set to zero.
3. See 8.10.3@ for additional information.
4. X = don't‘eare.
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8.10.3.3 Status Byte

Byte 1 of word 0 shall contain the status byte. The status byte indicates device and control unit status.
The status byte shall have the format shown in table 15. See 3.3.3 for a definition of the bit-numbering
convention used in the table.

Table 15 — Status Byte

Status Bit Position Description
0 Attention
1 Status modifier
2 Control-unit end
3 Busy
4 Channel end
5 Device end
6 Unit check
7 Unit exception

A brief summary of each of these status bits follows.

==

the channel receives a status DIB with the status byte set to zero, a device-level protocol error shall
e detected. The status DIB shall contain a status‘byte with a combination of status bits set to ones
hich is appropriate for the conditions existing*‘when the status is presented. If the combination of
fatus bits is not appropriate for the existing €onditions, the channel may detect a device-level protocol
rror.

O V< O

—

he channel shall indicate acceptance of the status by means of either a status-accepted control 1U,
r, when retry or chaining is performed and the status includes device end, by means of a command
U having the CH bit set to one,

=0

w

ee 8.10 for the situations in which the following status conditions are sent to the channel.

h

ttention: The attention condition shall be generated when some asynchronous condition occurs in
e control unit-or.device. The condition may be accompanied by other status. Attention shall not be
sociated with the initiation, execution, or termination of any 1/O operation.

—

tatus-Modifier: Status modifier shall be generated by the device when the device is not able to
rovide'its current status in response to a status request by the channel subsystem, when the control
nitis busy, when the normal order of commands has to be modified, or when command retry is to be

initiated.
Control-Unit End: Only control units that indicate a control-unit-busy condition shall indicate a
control-unit-end condition. Control-unit-end status shall be returned from the control unit to the channel

after the channel accepts control-unit-busy status from the control unit. Control-unit-end status shall
be returned after the control-unit-busy condition no longer exists. This is sometimes referred to as no-
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longer-busy status for the control unit. Only one control-unit-end indication shall be returned on a
logical path, regardless of the number of times the channel accepted control-unit-busy status on that
logical path during the busy period.

The control unit shall not associate pending control-unit-end status with any device address. A
selective reset shall not reset pending control-unit-end status. If the channel stacks or does not accept
a status byte that contains the control-unit-end status bit, the control-unit-end status shall not be held
along with the status byte, and it shall remain pending and unstacked at the control unit. Control-unit-
end status may be withdrawn by the control unit if the control unit becomes busy again before the

status is accepted by the channel; in such a case, the control unit shall return control-unit-end status
later, after the control-unit-busy condition no longer exists.

When control-unit end is included with other status bits set, other than those status cembinati
required to have the AS bit set to zero, the AS bit shall be set to one, and the device’address us
shall be the device address for which the other status is being sent (see 8.10). A pending control-unit
end shall not necessarily preclude initiation of new operations. Whether the controhunit allows initiati

of new operations is at the option of the control unit.

Control-unit end shall not necessarily cause command chaining to be sUppressed. Control-unit en
shall not cause command chaining to be suppressed when presented\with the AS bit set to zero ds
described in 8.10.

When control-unit-end status is presented on a logical path along with status modifier and busy, wi
no other status bits set to one, the combination should be intefpreted as control-unit-end status. Wh
this status is accepted, the control unit shall no longer owe & control-unit-end status indication on that
logical path. If the control unit was interrogated while it'was in the busy state, and then system reset
is recognized by the control unit before control-unit-end status is accepted by the channel, the contrgl
unit shall not owe control-unit-end status.

A control unit shall only present control-upit:end status when a no-longer-busy condition is owedl.
However, the channel shall not detect an\error if control-unit-end status is received when no contro|
unit-busy condition was indicated (that(is, a no-longer-busy condition was not owed).

[e}

NOTE 30 — Presentation of the.gcontrol-unit-end status bit without any other status bits is the preferre
implementation.

Busy: The busy indicatien'shall occur only when conditions existing at the device or control unjit
preclude execution of-thelintended 1/O operation because of one of the following four situations.

a) A previous1/O operation or chain of /O operations is being initiated or being executed.

b) Stacked or pending status conditions exist, and the pending status conditions are returned in
response to a command IU, busy is appended to the status returned.

c). The control unit is shared by channels or devices, or a device is shared by control units, and
the shared facility is not available.

d) A self-initiated function (e.g., microdiagnostics or data movement internal to the device) is
being performed.

Status conditions for the addressed device, if any, shall accompany the busy indication.
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Channel End: Channel end shall indicate that the portion of an 1/0 operation involving transfer of data
or control information between the channel and a control unit has been completed. Acceptance of
channel-end status shall indicate the completion of the channel portion of the 1/O operation.

Each 1/0O operation initiated at the device shall cause one and only one channel end condition to be
recognized at the control unit, for which channel-end status may or may not be generated and
presented to the channel.

Device End: Device end shall be recognized at the control unit (1) when the device portion of an I/O

peration is completed, (2) when the device, having previously responded busy, transitions from the
usy to the not-busy state, (3) when the device changes from the not-ready to the ready state, and (4)
hen the control unit or device recognizes an asynchronous condition.

nit Check: Unit check shall indicate that the device or control unit has detected an unusual Condition
that is detailed by sense information (see 8.10.4.2). The occurrence of unit check may indicate that a
rogramming error or an equipment error has been detected, that the not-ready state ofthe’device has
fected the execution of the command, or that an exception condition other than the one identified by
nit exception has occurred. The unit-check bit provides a summary indication of the conditions
identified by sense data.

nit Exception: Unit exception shall mean that the device detected an unusual condition that needs
td be reported to the program, such as recognition of a tape mark, and does not necessarily indicate
n error.

.10.3.4 Status-Parameter Field

he status-parameter field, bytes 2 and 3 of word 0 of the'status header, is a 16-bit field that may
ntain a residual count or IU pacing parameter. If the<onditions are such that neither the residual
unt nor IU pacing parameter is to be presented, the-control unit shall set the status-parameter field
td zero, and the channel receiving the status DIB-shall ignore the status-parameter field.

esidual Count: The residual count is a 164bit unsigned binary number that represents the difference
tween the CCW count for a command.and the quantity of data actually transferred either from or to
the device for that command.

or write commands, the residual count shall be equal to the difference between the CCW count of
the current CCW for the command and the number of bytes actually written to the device. For read
mmands, the residual caunt'shall be the difference between the CCW count for the current CCW for
the command, and the humber of bytes actually read from the device and transferred to the channel.
he residual count shall be meaningful only when the residual-count-valid (RV) bit is one.

ersistent IU Pacing Parameter Valid: When persistent IU pacing is enabled and the residual-
unt-valid (R\) bit is set to zero, the persistent IU pacing parameter valid bit is provided in the status
rameterifield bit 0. When set to one, this bit indicates that the IU pacing parameter is valid. When
set to zero, this bit indicates that the IU pacing parameter is not valid, is ignored by the channel and
shall*not change the persistent pacing credit at the channel for the logical path. This bit is only
eaningful when persistent IU pacing is enabled.

IU Pacing Parameter: The IU pacing parameter is an eight bit value that is carried in the least-
significant byte of the status-parameter field.

The use of the IU pacing parameter in the status parameter field depends on whether or not persistent
IU pacing is enabled. When persistent IU pacing is not enabled, the IU pacing parameter is provided
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in the status-parameter field when status is presented for the first command of a channel program that
is executed as an immediate operation or when presenting device end in order to reconnect when the
chaining condition is set. When persistent IU pacing is enabled, the residual-count-valid (RV) bit is set
to zero and the persistent IU pacing parameter valid bit is set to one, the IU pacing parameter shall be
provided in the status parameter field.

The IU pacing parameter shall be sent by the control unit to indicate to the channel the maximum
number of IUs a channel may send on a given outbound exchange until it receives a command
response U, which was sent because the CRR bit was set to one, on the existing inbound exchange.

An U pacing parameter of zero indicates that the control unit wishes to leave the default value of th
IU pacing credit unchanged. See 9.2.2.5 for additional information.

8.10.3.5 Queue-Time Parameter

When control-unit queueing is provided, bytes 0 and 1 of word 1 contain the queué-=time parametgr
(QTP) (see figure 32). Queue time represents the time the 1/0O operation is queued at the control unit.
When control unit queueing is provided, I/O operations specified by the channel program shall
executed up to a point where the 1/O resources are unavailable to execute an 1/O operation in that
channel program. (Such resources would typically be in use executing I/O%perations specified in othegr
channel programs). Depending upon the control unit design, queueing-of a command may occur aftgr
receipt of the first command or after receipt of a subsequent command within the channel progran.
I/0O operations executed up to and including the command to be gqueued may involve data transfer gs
a normal course of I/O operation execution. In all cases, queueing of a command for the channgl
program shall not affect ongoing 1/O operations or cause‘the sequential order of 1/O operatig
execution to be altered. Queueing shall occur only onceithin execution of the channel program an
may occur only between execution of successive |/Q operations; however, the point in executi
chosen and the length of the queueing time are model.dependent. When a command is queued, it shdll
remain queued at the control unit until either theneeded resources become available or when
system reset or selective reset has been executed.

When queueing occurs, the control unitishall either perform a disconnection from the channel

presenting status containing channel(énd without device end (this status may or may not includ
command retry status), or temporarily. delay, to a later time, further channel program execution withodit
causing a disconnection from the-channel. In the former case, execution of the command shall

completed at the channel when-the control unit performs the disconnection by presenting channel-en
status. When the unavailable resources become available, the queue interval shall be ended when th
command is dequeued/ Tihe specified I/0O operation shall be executed and shall be completed at th
device. Connection with the channel occurs and device-end status shall be presented, along with th
queue-time parameter. The control unit shall retain the queue-time parameter until it receiv

acknowledgmentthat the status transfer was accepted. At this time command chaining, if specifie
may occur which allows execution of the channel program to continue. In the latter case, whe
disconnection from the channel does not occur, the queueing interval shall be the same duration gs
would have been accumulated had disconnection and subsequent reconnection to the channgl
occurred. In this situation, the accumulated queueing information shall be held pending at the control
unitwntil either execution of the channel program has completed at the device (device-end status s
presented) or a later disconnection and reconnection has occurred and device-end status is
presented. In all cases, the control unit shall retain the queueing information until it regards the status

as accepted. When this has occurred, all previously stored or accumulated values shall be zeroed at
the control unit.

The contents of the queue-time parameter field shall be meaningful only when the flag-field code is set
to ‘001’b and the device-end status bit is set to one in the accompanying status byte.
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When the queue-time parameter field contains valid information, it shall be obtained in the following
manner with the format specified in figure 32.
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0 3
Control Unit Timer 1
o . . . . . .. 01 x x X X X X X X X X|X X .o X X
< n bits >
0 4 5 15
QTUF QTU

Queue-Time Parameter
0 = binary zero
1 = binary one
X = any value

Figure 32 — Queue-Time Parameter (QTP) Format

The queue-time parameter shall be calculated by the control unit using a 4-byte timer having a
microsecond resolution. The value accumulated by the 4-byte controlKunit timer shall specify th
queue-time unit to be stored in the queue-time parameter field.

D —

Queue Time Unit Factor (QTUF): Bits 0-4, when non-zero, shall specify the number of bit positions
the 11-bit queue-time unit shall be shifted left for interpretation by.the channel. If a shift is required, the
QTUF shall be calculated by subtracting the value of the highiest bit position, which was set to one, ¢f
the queue-time unit from 21 (this applies only in those cases where the bit position is equal to or legs
than 21). If no adjustment is required, the QTUF value-shall be ‘00000’b.

Queueing Time Unit (QTU): Bits 5-15 shall contain the 11-bit queueing time unit accumulated by th
4-byte control unit timer. The bit significance of the time unit shall be specified by the QTUF.

D

Table 16 describes the relationship between the values of QTUF and the bit-significance of QTU.

Table 16 — QTF/QTU Relationship

When QTUF is: Bit 15 of QTP represents:
00000 1 microsecond
00001 2 microseconds
00010 4 microseconds
00011 8 microseconds
10101 2,097,152 microseconds
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In the example given in figure 33, the control unit timer has accumulated a queue time of 75,000
microseconds (hex’124F8’) and calculated the queue-time parameter. When received by the channel,
the QTUF indicates a shift of the most significant bit of the QTU to bit position 15 of the channel 4-byte-
time value, and bit 15 of the QTU represents a value of 64 microseconds. The low-order 6-bit positions
are set to zeros. See 3.3.3 for a definition of the bit-numbering convention used in the figure.

la VeV 1
LI LU 1

o

1L
10

i N

O 1
\) 1

0000 0000 0OOOO 0OOO|1 OO10 0100 1111 1000

Control unit 32-bit timer

0 4 5 15
00110(100100100 11

Queue-time parameter

0 14 15 25 26 31
0000 0000 0OOOO 0OOO|1 OO10 0100 14/00 0O0OOO

Channel 32-bit time value

Figure 33 — Queue-Time Parameter Example

b~

queue time of zero shall be indicated by setting the QTUF to ‘00000’b and the queueing-time unit to
(0000000000°b.

b~

control unit that performs queueing shall,have a queue-timing facility which is capable of measuring
time interval of up to its expected maxitum queueing time, not exceeding 4,294.967295 seconds.

Q

|

Vhen a control unit converts from a\4*byte timer value to a queue-time unit, if any of the bits of the 4-
yte timer value are lost while shifting, the least significant bits shall be discarded (truncated).

(o

Vhenever the queue-timefunit factor is value ‘00001°b - “11111’b and the queue-time unit is zero, the
psultant value of the(queue-time parameter (e.g., the values hex’0800, hex’1000’, hex’4000,
ex'8000, hex'C000’,‘etc). shall be not meaningful. This provides for usage of these values to indicate
nique conditions.fecognized by the control unit. In particular, the value hex’8000’ (the QTUF is set to
0000’b and the'QTU is set to ‘00000000000°b), and the queueing-information-valid code in the flag-
field code shallindicate the control unit is not capable of presenting meaningful queue-time as a result
of either a‘queue-timing-facility failure or an overflow condition.

N e il

I a_dueue-timing facility failure has occurred, the control unit shall send a status DIB with unit check
sfatus and sense information describing the failure to allow device-dependent program recovery. If a

queue-time overflow condition has been recognized, unit check status shall not be presented to the
channel. When a queue-timing facility failure has been recognized and after unit-check status has
been presented and accepted, the control unit may either:

a) disable its queue-timing facility and process subsequent I/O operations without queueing until
this failure condition is corrected; or
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b) continue queueing the subsequent I/O operations and present an indication of meaningless
queue-time by setting the flag-field code in the status flag field of the status header to ‘001’b
and setting the queue-time parameter to the value hex’8000’.

(In the latter case, unit-check status shall not be presented after the initial indication of queueing
information not meaningful).

NOTE 31 — Accumulation of excessive defer time when a connection exists may result in the recognition of an
FC-SB-6 exchange error. To minimize the probability of this occurrence, the control unit should keep its defer

time Iinterval at a mmnimum DYy disconnecting Trom the link.

8.10.3.6 Defer-Time Parameter

When the defer-time function is provided by the control unit, bytes 2 and 3 of word 1 contain the defef:
time parameter (DTP) (see figure 34). Device-defer time shall be accumulated by the control unfit
whenever ongoing channel program execution needs to be temporarily delayed\because a devics
dependent action needs to be performed. This condition typically occurs whenéver the control unit
requires the device to access the physical medium for the purpose of reading-or writing data. Howevef
because of the device-dependent nature of the action, other conditions may also be recognized by th
control unit creating the need for a temporary delay of channel program-execution. In all cases, device
defer time shall continue to be accumulated with each successive-temporary delay until such time
when either the control unit forces a disconnection from the channel or execution of the channgl
program has been completed. If the control unit disconnects from the channel, the previous
accumulated defer-time value shall be presented as the deyice-defer-time parameter along with status
containing channel-end without device end (this status may or may not include command retry status).
When the temporary delay of channel program execution is no longer required, the connection to th
channel shall be reestablished and device-end status'shall be accepted from the control unit. Devicg-
defer time shall not be accumulated during the time’interval of a disconnection from the channel. If n
disconnection from the channel occurs during-execution of the channel program, the previous
accumulated device-defer time shall be presented as the device-defer-time parameter along wi
status of channel end, signaling completion of channel program execution at the channel (status
device end may also be included with,the channel-end status). In all cases, the control unit shall retain
the defer time information until itiregards the status as accepted. When this has occurred, 4l
previously-stored or accumutated defer-time values shall be zeroed at the control unit and
accumulation, if any, begins anew. The defer-time parameter shall be obtained in the following manne
with the format specified inxfigure 34.

D

=h

pis

0 3
Control Unit Timer 1
0o . . vy .o 0l1 x x X X X X X X X X|X X .. . X X
< n bits >
0 4 5 15
DTUF DTU
Defer-Time Parameter
0 = binary zero
1 = binary one
X = any value
Figure 34 — Defer Time Parameter Format
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The defer-time parameter shall be calculated by the control unit using a 4-byte timer having a 1-
microsecond resolution. The value accumulated by the 4-byte control unit timer shall specify the defer-
time unit to be stored in the defer-time parameter field. When the channel accepts the accompanying
status, it uses the control information, and is able to re-establish the 4-byte time value (with low-order
truncation).

Defer Time Unit Factor (DTUF): Bits 0-4, when non-zero, shall specify the number of bit positions the
11-bit defer time unit shall be shifted. If a shift was required, the DTUF shall be calculated by
subtracting the value of the highest bit-position (which was set to one) of the queue-time unit from 21

({his shall apply only in those cases where the bit position is equal to or less than 21). If no adjustment
was required, the DTUF value shall be ‘00000’b.

Defer Time Unit (DTU): Bits 5-15 shall contain the 11-bit defer-time unit accumulated by the control
unit timer. The bit-significance of the time unit shall be specified by the DTUF.

Tlable 17 describes the relationship between the values of DTUF and the bit-significanee-of DTU.

Table 17 — DTF/DTU Relationship

When DTUF is: Bit 15 of DTP represents:
00000 1 microsecond
00001 2 microseconds
00010 4 microseconds
00011 8 microseconds
10104 2,097,152 microseconds

In the example given in figure 35, the control unit timer has accumulated a defer time of 9,464

icroseconds (hex’24F8") and calculated the defer-time parameter. When received by the channel, a
shift of the most significant bit of the DTU to bit-position 18 of the channel 4-byte-time-value, and bit
16 of the DTP represents a value of 8 microseconds. The low-order 3-bit positions are set to zeros.
Yee 3.3.3 for a-definition of the bit-numbering convention used in the figure.
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0 8 16 18 28 31
oooooo0oo0oo00000OO0OBO0OO0OOOOMTOOTOOTTT1T1]000O0

Control unit 32-bit timer

0 4 5 15
ooo111 0010011111

Defer-time parameter

0 8 16 18 28 31
ooooooo0oo0o0000OO0OO0OO0OOOCOMTOOTOOTrT1T11]000

Channel 32-bit time value

Figure 35 — Defer-Time Parameter Example

=

A control unit that performs the defer function shall have a defer-timing facility which is capable ¢
measuring a time interval of up to its expected maximum defer time, not exceeding 4,294.967296
seconds.

When a control unit converts from a 4-byte-timer value to a defer-time unit value, if any of the bits ¢f
the 4-byte timer value are lost while shifting, the least significant bits shall be discarded (truncated).

Whenever the defer-time-unit factorls value ‘00000’b and the defer-time unit is ‘00000000000’b, eithgr
no accumulation shall have occurred, the defer-time function is not supported, a failure of the defef-
timing facility shall have been recognized, or an overflow condition shall have been recognized.

If a defer-timing facility/failure has occurred, the control unit shall send a status DIB with unit chegk
status and sense infgrmation describing the failure to allow device-dependent program recovery. If g
defer-timing overflow ‘condition has been recognized, unit check status shall not be presented to the
channel. When.adefer-timing facility failure has been recognized and after unit-check status has beg|
presented and accepted, the control unit shall continue with execution of subsequent channgl
programs-as.before; however, it shall present an indication of meaningless defer-time values by setting
the DTWfand DTU fields to zeros (in this case, unit-check status shall not be presented after the initial
indication of defer-timing information not meaningful).

NOTE 32 — The preferred implementation for control units that perform the defer-timing function and have
n

NOTE 33 — Accumulation of excessive defer time when a connection exists may result in the recognition of an
FC-SB-6 exchange error. To minimize the probability of this occurrence, the control unit should keep its defer
time interval at a minimum by disconnecting from the link.
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8.10.4 Supplemental Status Field
8.10.4.1 Supplemental Status Field Overview

Supplemental status, when present, shall provide additional information concerning conditions at the
control unit or device for which status information is being provided. Supplemental status shall exist
only for unit-check status. When supplemental status is included in a status DIB, it shall be sent in the
supplemental-status field. When supplemental status is not included in the status DIB with its
associated status information, the supplemental status shall be held by the control unit until one of the
following occurs:

a) itis read by the appropriate sense command; or
b) the associated status is reset.

he supplemental-status field shall be valid when the ES bit, bit 4 of the information-unit-identifier, is
set to one for a status DIB. Up to 32 bytes of sense information may be sent in the supplemental-status
Id. The contents and exact number of bytes in the supplemental-status field are model dependent
ee 8.10.4.2).

hen sense data is sent as supplemental status, it shall be sent in ascending order starting with
sense-data byte 0 as the first byte of the supplemental-status field; it¢shall be sent in a single status
IB along with the status byte. The length of sense data sent in a status DIB with supplemental status
shall be from a minimum of one byte to a maximum of 32 bytes~Fhe number of bytes of sense data
yond one is model dependent.

upplemental status shall not be used to report sense-data associated with a resetting-event
imdication (see 9.6).

upplemental status shall be sent in a single status DIB.
.10.4.2 Sense Information

he data that is transferred during a.basic sense operation or that is contained in the supplemental-
sfatus field of a status DIB when unit.check is indicated, shall provide information concerning unusual
nditions detected in a previous I/O operation and concerning the actual state of the device. Sense
imformation shall provide more detailed information than the status byte and may describe reasons for
the unit-check indication. If may also indicate that the device is in the not-ready state or that a drive is
im the write-protected state:

Basic sense data.shall not be reset as a result of a device executing the sense-ID command.
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Bits 0-5 of the first sense-data byte (sense byte 0) shall be common to all devices. The six bits shall
be independent of each other and, when set to ones, shall specify the events described in table 18.
See 3.3.3 for a definition of the bit-numbering convention used in the table.

Table 18 — Bits 0 - 5 of Sense-data Byte 0

Sense Bit Description
0 Command Reject
1 Intervention required
2 Bus-out check

3 Equipment check

4 Data check

5 Overrun

Presentation of sense data as supplemental status is described in 9.2:3.2.

8.11 Control DIB Structure

8.11.1 Control DIB Structure Overview

The control DIB structure is used in all FC-SB-6 control 1Us except for control IUs that specify th

transport-confirm function (see 8.17). The controlBIB structure and associated control functions shdl
not be used on a transport exchange.

= O

A control DIB shall be sent only in a control IU by either a channel or control unit. It shall be used fo
transfer control information necessary for the execution of a CCW 1/O operation or for device-lev
recovery. The structure of the control.1U and its DIB is shown in figure 16. The control DIB consists ¢f
a 12-byte control header, a 4-byte LRC, and, for the purge-path-response function if error-code
transfer is supported, a controlkpayload and associated CRC field.

8.11.2 Control Header
8.11.2.1 ControlHeader Format

The control.h€ader shall be the first 12 bytes of a control DIB. The control header shall contain
information“indicating the control function to be performed and, for some functions, the parametels
needed to perform the specified function. The control header shall consist of a one-byte contrg
function field, a three-byte control-parameters field, IU count field, a 2-byte control payload byte count
field, and reserved bytes. The format of the control header shall be as shown in figure 36:

0 Control Function Control Parameters

1 Reserved

2 Reserved IU Count Control Payload Byte Count
0 7 15 31
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Figure 36 — Control Header

Word 1 and byte 0 of word 2 shall be reserved and set to zeros by the sender and ignored by the
recipient.

8.11.2.2 Control Function and Control Parameters

Byte 0 of word 0 shall contain the control function, which shall be interpreted in conjunction with the
bits in_the device-header-flags field of the IU header to determine the device-level function to be

performed and the format of the control-parameter field. A summary of the functions represented by
cpding of bits 0-4 of the control-function field is shown in table 19. See 3.3.3 for a definition of the bit=
numbering convention used in the table.

Table 19 — Summary of Device-Level Control Functions

Bit Positions

0|1(2|3|4 Control Function

0/0|0|0]| 0 |Control end

0/0|0|1]0 |Commandresponse

0|0]| 1|0/ 0 |Stack status

0/0|1]|1]0|Cancel

0|1|0|0]|O0 |System reset

Ol1101] 1] 0 |Selectiveireset

0|1]|1]|1] 0 |Request status

1/0]0]| 0|0 [Device-level exception

1101 [0Q] 0 |Status accepted

1|01 | 1| 0 |Device-level acknowledgment

4.1 0| 0| 1 |Purge path

111|101 1] 0 |Purge path response

Note:
All combinations of bits 0-4 that are not listed are
reserved.

If a reserved combination of bits 0-4 of the control-function field is used, a device-level protocol error
shall be detected.

For all control DIBs, bits 5, 6, and 7 of the control-function field shall be set to zeros by the sender and
are ignored by the recipient. table 20 provides a definition, in summary form, of the IUI bits and device-
header flag bits for the various control functions. The recipient of a control DIB shall check the Ul bits
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and device-header flag bits for adherence to the description contained in the table. Bits that are
required to be checked by the recipient which are set to a value other than specified by the table for
the control function, shall result in a device-level protocol error being detected.

If the channel receives a control IU specifying a control function that only the channel is allowed to
send and a control unit is allowed to receive (e.g., a cancel function), a device-level protocol error shall
be detected. If a control unit receives a control IU specifying a control function that only a control unit
is allowed to send and the channel is allowed to receive (e.g., a command response function), a
device-level protocol error shall be detected.

Control IUs shall be sent as either FC-2 solicited or FC-2 unsolicited control information categeries. A
control U that initiates a connection shall be sent as an unsolicited control information category. A
control IU that does not initiate a connection shall be sent as a solicited control informatjer categor
Table 20 gives a summary of the control functions, and the sections following table 20¢describe ead
control function and any control parameters required. See 3.3.3 for a definition of the bit-numbering
convention used in the table.

- .
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Table 20 — Summary of Control IUs

Device-Header Flag
UI Bits
0(1(2(3[{4(5(6(7(|0({1({2({3[4|5[6|7
F
Cc R Control
AETTT T CTEMN O Parameter
Control Function S|{S|3|2|1|E H|E|P M |F,M,orL| Field
Control end z|z|z|1|z|0|1|1|z|z|z|z|1|z|z|z|CH M z
Command response z|z|z|1|z|0|1|1|z|z|z|z|z|z|z|z|CU| ForM z
Stack status z|z|z|x|z|0|1|1|z|z|z|z|z|z|z|z[CH| FxL or I z
Cancel z|z|z|1|z|0|1|1|z|z|z|z|z|z|z|z|CH} (Por L z
System reset z|z|z|0|z|0|1|1|z|z|z|z|z|z|z|Z|CH F z
Selective reset z|z|z|1|z|0|1|1|z|z|z|z|z|z}z|z|CH| ForlL *
Request status z|z|z|1]|z|0|1|1|z|z|z4z|z|z|z|z|CH F z
Device-level exception:
Address exception z|z|z|1|z|0|1|4|z|z|z|z|z|z|z|z[CU| FxL $
Status accepted z|z|z|x|x}Q|T|1|z|z|z|x|z|z|z|z|CH| FxL or L z
Device-level acknowledgment zlz|zIXz|0|1111z|z|z|z|z|z|z|zICU| FxL or L z
Purge path z|z|z|1|z|0|1|1|z|z|z|z|z|z|z|zCH F $
Purge path response z|z|z|1|z|0|1|1|z|z|z|z|z|z|z|z|CU| FxL z
Explanation:
*Includes modifier bits in.control-parameter field
$Includes exception.or error code in control-parameter field
FStart new exchange pair. (First IU of exchange pair)
MMiddle 1U of,.exchange. (Exchange pair remains)
LLast IU of @ pre-existing exchange (Exchange pair removed)
FxLIU opens-and closes an exchange.
CHChannel sends IU to control unit
CUControl unit sends 1U to channel
xBit\is set to one or zero as appropriate for conditions
zBit or field shall nlwnye be set to zero h\]/ the sender and.is ignnrnd hy the rnr\ilr_\innf
0Bit shall always be set to zero and is checked for zero
1Bit shall always be set to one and is checked for one
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8.11.2.3 Control End

The channel shall use the control-end function to indicate that it is unable to perform a command
update for data chaining. A control IU indicating the control-end function is referred to as a control-end
IU.

A control-end U shall be sent only by a channel, and the AS bit and the EE bit shall always be set to
one.

When the channel sends a control-end IU, it shall be indicating that, as a result of an abnormal
condition, the transfer of the command update for data chaining was suppressed at the channel, an
for a write operation, no more data is being sent for the current operation. A control-end IU sent'by th
channel shall require a status response from the control unit. The sending of additionalMWs by th
channel shall be held in abeyance until the required response is received.

A control unit that receives a control-end IU shall continue to execute the operation with the devi
until the conditions for ending an I/O operation are met and then it shall transfer status to the channdl.
The status DIB shall carry the residual count for the current CCW being executed when the controf-
end |U was received.

A control-end U shall require both a valid CCW number and valid taken. The CCW number used shdll
be the value the channel would have sent in the command update had it been able to perform the da
chain. The token assigned is model dependent.

A control-end 1U shall be sent as a solicited control FC-2_information category. It shall be sent as th
middle sequence of an exchange.

8.11.2.4 Command Response

A control unit shall use a command-respanse:function to indicate that execution of the first comman|
of a CCW channel program has started as‘a non-immediate operation, or, a command IU containin
both the CRR and CH bits set to one,and the DU bit set to either zero or one, has become current.
control IU indicating command response is referred to as a command-response [U.

A command-response U shalkbe sent only by a control unit. A command-response IU shall be se
only under the following conditions:

a) when the first(command of the channel program is to be executed as a non-immediate
command, ar

b) when.execution has started for a command U, that is command-chained or data-chained, and
for which the CRR bit in the command header is set to one.

The.sehding of a command-response IU shall not be contingent on sending or receiving any of th
data associated with the command IU for which it is sent.

[0

A command-response U shall always require a valid CCW number and token, which shall be the CCWV

number and token received with the command for which the command response is being sent.

A command-response U shall be sent as a solicited control FC-2 information category. It shall be sent
as the first or middle sequence of an exchange, depending on whether there is an exchange already
open for the same device on that logical path.
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When the command-response IU is sent in response to the first command of a channel program, the
least significant byte of the control-parameters field contains the 8-bit IU pacing parameter (see
8.10.3.4 for additional information).

8.11.2.5 Stack Status
The channel shall use the stack-status function to indicate that status is not accepted. The control unit

or device shall hold the status information (status flags, status byte, and status parameter) and
associated supplemental status, if any, until the status is requested by a request-status 1U, until the

sfatus is presented as the response to a command IU, or until the status information is cleared or
ithdrawn. A control IU indicating stack status is referred to as a stack-status 1U.

stack-status U shall be sent only by the channel. When a stack-status IU is received at a time'when
the inbound exchange has been closed with a data IU containing a status DIB, no response shall be
sent; otherwise the response sent shall be a DACK |U.

he AS bit may be set to either one or zero in a stack-status IU. The setting of the AS\bit in the stack-
sfatus IU shall be the same as the setting of the AS bit in the data IU containing arstatus DIB for which
the stack-status IU is sent in response; otherwise, a device-level protocol errof_shall be detected.

stack-status IU shall require a valid token but shall not require a valid,€CW number. The CCW
umber field shall be meaningless for a stack-status IU. The token field for a stack-status IU shall not
checked by the recipient.

stack-status IU shall be sent as a solicited control FC-2 infortation category. A stack-status U shall
sent as the first and last sequence of an exchange if it is sent in response to an unsolicited data IU.
I shall be sent as the last sequence if it is sent in response-to a solicited data IU.

.11.2.6 Cancel IU

he channel shall use the cancel function to cause the control unit to terminate the current CCW 1/O
peration, if any, for the specified device (s€é 9.4.3). A control IU indicating cancel is referred to as a
ncel IU.

cancel IU shall be sent only by ‘the channel. When the cancel IU is received on the outbound
change of an exchange pair at a‘time when the inbound exchange of the exchange pair has been
osed, no response shall besent; otherwise the response sent shall be a DACK [U.

cancel IU shall requifeya valid token. A cancel IU shall not require a valid CCW number and the
ntrol unit shall ignoreithe CCW number. The acknowledgment sent in response to a cancel IU shall
ntain the CCW.‘number and token associated with the current command for which the cancel
flinction was performed and for which ending status is to be presented later.

cancel JU sent during a connection shall be sent as a solicited control FC-2 information category,
nd shallhbe sent as the last sequence of the exchange, thus closing the outbound exchange. A cancel
that initiates a connection shall be sent as an unsolicited control FC-2 information category, shall
Sent as the first sequence of the exchange, and shall leave the exchange open. The outbound

exchange shall be closed when the channel sends the LACK in response to the DACK.

NOTE 34 — A cancel function results in a disconnection when the DACK is received by the channel. In order to
avoid having to save the active CCW numbers and tokens used during a connection and after a cancel
function has been performed, the control unit indicates in the DACK sent, the CCW number and token for
which the cancel was performed.
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8.11.2.7 System Reset

The channel shall use the system-reset function to cause the control unit and associated devices to
be reset with respect to the logical path on which the function was received (see 9.4.4). A control |U
indicating system reset is referred to as a system-reset |U.

A system-reset IU shall be sent only by the channel and when recognized by the control unit the
response sent shall be a DACK.

<

A system-reset IU shall require a valid token but shall not require a valid CCW number. The GGV
number field for a system-reset IU shall be meaningless. The token field for a system-reset | shdl

not be checked by the recipient. The token value received in the system-reset |U, shall be returned in
the DACK response.
A system-reset IU shall always initiate a connection, shall be sent as an unsolicited control FC{

information category, shall be sent as the first sequence of the exchange, and shall leave th
exchange open. The outbound exchange shall be closed when the channel’sends the LACK i
response to the DACK.

- O

8.11.2.8 Selective Reset

The channel shall use the selective-reset function to cause theicontrol unit to end execution of th
current CCW 1/O operation, if any, for the specified device, and, depending on the bits within th
control-parameter field, to perform one of the following funections (see 9.4.5 and 9.5.3):

D D

a) selective reset;

b) channel-initiated retry; or

¢) channel-initiated unit check.
A control IU indicating selective reset.iSreferred to as a selective-reset |U.
A selective-reset IU shall be sent-only by the channel. When the channel establishes initiative t
perform a selective reset to a logical path and device and the channel has an open transport exchang

with that device, the channel performs the transport-mode ABTS function (see 9.4.12) prior to sending
a selective-reset IU to the device.

D O

When the selective-reset |U is received on the outbound exchange of an exchange pair at a time when
the inbound exchange of the exchange pair has been closed, no response shall be sent; otherwise the
response sent’shall be a DACK IU. When a selective reset IU which initiates a connection is received,
the response sent shall be either a DACK IU or a data IU containing a status DIB (see 9.4.5 fqr
additionalinformation).

The.control-parameter field for a selective-reset IU shall have the format shown in figure 37:

RC !l QO Q0 1RIUIRO Reserved

0o 1 2 3 4 5 23

Figure 37 — Control-parameter Field for the Selective-Reset IU

Bits 1, 2, and 5-23 shall be reserved.
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When the RC bit, RU bit, and RO bit of the control-parameter field are all set to zeros, a selective reset
shall be performed.

When one or more of the RC, RU, and RO bits of the control-parameter field are set to one and the
requested function or functions are not able to be performed, a selective reset shall be performed.

When the RC bit of the control-parameter field is set to one, a channel-initiated retry shall be
performed, if possible; if retry is not possible, the RU bit and RO bit of the control-parameter field shall
determine the preferred method of terminating the 1/O operation.

hen either the RU bit or the RO bit of the control-parameter field is set to one and channel-initiated
retry is either not requested or requested and not performed, a channel-initiated unit check shall be
rformed, if possible; if channel-initiated unit check is not performed, a selective reset shall be
rformed.

selective-reset U shall require a valid token and, depending on conditions at the channel and the
setting of the RC, RU, and RO bits, a valid CCW number may or may not be requiredIf the RC, RU,
r RO bit is set to one and the channel is requesting one of these functions to-he performed for a
specific CCW, then a valid CCW number shall be required. If the RC, RU, or RObit is set to one but
the channel is requesting that one of these functions be performed for the current CCW, a valid CCW
umber shall not be required and the value in the CCW number field shall-be set to zero (see 9.5.3).
I the RC, RU, and RO bits are all set to zero, a valid CCW number shall"not be required. In this case
the CCW number field shall be meaningless. If a selective-reset |U is sent after the control unit has
isconnected and the token and CCW numbers have been reinitialized at the channel, a valid CCW
umber shall not be required and the CCW number field shallgontain the value zero. The token field
for a selective-reset IU shall not be checked by the recipient.

he DACK IU sent in response to a selective-reset AW shall contain the token and CCW number
sociated with the current command at the control unit which was terminated by the selective-reset
flinction. If status is returned in a data U as a result-of performing either the request for retry or request
for unit check functions, the token and CCW.number associated with the command for which the
flinction is being performed shall be usedIf a disconnection occurs as a result of an abnormal
ndition and a selective reset is received as a result of recovery actions at the channel, the CCW
umber and token being maintained_ atthe time of the disconnection shall be returned in the DACK. If,
s a result of a normal disconnection from the channel, CCW numbers and tokens have been
iscarded, the DACK sent shall ¢ontain the token and CCW number received in the selective-reset [U.

equest Command Retry (RC): The RC bit, bit 0, when set to one, shall indicate that the channel is
requesting the device to perform command retry on behalf of the channel.

I the RC bit is set.tojone, the device shall perform command retry if possible; if command retry is not
ble to be perfermed, the RU and RO bits shall determine the action to be taken. If the RC bit is set to
ro, the RUsand RO bits shall determine the action to be taken.

equest.Unit Check (RU): Bit 3, when set to one, shall indicate that the channel is requesting the
viCe to present unit check status. If the command is currently being executed by the device, the 1/10
peration shall be terminated and either unit check status shall be presented to the channel or the

selective-reset operation performed.
Request Unit Check with Overrun (RO): Bit 4, when set to one, shall indicate that the channel is
requesting the device to recognize an overrun condition and present unit check status. If the command

is currently being executed by the device, the I/O operation shall be terminated and either unit check
status shall be presented to the channel or the selective-reset operation performed.
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The channel may set to one either the RO bit or the RU bit depending on the error condition. When
command retry is either not requested or requested and not performed, the device shall interpret the
RU and RO bits in the control-parameter field as shown in table 21:

Table 21 — Interpretation of the RO and RU Bits

RU RO Interpretation
0 0 A selective reset is performed
0 1 The device shall recognize an overrun condition and generate

unit-check status with the sense data. Retry may be requested.

1 0 |The device shall recognize a unit check and generate unit-check
status with the appropriate sense data.

1 1 Error - the device shall ignore the requested functions and
perform a selective reset.

A selective-reset IU that initiates a connection shall be sent as an unselicited control FC-2 information
category, shall be sent as the first sequence of the exchange, and shall leave the exchange open.

A selective reset shall be sent during a connection only if the,RC} RU, and RO bits are all set to zer¢.
It shall be sent as a solicited control FC-2 information category and as the last sequence of the
exchange, closing the outbound exchange.

8.11.2.9 Request Status
The channel shall use the request-status function to indicate that the channel is prepared to hav

status information presented for the addressed device for which status is pending (see 9.4.2 an
9.4.6). A control IU indicating request status is referred to as a request-status IU.

[oNN0)

A request-status |U shall be sent only by the channel.
The AS bit shall be set to one in‘a request-status 1U.
For a request-status IUsthe CCW number and token assigned by the channel are model dependent

A request-status U shall always initiate a connection; it shall be sent as an unsolicited control FC{
information category as the first sequence of the exchange.

8.11.2.10~Device-Level Exception

A cantrol unit shall use the device-level-exception function to indicate that an abnormal condition w3
recognized in the U received for which the sending of status is inappropriate or not permitted. Th
abnormal condition shall be indicated by the exception code present in the first byte of the contro
parameter field. A control IU indicating device-level exception is referred to as a device-level-exceptio

2> 1 O »w

U.

A device-level-exception IU shall be sent only by a control unit and may only be sent in response to
an initiation 1U.

A device-level exception shall have a control-parameter field with the format shown in figure 38.
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Exception Reserved
Code

0 8 23

Figure 38 — Control-parameter Field for the Device-level Exception IU

Bits 8-23 of the control-parameter field shall be set to zeros by the sender of the device-level-exception
IU and shall be ignored by the channel.

lwo]

its 0-7 shall specify the abnormal condition detected in the IU for which this device-level-exception
) is the response. Table 22 shows code assignments for the exception codes. See 3.3.3 forja
efinition of the bit-numbering convention used in the table.

o —

Table 22 — Exception Code Assignments
Bits

0|1(2|3 4|15(6|7 Exception Code

00O00O 00O00O Reserved

0000 0001 Address exception

0000 0010
through Reserved

1111 1111

fa reserved exception code is used, a device-level protocol error shall be detected by the recipient of
he device-level-exception IU.

—

A device-level-exception IU shall usethe’token and CCW number from the IU to which it is being sent
response.

ddress Exception: Addressyexception shall indicate that the IU received contained the device

dress of an uninstalled deyice or a device that is offline with respect to the logical path. A device-
lg¢vel-exception IU for ahaddress exception shall be sent only in response to certain IUs containing

vice-level informatien (see 9.5.4 for a description of the use of this exception code). A control |U
imdicating address‘exception is referred to as an address-exception IU.

n address-exception IU shall use the token, CCW number and device address from the IU to which
ittis being.sent in response.

n address-exception IU shall be sent as a solicited control FC-2 information category, and it shall be
sentas the first and last sequence of the exchange.

NOTE 35 — The device may be offline for some logical paths but not others. For example, the device may be
precluded from going to the offline state if the offline switch was set to the offline position but the allegiances
for some paths have not been cleared.
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8.11.2.11 Status Accepted

The channel shall use the status-accepted function to indicate that the status received in a status DIB
was accepted. A control IU indicating status accepted is referred to as a status-accepted 1U.

A status-accepted IU shall be sent only by the channel. If the control unit did not close the inbound
exchange with a data U containing the status DIB, the response sent by the control unit shall be a
DACK; otherwise no response is sent.

The CH bit in the device-header flags field for a status-accepted IU may be set to either one or zexd,
depending on conditions at the channel (see 9.4.8).

The AS bit may be set to either one or zero. The setting of the AS bit in the status-accepted’|U shdll
be the same as the setting of the AS bit in the data |U containing a status DIB for whi¢h“the statug-
accepted IU is sent in response; otherwise, a device-level protocol error shall be detected.

The ES bit may be set to either one or zero in a status-accepted IU. The ES bit'shall be set to a one
to indicate that the channel has accepted the supplemental status received in a status DIB with the EB
bit set to a one. If the channel has not accepted the supplemental statds’ received, or there was np
supplemental status presented in the status DIB, the ES bit shall be sef\{o zero (see 9.2.3.2).

The status-accepted IU shall require a valid token but does not require a valid CCW number. The
token value used in the status-accepted U is model dependent. The CCW number field and token field
for a status-accepted IU shall not be checked.

A status-accepted U shall be sent as a solicited control\FC-2 information category. It shall be sent g
the first and last, or last sequence of the outbound*exchange, depending on whether there is a
outbound exchange already open for that device-oF'logical path.

- O

8.11.2.12 Device-Level Acknowledgment (DACK)

The device-level acknowledgment (DACK) function shall indicate acceptance of a stack-status IU,
cancel IU, system-reset 1U, selectivie-reset 1U, request-status IU, or status-accepted IU and that th
requested function was or is to.be.performed. A control IU indicating a device-level ACK is referred t
as a DACK IU.

o O

A device-level acknowlgdgment shall be sent only by a control unit.

The AS bit may be’set to either one or zero. The setting of the AS bit in the DACK U shall be the same
as the setting ofthe AS bit in the IU for which the DACK is sent in response; otherwise, a device-lev
protocol error-shall be detected.

Exceptifor a response to a cancel or selective-reset IU, a DACK IU shall use the token and CC
number from the IU to which it is being sent in response. When a DACK IU is sent in response to
cancel or selective-reset 1U, the token and CCW number used shall depend on whether or not th
cancel IU initiated a connection, conditions at the control unit and, for a selective-reset IU, the settings
of the RC, RU and RO bits. See 8.11.2.8.

A DACK IU shall be sent as a solicited control FC-2 information category. It shall be sent as the first
and last, or last sequence of the inbound exchange, depending on whether there is an inbound
exchange already open for that device or logical path.
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8.11.2.13 Purge Path

A channel shall use the purge-path function as part of device-level recovery in order to purge the
transmit-receive path of any residual IUs associated with the logical path and device for which
recovery is being performed; if error-code transfer is supported, the purge-path function shall also be
used to transfer an error code to the control unit. A control IU indicating purge path is referred to as a
purge-path IU. Support for error-code transfer is model-dependent.

A purge-path IU shall be sent only by a channel and when recognized by a control unit the response

shall be a purge-path-response I1U.

A purge-path IU shall require a valid token but shall not require a valid CCW number. The CC\W¥
number field for a purge-path IU shall be meaningless. The token value received in the purge-path‘IU
shall be returned in the token field of the purge-path-response IU.
A purge-path IU shall be sent as the first sequence of an outbound exchange as an unselicited control
HC-2 information category.
Tlhe control-parameters field for the purge-path IU shall have the format shown. in-figure 39:

Error Model-dependent Data

Code

0 8 23

Figure 39 — Control-parameter Field for the Purge-Path IU
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The error-code field contains a code designating the error which caused the channel to send the
purge-path IU. The codes and their meanings shall be as shown in table 23.

Table 23 — Error Codes for the Purge-Path IU

Error Code
(hex) Meaning
00 Error-code transfer not supported

01 FC-SB-6 protocol timeout
02 FC-SB-6 link failure

03 Reserved

04 FC-SB-6 offline condition
05 FC-FS-4 link failure

06 FC-SB-6 length error

07 LRC error

08 FC-SB-6 CRC error

09 IU count error

0A FC-SB-6 link-level protocol error

0B FC-SB-6 device-level protocol error

0oC Receive ABTS

0D Cancel function timeout

0OE Abnormal termination of exchange

OF Host storage error

10 Software termination‘ef exchange due to
halt request

11 Software termination of exchange due to
clear request

12 Interrogate operation error

13 Transpott operation error

14 Transport error

15 REC error
16-FE . }Reserved

When an error code of zero is indicated in the purge-path IU, indicating that error-code transfer is ngt
supported, bits 8-23 of the control parameters field shall be reserved. When a nonzero error code is
indicated in the purge-path 1U, bits 8-23 of the control parameters field may contain model-dependent
data to be transfepred to the control unit.

8.11.2.14~Purge Path Response

A caentrol unit shall use the purge-path-response function to indicate receipt and recognition of th
purge-path function; if error-code transfer is supported, the purge-path-response function shall also b
used to transfer an error code to the channel. A control IU indicating the purge path response
referred to as a purge-path-response IU.

»n O O

A purge-path-response U shall be sent only by a control unit in response to a purge-path IU. The
channel shall send a LACK IU to close the outbound exchange when it receives a purge-path-
response |U.
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A purge-path-response IU shall be sent as a solicited control FC-2 information category, and shall be
sent as the first and last sequence of the exchange.

When the purge-path-response IU is sent in response to a purge-path IU with a zero error code,
indicating that the channel does not support error-code transfer, then no control payload shall be
included.

When the purge-path-response IU is sent in response to a purge-path IU containing a nonzero error

code, then a control payload shall be included only if the control unit supports error-code transfer. The
fbrmat of the control payload is shown in figure 40:

Neighbor-F_Port |Control-Unit-N_Port| Error Model-dependent Data
LESB LESB Code
0 24 48 49 255

(max)

Figure 40 — Control Payload Format for the Purge-Path-Response IU

I the control unit is attached to an F_Port and has successfully obtained.the LESB of the attached
R Port, the neighbor-F_Port LESB field, bytes 0-23 of the control payload, shall contain the link error
sfatus block (LESB) of the attached F_Port; if the control unit is diréctly attached to the N_Port of a
channel or is unable to obtain the LESB of the attached F_Portthen the neighbor F_Port-LESB field
shall be set to zero.

Tlhe control-unit-N_Port LESB field, bytes 24-47 of the ‘tontrol payload, contains the LESB of the
N_Port of the control unit.

Tlhe error code field, byte 48 of the control payload, contains an 8-bit code indicating the error which
fhe control unit has recognized for the logical\path and device indicated in the purge-path IU. The
cpdes and their meanings shall be as shown’in table 24.

—

144

© ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=09225f20ff8bb93b9085672a6bc80a48

ISO/IEC 14165-226:2020(E)

INCITS 544-2018

Table 24 — Error Codes for the Purge-Path-Response U

Error Code
(hex) Meaning
00 No errors were recognized

01 FC-SB-6 protocol timeout
02 FC-SB-6 link failure

03 ] ngir‘nl-pnth-timnm it error
04 FC-SB-6 offline condition
05 FC-FS-4 link failure

06 FC-SB-6 length error

07 LRC error

08 FC-SB-6 CRC error

09 IU count error
0A FC-SB-6 link-level protocol error
0B FC-SB-6 device-level protocol error

oC Receive ABTS
oD Reserved

0OE Abnormal termination of exchange
OF Logical path not established
10 Test initialization result.error

11-FF |Reserved

Bytes 49-255 of the purge-path-response |IU may be used to transfer up to 207 bytes of mode}-
dependent data to the channel. If fewer than 207 bytes of model-dependent data are transferred, the
control payload is truncated to include bytes-0-49 plus the actual number bytes of model-dependent
data transferred.

8.11.3 Control Payload

Support for the control payload-field is model-dependent. When a control payload is supported, the
control payload shall be atvariable length field with a minimum length of 49 bytes, and a maximum
length of 256 bytes. Thecontrol payload, if supported, shall be present only in a purge-path-responsge
IU sent in response t0 a purge-path IU with a nonzero error code. See 8.11.2.14.

8.12 Link-Control DIB Structure
8.12.1 Link-Control DIB Structure Overview
A link=control DIB shall be sent in a control IU by the channel or control unit. It shall be used to transfe

FC=SB-6 link-level information. A control IU containing a link-control DIB is referred to as a link-contrg
{U.

= =

A link-control IU shall be used to perform the following link-level functions (see 6.4):
a) establish a logical path;

b) remove a logical path;
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c) testinitialization; or
d) acknowledge, reject or indicate a busy condition.

A link-control DIB shall contain a link header, an LRC, and for some functions a link payload with its
associated CRC field (see Figure 16).

8.12.2 Link Header

.12.2.1 Link Header Format

he link header shall be generated by the channel or control unit and shall appear immediately after
the IU header of either a solicited or unsolicited control IU. The link header shall contain information
imdicating the link-control function to be performed and, for some functions, the parameters needed to
perform the specified function. The link header shall consist of a one-byte link-control-funétion field, a
tyvo-byte link-control-information field, a two-byte CTC counter field, a one-byte 1U count/a two-byte
link payload byte count, and reserved bytes. The link header shall have the format shown in figure 41.

0 Reserved Link Control Link Control Information

1 CTC Counter Reserved

2 Reserved IU Count Link Payload«Byte Count
0 16 31

Figure 41 — Link Header

Byte 0 of word 0, bytes 2 and 3 of word 1, and byte 0-0fword 2 shall be reserved and set to zero by
the sender and ignored by the recipient. For all IUs except the ELP IU, bytes 0 and 1 of word 1 are
also set to zero by the sender and ignored by the;recipient.

8.12.2.2 Link Control

—

he link-control field, byte 1 of word_ 0, shall contain the link-header format bits, bits 5-7, and the link-
pntrol function bits, bits 0-4. The link/control field shall have the format shown in figure 42.

Q

Link-control Function Link Header Format
0 1 2 3 4 5 6 7

Figure 42 — Link-Control Field

When bits 5-F%are set to the value ‘001’b, bits 0-4 of the link-control field shall contain the link-control
flinction. See'6.4 for the link-control functions and their assigned codes. All other values of bits 5-7
shall be reserved. If a value of other than ‘001’b is specified, a link-level protocol error shall be
récognized.

A link-control function, when sent as a request by the channel, shall require a valid token and when
sent as a request by a control unit, the token value shall be meaningless. A link control response sent
by a control unit shall use the token and CCW number from the IU to which it is being sent in response.
A link control response sent by a channel shall have a valid token assigned by the channel (but not a
valid CCW number) and shall not use the token and CCW number from the U to which it is being sent
in response.
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8.12.2.3 Link-Control Information

The link-control information field, bytes 2 and 3 of word 0, shall contain additional parameters
necessary in order to perform the link-control function specified by bits 0-4 of byte 1 of word 0. The
parameters shall be determined by the link-control function specified.

The link-control information field shall be meaningful only when the ELP, LPE, LPR, extended TIN,
TIR, and LRJ link-control functions are specified (see 6.4 for a description of the parameters).

The parameters associated with the LPR and LRJ link-control functions shall be contained in the(firgt
byte of the link-control information field, byte 2 of word 0. The second byte of the link-coptrgl
information field, byte 3 of word 0, shall always be set to zero by the sender and ignored by the
recipient.

The parameters associated with the ELP and LPE link-control functions shall be ¢ontained in both
bytes of the link-control information field, bytes 2 and 3 of word 0.

The parameters associated with the TIN and TIR link-control IUs shall be gontained in bit 7 of byte
and in byte 1 of the link-control information field. When bit 7 of byte 0 is¢zero for the TIN U, the Tl
function is specified; when bit 7 of byte 0 is one, the TINC function is specified. When bit 7 of byte 0
zero for the TIR U, the TIR function is specified; when bit 7 of byte-0is one, the TINCR function
specified. Bits 0-6 of byte 0 of the link-control information field are reserved.

n n £ O

8.12.2.4 Channel-to-Channel (CTC) Counter

The CTC counter field, bytes 0 and 1 of word 1, is only meaningful when ELP is the link-control functio
specified, and bit 15 of the link-control information field is set to one. The CTC counter specifies th
number of CTC connections for which the channel’sending the ELP IU is providing emulated contrg
unit functionality at the time when the ELP IU is'sent.

= O S5

8.12.3 Link Payload

[oN

The link payload shall be a variable:length field with a maximum length of 8156 bytes. The link payloa
field shall be present only for the IR link-control function (see 6.4.8).

8.13 Transport Command IU
8.13.1 Transport Command Overview
A transport-command IU shall be sent as an unsolicited command U and shall be sent only by th

channel. The-U'is used to initiate an operation with a device and to transfer information associate
with the current TCW to the control unit.

[eNN0)

The.iransport-command IU is made up of an 8-byte FC-SB-6 header followed by a 4-byte transport
command header (TCH), a 16-byte transport-command-area header (TCAH), a variable leng
transport-command area (TCA), a 4-byte LRC, a 4-byte data-transfer length (DL), and for bidirectionp
operations, a 4-byte bidirectional read data-transfer length (BRDL).
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The structure of the transport-command IU is shown in figure 43.

Word 0 FC-SB-6 Header
1
2 Transport Command Header (TCH)
3 Transport Command Area Header (TCAH)
6
7 Transport Command Area (TCA)
N
N+1 LRC
N+2 S Data Lgngth (DL) _ .
(for bi-directional operations, contains the write)DL)
N+3 Bidirectional Reaq IlData. Length (BRDL)
(only present for bidirectional operations)

Figure 43 — Transport-Command IU

—

he combination of the TCAH, TCA, LRC, DL and, forbidirectional operations, the BRDL together are
bferred to as the transport-command-control blogk (TCCB).

—

8.13.2 FC-SB-6 Header

Tlhe FC-SB-6 header is as defined in.8:47 The FC-SB-6 header provides FC-4 addressing information
identify the logical path and the device for the transport-command IU.

.13.3 Transport Command Header
.13.3.1 Transport Command Header Format
he transport command header (TCH) contains 4 bytes and immediately follows the FC-SB-6 header

a transport-command IU. The TCH contains information about the TCCB and the associated device
perations. The format of the TCH is shown in Figure 44.

hex’00 00 00’ 11 R W

0 24 30 31
Figure 44 — Transport Command Header (TCH)

Bytes 0-2 shall be set to hex ‘00 00 00’ by the channel and shall be ignored by the control unit.

148

© ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=09225f20ff8bb93b9085672a6bc80a48

ISO/IEC 14165-226:2020(E)

INCITS 544-2018

8.13.3.2 L1

The L1 field, bits 24-29, specifies the length, in words, of the TCA plus the 1-word LRC field that
directly follows the TCA.

For control units that do not support bidirectional operations, the total amount of data transferred in the
transport-command IU shall be equal to the L1 field plus 8 (that is, the L1 field plus the 2-word FC-SB-
6 header, the 1-word TCH, the 4-word TCAH and the 1-word DL); otherwise, the control unit shall
recognize a transport-command IU integrity error due to a data count error.

For control units that support bidirectional operations, the total amount of data transferred-inth
transport-command IU shall be equal to the L1 field plus 8 (that is, the L1 field plus the 2-word EC-SH
6 header, the 1-word TCH, the 4-word TCAH and the 1-word DL) or the L1 field plus 9 (that’is, the
field plus the 2-word FC-SB-6 header, the 1-word TCH, the 4-word TCAH, the 1-word DLy and the 1
word BRDL for a bidirectional operation); otherwise, the control unit shall recoghize a transpor
command IU integrity error due to a data count error.

= 1 O

If a transport-command IU integrity error is not recognized, the location of-the LRC in the TCCB s
located based on the L1 field and the LRC check can be performed (see®.13.6).

NOTE 36 — see the definition of the L2 field (8.13.4.3) for further ifformation on the L1 field and the
relationship to the L2 field in the TCAH.

8.13.3.3 Read (R)

The R bit, bit 30, when set to one, indicates that the TCA'\contains one or more commands that transfg
read data. When the bit is set to zero, the TCA does not'contain any commands that transfer read data.
When the R bit is one and the W bit (bit 31) is zerg/the operation is referred to as a read operation.

his

When both the R and W bits are set to zerg;*the TCA shall not contain any commands that transfg
read or write data indicating that the 1/0.gperation does not perform data transfer. When both the
and W bits are set to one, the TCA may_contain commands that transfer both read and write data, an
the operation is referred to as a bidiréctional operation. The device shall recognize a TCH content errg
due to a read-write conflict if a bidirectional operation is specified and the control unit does not suppo
bidirectional operations, or the control unit supports bidirectional operations but the transpor|
command IU does not contain the BRDL field.

T+ =5 QO A S

When the R bit is zer¢ and the device encounters a command in the TCA that attempts to transfer reald
data, the device shall'recognize a TCCB content error due to an invalid read attempt.

8.13.3.4 Write)(W)

The W bit; bit 31, when set to one, indicates the TCA includes one or more commands that transfg
write‘data. When the bit is set to zero, the TCA does not include any commands that transfer write
data. ' When the W bit is one and the R bit (bit 30) is zero, the operation is referred to as a wrie
Qperation.

=

For a description of when both the W and R bits are set to zero, and when both the W and R bits are
set to one, see 8.13.3.3.

When the W bit is zero and the device encounters a command in the TCA that specifies a write
command, the device shall recognize a TCCB content error due to an invalid write condition.
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8.13.4 Transport Command Area Header

8.13.4.1 TCA Header Format

The TCA header (TCAH) contains 16 bytes and immediately follows the TCH in a transport-command

IU. The TCA header contains information about the TCA and the associated device operations. The
format of the TCA header is shown in Figure 45.

Q Eormat Control hex ‘0Q’ Rasearved
1 Reserved L2
2 Service Action Code Reserved 1/O Priority
Reserved
0 8 13 16 24 31

Figure 45 — TCA Header Format

Byte 1 of word O shall be zero; otherwise, a TCCB content error shall be recognized by the control unit.
Bytes 2-3 of word 0, bytes 0-2 of word 1, byte 2 of word 2 and word 3 are reserved and ignored by the
cpntrol unit.

8.13.4.2 Format Control

lwo)

yte 0 of word 0 contains the format control field and shall b& equal to hex'7F’; otherwise, a TCCB
cpntent error shall be recognized by the control unit.

8.13.4.3 L2

lwo)

yte 3 of word 1 is the L2 field and contains an gnsigned binary integer that shall specify the length,
bytes, of the TCA plus words 2 and 3 of the*TCA header, plus the 4-byte LRC field that directly
llows the TCA. The L2 field shall be a nonzero multiple of 4 that is between 20 and 252, inclusive.

— =

its 6 and 7 of the L2 field shall be zero; otherwise a TCCB content error shall be recognized by the
pntrol unit. Additionally, the L2 field shall specify a length that is 8 bytes greater than the length
pecified by the L1 field in the. TCH (see 8.13.3.2); otherwise, a TCCB content error shall be
bcognized by the control unit:

= W O M

NOTE 37 — The definition‘of L1 length field is based on the FCP-3 and SPC-4 definition of a command IU and
command-descriptor bleck (CDB) which defines the L1 location in the command IU to contain the “additional
CDB length”. The €DB"itself begins at word 3 of the command IU (i.e., beginning with the format-control field)
and extends through word 6. According to FCP-3, the “additional CDB” portion begins at word 7 of the
command U ey beginning with the TCA) and extends through the LRC, and L1 is defined to contain the
length of this-additional CDB portion.

NOTE38.* The L2 length field is based on the SPC-4 definition of a CDB and defines the L2 location in the
command IU to specify a different “additional CDB length”. This additional CDB length is defined to begin at
word 5 of the command IU (i.e., beginning with the service action code field) and extends through the TCA and
LRC. Since the length specified by L2 begins at word 5 of the command IU and the length specified by L1

pegins at word 7 or the command U, LZ always exceeds L1 Dy exaclly © Dyles.

8.13.4.4 Service Action Code

Bytes 0-1 of word 2 contain an unsigned integer value that specifies the type of operation specified by
the TCCB as follows:
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Hex
Value Meaning

1FFE  FC-SB-6 Device I/O operation.
1FFF  FC-SB-6 Device support functions.

8.13.4.5 1/O Priority Number

Byte 3 of word 2 contains the control-unit I/0O priority number. The number is an unsigned binar
integer that specifies the priority level that is applied at the control unit during execution of a. TV
channel program. I/O priority provides a means for specifying an end-to-end priority. The usageof I/
priority is beyond the scope of this standard.

U<<

The specified control-unit I/O priority number may be any value in the range of 1 t0.255. The numbg
1 shall designate the lowest priority that may be assigned to the 1/0-operations atthe control unit an
the number 255 shall designate the highest priority that may be assigned. The Rumber 0 shall mea|
that no priority is assigned to the associated 1/0O operations. The handling-of I/O-operations, in th
case, shall depend upon the control unit model.

0w o QS

=

Depending upon the model, fewer than 255 priority levels may be-supported by the control unit i
which case, the control unit shall round the specified priority to ¢he equivalent level of priority that |i
supports. For example, if the control unit supported 127 levels ‘'of priority, then a specification of 25
would result in an equivalent priority of 127. Also depending\tipon the model, the control unit may ng
support the function of I/O priority, in which case, byte 3f word 2 shall be ignored.

—~ =

O

NOTE 39 — A control unit should implement a model-dépendent fairness algorithm which ensures that no 1/
operation is permanently prevented from completing,because it is setting the 1/O priority to a lower value
relative to the 1/O priority used by other 1/0 operations.
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8.13.5 Transport Command Area

8.13.5.1 Transport Command Area Format

The transport-command area (TCA) is a variable length area that contains from 1 to 30 device-

command words (DCW) and any associated DCW control data. The maximum size of the TCA is 240
bytes. The TCA has the format shown in Figure 46.

Q DC\L

1

2 DCW or
Control Data for Previous DCW

DCW or
Control Data for Previous DCW

DCW or
Control Data for Previous DGW

Figure 46 — Transport-Command Area(TCA) (Where N>0 and N<=59)

—

he length of the TCA is an integral number of 4-byte words. When sufficient space exists in the TCA
r the entire DCW, a DCW begins on the werd boundary that follows the previous DCW or the control
ta associated with the previous DCW:When the last DCW in the TCA specifies control data that is
t an integral number of words, the subsequent LRC word begins on the word boundary that follows
the control data.

—h

8.13.5.2 DCW Format

Tlhe DCW is an 8-byte control block that is designated on an word boundary. The format of the DCW
described in Figure-47.

Ty

0 Command Control Flags Reserved CD Count
1 DCW Data Count
0 8 16 24 31

Figure 47 — Device Command Word

Byte 2 of word 0 is reserved and shall be set to zero by the channel and ignored by the control unit.
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8.13.5.2.1 Command
Byte 0 of word 0 is the command field for the DCW and shall contain an 8-bit code that specifies a
device operation to be performed. The basic operations shall be specified by the following commands:
read, write, control, sense, and transport.

Some commands contain modifier codes that specify model-dependent command execution.

Table 25 lists the basic commands and the bit settings of the command field.

Table 25 — Contents of the DCW Command Field

Bit Position
Command 0 1 2 3 4 5 6 7
Reserved M| O |M|M| 0| 0| 0y
Transport' O|1|(M|M|O0O]|0O]|D]|O
Reserved 1 1T M| M| ONO |00
Sense M| M| M| M0 |1 0|0
Reserved M| M| M| M| 1 o|01|O0
Reserved? M[MIM|M|1]|]1]|0]|0
Write M MM M M|{M|O 1
Read M MMM M|M]|1 0
Control M MMM M|M]|1 1
Explanation:
M represents a modifier bit and may be set to zero or one.
Notes:
" These-cbdes are reserved for commands used to manage transport-mode op-
erations.
21 command mode, these codes are used for the read backward commands -
read backward commands are not supported in transport mode.

The.command field may contain any value that is not reserved. If a reserved command code is sent in
a.DCW, the device shall recognize a TCCB content error.

Some commands, when executed, do not result in the transfer of data but cause the device to chain

and start execution of the next command when all of the conditions for command chaining are
satisfied. Each of the basic operations is described in the following section.

Read: A read command shall initiate execution of a device operation that performs device-to-channel
data transfer. The bytes of data within a block shall be provided in the same order as those received
by the write command.
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Write: A write command shall initiate execution of a device operation that performs channel-to-device
data transfer.

Control: A control command shall initiate execution of a device operation that makes use of control
data provided in the DCW.

Sense: The sense command is similar to a read command, except that the data shall be obtained from
sense indicators rather than from a record source.

(@]

(O

Table 26 — Required Commands

Tiransport: A transport command specifies a device support function associated with transport-mode
perations. It may contain control data and may perform a read or write data transfer.

here are some commands (particular combinations of eight bits in the command field) which shall be
xecuted by all devices. Table 26 indicates these required commands.

Command Code

(hex) Function
04 Basic Sense

03 No-operation (no-op)

md Read configuration data

md Read node identifier

E4 Sense ID

md Set interface identifier

Explanation:

md  Model-dependent command code. The command code may be obtained by

using a sense-ID command.
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The defined transport commands are shown in table 27.

Table 27 — Transport Commands

Command Code
(hex) Function
40" Interrogate
502 Transfer TCA Extension (TTE)
603 Transfer CRC Offset Block (TCOB)
703 Transfer extended CRC Offset Block (TeCOB)
Notes:

1 Support for the interrogate command is required when transport mode is supported.

2 Support for the TTE command is required to support more DCWs than egan be
accommodated in the TCA.

3 Support for the TCOB and/or TeCOB command is not required bt recommended when
intermediate CRC is used in transport mode write data.

In command mode, transport command codes are defined.as‘reserved and result in unit check status
(see 8.7.2.2). The transport commands are defined in the)following clauses.

8.13.5.2.1.1 Interrogate Command

The interrogate command is used to determine-the state of a TCW I/O operation at a device. Th
command does not initiate an operation at the'device, does not affect the state of the device and doe
not reset allegiances associated with the device and logical path. See 9.3.3.2 for details of th
interrogate operation.

D n O

=

The incorrect-length condition is:net recognized for the interrogate command regardless of whethg
the DCW-incorrect-length facility is supported by the channel and control unit.

8.13.5.2.1.2 Transfer CRC Offset Block and Transfer Extended CRC Offset Block Command

The Transfer CRC Offset Block (TCOB) or Transfer Extended CRC Offset Block (TeCOB) comman|
transfers a CRC-Offset Block or an Extended CRC Offset Block respectively, to a control unit and,
when used,.shall be the first DCW of the TCA. The location of the COB or eCOB is determined by th
control-data.count and may be provided in either the first write transport-data IU of an I/O operati
or as cantrol data following the TCOB or TeCOB DCW of an I/O operation. If the control-data count {s
non-zero then the COB or eCOB shall be provided as control data following the TCOB or TeCO
DCW: If the control-data count is zero, then the COB or eCOB shall be provided in the first wri
transport-data IU of the operation. When a COB or eCOB is provided in a transport-data 1U, the DC
data count shall include a byte count of the COB or eCOB intermediate-CRC-offset fields but shall ngt

include the COB or eCOB CRC or COB or eCOB pad bytes.

Use of the TCOB or TeCOB command is recommended in TCW I/O Operations whenever
intermediate CRC is present in write data. A device indicates support for the TCOB and/or TeCOB
command using model dependent configuration commands. A TCOB or TeCOB command shall not
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be sent to a device that does not indicate support for this command. The chain-command flag in a
DCW containing the TCOB or TeCOB command shall be set to one.

The CRC Offset Block (COB) specifies the location of intermediate CRC words within the transport
data for a write data transfer. A COB is provided when the first DCW in the TCA contains the TCOB
command. If the first DCW in the TCA does not contain the TCOB command, then a COB is not
provided.

The CRC Offset Block (COB) has the format shown in Figure 48.

0 Intermediate CRC 0 offset
Intermediate CRC 1 offset

N Intermediate CRC N offset
0 or 1 word of pad (if the COB is in a transport-data,iU)

CRC word (if the COB is in a transport-data+U)
Figure 48 — CRC Offset Block

Tlhe Extended CRC Offset Block (eCOB) specifies the location)of’intermediate CRC words within the
tlansport data for a write data transfer and the number of pad. bytes preceding the CRC word. Bits 0-
29 of the eCOB entry shall contain the word offset of an intermediate CRC word within the transport
data for a write data transfer, and bits 30 to 31 shall contain the number of pad bytes. An eCOB is
provided if the first DCW in the TCA contains the TeCOB command. If the first DCW in the TCA does
not contain the TeCOB command, then an eCOB:is not provided.

Tlhe Extended CRC Offset Block (eCOB)has the format shown in Figure 49.

0 Intermediate CRC 0 offset #pad
bytes
1 Intermediate CRC 1 offset #pad
bytes
N Intermediate CRC N offset #pad
bytes
0 or 1 word of pad (if the eCOB is in a transport-data 1U)
CRC word (if the eCOB is in a transport-data [U)

<)
D
D

04

Figure 49 — Extended CRC Offset Block
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The COB or eCOB shall contain 1 to N+1 entries of intermediate-CRC offsets or intermediate-CRC
offsets and pad lengths, respectively. If the COB or eCOB is provided in a transport-data IU, then the
COB or eCOB shall also contain 0 or 1 word of pad and 1 word of CRC. Zero or one word of pad shall
be provided so that the word containing the CRC will be on a word boundary that is not on a
doubleword boundary. The last word of the COB or eCOB shall contain a CRC that covers the entries
0 through N. The CRC shall be generated as described in 8.6.5. If the COB or eCOB is provided as
control data for the TCOB or TeCOB DCW, then there shall be no COB or eCOB padding or CRC and
the control-data count shall be equal to 4 times the number of intermediate-CRC-offset fields in the
COB or eCOB.

Each intermediate-CRC offset in the COB or eCOB indicates the relative offset from the first byte
data in the transport-data IU. If the COB or eCOB is provided in a transport-data 1U, the first byte of
data for the write transfer is either the first byte following the COB or eCOB CRC if a TCAXis not bein
provided or the first byte following the TCAX CRC if a TCAX is being provided (see 8.13.5,2.1.3). If th
COB or eCOB is provided in the TCA as DCW control data, the first byte of data forthe write transfgr
is either the first byte in the transport-data |U if a TCAX is not being provided or the first byte followin
the TCAX CRC if a TCAX is being provided.

If the control unit determines that one or more entries in the COB or eCOB<ndicate that an intermedia
CRC is not at a location that is appropriate for the device and/or command-being executed, then it m
present program check status. If program check status for this condition is presented it shall indica
I/0O Exception Reason Code 9.

The incorrect-length condition is not recognized for the\fransfer-CRC-offset-block or transfef-
extended-CRC-offset-block command regardless of whether the DCW-incorrect-length facility is
supported by the channel and control unit.

NOTE 40 — The presence of a TCOB DCW or TeCOB DCW or TTE DCW does not affect DCW chaini
requirements of a device. For the purpose of enfarcing device DCW chaining rules, the DCW following t
TCOB or TeCOB or, if present, the DCW following the TTE, shall be considered the first in the chain.

8.13.5.2.1.3 Transfer TCA Extension (TTE)

The Transfer TCA Extension (TTE)Ycommand transfers a TCA extension to a control unit. The TCA
is considered a logical extension of the TCA. When neither a TCOB DCW nor a TeCOB DCW is
present in the TCA, the TTE DCW shall be the first DCW in the TCA. When a TCOB DCW or TeCO
DCW is present in the TCA, the TTE DCW shall be the second DCW in the TCA. The TTE DCW da
count specifies the length of the TCAX and shall be an integral multiple of four bytes. The TTE DC
control-data count’shall be zero and the chain-command flag shall be set to one. The DCW data coumt
shall not include-the TCAX CRC or TCAX pad bytes.

Use of theyFFE command is required to be able to transfer more DCWs and control data than can
accommedated in the TCA provided in the transport-command IU. The TCAX contains additional
DCWs or both additional DCWs and control data for the TCW I/O operation. A device indicates suppo
for the TTE command using model dependent configuration commands. A TTE command shall not
sent to a device that does not indicate support for the TTE command and shall only be sent when the
is at least one DCW in the TCA that does not contain a transport command (see 8.13.5.2.1).

Control data for a DCW in the TCA shall not extend beyond the last byte in the TCA - control data is
not permitted to span the TCA and TCAX.

The chain command flag in the last DCW in the TCA shall be set to one when a TCAX has been
specified.
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The TCAX has the format shown in Figure 50.

DCW or
Control Data for Previous DCW

DCW or
Control Data for Previous DCW

DCW or
Control Data for Previous DCW

0 or 1 word of Pad

CRC Word

0

el

=00 0O -

(el

8.13.5.2.2 Control Flags

o m

31

Figure 50 — Transport-Command Area Extended(TCAX) plus Pad Bytes and CRC

CWs and control data in the TCAX are processed’as defined for the TCA (see 9.3.3, “TCA
rocessing”). The maximum length of the TCA plus the TCAX shall be less than 64K bytes.

he TCAX shall be followed by either zero pad-bytes or one word of pad, followed by one word of CRC.
ne word of pad is provided if the size of the) TCAX is an even multiple of 4 bytes; otherwise no pad
ytes are provided. The total size of the TCAX plus the word of pad, if provided, plus the one word
RC shall be an even multiple of 4 bytes The TCAX CRC covers the entire TCAX and the pad word,
provided. The CRC shall be generated as described in 8.6.5.

he incorrect-length conditiomis not recognized for the transfer-TCA-extension command regardless
f whether the DCW-incorfect-length facility is supported by the channel and control unit.

NOTE 41 — The limitation of the length of the TCA plus TCAX to less than 64K bytes is due to the 2-byte DCW
offset field provided-in-the transport-response IU (see 8.15.6.4).

yte 1.0f\word 0 is the control-flags field for the DCW. The format of the field is as shown in figure 51.
its0.and 3-7 are reserved and shall be set to zero by the channel and ignored by the control unit.

r CcC

SLI

reserved

0 1

Figure 51 — DCW Control Flags
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Chain Command (CC): The CC bit, bit 1, when set to one, shall specify an intent to perform chaining
of commands. Upon normal completion of the current device operation and after recognition of device
end at the device, chaining of commands shall cause the next DCW in the TCA or TCAX to be
executed. The CC bit shall be set to zero in the last DCW in the TCA.

Suppress Length Indication (SLI): When the DCW-incorrect-length facility is supported by the
channel and control unit, bit 2 is the SLI flag and shall control whether command chaining is to occur
on an incorrect-length condition and whether incorrect length is to be indicated in the transport-
response U on an incorrect-length condition. An incorrect-length condition is detected by the control

unit if the DCW data count does not match the amount of data required by the device for a write DE
or if the DCW data count does not match the amount of data available at the device for a read-DC
When the DCW-incorrect-length facility is not supported by the channel and control unit;)bit 2
reserved and shall be set to zero by the channel and ignored by the control unit.

When the SLI flag is one and an incorrect-length condition exists for the current DCW, comman
chaining, if indicated, shall be permitted. If the SLI flag is zero and an incorrect-length condition exis{s
for a DCW, command chaining, if indicated, shall not be permitted and, if no abnérmal conditions a
detected, ending status with the DCW offset and DCW residual count for the current DCW and wi
the incorrect-length flag (see 8.15.4.11) set to one shall be transferred tolthe channel.

When an incorrect-length condition exists for a DCW and the SLI flag,in the DCW is equal to one an|
no unusual conditions exist for the current DCW, data transfer shall be performed as follows;
otherwise, the operation shall be terminated and an abnormal termination condition shall be report
for the operation (see 9.3.4). When an incorrect-length condition exists for a DCW and the SLI flag i
the DCW is equal to zero, data transfer shall be performed as specified in 8.15.4.11 in the descripti
of the incorrect-length flag.

Data transfer for a read DCW shall be performed-as follows when an incorrect-length condition exis
and the SLI flag is one in the DCW:

a) If the data count is greater than the amount of data available at the device for the comman
then:

1) If the CC flag is one, the.data available at the device shall be transferred to the channel and
pad bytes shall be transferred so that the amount of data transferred for the DCW is equal
to the data count:Pad bytes shall be set to zero. All data transferred, including pad bytes,
shall be included-in the computation of CRC required for the operation; or

2) If the CC flag is zero, the data available at the device shall be transferred to the chann
and eithier no additional data shall be transferred or pad bytes shall be transferred so that
the'amount of data transferred for the DCW is equal to the data count. Pad bytes shall
setto zero. The data transferred plus any pad bytes shall be included in the computation ¢f
CRC required for the operation. It is model dependent whether pad bytes are transferred f@r
this case.

b) If the data count is less than the amount of data available at the device for the command, on
an amount of data equal to the data count shall be transferred to the channel for the DC

Only the data transferred shall be included in the computation of CRC required for the
operation.

Data transfer for a write DCW shall be performed as follows when an incorrect-length condition exists
and the SLI flag is one in the DCW:
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a) If the data count is greater than the amount of data required by the device for the command,
then:

1) If the CC flag is one, the amount of data specified by the data count shall be transferred to
the control unit. The data transferred shall be used in the computation of CRC required for
the operation; data not required by the device is discarded; or

2) If the CC flag is zero, the amount of data required by the device shall be transferred to the
control unit. Additional data shall be transferred up to the next intermediate CRC word or
until the data count for the DCW is exhausted. All data transferred shall be used in the
computation of CRC required for the operation.

b) If the data count is less than the amount of data required by the device for the command)the
amount of data specified by the data count shall be transferred to the control unit. The'data
transferred shall be used in the computation of CRC required for the operation.

8.13.5.2.3 Control-Data (CD) Count

Byte 3 of the DCW is the CD count and contains an 8-bit unsigned binary integér that shall specify the
umber of control data bytes that immediately follow this DCW in the TCA,

=

I the command-code specifies a command that requires control dataiand byte 3 of word 0 contains
eros, a TCCB content error shall be recognized.

N

I the CD count contains a value that specifies control data{past the end of the TCA or the value
pecifies data past the end of the TCAX, a TCCB content error shall be recognized.

n

8.13.5.2.4 Data Count

Word 1 is the DCW data-count field and contains a 32-bit unsigned binary integer that shall indicate
the number of bytes to be transferred between the channel and control unit during execution of the
DCW, not including any pad and CRC bytes.

[o]

.13.6 Longitudinal Redundancy.Check

Tlhe longitudinal-redundancy-check (LRC) field shall a contain a 32-bit LRC code which immediately
follows the TCA in the transport-command IU (see Figure 43). LRC shall be generated by the
griginator and recipient using a seed of hex’A5 5A A5 5A’ that is exclusive or'ed on a word by word
basis over the following fields:

a) The FC-SB-6-header;

b) The TGH, TCAH and TCA;

c) The DL field; and

d)) The BRDL field (when present).

If the value of the LRC contained in the IU equals the value generated by the recipient, a valid LRC
shall be recognized; otherwise, an invalid LRC shall be recognized. If a valid LRC is recognized, the
contents of the transport IU shall be considered valid; otherwise, the IU shall be considered invalid and
a transport-command-IU integrity error due to invalid LRC shall be recognized.
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See Annex C for an example of the process used for LRC calculation.
8.13.7 Data Length
For a read operation, the data-length (DL) field contains a 4-byte unsigned binary integer that specifies
the number of bytes to be transferred by the control unit to the channel for the operation and includes

any pad bytes required to round to a word boundary if not already on a word boundary plus 4 bytes for
CRC.

For a write operation or bidirectional operation, the DL field shall contain a 4-byte unsigned bina
integer that specifies the number of bytes to be transferred by the channel to the control unitfor.th
operation and includes all intermediate and final pad and CRC bytes, and ifa COB or eCOB isfinclud

in the first transport-data U of the write operation, it also includes the COB or eCOB, any_COB p
bytes or eCOB pad bytes and the COB CRC or eCOB CRC bytes. If a TTE DCW is presentin the TCA,
the DL field also includes the TCAX, any TCAX pad bytes and TCAX CRC bytes.

8.13.8 Bidirectional Read Data Length

For a bidirectional operation, the bidirectional-read-data-length (BRDL) field shall contain a 4-by
unsigned binary integer that specifies the number of bytes to be transferred by the control unit to th
channel for the operation and includes any pad bytes required ta”round to a word boundary if ng
already on a word boundary plus 4 bytes for CRC.

~ D

For operations that are not bidirectional operations, the device shall recognize a TCH content errq
due to a read-write conflict if the transport-command |U €ontains the BRDL field.

=

8.14 Transport Data IU
8.14.1 Transport Data IU Overview

A transport-data IU shall be sent only in a'solicited data IU by either the channel or control unit. Whe
the transport-data U is sent by the channel, sequence initiative for the exchange shall be transferre]
to the recipient. When the transpoit-data IU is sent by the control unit, sequence initiative for th
exchange shall be held by the centrol unit.

(O]

For a write or bidirectionakoperation, the channel shall send one or more transport-data |Us to the
control unit to transfer‘the write data for the operation. When first-transfer-ready is disabled, the
channel shall send a transport-data IlU immediately following the transport-command IU. For 1
transport-data IUs from the channel after the first transport-data IU and for all transport-data 1Us fro
the channel wheérifirst-transfer-ready is not disabled, the channel shall send a write transport-data-1U
only after receiving a transfer-ready IU. The channel shall send a transport-data |U after each transfef
ready U, is received until all write data specified by the TCCB is transferred or a transport-respons
IU is received. (See 8.14.2 and 9.3.2.2 for additional information on write data transfer).

D

Fora read or bidirectional operation, the control unit shall send at least one transport-data 1U to the
channel to transfer the read data specified for the operation. (See 8.14.2 and 9.3.2.3 for addition
information on read data transfer). T

For bidirectional operations, when first-transfer-ready disabled is not in effect, the control unit selects
the first transport-data IU to be transferred. The control unit either sends a transfer-ready 1U to the
channel to request a transport-data IU or sends a transport-data 1U to the channel. If first-transfer-
ready disabled is in effect for the operation, the channel send a transport-data 1U following the
transport-command 1U.
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8.14.2 Transport Data

For a write or bidirectional operation, when first-transfer-ready disabled in not in effect, the maximum
number of bytes allowed in a transport-data IU sent by the channel is specified by the most recent
transfer-ready IU. When first-transfer-ready is disabled, the maximum number of bytes allowed in the
first transport-data IU sent by a channel prior to receiving a transfer-ready IU is as specified in 9.3.2.2.

For all subsequent transport-data 1Us, the maximum number of bytes allowed is specified by the most
recent transfer-ready |U. All transport-data IUs sent by the channel shall contain the maximum number

bytes allowed except for the last transport-data 1U.

or a read or bidirectional operation, the maximum number of bytes allowed in a transport-data IU)is
gigabytes minus 4. For read operations, the control unit shall not transfer an amount of data that
ceeds the amount specified by the DL field in the transport-command IU. For bidifectional
perations, the control unit shall not transfer an amount of data that exceeds the amount.spécified by
the BRDL field in the transport-command IU.

hen the transport-data IU containing the last data byte for the current TCCB contains an amount of
ta between the maximum-allowable amount of data for the IU minus 3 and the maximum-allowable
mount of data for the IU, the CRC field shall not be included in the transport-data U and shall be sent
a subsequent transport-data 1U by itself. The transport-data IU containing the last data with an
mount of data up to the maximum amount of data minus 3 bytes up to the maximum amount of data
shall have pad bytes added, if necessary, and the CRC value sent inthe subsequent transport-data
shall cover both the data and the pad bytes.

.14.3 Pad Bytes

ad bytes, if present, are contained in the last word of.@’data area for which CRC is to be calculated

nd shall be used to pad the data area to the next word boundary when the data area to be covered
not an integral number of data words. This applies to data areas to be covered by COB or eCOB,

intermediate and final CRC.

he value used for a pad byte is model dependent.

.14.4 Cyclic-Redundancy-Check

.14.4.1 Final CRC

he final CRC field is incCluded in a transport-data IU when the transport-data IU is the last transport-
ta IU sent by the .¢channel or control unit for the TCW 1/O operation. The final-cyclic-redundancy-
eck (CRC) field.shall contain a word-aligned 32-bit redundancy-check code.

.14.4.2 Intermediate CRC

ne or.more intermediate CRC words may be present in a transport-data IU sent by the channel. The

imtermediate CRC words provide CRC checking of data areas prior to transmission of the entire data
rea’specified by the TCA. The method for inserting and detecting intermediate CRC fields is outside

the scope of this document when neither the TCOB nor TeCOB command is provided.
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8.14.4.3 COB CRC

COB CRC is present in a transport-data IU sent by the channel when a COB is being transferred in
the transport- data IU (see Figure 48). The COB CRC follows the COB intermediate-CRC-offset fields
and COB padding, if present.

8.14.4.4 eCOB CRC

in the transport data U (see Figure 49). The eCOB CRC follows the eCOB intermediate-CRC-offs
fields and eCOB padding, if present.

8.14.5 CRC Generation and Checking

For a write or bidirectional operation, when intermediate CRC has not been sent by\the channel, th
channel shall generate final CRC on all data sent by the channel for the operation.‘if COB, eCOB, ¢
intermediate CRC has been provided in a transport-data IU, the final CRC shall,be‘generated only ovsg
the data transferred after the last intermediate CRC field. If a read or bidirectional operation complete
without:

n =5 =5 O

a) device status containing unit check; or

b) a non-zero transport response exception code,
then the control unit shall generate CRC for all data sent by‘the control unit.
The recipient shall generate CRC on the data received and compare the value calculated to the CR
contained in the IU. If the value of the CRC caontained in the IU equals the value calculated by th

recipient, a valid CRC check shall be recognized; otherwise, an FC-SB-6 CRC error shall b
recognized.

o O )

The processing of CRC, in terms of geheration and checking, shall follow the equations in Annex A ¢f
FC-FS-4; however, the coefficients-of the polynomial representing the transport-data field are ngt
chosen according to bit transmission order specified in Annex A. The coefficient of the highest ordgr
term of F(x), which is the polynemial representing the transport-data field, shall represent the mos}-
significant bit of the transport-data field; lower-order coefficients of the polynomial F(x) correspond
less-significant bits of the transport-data field in sequential order. The 32-bit CRC shall be the 3
coefficients of the frame check sequence (FCS) polynomial in Annex A, equation (1). The most
significant bit of theyCRC shall be the coefficient of the highest order term of the FCS polynomid;
sequentially less<Significant bits shall be the coefficients of sequentially lower order terms of the FC
polynomial. The CRC is transmitted on the link in the same bit-transmission order as all other words
of the transport-data field. Additional information may be found in Annex B of Reference[8].

The.jnifialized value of the CRC generator shall be hex FFFFFFFF’.

8.15 Transport Response IU

8.15.1 Transport Response IU Overview
A transport-response U shall be sent as a command status FC-FS-4 information category and shall
be sent only by the control unit. The IU provides status for a TCW 1/O operation. The type of status

may include normal ending status or, when an abnormal condition has been detected, termination
status that indicates the cause for abnormal termination of the operation. The type of status being

163

© ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=09225f20ff8bb93b9085672a6bc80a48

ISO/IEC 14165-226:2020(E)

INCITS 544-2018

presented is specified within the transport-response IU. The IU may include extended status that
provides further status for the operation.

A transport-response IU may or may not close the transport exchange. Whether or not the exchange
has been closed by a transport-response IU is indicated in the FC-FS-4 header (see FC-FS-4). If the
transport exchange has not been closed by the transport-response IU, the channel shall send a
transport-confirm IU (see 8.17) that closes the exchange after receiving the transport-response IU.

The _control unit shall request status confirmation from the channel that a transport-response 1U has

been received by sending the transport-response U such that it does not close the exchange and
tlansfers sequence initiative to the channel.

—

he control unit shall request status confirmation when the transport-response U contains a resétting-
vent notification (see 9.6) or when the device status contains control-unit-busy status (se€19:4.10);
therwise, a device-level protocol shall be recognized.

[elN0)

NOTE 42 — For performance reasons, the preferred implementation for a transport-response*lU that contains
CE and DE-only or CE-only device status is that the IU close the transport exchange.

(o]

.15.2 Transport Response IU Structure

transport-response 1U shall consist of an FC-SB-6 header followed by a-20-byte status field, a 4-byte
fatus LRC, and an optional extended-status field containing from 82 to 64 bytes. When extended
fatus is provided, a 4-byte extended-status LRC field is provided.as the last word of the transport-
psponse |U. Pad bytes are added to the extended status to4ound to the next word boundary if the
umber of extended-status bytes is not on a word boundary.\The structure of the transport-response
U is shown in Figure 52.

=2 3 0 0 >

0 FC-SB-6"Header
1

2 Status Area

6

7 LRC

8 Extended Status

(optional: 32 - 64 bytes)

N+1 LRC
(always provided if ES is provided)

Figure 52 — Transport Response U

8.15.3 FC-SB-6 Header
The FC-SB-6 header has the format defined in 8.4 and is set equal to the FC-SB-6 header received

in the transport-command IU for this exchange.
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The FC-SB-6 header in a transport-response U is not used to identify the transport exchange at the
channel - the channel uses the FQXID (see 4.7.4) to identify the exchange.

8.15.4 Status
8.15.4.1 Status Area Format

The status area is 20 bytes and immediately follows the FC-SB-6 header in a transport-response IU.
The status contains information about the TCW 1/O operation. The format of the status is shown i

Figure 53.

0 Status Flags1 Max CU Exchanges Response Flags Response Code
Parameter

1 DL Residual Count

(for bidirectional operations, contains the write DL residual count)
2 MFTBC Response lkength
3 Bidirectional Read DL Residual Count

(for non-bidirectional operations, this field is resefved)
4 hex ‘7F’ Status Flags2 Status Flags3 Device Status
0 8 16 24 31

Figure 53 — Transport Response |4 Status Area Format

When word 3 does not contain a bidirectional read BE-residual count, the word shall be set to zerds
by the control unit and ignored by the channel.

8.15.4.2 Status Flags1

D

Byte 0 of word 0 contains the status-flags1 field. The control unit shall use this field to provid
information about the associated TCW I/O operation. Bits 1-3 shall be set to zeros by the control uni
and shall be ignored by the channel. The format of the status flags1 shall be as shown in Figure 54

—

IL reserved Exception Code
0 1 3 4 7

Figure 54 — Transport Response Status Flags1

Incorrect Length (IL): When the DCW-incorrect-length facility is supported by the channel and
control ufit;:bit 0 is the IL flag and, when set to one, shall indicate that the TCW 1/O operation wds
terminated due to an incorrect-length condition for the DCW indicated by the DCW offsgt
(see8415.6.4). The IL flag is set to one only when the SLI flag is zero and when the device status
includes channel-end status.

When the DCW-incorrect-length facility is not supported by the channel and control unit, bit 0 is
reserved and shall be set to zero by the control unit and shall be ignored by the channel.

When the IL flag is set to one in a transport-response U, the DCW offset identifies the DCW containing
the incorrect-length condition and the DCW residual count indicates the amount of data transfer, if any,
that was not transferred for the incorrect-length DCW. Data transfer, if any, for DCWs that preceded
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the incorrect-length DCW in the TCA and, if present, the TCAX shall have completed and all CRC
checking on transferred data shall have been performed as follows:

a) If the DCW containing the incorrect-length condition is a read DCW:

1) The last transport-data IU sent to the channel shall contain CRC for all read data
transferred to the channel during the TCW I/O operation.

2) If write DCWs preceded the incorrect-length read DCW in the TCA and, if present, the

TCAX, the data for those write DCWs shall have been received by the control unit and CRC
checking shall have been performed on the data. The control unit shall request write data
for DCWs that follow the incorrect-length DCW as necessary to obtain the CRC requiredto
perform the CRC checking.

b) If the DCW containing the incorrect-length condition is a write DCW:

1) Any data for the incorrect-length write DCW (as indicated by the residual count) and all data
for preceding write DCWs in the TCA and, if present, the TCAX shall have been transferred
to the control unit and CRC checking shall have been performed onthe data. The control
unit shall request write data for DCWs that follow the incorrect-length* DCW as necessary to
obtain the CRC required to perform the CRC checking.

2) If read DCWs preceded the incorrect-length write DCW i) the TCA and, if present, the
TCAX, and CRC for the read data has not yet been sent'fo the channel, a transport-data U
shall be sent to the channel that contains CRC for all réad data transferred to the channel
during the TCW 1/O operation.

m

xception Code: bits 4-7 contains an exception code~The code shall be set by the control unit to
pport an abnormal condition detected during a TCW.HO operation. The control unit shall set this code

—
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8

to zero when it provides interrogate extended status in a transport-response IU. The codes are defined

in table 28.

Table 28 — Transport Response Exception Codes

Code

(hex) Meaning

No exception condition detected by the control unit.

Device-level exception due to an address-exception condition (see 9.5.4.2).

Link-level reject due to a logical-path-not-established condition (see 6.4.9).

w N -

Resetting event notification - a resetting event (see 9.6) has occurred on the lggical pg
device associated with the transport-command IU. When this code is set in thedransport
IU, the control unit shall request status confirmation for the status. If statds confirmatig
received, the resetting event condition is reset at the device for the logical path; othery
resetting-event condition remains pending.

Device-detected program check/IFCC - the control unit has detected a condition that
indicate the transport-command IU arrived in a corrupted $tate, invalid CRC detected

data, and receipt of a second |/O operation for a logical(path and device address that
interrogate operation.

Device-detected program check - the control unit has detected an error in the content g
(see 10.9.3) or TCCB (see 10.9.4).

6-F Reserved

th and
Lresponse
nis

Vise, the

hay result

in a program check or IFCC to be reported. Errors that fall into_this category include efrors that

or write
s not an

f the TCH

8.15.4.3 Maximum CU Exchanges Parameter,

Byte 1 of word 0 shall contain the maximum-CU-exchanges parameter. The parameter, whe
nonzero, contains an unsigned binary integer that, when added to one and multiplied by 16, shg
specify the maximum number of trangport exchanges the channel can have open at the control uni
When the parameter is zero, the maximum number of exchanges is not updated and remains at th
current value for the maximumunumber of transport exchanges supported by the channel for th
control unit. The default value-for the maximum number of transport exchanges supported by th
channel for the control unitiis 64.

8.15.4.4 Response Flags
Byte 2 of word.0-shall contain the response flags and shall be set to hex’02’.

8.15.4.5 Response Status Code

Byte3 of word 0 shall contain the response-status code and shall be set to hex’00’ by the control unit.

8.15.4.6 Data Length Residual Count

-

d D D T

When the DLRCV bit in the status-flags2 field is one, word 1 shall contain the DL-residual count as

follows:

a) For write and bidirectional operations, the DL-residual count is a 32-bit, unsigned binary integer
that specifies the difference between the DL field in the transport-command IU and the number

of bytes actually received from the channel.
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b) Forread operations, the DL-residual count is a 32-bit, unsigned binary integer that specifies the
difference between the DL field in the transport-command IU and the number of bytes actually
sent to the channel.
When the DLRCYV bit in the status-flags2 field is zero, this field is meaningless.
8.15.4.7 Maximum First Transfer Buffer Credit (MFTBC)

The MFETBC field, bits 0-15 of word 2. is valid when the maximum-first-transfer-buffer-credit valid

(MFTBV) bit in Status Flags2 is one and, when valid, shall contain a 16-bit unsigned binary integer that
imdicates the maximum number of first-transfer buffers supported by the control unit for use by the
annel.

hen the MFTBYV bit is zero, the MFTBC shall be set to zero by the control unit and shall bé)ignored
the channel.

.15.4.8 Response Length

its 16-31 of Word 2 shall contain the response length (RL). The RL is a 16-bit unsigned binary integer
that shall specify the number of bytes provided in the transport-response IU-starting with word 6 until
the end of the transport-response IU. The value includes any extended status and extended-status
RC that is provided in the transport-response IU. The RL shall have a minimum of hex’08’ and a
aximum of hex’4C’.

.15.4.9 Bidirectional Read DL Residual Count

or bidirectional operations when the DLRCYV bit in the status-flags2 field is one, word 3 shall contain
the BRDL-residual count. For bidirectional operations,-the BRDL-residual count is a 32-bit, unsigned
inary integer that specifies the difference between the BRDL field in the transport-command IU and
the number of bytes actually sent to the channel,

or operations that are not bidirectional opefations or for bidirectional operations when the DLRCV bit
the status-flags2 field is zero, this fieldlis reserved.

.15.4.10 Sense Type Code

yte 0 of word 4 shall containthe sense-type code and shall be set to hex’7F’.

.15.4.11 Status Flags2

yte 1 of word 4_shall contain the status-flags2 field. The control unit shall use the field to provide

ditional information about the associated TCW I/O operation. Reserved bits shall be set to zeros by
the control unit:and shall be ignored by the channel. The format of the Status-flags2 field is shown in

DLRCV IS LE |MFTBV Reserved
Bit 0 1 2 3 4 7

Figure 55 — Status Flags2
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DL Residual Count Valid (DLRCYV): the DLRCYV bit, bit 0, when set to one indicates that the DL-
residual count and, for bidirectional operations, the BRDL-residual count in the status area are valid.
Bit 0, when set to zero, indicates the DL-residual count and, for bidirectional operations, the BRDL-
residual count are not valid. Bit 0 shall be set to one when device status is presented containing
channel-end without unit-check.

Initial Status (IS): the IS bit, bit 1, when set to one, shall indicate that the transfer-response 1U
contains status for a condition that was recognized prior to attempting to perform the first DCW in the
TCA or that the operation was executed as an immediate operation and DCW chaining was not

indicated for the TCA.

Logable Event (LE): the LE bit, bit 2, shall be set to one to request that the channel storé)vendgr
specific log information associated with the operation when the control unit detects-an unusu
condition that may require manual intervention. The method by which the log informationiis stored [s
vendor specific.

Maximum First Transfer Buffer Credit Valid (MFTBV): When the use of first-transfer-buffer credis
(see 9.3.2.2.2) is in effect, the MFTBYV bit, bit 3, shall be set to one to indicate that the maximum-firs}-
transfer-buffer credit (MFTBC) field in the status area contains a valid MFTBC. When bit 3 is set

zero, the MFTBC field does not contain a valid MFTBC. If the use of first*transfer-buffer credits is ngt
in effect, bit 3 shall be set to zero by the control unit and shall be ignored by the channel.

8.15.4.12 Status Flags3

Byte 2 of word 4 shall contain the Status-flags3 field-"The control unit shall use this field to provid
additional information about the associated transport-mode operation. The format of the Status-flags
field is shown in figure 56.

w D

Reserved TCRR Code | ESS
Bit O 4 5 6 7

Figure 56 — Status Flags3

Bits 0-4 shall be sét\to zeros by the control unit and shall be ignored by the channel.

Transport Mode Command Retry Reason (TCRR): When transport-command retry is requested b
the contrelunit (see 9.5.2.2), bits 5-6 shall contain a 2-bit code that provides information regarding th
reason forthe transport-command retry. When transport-command retry is not being requested by th
contfel)unit, bits 5-6 shall be set to zeros by the control unit and shall be ignored by the channel.

O <<

D

T he following TCRR codes are defined:

Code Meaning

0 Reserved.

1 Retry requested for unspecified reason.
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2 Retry requested due to a first-transfer buffer shortage at the control unit for a transport-data U
received from the channel.

3 Reserved.

Extended Status Sent (ESS): The ESS bit, bit 7, shall be set to one to indicate that extended status,
including possible sense data, has been sent in the transport-response IU. When this bit is one and
the response-length field in word 2 is less than hex’2C’ or greater than hex’4C’, a device-level protocol
error is recognized. When this bit is zero and the response-length field is greater than 8, a device-level

rotocol error is recognized.

.15.4.13 Device Status

yte 3 of word 4 shall contain the device-status. The device status byte indicates device and control
nit status and shall have the format shown in table 15.

he device status shall be set to zero by the control unit in a transport-responsetthat contains
imterrogate status and shall be ignored by the channel.

I the channel receives a transport-response U for the completion of an HQ“operation that has no
ception condition indicated and the device status is equal to zero, the-channel shall recognize a
vice-level protocol error. A device-level protocol error may also be recognized if the combination of
sfatus is not appropriate for the existing conditions. When an exception condition is indicated, device
sfatus shall be set to zero by the control unit and shall be ignored\by the channel.

.15.5 Status LRC

he status LRC is 4 bytes and immediately follows'the status in a transport-response 1U (see
igure 52). The LRC shall be generated by the originator and recipient using a seed of hex’A5 5A A5
" that is exclusive or'ed on a word by word basis over the following fields in the transport-response
a) FC-SB-6 header

b) Status (words 2-6)

I the value of the status LRCcontained in the IU equals the value generated by the recipient, a valid
RC shall be recognized; 6thérwise, an invalid LRC shall be recognized. If a valid LRC is recognized,
tihe content of the transport-response IU shall be considered valid; otherwise, the content of the
tiansport-response IU-shall be considered invalid and a transport-response status LRC error shall be
récognized.

ee Annex Cfor a description of the LRC procedure and an example of an LRC calculation.

.15.6._Extended Status

.15.6.1 Extended Status Format

When the ESS bit is set in the Status Flags3 field, extended status has been provided in the transport-
response IU. The minimum size of the extended status, when provided, shall be 32 bytes.

Extended status immediately follows the status LRC in a transport-response IU. The field contains

additional status and information about the TCW 1/O operation, the associated device operation and
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possibly sense data or error information. The general format of the extended-status field is shown in
Figure 57 - the ES-type code in the ES flags specifies the format of the type-dependent area.

0 ES Length ES Flags DCW Offset
1 DCW Residual Count
2 Reserved
3 Type-Dependent Area
(N less than or equal to 15)
N
0 8 16 31

Figure 57 — Extended Status General Format

8.15.6.2 Extended Status Length

Byte 0 of word 0 shall contain the extended-status length (ESL). The-ESL is an 8-bit unsigned binar
integer that shall indicate, in bytes, the amount of data in the extended status. The field shall contai
a minimum value of 32 and a maximum value of 64. The extended-status LRC is not included in th
ES length.

o<

D

8.15.6.3 Extended Status Flags

Byte 1 of word 0 shall contain the extended-status (ES) flags. The flags contain validity indicators,
information about the 1/0O operation and specifies the type of extended status being provided. The
format of the ES flags is shown in Figure 58:

DOV | RCVYCM | TV r ES Type Code
0 1 2 3 4 5 7

Figure 58 — Extended Status Flags

Bit 4 shall be set to zero by the control unit and ignored by the channel.

DCW Offset Valid (DOV): The DOV bit, bit 0, when set to one, shall indicate that the DCW-offset field
contains a yalid DCW-offset value. When bit 0 is zero, the DCW-offset field is not meaningful.

DCW Residual Count Valid (RCV): When the DOV bit is one, the RCV bit, bit 1, when set to ong,
shalltindicate that the DCW-residual-count field contains a valid DCW-residual count for the DC
specified by the DCW-offset field. When the DOV bit is zero, the RCV bit is meaningless. This bit shdll
be set to one when channel end status is provided without unit check status and no exception conditi
indicated.

Cache Miss (CM): The CM bit, bit 2, when set to one, shall indicate that one or more 1/0O-device cache
misses occurred during the 1/O operation. When the CM bit is zero, no cache misses occurred during
the 1/0O operation. The CM bit provides information relative to the performance of the operation.
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Timers Valid (TV): The TV bit, bit 3, is valid when the ES-type code specifies 1/O status, and when
valid, shall indicate, when set to one, that the timer fields provided in words 3-7 of the extended status
area are valid. When bit 3 is zero, or the ES-type code does not specify I/O status, then valid timer
information has not been provided. When the device status contains control-unit busy status, the TV
bit shall be set to zero by the control unit.

ES Type Code: the ES-type code, bits 5-7, shall specify the type of information that has been
provided in the extended status area. The codes are as defined in table 29.

Table 29 — Extended Status Type code

Code |Meaning

0 Reserved.

1 I/O status - the extended-status area contains valid ending status for the transport“mode 1/
operation.

2 I/O Exception - the extended-status area contains information regarding.termination of the

transport-mode |/O operation due to an exception condition.

3 Interrogate status - the extended-status area contains status for@an;interrogate operation.

4-7 Reserved.

8.15.6.4 DCW Offset

When the DOV bit in the extended-status flags is one, the valu@ in’bytes 2-3 of word 0, if less than the
sjze of the TCA, shall be the byte offset, from the beginning.of the TCA, of the last DCW in the TCA
t
[

at was attempted at the control unit. When the DOV bit4is’one and the value in bytes 2-3 of word 0
greater than or equal to the size of the TCA, the value’in bytes 2-3 of word 0 minus the size of the
CA is the offset, from the beginning of the TCAX of the last DCW in the TCAX that was attempted at
the control unit. When the DOV bit in the extended-status flags is zero, bytes 2-3 of word 0 are not
eaningful.

hen all DCWs in the TCA and, if present, in the TCAX are executed without abnormal conditions,

the DOV bit shall be set to one and_ the-DCW offset shall be set for the last DCW in the TCA. When

CA processing cannot be completed/due to an abnormal condition, the DCW offset field indicates the
int at which DCW processing ‘was terminated.

hen the DOV bit is one, the Tresidual-count-valid (RCV) bit in the extended status is valid and, if set
td one, indicates that the\DCW-residual count contains a valid residual count for the DCW specified
the DCW offset.

.15.6.5 DCW-Residual Count

hen the‘DOV and RCYV flags in the ES-flags are both one, word 1 shall contain a 32-bit unsigned
inary number that specifies the difference between the DCW data count for the DCW specified by the
CWhoffset field and the actual number of bytes either written to a device or read from a device and
senito the channel for the DCW. Pad and CRC bytes are excluded from the residual count calculation.

When either the DOV or RCV flags is zero, word 1 is not meaningful.

For a write DCW, if the device requires less data than specified by the count for a DCW, the residual
count shall be equal to the difference between the DCW data count and the actual number of bytes of
data used. If the device requires more data than specified by the DCW data count, the residual count
shall be zero for this DCW.
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For a read DCW, if less data than is specified by the count for a DCW is transferred to the channel,
the residual count shall be equal to the difference between the DCW data count and the actual number
of bytes sent. If all of the data specified by the count for DCW is sent but more data would have been
sent to the channel had a larger count been specified, the residual count shall be equal to zero.

Note that the residual count for a DCW is greater than zero only when the record length is less than
the DCW data count.

The following situations may require additional flags to be set in the status or may prevent including

valid residual count in a transport-response |U.

a) If a unit check condition prevents determining the exact amount of data either read from gr
written to a device, a valid residual count shall not be calculated. In this case, the R€V'bit shqll
be set to zero in the transport-response IU. Unit-check status shall be indicatéd“along with
channel-end status;

b) If an abnormal condition as indicated by the exception code in the transport-response 1U (se
table 28) prevents determining the exact amount either read from or mwritten to a device, then
valid residual count shall not be calculated. In this case, the RCV kit shall be set to zero and
non-zero exception code shall be set in the transport-response HJ; or

O 0O O

c) If during a read operation, a unit check condition prevents“determining the exact amount If
data transferred to the channel for a DCW, then a valid residual count shall not be calculated.
In this case, the RCV bit shall be set to zero and unifreheck along with channel-end status sh4ll
be indicated.

8.15.6.6 1/0 Status Extended Status Format

When the ES-type code in the ES flags specifies-'the I/O-status type code, the format of the extended
status shall be as shown in Figure 59.

ES Length ES Flags DCW Offset
DCW Residual Count

Reserved

Device Time

Defer Time

Queue Time

Device Busy Time

Device-Active-Only Time

Additional Data
(when ES Length > 32)

® N O 0 A W N -~ O

0 8 16 31
Figure 59 — I/O Status Extended Status Format

Words 0-2 are as defined in 8.15.6.1.
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8.15.6.6.1 Device Time

When the TV bit in the ES flags is one, word 3 shall contain a 32-bit binary unsigned integer that indi-
cates the device time for the TCW I/O operation. The device time begins to accumulate when either
the transport-command U has been accepted for execution at the control unit (see 9.3.1) or the con-
trol unit begins to accumulate device-busy time, and continues to accumulate until the control unit
sends a transport-response IU containing ending status for the operation. The resolution of bit 31 of
the device time is one microsecond. The frequency offset to nominal frequency of the oscillator used
to calculate the time interval shall not exceed 150 x 10 6. The sum of the defer time. queue time. de-

ce-busy time and device-active-only time shall not exceed the device time.

hen the device time is zero, either no accumulation shall have occurred, a failure of the timing facility
shall have been recognized, or an overflow condition shall have been recognized.

If a timing facility failure has occurred, the control unit shall send a transport-response.{J with unit
eck status and sense information describing the failure to allow device-dependent program
recovery. If a device-time overflow condition has been recognized, unit check status shall not be
resented to the channel. When a timing facility failure has been recognized and after unit-check
sfatus has been presented, the control unit shall continue with execution of subsequent TCW channel
rograms as before; however, it shall present a device time of zero. In this case, unit-check status shall
t be presented after the initial indication of a timing facility failure.

hen the TV bit in the ES flags is zero, word 2 does not contain device time information. When unit-
eck status is provided as the result of a timing-facility failure,the TV bit shall be set to zero in the
S flags.

.15.6.6.2 Defer Time

hen the TV bit in the ES flags is one and the defer-time function is provided by the control unit, word
contains a 32-bit binary unsigned integer that indicates the defer time for the TCW 1/O operation. The
resolution of bit 31 of the defer time is one micrgsecond. The frequency offset to nominal frequency of
the oscillator used to calculate the time interval shall not exceed 150 x 10 6.

efer time shall be accumulated by the’control unit whenever the TCW I/O operation needs to be
temporarily delayed because a device-dependent action needs to be performed. This condition
typically occurs whenever the control unit requires the device to access the physical medium for the
urpose of reading or writingdata. However, because of the device-dependent nature of the action,
her conditions may also bejrecognized by the control unit creating the need for a temporary delay of
the TCW 1/O operation{ In-all cases, device-defer time shall continue to be accumulated with each
sjccessive temporary-delay until execution of the TCW I/O operation has been completed.

hen the defertime is zero, either no accumulation shall have occurred, the defer-time function is not
supported, atfailure of the defer-timing facility shall have been recognized, or an overflow condition
shall have‘been recognized.

I a_defer-timing facility failure has occurred, the control unit shall send a transport-response U with
nit_¢check status and sense information describing the failure to allow device-dependent program

recovery. If a defer-timing overflow condition has been recognized, unit check status shall not be
presented to the channel. When a defer-timing facility failure has been recognized and after unit-check
status has been presented, the control unit shall continue with execution of subsequent channel
programs as before; however, it shall present a defer time of zero. In this case, unit-check status shall
not be presented after the initial indication of a defer-timing facility failure.
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When the TV bit in the ES flags is zero, word 3 does not contain defer time information. When unit-
check status is provided as the result of a timing-facility failure, the TV bit shall be set to zero in the ES
flags.

8.15.6.6.3 Queue Time
When the TV bit in the ES flags is one and the queue-time function is provided by the control unit, word

5 contains a 32-bit binary unsigned integer that indicates the queue time for the TCW 1/O operation.
The resolution of bit 31 of the queue time is one microsecond. The frequency offset to nominal

frequency of the oscillator used to calculate the time interval shall not exceed 150 x 10 6

Queue time represents the time the 1/0O operation is queued at the control unit. When cohtrol unjit
queueing is provided, DCWs specified by the TCCB shall be executed up to a point where the I/
resources are unavailable to execute a DCW in that TCCB (such resources would typically be in u
executing 1/0O operations specified in other channel programs). Depending uponsthe control uniit
design, queueing of a DCW may occur after receipt of the transport-command-U or during th
processing of the TCCB. I/O operations executed up to and including the DCW to be queued m
involve data transfer as a normal course of DCW execution. In all cases, queueing of a DCW for th
operation shall not affect ongoing operations or cause the sequential orderof DCW execution to
altered.

When the queue time is zero, either no accumulation shall have oceurred, queueing is not supporte
a failure of the queue-time facility shall have been recognized, or.an overflow condition shall have be
recognized.

If a queue-time facility failure has occurred, the contrehunit shall send a transport-response 1U wi
unit check status and sense information describing.the failure to allow device-dependent progra
recovery. If a queue-time overflow condition has‘been recognized, unit check status shall not

presented to the channel. When a queue-time facility failure has been recognized and after unit-chedgk
status has been presented and accepted, the:control unit may either:

a) disable its queue-timing facility.and process subsequent I/O operations without queueing un
this failure condition is corrected; or

b) continue queueing the subsequent 1/0O operations and present a value of zero in the queusg
time field.

When the TV bit in the ES flags is zero, word 4 does not contain queue time information. When uni
check status is pravided as the result of a timing-facility failure, the TV bit shall be set to zero in the E
flags.

[92)

NOTE 43“</The preferred implementation for control units that perform queueing and have detected
queueing-timing-facility-failure condition is to continue queueing subsequent 1/0 operations and present
value\of zero in the queue-time field.

[

8.15.6.6.4 Device-Busy Time

When the TV bit in the ES flags is one, word 6 contains a 32-bit binary unsigned integer that indicates
the device-busy time for the TCW I/O operation. The resolution of bit 31 of the device-busy time is one
microsecond. The frequency offset to nominal frequency of the oscillator used to calculate the time
interval shall not exceed 150 x 10 6.
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The device-busy time represents the time that a transport-command |U was delayed at the control unit
because of a device busy condition caused by the device being locked or reserved for another
operation.

When the device-busy time is zero, either no accumulation shall have occurred, a failure of the timing
facility shall have been recognized, or an overflow condition shall have been recognized.

If a timing facility failure has occurred, the control unit shall send a transport-response U with unit
check status and sense information describing the failure to allow device-dependent program

récovery. If a device-busy-time overflow condition has been recognized, unit check status shall not be
resented to the channel. When a timing facility failure has been recognized and after unit-check
sfatus has been presented, the control unit shall continue with execution of subsequent charnel
rograms as before; however, it shall present a device-busy time of zero (in this case, unitsecheck
sfatus shall not be presented after the initial indication of a timing facility failure).

hen the TV bit in the ES flags is zero, word 5 does not contain device-busy time. Wher' unit-check
sfatus is provided as the result of a timing-facility failure, the TV bit shall be set to zero.in the ES flags.

.15.6.6.5 Device-Active-Only Time

hen TV bit in the ES flags is one, word 7 contains a 32-bit binary unsigned-integer that indicates the
vice-active-only time for the TCW 1/O operation. The resolution of bit\31 of the device-active-only
e is one microsecond. The frequency offset to nominal frequency 6Pthe oscillator used to calculate
the time interval shall not exceed 150 x 10 6.

he device-active-only time represents the time that the transmission of the transport-response 1U was
layed at the control unit while waiting for final DE status-from the device after final CE status was
récognized by the control unit for a TCW 1/O operation<This value is only provided when the device
sfatus contains both CE and DE status. When CE is presented without DE status, word 6 is set to zero.

hen the device-active-only time is zero, eithex'no accumulation shall have occurred, a failure of the
ing facility shall have been recognized, of ‘an overflow condition shall have been recognized.

If a timing facility failure has occurred;.the control unit shall send a transport-response U with unit
eck status and sense information describing the failure to allow device-dependent program
reécovery. If a device-active-onlyttime overflow condition has been recognized, unit check status shall
t be presented to the channel. When a timing facility failure has been recognized and after unit-
eck status has been presented, the control unit shall continue with execution of subsequent channel
rograms as before; howeyver, it shall present a device-active-only time of zero (in this case, unit-check
sfatus shall not be presented after the initial indication of a timing facility failure).

hen the TV bit'in’the ES flags is zero, word 6 does not contain device-active-only time. When unit-
eck statustis-provided as the result of a timing-facility failure, the TV bit shall be set to zero in the
S flags.

.156.6.6 1/0O Status Additional Data

The additional-data area for 1/0-status extended status may contain up to 32 bytes of additional data
associated with the transport-mode 1/O operation. If the ES length is greater than 32 then additional
data has been provided and the amount is equal to the ES Length minus 32.

Sense data shall be provided in the additional-data area when unit-check status is included in the
device status. Sense data provides information concerning unusual conditions detected in a previous
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I/0 operation and concerning the actual state of the device. Sense data shall provide more detailed
information than the status byte and may describe reasons for the unit-check indication. It may also
indicate that the device is in the not-ready state or that a drive is in the write-protected state.

Sense data shall be sent in ascending order starting with sense-data byte 0 as the first byte of the
sense data. The length of sense data sent shall be from a minimum of one byte to a maximum of 32
bytes. Bits 0-5 of the first sense-data byte (sense byte 0) shall be common to all devices. The six bits
shall be independent of each other and, when set to ones, shall specify the events described in
table 18. The number of bytes of sense data beyond one is device dependent.

When unit-check status is not included in the device status, any additional data provided is deyice
dependent.

8.15.6.7 1/0 Exception Extended Status Format

When the ES-type code in the ES flags indicates the I/O-exception type code, ‘the format of the
extended-status shall be as shown in figure 60.

0 ES Length ES Flags DEW Offset
1 DCW Residual Count
2 Reserved
3 Reserved Reason Code
4 Reason Code Qualifier
7
8 Additional Data
(when ES Length > 32)
N
0 8 16 31

Figure 60 — I/O-Exception Extended Status Format

Words 0-2 are as defined in 8.15.6.1.

Reason Code(RC): Byte 3 of word 3 shall contain the reason code. The reason code shall be an §-
bit unsigned.integer code that indicates the reason for the exception. The meaning of each reaso
code is defined in table 30. The reason-code qualifier in the extended status contain may contai
additionalinformation for each reason code.

jun R |
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Table 30 — I/O exception Reason Code (RC)

Value

Meaning

No information: byte 3 has no meaning.

TCCB integrity error: the control unit has determined that the TCCB arrived in a corrupted state.
The reason code-qualifier (RCQ) field contains additional information. This reason code shall be

provided only when exception code 4 is indicated in the status-flags1 field.

10-255

Invalid CRC detected: invalid CRC was detected on received data. The reason-code-qualifi
(RCQ) field contains additional information. This reason code shall be provided only \when
exception code 4 is indicated in the status-flags1 field.

Incorrect TCCB length specification: the reason-code-qualifier (RCQ) field contains addition
information. This reason code shall be provided only when exception code 5-is indicated in
status-flags1 field.

TCAH specification error: the reason-code-qualifier (RCQ) field contains additional informat
This reason code shall be provided only when exception code 5 is'indicated in the status-flz
field.

DCW specification error: there is an error with the DCW desighated by the DCW-offset field i
extended status. The reason-code-qualifier (RCQ) field contains additional information. This
reason code shall be provided only when exception code 5 is indicated in the status-flags1

Transfer-direction specification error: the commarid specified by the DCW designated by th
DCW-offset field in the extended status specifieséa direction of data transfer that disagrees
the transfer direction specified in the TCH or beth the R and W bits are set to one in the TCH
bidirectional data transfer is not supported-by the control unit. The reason-code qualifier (R
field contains additional information. This reason code shall be provided only when exceptig
code 5 is indicated in the status-flags3, field.

Transport-count specification error: the reason-code-qualifier (RCQ) field contains additiong
information. This reason code(shall be provided only when exception code 5 is indicated in
status-flags1 field.

Two I/O operations active: While an I/O operation is active at the device a second non-interro
TCCB has been transported to the device for execution. The RCQ field has no meaning.Th
reason code shall-he provided only when exception code 4 is indicated in the status-flags1
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One or more(entries in the CRC-offset block indicate that an intermediate CRC is not at a location

that is appropriate for the device and/or command being executed. The reason-code-qualifi
(RCQ).field contains additional information.This reason code shall be provided only when
exception code 5 is indicated in the status-flags1 field.

Reserved.

er

Reason Code Qualifier (RCQ): Words 1-4 shall contain the reason code qualifier. The reason code

qualifier may provide additional information about the reason for the 1/O exception.
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When the RC field contains 1, only byte 0 of the RCQ field has meaning as defined in table 31.

Table 31 — RCQ for TCCB Integrity Error

20(E)

8

Value [Meaning

0 No additional information.

1 Data Count Error - the amount of data transferred for the transport-command IU is not equivalent
to the amount of data specified by the L1 field plus 8 in the TCH for control units that do not support
bidirectional operations or is not equivalent to the amount specified by the L1 field plus either 8 or
9 for control units that do support bidirectional operations.

2 LRC error - the LRC on the transport-command IU is invalid.

3-255 Reserved.

When the RC field contains 2, only words 0-1 of the RCQ field have meaning, as defined table 32.

Table 32 — RCQ for Output Data CRC ‘Error

Word |Meaning
0 Word 0 contains the 32-bit unsigned integer offset,relative to the first byte of data receied for this
TCCB, of the first output-data byte in the blockéef data for which the invalid CRC was gletected.
1 Word 1 contains the 32-bit unsigned integef.offset, relative to the first byte of data receied for this
TCCB, of the last output-data byte in the block of data for which the invalid CRC was detected.
2-3 Reserved.

When the RC field contains 3, only byte)0 of the RCQ field has meaning as defined in table 33.

Table 33+ RCQ for Incorrect TCCB Length Specification

Value [Meaning
0 No additionakinformation.
1 The L2(field does not specify a number of bytes that is 8 bytes greater than the numbgr of bytes
specified by the L1 field.
2 The value specified by the L2 field is less than 20 or greater than 252.
3-255 Reserved.
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When the RC field contains 4, only byte 0 of the RCQ field has meaning as defined in table 34.

Table 34 — RCQ for TCAH Specification Error

Value |Meaning

0 No additional information.
1 Format control specification error: The format control specifies an unrecognized format.
2 Reserved-field specification error: a reserved field in the TCAH that is required to contain zeros

contains a non-zero value.

3 Service-action-code-field specification error: The service-action-code field in the TCAH)Contains
an unrecognized value or a value that is incorrect for the command specified by’the DCW
designated by the DCW-offset field in the extended status.

4-255 Reserved.
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When the RC field contains 5, only byte 0 of the RCQ field has meaning as defined in table 35.

Table 35 — RCQ for DCW Specification Error

Value

Meaning

0

No additional information.

Reserved-field specification error: A reserved field in the DCW that is required to contain zeros
contains a non-zero value.

N

10

11

12

13

14
15

* The chain-command flag is one and the next DCW location is within the TCA butthe location
is less than 8 bytes from the end of the TCA;
* The chain-command flag is one and the offset of the next DCW is such that'all of {he next
DCW is beyond the end of the TCA and a TCAX has not been specified;
* The chain-command flag is one and the next DCW location is within thé TCAX buf the loca-
tion is less than 8 bytes from the end of the TCAX.
*  The chain-command flag is zero and more than 3 unused bytes remain in the TCA.

Control-data count specification error: A DCW in the TCA specifies control data past the end of
the TCA or a DCW in the TCAX specified control data pastd¢he’end of the TCAX.

TCOB DCW or TeCOB DCW location error: The first TGOB or TeCOB DCW is not the[first DCW
in the TCA.

TCOB DCW or TeCOB DCW duplication error: More than one TCOB or TeCOB DCW ig specified
in the TCA and TCAX.

TCOB DCW or TeCOB DCW multiple-count specification error: Both the control data ¢ount and
the data count are either zero or non-zero.

TCOB DCW or TeCOB DCW directiorverror: A TCOB or TeCOB DCW is specified in thg TCA and
the W bit in the TCH is zero.

TCOB DCW or TeCOB DCW:'chaining error: The chain-command flag in the TCOB or|TeCOB
DCW is zero.

TCOB or TeCOB count-specification error: A TCOB or TeCOB DCW has a nonzero cqntrol data
count or a data count-that is not a multiple of 4.

TTE DCW location error: Neither a TCOB DCW nor a TeCOB DCW was specified anqd a TTE
DCW was encountered that was not the first DCW in the TCA or a TCOB DCW or TeGOB DCW
was specified and the first TTE DCW encountered was not the second DCW in the TQA.

TTE DCW duplication error: More than one TTE DCW is specified in the TCA and TCAX.

TTE'DCW CD-count specification error: The control-data count in the TTE DCW specifies a value
that is not zero.

TTE DCW data-count specification error: The data count in the TTE DCW specifies a yalue that
is less than 8 or a value that is not a multiple of 4.

TTE DCW direction error: A TTE DCW is specified and the W bit in the TCH is zero.
TTE DCW chaining error: The chain-command flag in the TTE DCW is zero.

16

17-255

TCAX specification error: A TTE DCW is specified and any of the following are true:
» The TCA contains only transport-command DCWs; or
» The last DCW in the TCA does not have the chain-command flag set to one.

Reserved.
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When the RC field contains 6, only byte 0 of the RCQ field has meaning as defined in table 36.

Table 36 — RCQ for Transfer-Direction Specification Error

Value |Meaning

0 No additional information.

1 Read-direction specification error: The DCW specifies an input operation and the R bit in the TCH
is zero.

2 Write-direction specification error: The DCW specifies an output operation and the W, bit'in the

TCH is zero. Note - A DCW specification is recognized when a TCOB, TeCOB, or-ITE DCV is
specified and the W bit in the TCH is zero (see table 35).

3 Read-Write conflict: Both the R and W bits in the TCH are one and the control unit does nof
support bidirectional operations or the control unit supports bidirectional operations but the
transport-command IU did not contain the BRDL field, or both the R and’W bits are not onefand
the transport-command IU contains the BRDL field.

4-255 Reserved.

When the RC field contains 7, only byte 0 of the RCQ field has meaning“as defined in table 37.

Table 37 — RCQ for Transport-Count-Specification Error

Value |Meaning

0 No additional information.

1 Read-count specification error: for read operations, the DL field in the TCCB specifies a valug that
is not equivalent to the total count of data bytes specified by the DCWs in the TCA plus pad bytes
and CRC; for bidirectional operations, the BRDL field in the TCCB specifies a value that is not
equivalent to the total count of data bytes specified by the read DCWs in the TCA plus pad bytes
and CRC.

2 Write-count specification~error: The DL field in the TCCB specifies a value that is not equivialent
to the total count of data bytes specified by the write DCWs in the TCA plus intermediatg pad
bytes, intermediate.CRC, final pad bytes and final CRC bytes, and if a COB or eCOB is included
in the first trangport-data U of the write data transfer, the count includes the COB or eCOB|, any
COB or eCOB pad bytes and the COB or eCOB CRC bytes. Ifa TTE DCW is present in the [TCA,
the count@lso includes the TCAX and TCAX CRC bytes.

3-255 Reserved:.

When the RG5field contains 9, only words 0-1 of the RCQ field have meaning as defined table 38.

Table 38 — RCQ for COB Error

Weord |Meaning

0 Vord U contains the 3Z2-bit unsigned INteger byte offset, relative 1o the first byte of the COB or
eCOB received for this TCCB, of the first entry which contains a value that is not appropriate for
the device and/or command being executed.

1-3 Reserved.
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8.15.6.7.1 1/0 Exception Additional Data
The additional data area for the 1/0-exception type code may contain up to 32 bytes of vendor specific

data. If the ES length is greater than 32 then additional data has been provided and the amount is
equal to the ES Length minus 32.

8.15.6.8 Interrogate Extended Status Format

When the ES-type code in the ES flags indicates the Interrogate type code, the format-~of the
extended status is as shown in Figure 61.

ES Length ES Flags DCW Offset
DCW Residual Count

Reserved

Format Flags CU State Device State

Operation State Reserved

State Dependent Information

Device Level Ideqtifier

© o N~NOor A W N -~ O

Device Dependent Information
(when ES Length > 36)

0 8 16 31

Figure 61 — Interrogate Extended Status Format

Words 0-2 are as defined in 8.15:6:1
8.15.6.8.1 Format

Byte 0 of word 3 shalllcontain the format. The format is an 8-bit unsigned integer that defines the layodit
of the interrogate (TSA. If the value of this field is not one, the contents of the interrogate extended
status are meaningless.

8.15.6.8.2) Flags

Byte’d jof word 3 shall contain interrogate flags. The flags contain information about the interrogate
TSA. Bits 3-7 shall be set to zero by the control unit. The meaning of each bit is defined in Figure 62.

CS\/ 1 DSV QSV reserved

0 1 2 3 7
Figure 62 — Interrogate Flags

Control-unit-state valid: When bit 0 is one, the control-unit-state field contains meaningful
information. When bit 0 is zero, the control-unit-state field has no meaning.
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Device-state valid: When bit 1 is one, the device-state field contains meaningful information. When
bit 1 is zero, the device-state field has no meaning

Operation-state valid: When bit 2 is one, the operation-state field contains meaningful information.
When bit 2 is zero, the operation-state field has no meaning.

8.15.6.8.3 Control-Unit State (CS)

Byte 2 of word 3 contains an 8-bit unsigned integer that indicates a current state of the control unit for
tlr;e I/0 device. The meaning of each value is defined in table 39.

Table 39 — Interrogate CU State

Value |Meaning

0 Busy - the control unit is busy and the device-dependent-data field may contain‘additional
information about the busy state.

1 Recovery - the control unit is performing a recovery process and the device-dependent datalfield
may contain additional information about the recovery state.

2 Interrogate maximum - the control unit is executing the maximum number of interrogate
operations that it supports.

3-127 Reserved.

128-255 | Device-dependent meanings

8.15.6.8.4 Device State (DS)

wo)

yte 3 of word 3 contains an 8-bit unsigned integer thatindicates the state of the 1/0 device when the
nterrogate was performed. The meaning of each value is defined in table 40.

Table 40 _<\Interrogate Device State

Value [|Meaning

0 Path-group identification ~the state-dependent-information field contains information identify|ng a
path group.
1 Long busy - the deVicé is in a long-busy state. The meaning of long busy is device dependen{and

the device-depgndent field may contain additional information about the long-busy state.

2 Recovery;The‘device is performing a recovery process and the device-dependent-data fieldjmay
contain @dditional information about the recovery state.

3-127 Reserved.

128-255 | _Device-dependent meanings
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8.15.6.8.5 Operation State (OS)

Byte 0 of word 4 contains an 8-bit unsigned integer that indicates whether an I/O operation is present
at the device and, when present, the state of the operation. The meaning of each value is defined in
table 41.

Table 41 — Operation State

Value [Meaning

U NG 17O operation 1S present.
1 An I/O operation is present and executing.
2 An I/O operation is present and waiting for completion of an 1/0 operation that was inifiated by

another configuration.

3 An 1/O operation is present and waiting for completion of an I/O operationithat was initiated for the
same device extent.

4 An I/O operation is present and waiting to perform a device-dependent operation
3-127 Reserved.

128-255 | Device-dependent meanings

8.15.6.8.6 State-Dependent Information

Words 5-7 contain state-dependent information. Whetherthis field has meaning is designated by th
CS, DS, and OS fields.

[0

The contents of this field are device dependent.\When the size of the range of meaningful informatio
in this field is less than the field size, the range of meaningful information is left justified.

)

8.15.6.8.7 Device-Level Identifier

Word 8 contains a device dependent.token that identifies the implementation level of the device.
8.15.6.8.8 Device-Dependent.Information

The device-dependentsinformation area for the Interrogation-type code may contain up to 28 bytes ¢f

additional data. If the ES length is greater than 36 then additional data has been provided and the
amount is equal t@ the ES Length minus 36.

D

When additional data is provided, it contains device-dependent information that is defined by th
contents of'CS, DS and OS fields. When the size of the range of meaningful information in this field
less than-the field size, the range of meaningful information is left justified.

[72]

8.15.6.9 Extended Status LRC

Extended-status LRC shall be provided when extended status is provided. The extended-status LR,

when provided, is the last word in the transport-response IU. The LRC shall be generated by the
originator and recipient using a seed of hex’A5 5A A5 5A’ that is exclusive or'ed on a word by word
basis over the following fields in the transport-response |U:

a) FC-SB-6 header word 0
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b) FC-SB-6 header word 1 bytes 0-1 concatenated with 2 bytes of all zeros.
c) Extended Status (words 8-N)

The recipient of the transport-response 1U shall compare the generated value to the extended-status
LRC contained in the IU. If the value of the extended-status LRC contained in the transport-command
IU equals the value generated by the recipient, a valid LRC shall be recognized; otherwise, an invalid
LRC shall be recognized. If a valid LRC is recognized, the contents of the extended status shall be
considered valid; otherwise, the extended status shall be considered invalid and an extended-status

LRC error shall be recognized.
Yee Annex C for a description of the procedure and an example of the LRC calculation.

816 Transfer Ready IU

(o]

.16.1 Transfer Ready Structure Overview

transfer-ready IU shall be sent as a data descriptor FC-FS-4 information category and only by the
pntrol unit. It shall be used to request write data during a TCW I/O operation{The transfer-ready U
pntains a 4-byte relative-offset field, a 4-byte maximum-burst-length field, and‘a 4-byte reserved field
s shown in Figure 17.

DO O

b~

transfer-ready 1U shall be sent on an open exchange. The IU keeps the exchange open and
tlansfers sequence initiative.

transfer-ready IU shall be sent by the control unit only during write operations. It shall be sent in
psponse to a transport-command U that initiates a write operation when first-transfer-ready is not
isabled. Otherwise, it shall be sent in a response to a{ransport-data IU that did not exhaust the write
ata byte count for the operation and only when an abnormal condition does not exist for the operation.

Q9O =

8.16.2 Relative Offset

—

he relative-offset field contains a valué-specifying the relative offset for the first data byte of the
pquested data. The field shall have awalue that is a multiple of 4 such that all data transfer shall begin
n a word boundary.

o =

—

he channel shall recognize aydevice-level protocol error if the relative offset received in a transfer-
pady U does not correspond to the relative offset maintained by the channel for the write operation.

=

[o]

.16.3 Burst Length

Tlhe burst-length field contains a value indicating the maximum amount of data that can be transferred
by the channelin the next transport-data IU on this transport exchange.The value in the field shall not
elxceed the_amount of data remaining to be transferred for the write operation, shall not exceed the
vhlue specified by the DL field in the transport-command IU, and shall not be zero.

8.17) Transport Confirm IU

A transport-confirm IU shall be sent in a solicited control IU only by the channel. It shall be sent in
response to a transport-response 1U that does not close the transport exchange. The transport-confirm
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IU provides confirmation to the control unit that a transport-response IU has been received at the
channel. The transport-confirm IU shall not contain a payload and closes the exchange on which it was

sent.

A transport-confirm 1U shall not be sent to the channel.
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9 Device-Level Functions and Protocols
This clause describes the functions and protocols necessary for the execution of an I/O operation, the
exchange of control information, and device-level recovery. These functions depend on the successful
completion of all FC-FS-4 and FC-LS-3 protocols.

9.1 Device-Level Operations

1.1 verview of Device-Level ration

Initiation of an 1/O operation, the transfer of data, and the ending of an 1/O operation are device-level
operations which rely on FC-SB-6 device-level functions and protocols. The device-level function
discussed in this section have all been defined in clause 8. This section describes how theséfunction
are used in order to perform device-level operations.

An 1/O operation that is performed using the command and command information provided in

channel-command word (CCW) is referred to as a CCW 1/O operation. Ap IfO operation that

performed using the TCCB identified by a transport-control word (TCW) is-referred to as a TCW I/
operation. A TCW used to perform an I/O operation may identify an interrogate TCW that can be use
to perform an interrogate operation for the TCW 1/O operation (see 9,3:3.2).

O Un D

[oN

A CCW channel program consists of either a single CCW or¢multiple CCWs that are performe
sequentially in order, a process referred to as CCW chaining. ATCW channel program consists of
single TCW.

W)

9.1.2 Channel Program Execution

A channel may concurrently execute one or mare<channel programs on the same or different logical
paths. Each CCW channel program executed by a channel shall be for a different logical path anid
device and shall require a different exchange pair to be used. Each TCW channel program shall be fgr
a different logical path and device and shall require a different transport exchange to be used.

An interrogate operation may be performed for a logical path and device when a TCW I/O operatio
is in progress at that logical path:and device. An interrogate transport-command IU specifies a sing|
DCW containing the interrogate-command code (see 9.3.3.2). The interrogate transport-command |
is not considered part of a‘'new or existing channel program but rather as a separate operation that

used to determine the(State of a device and that does not initiate new activity at the device. Th
interrogate transporticommand IU is sent on a new transport exchange.

O n WO S

The number of ehannel programs that may be concurrently executed by a channel or control unit is
model dependent.

9.2 CCW I/O operations

9:2.1" Initiating a CCW /O Operation

A CCW 1/O operation shall be initiated with a device when the channel transfers the command froin

the current CCW to that device. The command shall be transferred in the command header of a
command IU (see 8.7.2). CCW I/O operations are always performed in command mode.

A channel executing a CCW channel program may concurrently initiate multiple I/O operations with
the same device. Each 1/O operation shall consist of the transfer of a command in a command U
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containing either a command DIB or a command-data DIB and, in the case of a write operation with a
nonzero CCW count, the transfer of data in a data IU.

A control unit that receives one or more command IUs, each initiating an I/O operation, shall execute
each command in the order in which it is received from the channel. Execution of the command first
shall require acceptance of the command at the control unit. When a command is accepted, that
command shall be considered current at the control unit until execution at the device is considered
completed. At least the following conditions shall be satisfied in order for the command to be accepted:

a) The AS bit shall be set to one in the UI;

b) For those commands that require the device to be installed and ready, the device address shalt
specify a device that is installed and ready;

¢) For command chaining, the device address shall designate the same devicé~that was
designated for the command U which initiated the channel program;

d) The chaining (CH) bit shall be set to zero for the first command of a channel program and set to
one for all subsequent commands of the channel program;

e) For those devices that provide commands executed as immediate-operations, the command
shall be checked to determine whether a command response or.status is to be sent; and

f) If the REX flag bit is set to one, the CD, DU, and SSS flags-shall be set to zero in the command
header.

3

t least the following conditions shall be satisfied in ordet.for the control unit to return busy status to
e channel.

—

a) The status DIB indicating device busy or gontrol unit busy (status modifier and busy) may be
sent only in response to the first command of a channel program (CH bit set to zero in the
command IU);

b) A response of control unit busy.:shall require that the IUl of the command IU be checked. No
other device-level checking shall be required; and

c) A response of device busy shall require that the Ul and device address be checked. No other
device-level checking shall be required.

<

Vhen the command.is“the first command of the CCW channel program, the channel shall consider a
pnnection to existwhen the command response or status is received. The control unit shall consider
connection tosexist when the command response or status is sent.

jOENe)

Hor the first command of a CCW channel program, the channel shall send the command in a command
IU with-either a command DIB or command-data DIB. If the command is for a write operation and the
GCW-. count is nonzero, a command-data DIB containing both the command and data for that
cpmrhand shall be used. If the command is for either a write operation with a zero CCW count or a

read operation, a command DIB shall be used.

The channel shall consider the first command of a CCW channel program to be accepted when either
a command response or status indicating channel-end is received.

190

© ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=09225f20ff8bb93b9085672a6bc80a48

ISO/IEC 14165-226:2020(E)

INCITS 544-2018

For the first command of a CCW channel program, the channel shall consider the 1/0O operation to be
in progress at the device when the indication that the command has been accepted by the device is
received. In this case, the device shall consider the I/O operation to be in progress when the indication
that the command was accepted is sent to the channel. Acceptance of the command by the control
unit shall signal the start of execution of the channel program.

When the first command of a CCW channel program is handled by the control unit as a nonimmediate
operation, acceptance of the command for execution shall be indicated by sending a command

command -response IU is sent. Ifthe operatlon is a write with a nonzero CCW count, data shall be sent
by the channel with the command and, if necessary, in data IlUs immediately following the command
U.

When the first command of a CCW channel program is handled by the control unit as’aryimmediate
operation, acceptance of the command for execution shall be indicated by sending.asolicited data |
containing a status DIB containing channel-end status without busy status. Command [Us with the
SYR bit set to zero and data IUs received subsequent to the command U containing the first comman
of the CCW channel program, shall be discarded. If device-end status is notincluded with the channe
end status, the channel shall indicate that the status is accepted by sending a status-accepted IU. The
chaining bit (CH bit) shall be set to one in the status-accepted IU if chaining is to be indicated by the
channel on acceptance of the status; if chaining is not to be indicatéd;the CH bit shall be set to zerp
on acceptance of the status. Execution of the command shall be‘permitted when the command s
accepted.

When device-end status is included with the channel<€nd status for an immediate operation, the
response from the channel indicating status is accepted.depends on whether or not chaining is to be
indicated by the channel. If chaining is not to be indicated, the channel shall send a status-accepted
IU with the CH bit set to zero. If chaining is to b&”indicated by the channel, then the channel shdll
indicate status is accepted by sending the next command in a command IU with the CH and SYR bifs
set to one.

N

When the status DIB received by the (Channel in response to the first command of a CCW channg
program indicates that supplemental status is available, the status may be accepted as previous
described, and acceptance of the.supplemental status shall be indicated by the ES bit (see 9.2.3.2)

<

When the status received By the channel in response to the first command of a CCW channel progra
requests that commandretry be performed, the channel shall indicate acceptance of status and ifs
intent to perform the(retry by sending either a status-accepted IU or a command IU, depending
whether device-end'status is present in the status DIB and on whether the channel intends to perfor
the command retry. The response from the channel shall depend on the following conditions:

a) If device-end status is not present, the channel shall indicate acceptance of the status
sending a status-accepted IU. If command retry is to be performed, the CH bit shall also set
one in the status-accepted IU. From the time when the status-accepted IU is sent, the channegl
shall consider the rules for command chaining to be in effect (see 9.5.2). Conversely,
command retry is not to be performed, the CH bit shall be set to zero in the status-accepted |

b) If device-end status is present and command retry is to be performed, the channel shall
indicate acceptance of the status and of the command retry by sending a command IU with the
command to be retried, along with the flags and parameters associated with the command. The
CH and SYR bits shall be set to one in the command IU. The CH bit shall indicate that this
command is a command update as a result of command chaining and the SYR bit shall identify
this command as the one being retried. From the time the command IU is sent to the device,
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the channel shall consider the 1/0O operation to be in effect at the device and the rules for
command chaining in effect (see 9.5.2); and

c) If device-end status is present and command retry is not to be performed, the channel shall
indicate acceptance of the status by sending a status-accepted IU. The CH bit shall be set to
zero in the status-accepted IU to indicate that command retry is not to be performed.

Commands which are not executed as the first command of a CCW channel program shall not result
in a command response or status being sent to the channel, unless one of the following conditions

elxists:
a) The CRR flag is set to one for the command; or

b) The conditions at the control unit require the sending of status (see 8.10).

—

he following protocols shall be used for commands which are not executed as the firs{ ' eommand of
a CCW channel program.

a) When the command is handled by the control unit as a nonimmediate<operation, acceptance
and execution of the command may occur immediately. If the CRR-flag is set to one for the
command, a command response shall be sent to the channel-upon acceptance of the
command. If the CRR flag is set to zero for the command, a command response shall not be
sent to the channel upon acceptance of the command. If the dperation is a read, data transfer
may proceed immediately after sending the command-response IU, if required. If the operation
is a write, the data associated with the command contaiged’in the command-data DIB and data
DIBs received may immediately be transferred to the device.

The control unit shall consider the 1/0 operation to be in progress at the device when the
conditions for acceptance of the command are ‘satisfied; or

b) When the command is handled by the control unit as an immediate operation, acceptance and
execution of the command may ocCur immediately. If the CRR flag is set to one for the
command, a command response ‘shall be sent to the channel (see 8.7.2.3). If the CRR flag is
set to zero for the command,-a.eommand response shall not be sent to the channel upon
acceptance of the command. At the completion of execution of the command, status may or
may not be sent to the channel depending on the conditions previously described. If status is
sent, and the CCW count for this command is non-zero, the control unit shall indicate that it
was executed as an(immediate operation by setting the LRI bit in the status flags field to a one
and the residual count to the value of the CCW count.

9.2.2 Command‘Mode Data-Transfer Protocol

.2.2.1 Command Mode Data-Transfer Protocol Overview

ata is.fransferred between the channel and the control unit as part of the execution of a CCW I/O
peration. The transfer of data from the channel to the control unit is a write operation. The transfer of
tafrom the control unit to the channel is a read operation. The operation, read or write, is determined

by the current command. Read commands have bit 7 of the command byte set to zero, and write
commands have bit 7 of the command byte set to one.

Some CCW read and write commands do not result in the transfer of data. These commands are
executed as immediate operations, are designed to be executed without transferring data, have
counts of zero in the CCW, or have data-record lengths of zero (see 9.2.1 for the protocols used when
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the command is executed by the control unit as an immediate operation; see 9.2.2.6 for the protocols
used when the CCW count is zero).

When, for the first command of a CCW channel program with a nonzero CCW count, the data-record
length at the control unit is zero but the command is not accepted as an immediate operation, a
command-response U is sent to the channel. Following transmission of the command response, if
status is required to be sent to the channel, status containing channel end with or without device end
is sent to the channel, the residual-count-valid bit is set to one, and the residual count field contains
the CCW count received with the command. For this case, if the command is a read command. no

data is transferred to the channel. If the command is a write command and data was sent forth
command, the data is discarded by the control unit.

When, for a command other than the first command of a CCW channel program with a nenzero CC

count, the data record length at the control unit is zero, a command-response U is senttp,the chann
only if the CRR flag is set to one for the command. If conditions require the sending-of status to th
channel, status is sent. In the case in which a command response is required and eonditions requir
the sending of status, the status is sent after the command response is sent. WWhén status is sent, th
residual counts and data transfer rules for the first command of a CCW channel program apply.

conditions do not require the sending of status and chaining is to take plagceat the control unit, only
command response, if requested is sent; otherwise, nothing is sent to-the channel.

O S5O0 O O =

Data is transferred from the channel to the control unit in a command-data DIB sent in a command U
or data DIB sent in a data IU. Data is transferred from the controlunit to the channel only in a data DIB.
See 8.8 and 8.9 for the maximum DIB sizes.

For each CCW that results in a command IU being sent, the CCW count is included in the commanid
header. For a write operation, the CCW count is used to determine the quantity of data to expect fro
the channel. For a read operation, the CCW counts used to determine the quantity of data that m
be sent to the channel. For both a read and write operation the CCW count is used to determine th
residual count to be returned to the channel;:if status is to be presented, and it is used in conjuncti
with the CCW control flags and command\flags, to determine if chaining is to occur.

9.2.2.2 Command Mode Write Operation

A write operation in command‘'mode is the transfer of data from the channel to the control unit as pa
of the execution of a command that has bit 7 set to one.

For a write operation(wjth a nonzero CCW count, the channel shall send the command and the da
for the command in"a‘command-data DIB. If the quantity of data specified by the count for the current
CCW exceeds theemaximum allowable DIB size, the remaining data shall be sent in data DIBs until
of the data spetified by the CCW count is sent (see 8.8 and 8.9). If all of the data specified by the CC
count is sent/the E bit shall be set to one in the last IU sent containing the CRC field. If all of the da
specified-by the CCW count is not sent, the EE bit shall be set to one in the last IU sent containing th
CRCield.

When, during a write operation, the channel is able to send some but not all of the data for a CC
the EE bit shall be set to one in the last IU sent. The channel, for the affected channel program, shqll

suspend sending IUs to the control unit until status is received. When status is received, the channel
may or may not resume execution of the channel program with the control unit, depending on the
contents of the status DIB and conditions at the channel.

When, during a write operation, the channel is unable to send any of the data specified fora CCW, the
EE bit shall be set to one for the command-data DIB, the command header shall contain the required
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information for the CCW, and the DIB data field shall contain only a CRC field. If CRC generation and
checking is provided, then the CRC field shall contain only the initialized value of the CRC generator
in the DIB data field and the CNP bit shall be set to zero.

When, for a write operation, the quantity of data required by a device is equal to or greater than the
CCW count, the resulting residual count shall be zero. If the quantity of data required by the device is
less than the CCW count, the resulting residual count shall be the difference between the quantity of
data required and the CCW count.

hen, at the end of a write operation which is not the first command of a CCW channel program
ecuted as an immediate operation, status including channel end is sent to the channel, the residual
unt calculated shall be included in the status DIB. If the quantity of data required by the device)is
reater than the CCW count, the LRI and RV status flag bits shall be set to one and the residual'count
set to zero to indicate that the device would have used more data had it been provided.

hen the quantity of data received by the control unit for a write operation is less thag‘the quantity

specified by the CCW count and the EE bit is set to one in the last IU received, the I/Q’operation shall

executed and the data received, if any, shall be used by the device. If the quantity of data required

the device is exactly equal to the quantity of data received, the E bit shall be setto one for the status

IB sent. If the quantity of data required by the device is either less than orgreater than the quantity

data received, the E bit shall not be set to one for the status DIB sent; if avalid CRC value is received
nd CRC checking is provided, CRC shall be checked on the entire amount of data received.

.2.2.3 Command Mode Read Operation

read operation in command mode is the transfer of data from the control unit to the channel as part
the execution of a command that has bit 7 set to zero.

or a read operation the channel shall send the command to the control unit in a command DIB in a
mmand IU. The CCW count and CCW controlflags for the command shall be included in the
mmand header.

hen, for a read operation, the quantity.of data sent to the channel exactly equals the count for the
rrent CCW, the resulting residual count shall be zero and the E bit shall be set to one in the last data
IU sent for that CCW. If the quantity~of data sent to the channel is less than the count for the current
CW, the resulting residual count‘shall be the difference between the quantity of data sent to the
annel and the CCW count/The E bit shall be set to zero and the EE bit shall be set to one in the last
ta IU sent for that CCW.(If more data would have been transferred to the channel had a larger count
en provided or data chaining indicated, the resulting residual count shall be zero and the E bit shall
set to one in the lastdata IU sent for that CCW.

hen, at the end./of a read operation which is not the first command of a CCW channel program

ecuted as aniimmediate operation, status including channel end is sent to the channel, the residual

unt calculated shall be included in the status DIB. If the quantity of data sent to the channel by the

viceyis.exactly equal to the CCW count but the device would have sent more data had a larger CCW

unt.been provided, the LRI and RV status flag bits shall be set to one and the residual count is set
t¢ zero.

9.2.2.4 Data Chaining

When there are successive CCWs to be executed by the channel for a single I/O operation, the
execution of these CCWs is referred to as data chaining. When each CCW associated with a CCW
channel program becomes the current CCW being executed, the channel shall indicate to the control
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unit the initiation of a data chaining operation by transferring a command-IU containing the chain-data
flag, CCW count, and other flags associated with the CCW. Subsequent IUs containing data DIBs may
also be transferred, either by the channel or control unit, depending upon whether input or output was
specified in the command IU initiating the 1/0 operation. When execution of the current CCW is
completed and the chain-data flag is set to one, data chaining shall take place, provided no abnormal
conditions are detected and all other conditions for data chaining are satisfied. Data chaining may
occur only when the CD bit is set to one for the current CCW. When data chaining takes place, the
command IU shall be used to update the flags, CCW number, token, and count held at the control unit,
the chaining bit (CH bit) of the device header flag field and the data-chaining-update (DU) flag of the

command-flag field shall both be set to ones.

The device shall ensure that data chaining is occurring at the proper times by recognizing |a-datg-
chaining condition. The data-chaining condition shall be recognized for each device and shall be us

to verify that successive CCWs are being executed by the channel. The data-chaining €ondition sh{ll
be set whenever the device accepts a command IU and the chain-data bit is-Set to one in th
command-flag field and when all other conditions for data chaining are satisfied: Fhe data-chainin
condition shall be reset whenever a control IU is received and system reset, selective reset, cancel ¢r
stack status is performed. The data-chaining condition shall also be reset whenever a command IU {s
received and the chain-data bit is set to one and an end-of record condition is recognized or when th
chain-data bit is set to zero, or status containing channel end, with orwithout device end, has be
accepted by the channel.

If a command IU is received with the DU flag bit and the CH bit set to ones, and if the last byte of da
has been transferred for the current CCW, then the command flags, CCW number, token, and coumnt
from the command IU just received shall be accepted and’become current as the new CCW assumes
control of the I/O operation.

The chain-data bit in the CCW-flag field of the cemmand IU shall indicate that there is a subsequent
count and command-flag update for the device, that is to immediately follow the execution of the current
command IU, provided that no abnormal conditions are encountered.

<

In some cases while data chaining, thelchannel may request the transfer of status when the last CCV
of a data chain is executed. The chahnel shall do this by setting the SSS bit to one signalling the contrg
unit to provide ending status in;an-lU containing a status DIB when the |/O operation has ended. |
this case, if command chaining was set to one in the last CCW of the data chain, then norm
command chaining would ‘eccur after the channel received the U containing the status DIB. If da
chaining is ended and no\further chaining is specified, ending status shall be sent to the channel.

- =

When data-chainingyoccurs at the channel during a write operation, a command IU with a command-
data DIB containing the CCW number, the CCW count and required flags for the next CCW, a vali
token, and data shall be sent to the control unit. If the quantity of data specified for the CCW exceeds
the quantity~of data that is allowed to be sent in a command-data DIB, one or more data DIBs may
sent. If the quantity of data sent for the CCW is exactly equal to the count in the CCW, the E bit shdll
be set to one in the last IU sent for the CCW. Data chaining shall continue until all of the data
transferred for the write operation or until the data chaining condition is not set at the end of a CC

If the quantity of data sent for the CCW is less than the count in the CCW, the EE bit shall be set
one in the last IU sent for the CCW. For this case, data chaining, if indicated for the CCW, shall not

performed and execution of the channel program shall be suspended until status is received from the
control unit. If the quantity of data used by the device is less than the total count provided by the
channel, then a status DIB shall be sent; the residual count field shall indicate the amount of data
which was not used. If the quantity of data required by the device is greater than the total count
provided and the EE bit is not set, then status, if sent, shall have the LRI and RV bits in the status-flag
field set to one and the residual count set to zero.
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When, at the control unit for a write operation, data chaining is indicated in the current CCW and when
the last byte of data for the CCW has been successfully received, data chaining occurs at the control
unit and the next CCW shall go into effect. That is, the contents of the next command U which would
have the CH bit set to one and a command DIB containing the DU bit set to one shall become current
and go into effect for the write operation. It should be noted that conditions may exist precluding data
chaining from occurring; however, this shall not preclude control of the 1/O operation from being
transferred to the next CCW as it becomes current. For any status that is sent, including status sent
in situations where no data has been successfully received for the current CCW, the CCW number
and the status shall pertain to the current CCW.

hen, at the channel for a read operation, data chaining is indicated in the current CCW, a command

with a command DIB containing the CCW number, the CCW count and required flags for the next
CW, and a valid token shall be sent to the control unit. The channel shall continue to do this, provided
spfficient IU pacing credit is available, for each CCW for which data chaining was specified until the
mmand IUs for all of the CCWs for data chaining have been sent (see 9.2.2.5). For a rea@-gperation,
the sending of the command IUs indicating data chaining does not constitute execution of the
mmand or CCWs; the operation and data chaining shall only be considered to have*been initiated.
here is an indefinite period of time from the initiation of a read operation with data chaining and when
ta for that operation arrives at the channel. When a data IU is received by<he“channel, the CCW
umber shall indicate the CCW for which this data is being sent. At that\point in time, the CCW
identified shall become current at the channel and execution of the CCW.shall be considered to be
curring. As each successive data IU is received for a read operation, the channel shall ensure that
the CCW number specified corresponds to the appropriate CCW. The quantity of data received for a
CW shall exactly equal the CCW count for that CCW in order<for data chaining to occur at the
annel. If, before all of the data for a CCW is received, the next data IU received from the control unit
specifies a different CCW than the current CCW for the read.operation, a device-level protocol error
shall be recognized. If either status or a data IU with the’EE bit set to one is received, data chaining
shall be ended for the current read operation.

hen, at the control unit for a read operation, the quantity of data to be sent to the channel exceeds
the CCW count in effect from the command U Currently being executed, the E bit shall be set to one
im the last data IU sent for the CCW and if the)data chaining condition is set, data chaining shall occur
the control unit when the next command [U is received and the contents of that command IU have
the CH bit set to one with a command:DIB containing the DU flag set to one. When data chaining
curs at the control unit, the next CCW received shall become current and go into effect for the read
peration. It should be noted that conditions may exist precluding data chaining from occurring;
wever, this shall not preventicontrol of the 1/0O operation from being transferred to the next CCW as
it becomes current. The rémaining data shall be sent in data IUs under the control of the new CCW.
he CCW number fromthe current command IU shall be used in each data DIB sent, and the CCW
unt shall determine‘the maximum quantity of data that may be sent. For any status that is generated,
imcluding status sentin situations where no data DIBs have been sent for the current CCW, the CCW
umber and the)status shall pertain to the current CCW.

hen all conditions for data chaining are satisfied, data chaining shall continue at the control unit until
[l of thedata is transferred for the read operation or at the completion of the current CCW, the data
ainvcondition is not set. If the quantity of data transferred is equal to the CCW count and if all of the
ta’has been transferred for the read operation, data chaining shall not occur even though the data

chaining condition is set; however, control of the I/O operation shall be passed to the next CCW, if any,
and status shall be sent to the channel. If all of the data has not been transferred to the channel for
the read operation and the data chaining condition is not set, data chaining shall not occur and a status
DIB, if sent, shall contain the LRI and RV bits in the status-flags field set to one and the residual count
set to zero.
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When the data-chaining condition is set and the control unit initiates the ending of the 1/0 operation by
transferring channel-end status to the channel, with or without device-end status, and if the quantity of
data transferred is less than the CCW count, then the data-chaining condition shall be reset, control
shall not be passed to the next CCW, if any, and the CCW number and status shall pertain to the
current CCW.

Data chaining shall occur whenever the data-chaining condition is set, and the chaining (CH) bit in the
device-header flag field and the data-chaining-update flag (DU flag) are both set to ones in the
command [U.

If the data-chaining condition is set in the control unit and if a command IU is recognized withth
chaining bit (CH bit) or the data-chaining-update flag (DU flag) set to zero, then a device-level protocol
error shall be detected. If the data-chaining and command-chaining conditions are both pot'set and |if
a command IU is received with either the DU flag set to one or the CH bit set to one, then a devicg-
level protocol error shall be detected. The CH bit and DU flag shall be tested before.the data-chainin
condition is changed to conform to the new value of the chain-data bit in the command-flag field.

If the data-chaining condition is set, the control unit shall ensure that the path to the device remains
available when the current count is exhausted, until the next command<4U,is recognized or until th
data-chaining condition is reset.

A channel may minimize the number of data chain updates for suceessive data chain CCWs. This (s
accomplished by adding the counts from successive CCWs and presenting only the sum of the
counts to the control unit in a single command IU. Whep-this is done, the original integrity of th
channel program shall be maintained by ensuring that P€Pand command chaining conditions occur at
the appropriate points within the channel program.

9.2.2.5 IU Pacing

D

Each channel provides an IU pacing credit which is initialized at either the start of each CCW channjg
program or reconnection to continue execution of a CCW channel program. The IU pacing credit is th
maximum number of |Us that a channglmay send on a given outbound exchange before it receives
command-response U, which was\sent because the CRR bit was set to one, on the existing inboun
exchange.

Q0 O

A channel may operate in the‘default IlU pacing mode or in the persistent IU pacing mode. A chann
operates in persistent Il pacing mode on each logical path for which both the channel and control unit
indicate support for thepersistent IU pacing optional feature and on logical paths for which both th
channel and control'unit have indicated support for the concurrent enablement of persistent IU pacin
function. On any-0gical path for which persistent IU pacing mode is not supported, a channel operatds
in the default'fd pacing mode. See 6.4.2 for additional information about optional features and 6.3.9,
for additienal/information about the concurrent enablement of persistent IU pacing function. When
channelis operating in default IU pacing mode, the IU pacing credit in effect at the start of a channgl
program shall be set to a model-dependent value no greater than the default value of 16. When
channel is operating in persistent IU pacing mode, the IU pacing credit is initialized with the current
pacing credit in effect for the logical path.

When a control unit is operating in default IU pacing mode, the control unit may request that the U
pacing credit be increased by the channel at the start of a CCW channel program or at each time the
control unit reconnects with device-end status. At the start of a CCW channel program, the control unit
may request that the IU pacing credit be increased by providing an IU pacing parameter in either the
command response or status sent in response to the first command of a CCW channel program; when
reconnecting with device-end status, the control unit may request that the IU pacing credit be
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increased by providing an IU pacing parameter in the status DIB. A modified pacing credit shall remain
in effect for the duration of the outbound exchange. See 8.11.2.4 and 8.10.3.4 for a description of how
the control unit provides the U pacing parameter.

When a control unit is operating in persistent IU pacing mode, the control unit may request that the 1U
pacing credit for the logical path be modified. Any modification of the IU pacing credit shall take effect
at the start of the next channel program on the logical path, and shall persist until changed again by
the control unit, or until a system reset is performed for the logical path. The control unit may request
that the IU pacing credit be modified by providing an IU pacing parameter in either the command

résponse sent in response to the first command of a channel program or any status sent with the
résidual-count valid (RV) bit set to zero and the persistent IU pacing parameter valid bit set to one.
ee 8.11.2.4 and 8.10.3.4 for a description of how the control unit provides the IU pacing parameter:

control unit may increase, decrease, or reset the pacing credit to the default value. A pacing
rameter value of zero shall have the effect of resetting the credit to the default value of 46. In order
t@ avoid resetting the pacing count to the default, the control unit shall retain its desired-setting and
imclude this value in the pacing parameter for all Command Response IUs and Status s in which the
cing parameter is valid. This shall be done for all device operations on the same logical path.

I the control unit sets the IU pacing parameter to a value less than or equal to the default value, the
annel shall not increase the IU pacing credit above the default value. df-the control unit sets the IU
cing parameter to a value greater than the default value, then the channel may increase the IU
cing credit by any amount up to the value indicated by the IU pacing parameter.

t the start of a CCW channel program or at each reconnection, the channel shall send a model
pendent number of IUs to the control unit. The number of:lUs sent shall not exceed the IU pacing
edit value. Prior to or at the last command IU sent, the ¢hannel shall request a command response
tp be returned by setting the CRR bit in a command./6r command-data DIB. The selection of the
mmand or command-data DIB for the setting of the CRR bit shall be such that the remaining U
cing credit (that is, the number of additional [Usthe channel is allowed to send before it receives a
mmand-response |U) does not prevent the transmission of all of the IUs for a CCW. For example, if
the channel has not set the CRR bit since(the command or command-data DIB for which the last
mmand response was received and\temaining IU pacing credit is less than the number of IUs
reéquired to transfer all of the data indicated by the CCW count field in a command-data DIB, then the
RR bit shall be set to a one in the.command-data DIB; otherwise the channel shall be unable to
roceed with the channel program.

hen a command response jis received, it shall indicate which CCW is currently being executed and,
therefore, the number of IUs that have been processed since the start of the channel program or since
tihe 1U for which the“previous command response was received. Upon receipt of the command
response, the channel is then permitted to send an additional number of IUs beyond the current
rémaining credit equal to the number of IUs indicated as having been processed.

hen a control unit sends a data IU containing a status DIB, the control unit shall discard all command
IUs with the SYR bit set to zero and data IUs which are received subsequent to the IU for which the
sfatds was sent (see 8.10). When a data U containing a status DIB is received, the channel sets its
remaining IU pacing credit to a value equal to the IU pacing credit for the exchange; the number of IlUs

a channel is then permitted to send, including and subsequent to the IU sent in response to the status,
is equal to the IU pacing credit.

When an U which closes the inbound exchange is received, a channel is allowed to respond to the IU
without regard to IU pacing credit.
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NOTE 44 — Care should be exercised when selecting the command or command-data DIB in which to set the
CRR bit. Setting the CRR bit too early results in an excessive number of command-response IUs; setting the
CRR bit too late may result in interrupting the flow of command and data IUs on the outbound exchange until a
command-response is received. In order to avoid this and as a “rule of thumb” the CRR bit should be set in a
command U as close as possible to the point of sending IUs where half of the IU pacing credit value remains.

NOTE 45 — An IU pacing credit higher than 16 is recommended for link speeds above 1Gbits/sec. For
distances of up to 100 KM, the U pacing credit should double as the link speed doubles above 1Gbits/sec.

NOTE 46 — The intent of the IU pacing function is to prevent data-intensive channel programs such as a CCW
channel program performing a data archive operation from unfairly utilizing all of the resources of a control

unit. TU pacing 1S not intended 10 be a means of Tlow control.

=

NOTE 47 — A control unit may return control-unit busy status if resource limitations prevent the controluri
from accepting all of the IUs sent by a channel during the initiation of a new exchange pair.

[

NOTE 48 — The IU pacing function is defined only for transmissions from the channel to the control unit. It
not required for control unit to channel transmissions because resources are already allocated|in the chann
prior to execution of the channel program.

o

NOTE 49 — A preferred channel implementation makes use of the IU pacing parameterprovided by the contrp
unit.

NOTE 50 — A preferred control unit implementation provides a means by which/the IU pacing parameter mgy
be modified based on operating conditions.

9.2.2.6 Zero CCW Count

When a CCW is fetched containing a count field of zeros, the.CCW count field of the command U s
likewise set to zeros.

When a command with a CCW count of zero is executed, the type of response sent to the channel, |if
any, and whether or not command chaining, ifindicated, occurs depend on how the command is
executed and the flag bits in the command header.

If the first command of a CCW channel-program is executed as an immediate operation, a data Il
containing a status DIB shall be sent{The LRI and RV bits shall be set to zero. The E-bit shall b
ignored for this case. Command chaining, if indicated, shall be initiated by the channel when devicsg
end status is received and the conditions for command chaining at the channel are satisfied.

D

If the first command of azCCW channel program is executed as a nonimmediate operation,
command-response |Ushall be sent. Execution of the command may proceed after the command h3g
been accepted and theycommand response sent; chaining to the next CCW may proceed if all of th
conditions for chaining are satisfied (see 9.2.4).

O »n QO

If other than.the first command of a CCW channel program is executed, the CRR bit and SSS bit |
the command header are both set to zero, and all of the conditions for chaining are satisfied, the|
execution-of the command may proceed, no response shall be sent, and chaining to the next CCV
may.eccur.

< D I

I~

If other than the first command of a CCW channel program is executed and the CRR bit and the SSB
bit are both set to one, a command-response |U followed by a data IU containing a status DIB shall be

sent. In the status DIB, the E bit in the IU header shall be set to zero by the sender and ignored by the
recipient, and the RV bit in the status-flags field shall be set to one for a residual count of zero. If the
command would have been executed as a nonimmediate operation had a count other than zero been
provided, the LRI status flag bit shall be set to one and the residual count is set to zero. Command
chaining, if indicated, shall be initiated by the channel when device-end status is received and the
conditions for command chaining at the channel are satisfied (see 9.2.4).
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If other than the first command of a CCW channel program is executed and the CRR bit is set to one
and the SSS bit is set to zero, a command-response IU shall be sent. Command chaining, if indicated,
occurs at the control unit and status shall not be sent to the channel.

If other than the first command of a CCW channel program is executed and the CRR bit is set to zero
and the SSS bit is set to one, a command response shall not be sent but a data IU containing a status
DIB shall be sent. In the status DIB, the E bit in the IU header shall be set to zero by the sender and
ignored by the recipient, and the RV bit in the status-flags field shall be set to one for residual count of
zero. If the command would have been executed as a nonimmediate operation had a count other than

ro been provided, the LRI status flag bit shall be set to one and the residual count shall be set to
ro. Command chaining, if indicated, shall be initiated by the channel when device-end status js
received and the conditions for command chaining at the channel are satisfied (see 9.2.4).

he presence of a zero count in the command IU shall not be used to determine whether a command
should be executed as an immediate operation, executed as a nonimmediate operation,‘of rejected
returning unit-check status. For example, when a command-response 1U would be returned for the
first command of the channel program if the CCW count were nonzero, a command fesponse shall
Iso be returned when the count is zero. This is to ensure that compatibility is maintained among the
ibre Channel interface, SBCON and the parallel-1/O interface.

.2.3 Ending a CCW I/O Operation

.2.3.1 General Rules for ending a CCW 1/O Operation

he ending of a CCW I/O operation is either channel initiated of control-unit initiated. The channel may
initiate the ending of an 1/0O operation as the result of an abnarmal condition or a non-error condition.
he control unit may initiate the ending of a CCW 1/O opération as the result of the completion of the
ecution of the command or the transfer of all data associated with the command or as the result of

n abnormal condition detected during the execution‘ef the command.

hen the channel initiates the ending of a CCW /O operation, it shall send a control IU indicating one
the following control functions:

a) cancel, (see 9.4.3),

b) selective reset, (see 9.4.5), or

c) system reset (see 94 .4).

hen conditions reqtire the ending of a CCW I/O operation with the channel, status in a status DIB
shall be sent and.all,command IUs with the SYR bit set to zero and data IUs received subsequent to

the current command shall be discarded.

hen conditions permit the ending of a CCW 1/O operation without the transfer of status to the
annel, chaining shall occur with the start of execution of the next command (see 8.10).

the absence of errors, when the current command is executed as a nonimmediate operation, the

control unit shall initiate the ending of the CCW I/O operation when one of the following conditions is
satisfied:

a) All of the data specified by the CCW count has been transferred and the data-chaining
condition is not set; or
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b) The data required by the device for the command has been transferred.

When the current command is executed as an immediate operation, the control unit shall initiate the
ending of the 1/0O operation when the conditions for the device allow channel-end status to be
generated.

Ending a CCW I/O Operation without Transferring Status: When execution of the current
command reaches completion with the device and conditions do not require status to be presented to
the channel, the I/O operation shall be considered to have ended and execution of the next command

in the chain may proceed.

Ending a CCW I/O Operation with Transferring Status: When the control unit ends execution ¢f
the current command, including the transfer of data, and conditions require status to be transferred
the channel, a status DIB indicating channel end with or without device end shall be sent’along wi
the appropriate status flags and residual count. If the operation is ended becausé of an abnormal
condition, the appropriate status for this condition is included. If device-end status'is included, th
operation shall be considered ended by the device when this status is accepted by the channel. |If
device-end status is not included, the 1/0O operation shall be considered ended by the device when th
control unit later transfers device-end status and receives acknowledgmeéntthat the status has be
accepted by the channel. If unit-check status is included, the contrel unit may optionally present
supplemental status along with this status, and indicate this by séttirig the ES bit to one in the |
header.

If the control unit is connected when it is ready to transfer,status in order to initiate the ending of th
I/0 operation with the channel, a status DIB with channel’end with or without device-end status shdll
be sent (see 8.2.2 for information on when the inbound exchange is closed with the sending of th
status DIB).

If the control unit is not connected when it is ready to transfer status in order to complete the endin
of the I/O operation with the channel, a data-lU containing a status DIB indicating device-end status
shall be sent. The inbound exchange shall*be left open.

9.2.3.2 CCW Supplemental Status

Supplemental status provides‘sense information in a status DIB to describe conditions at the contrgl
unit or device for which status information containing unit check is being provided.

The control unit may optionally transfer supplemental status along with unit-check status (but not ret
status). The presence of the supplemental status shall be indicated by the ES bit being set to a one i
the IU header of‘the status DIB containing unit-check status. The channel shall indicate it has accept
the supplemental status along with the status by setting the ES bit to a one in the status-accepted IU.
If the channel has accepted the status but not accepted the supplemental status, the ES bit shall
set to azero in the status-accepted IU. In this case, the supplemental status shall be held by the devi
untikrefrieved by the channel with sense information by the appropriate sense command, or cleared.

T he ability to accept supplemental status is determined by conditions present at the channel and th
design of the channel. Whether or not supplemental status is included in a status DIB sent to th

channel depends on the status information being transferred and conditions at the control unit, which
are model dependent.

NOTE 51 — The preferred implementation is for a control unit to provide supplemental status in the status DIB
whenever permitted.

NOTE 52 — Supplemental status is presently defined only for unit-check status (but not retry status).
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9.2.3.3 CCW Residual Count

The control unit shall determine the residual count by calculating the difference between the CCW
count and the actual number of bytes either written to a device or read from a device and sent to the
channel. The value of the residual count is dependent on the CCW count, the number of bytes
transferred between the channel and control unit, and the number of bytes actually read from or written
to the device.

For a write operation the channel may transfer more data to the control unit than the device requires,

ut never more data than specified by the CCW count. If the channel transfers all of the data specified

the CCW count and all of the data is used by the device, the residual count shall be equal to zero

for this command. If a write command with a nonzero CCW count is executed as an immediate(l/O
peration, the residual count shall be equal to the CCW count.

hen, for a write operation, the device requires less data than specified by the CCW.,count, the
residual count shall be equal to the difference between the CCW count and the actual number of bytes

data used. Alternatively, if the device requires more data than specified by the CCW count, the
residual count shall be zero for this command.

or the case where, for a write operation, the channel transfers less data thanspecified by the CCW
unt (see 8.11.2.3 and 9.2.2.2), the residual count shall still be determined by calculating the
ifference between the CCW count and the actual number of bytes used-by the device.

or a read operation only a quantity of data equal to or less than~the CCW count shall be transferred

tp the channel. The residual count shall be the difference bétween the CCW count and the actual

umber of bytes sent. If all of the data specified by the CCW..count is transferred, the residual count

shall be equal to zero for this command. If a read command with a nonzero CCW count is executed
an immediate 1/O operation, the residual count shall'be equal to the CCW count.

hen, for a read operation, less data than specified by the CCW count is transferred to the channel,
the residual count shall be equal to the difference between the CCW count and the actual number of
bytes sent. If, for the read operation, all of the data specified by the CCW count is sent but more data
would have been sent to the channel had.a larger count been specified, the residual count shall be
gqual to zero.

=

ote that there are only three cases in which the residual count is greater than zero:
a) when the record lengthis less than the CCW count;

b) when, during a‘'write operation, the channel is unable to send all of the data for a CCW and has
set the EE bitiin the last IU sent; and

c) when a-eommand with a non-zero CCW count is executed as an immediate operation.

—

able 14-shows the valid combinations for the LRI and RV bits, the residual count, and channel-end
tatus, Also, note that for all cases in which a valid residual count is presented, channel-end status
hallalso be presented.

n

n

The following abnormal situations may require additional flags to be set in the device-header-flags field
or may prevent including a valid residual count in a status DIB:
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a) The E bit shall be set to one in the device-header-flags field for a status DIB only for a write
operation involving an early end indication for which the amount of data received from the
channel and written to the device exactly equals the record length;

b) If an abnormal condition prevents determining the exact amount of data either read from or
written to a device, a valid residual count shall not be calculated. In this case, the RV bit shall
be set to zero in the status DIB. Unit-check status shall be indicated along with channel-end
status. Command retry may be requested. See the definition of the CR bit in 9.5.2. If the
channel accepts the command retry request, the retry proceeds normally. If command retry is

not honored, the channel shall terminate the 1/0O operation;

[

c) If, for other than the first command of a CCW channel program, the channel receives a, statu
DIB with the channel-end status bit set to one, the unit-check status bit set to zerg, ‘and the
residual count valid bit set to zero, a device-level protocol error shall be recogniZed;or

d) If during a read operation, an abnormal condition prevents determining the-exact amount If
data transferred to the channel, then a valid residual count shall not be gal¢ulated. In this case,
the RV bit shall be set to zero and unit check along with channelcend status is indicateq.
Command retry may also be requested.

When, during data chaining, the next CCW takes effect, a new residual count shall be started for the
data transfer associated with this CCW. If status is generated and-sent to the channel, the residu
count shall be included, provided that a valid residual count is calculated.

9.2.4 CCW Command Chaining

When there are successive /O operations to be executed by a channel and a control unit for a singl
channel program, the execution of these successive 1/O operations is referred to as comman
chaining. When an |/O operation is initiated by the channel, it shall use a command IU to transfer th
command, CCW control flags, CCW count;;and command flags associated with the current CCW
the control unit. In this manner, the control unit is informed whether or not command chaining s
specified for the current CCW. When at)l/O operation is completed and the chain-command flag is set
to one and the chain-data flag is*set to zero, command chaining shall be permitted, provided n|
abnormal conditions are detected.and all other conditions for chaining are satisfied. When comman
chaining takes place, the next command and associated flags and count shall become current and th
next I/O operation shall betconsidered to have started. The next command and associated flags an
count shall be found in thenext command IU received which shall have the chaining bit (CH bit) set
one and the data-chaining-update flag (DU command flag) set to zero.

The control unit'shall ensure that command chaining is occurring at the proper times by recognizing
command-chaihing condition. The command-chaining condition shall be recognized for each device.
The command-chaining condition shall be set as a result of command chaining or as a result ¢f
command-retry. During command chaining, the command chaining condition shall be set whenever
command with the CC flag set to one and the CD flag set to zero in the CCW-flag field of a comman
IU.is accepted. The command-chaining condition shall be set for command retry when the CH bit is
set to one in the IU used by the channel to accept the status that requests a command retry (see 9.5.2).

When the command chaining condition is set and the conditions for not sending status at the
completion of execution of the current command are all met, command chaining shall be performed
by starting execution of the command in the next command IU which shall have the CH bit set to one
and the DU command flag bit set to zero (see 8.10 and Annex D for the conditions when status is sent
and when chaining occurs at the control unit). If the command chaining condition is set but the channel
has requested that status be sent at the completion of execution of the current command, status shall
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be sent to initiate command chaining with the channel. In this case command chaining shall not occur
until the channel receives status with device end indicated and the channel sends a command IU for
the next command to be executed.

The command-chaining condition shall be reset whenever (1) system reset or selective reset is
performed, (2) the device receives a cancel or stack-status in a control 1U, (3) status containing
channel end but not device end for an 1/O operation has been accepted by the channel and the
chaining bit is set to zero in the status-accepted IU, (4) status containing device end for an 1/O
operation has been accepted by the channel using a status-accepted 1U, (5) an address-exception

ndition is recognized and a control IU with a device-level-exception indication is sent, or (6) the
annel accepts a valid status DIB with the AS bit set to one and the status contains unit check (except
hen command retry is requested and the retry requested is to be honored by the channel), tnit
ception, busy, attention, status modifier without any other bits set, or control-unit end, providedit is
t control-unit end alone. A valid status DIB for which the AS bit set to zero shall not suppress
mmand chaining.

ommand chaining shall occur whenever the command-chaining condition is set at the device, and
the CH bit and the DU bit are set to one and zero, respectively.

I the command-chaining condition is set at the device, the control unit shall,ensure that the path to the

vice remains available when device-end status is presented until the next’‘command is recognized

r until the command-chaining condition is reset. If the command-chaining condition is set at the

vice and ifa command IU is recognized with the CH bit set to zerg of.ithe DU flag set to one, a device-

lgvel protocol error shall be detected. If the command-chaining,and the data-chaining conditions are

th not set and if a command IU is recognized with the CH bit_set'to one, then a device-level protocol
rror shall be detected.

.2.5 Priority

I support for the use of Priority is indicated (i.e. both the receiving F_Port and N_Port indicate Priority
im the login service parameters) (see FC-FS24) and Priority is in use, FC-SB-6 has the following
réquirements on the setting of the Priority fi€ld for command mode operations:

a) The channel shall set the same Priority value in all frames of command-mode IUs sent to a
control unit for the duration of a given outbound exchange and all frames of any new
outbound exchange opened as a result of any reconnection that is required to continue
execution of a channel program

b) All frames of(any IU sent by a control unit on an inbound exchange that is opened in
response to-an |U sent by the channel shall either reflect back the Priority value used by the
channel.imthe request (i.e., in the first frame of the outbound exchange of the exchange
pair),or'shall not use Priority.

c) A _device that has disconnected from a logical path during the execution of a chain of
commands, and reconnects to continue the execution of the chain of commands shall either
use the same Priority value on the reconnection that was in use on the inbound exchange
prior to the disconnection or shall not use Priority. If the CU did not use Priority, then if it

receives a command IU with the SYR bit set (indicating the continuation of command
chaining) in response to the status IU, it may use the priority of the command IU for
subsequent IUs sent on that exchange.

d) If the control unit opens an inbound exchange by sending an unsolicited data IU containing
a status DIB for a purpose other than reconnection, the priority value used for the status U
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is model-dependent. The priority value used by the control unit in this IU shall also be used
in all subsequent IUs sent for that exchange. In this case the control unit shall not adopt the
priority of a command IU that may have been sent by the channel and ‘ships passed’ with
the unsolicited data IU for subsequent IUs sent on that exchange in response to the
command received.

9.3 TCW I/O Operations

9.3.1 Initiating a TCW 1/O operation

A TCW 1/O operation shall be initiated with a device when the channel transfers the trapspor
command-control block (TCCB) and associated control information for the current TCW to that|device.
The TCCB shall be transferred in a transport-command 1U (see 8.13). TCW I/O operations'\aré alwa
performed in transport mode.

Execution of a TCCB shall require acceptance of the transport-command U at the_eontrol unit. Wh
a transport-command |U is accepted, the TCCB in the IU shall be considered curtént at the control un|it
until execution of the TCCB at the control unit is considered completed. When, the transport-comman
IU is not accepted because of an error condition, a transport-response I is returned to the channg¢l
with the initial status flag set to one to indicate that the error occurred prigrto initiating execution of th
TCCB at the device. The control unit shall provide error informatioh,in the status and 1/O extend
status in the transport-response IU to identify the transport-command IU error.

If a control unit that supports process login receives a transport-command IU from a channel but th
control unit does not have a process login in effect with{the’channel or has a process login in effe¢t
with the channel but does not support transport mode; the control unit shall recognize a transpo
operation error (see 10.8).

The following conditions shall be satisfied in order for the transport-command IU to be accepted at th
control unit:

1) The transport-command U shall(satisfy the following integrity checks (see 10.9.2):

a) For control units that.do.not support bidirectional operations, the L1 field in the TCH plus
shall specify an amount of data that is equal to the amount of data received by the contr¢l
unit for the transport-command U, otherwise, a transport-command IU integrity error due
a data count error shall be recognized;

b) For contfol units that support bidirectional operations, the L1 field in the TCH plus either
or 9 shall specify an amount of data that is equal to the amount of data received by th
control unit for the transport-command IU, otherwise, a transport-command IU integri
error due to a data count error shall be recognized; and

¢)’ The LRC field in the TCCB shall be valid, otherwise a transport-command IU integrity errgr
due to invalid LRC error shall be recognized.

2) The specified logical path shall be established, otherwise a logical-path-not-established errgr
(see 10.6) shall be recognized;

3) For those commands that require the device to be installed and ready, the device address shall
specify a device that is installed and ready, otherwise an address-exception condition shall be
recognized (see 9.5.4.2);
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4) The R and W bits shall not both be set to one in the TCH if bidirectional data transfer is not
supported by the control unit or the control unit supports bidirectional operations but the
transport-command IU does not contain the BRDL field; otherwise a TCH content error (10.9.3)
shall be recognized;

5) The TCCB in the transport-command IU shall satisfy all of the following conditions, otherwise, a
TCCB content error (10.9.4) shall be recognized:

a) The L2 field shall specify a length that is_exactly 8 bytes greater than the L1 field and

contain a value that is at least 20 bytes and not more than 252 bytes;
b) Byte 1 of word 0 of the TCAH shall be zero;
c) The format control field in the TCAH shall be equal to hex'7F’;
d) The service-action code in the TCAH shall contain a valid value (see 8.13.4.4);
e) Ifthe R and W bits are both set to zero, the data-length (DL) field shall/be zero; and
6) If another TCW I/O operation is in progress for the logical path and device address specified in
the transport-command IU, the service-action code shall specify hex*IFFF’ and the command

code in the first DCW of the TCA shall specify the interrogate command code, otherwise a non-
interrogate-second-operation error shall be recognized (10.9.5).

b~

response of control-unit busy shall require that a transport-command IU integrity error has not been
pcognized and that the specified logical path be an established logical path. No TCH or TCCB content
hecking is required.

[ =]

>

response of device busy shall require that a transport-command IU integrity error has not been
pcognized, that the specified logical path be an established logical path and that the device address
pecify a device that is installed and ready. No\FCH or TCCB content checking is required.

n =

—

he channel shall consider a connection.fo exist when the transport-command IU is sent. The control
nit shall consider a connection to exist:\when the transport-command IU is accepted.

c

Tlhe channel is not aware of whether the control unit has accepted the TCCB or of the progress of the
11O operation at the device untiil the I/O operation is terminated by the control unit with a transport-
response IU. If the channél does not receive a transport-response IU within TC_TOV, the channel
récognizes a transport command timeout (see 10.2.6).

9.3.2 Transport Mode Data Transfer

.3.2.1 Transport Mode Data Transfer Overview

ata is.fransferred between the channel and the control unit as part of the execution of a TCW I/O
peration that specifies a read, write or bidirectional operation. The transfer of data from the channel
tg the control unit is a write data transfer. The transfer of data from the control unit to the channel is a

read data transfer. A read operation performs only a read data transfer, a write operation performs only
a write data transfer and a bidirectional operation may perform both a read and write data transfer.

The data transfer is determined by the R and W bits in the TCH. Read data transfer is performed when
the R bit is set to one and write data transfer is performed when the W bit set to one. Bidirectional data
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transfer, if supported, is performed when both the R and W bits are set to one. If neither the R or W bit
is set to one, then the operation does not perform any data transfer.

Data is transferred in a transport-data IlU. The maximum amount of data sent in a transport-data IU is
dependent on whether the transport-data U is for or a write transfer or read transfer as described in
9.3.2.2and 9.3.2.3.

For read and write operations, the DL field in the TCCB specifies the amount of data to be transferred
during an operation. The amount includes all required pad and CRC bytes (see 8.13.7).

For bidirectional operations, the DL field in the TCCB specifies the amount of data to be transferr:
for the write data transfer portion of the operation and the BRDL field specifies the amount 6f data
be transferred for the read data transfer portion of the operation. The amounts include all required p
and CRC bytes (see 8.13.7 and 8.13.8).

9.3.2.2 Transport Mode Write Data Transfer

A write data transfer is the transfer of data from the channel to the control unit as part of the executi
of a TCW I/O operation that has the W bit set to one in the TCH. The ameunt of data to be transferr
is specified by the DL field in the TCCB. Data is transferred in one or-more transport-data |Us to th
control unit on the transport exchange associated with the TCW I/Q epération.

Except for the first write transport-data IU of an operation, the ehannel shall require a transfer-rea
IU from the control unit prior to sending each transport-data4UJ. The amount of data sent in a transpor}-
data IU is specified by the maximum-burst length specified”in the preceding transfer-ready 1U. Aftgr
receiving a transfer-ready IU, the channel shall send a:single transport-data IU with the amount of da
specified in the preceding transfer-ready IU. The control unit shall request additional data by sendin
additional transfer-ready 1Us until it has requested-all the data specified by the DL field for the wri
operation. The sum of the maximum-burst length-and the relative offset in a transfer-ready 1U shall not
exceed the value of the DL field. The maximum-burst length specified in a transfer-ready IU shall n
be zero.

—

[

For the first write transport-data lJ-of an operation, the channel shall send the transport-data |
without receiving a transfer-ready:1U if the channel is operating with first-transfer-ready disabled i
effect for the operation.

)

—

First-transfer-ready disabled is in effect for an operation when both the channel and control unj
indicated support for(first-transfer-ready disabled during process login (see 6.3.14) and first-transfef
ready disabled has hot been inhibited for the operation (see 9.3.2.2.1). If either the channel or contrg
unit indicated they do not support first-transfer-ready disabled or if first-transfer-ready disabled ha
been inhibitedfor the operation, first-transfer-ready disabled is not in effect for the operation.

n =

—

First-trapsfer-buffer credits is in effect for an operation when both the channel and control unj
indicated support for first-transfer-buffer credits during process login (see 6.3.14 on page 47). If eithg
the channel or control unit indicated they do not support first-transfer-buffer credits, first-transfer-buffe
credits is not in effect for an operation.

S

If first-transfer-ready disabled is in effect for an operation, the maximum amount of data sent in the first
write transport-data U of an operation is equal to the smaller of the following:

a) if the use of first-transfer-buffer credits is not in effect, the first-burst-size specified in the
PRLI accept parameters (see 6.3.14.3); or
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b) if the use of first-transfer-buffer credits is in effect (see 9.3.2.2.2 on page 209), the buffer

space available at the control unit as indicated by the first-transfer-buffer credit (FTBC) and
the first-transfer-buffer size (FTBS); or

c) the value in the DL field.

If the channel is not operating with first-transfer-ready disabled in effect for the operation, the channel
shall require a transfer-ready |U before sending the first transport-data 1U.

I{ more than one transport-data IU is used to transfer the data, the relative offset in each transfer-ready
shall be sequential and continuously increasing.

I the channel transfers a first transport-data IU when first-transfer-ready disabled is in effect orifithe
ntrol unit requests a transport-data IU from the channel by sending a transfer-ready 1U, the data sent
the channel in the transport-data IU may be for one or more write DCWs in the TCA of TCAX that
ve not yet become current (see 9.3.3) at the control unit.

I is model dependent whether or not a write DCW is executed by the control unit prior to receiving
RC that covers the write data for the write DCW.

or a write operation, the next IU sent by the control unit following completion of the data transfer
specified by the DL field in the TCCB shall be a transport-response Id. For a bidirectional operation,
the next IU sent by the control unit following completion of the data transfer specified by the DL field
the TCCB shall be a transport-data IU or a transport-response-lU.

I the channel is unable to send all the data specified by the DL field due to a storage error or other
ndition, the channel performs the transport-mode ABTS. function (see 9.4.12).

.3.2.2.1 First Transfer Ready Disabled Inhibited

hen first-transfer-ready disabled is supported\by both the channel and control unit, a transport-mode
peration may be performed with first-tran§fer-ready-disabled inhibited. When first-transfer-ready-
isabled is inhibited for an operation, the-channel transfers sequence initiative (see Table 9 ) to the
ntrol unit when it sends a transport:command IU regardless of whether first-transfer-ready disabled
supported by the channel and control unit, and only sends data after receiving a transfer-ready 1U.
he CU must have indicated support for either transport-mode-command retry or first-transfer-buffer
edits for the channel to perform an operation with first-transfer-ready-disabled inhibited.

transport-mode operation is performed with first-transfer-ready-disabled inhibited under any of the
llowing conditions:

a) If the-use of first-transfer-buffer credits is in effect and the number of first-transfer-buffer
credits is not sufficient to send all of the data the channel intends to send in the first
transport data 1U (see 9.3.2.2.2); or

b) If the channel performs certain transport-command retries (see 9.5.2.2), and transport-
mode command-retry is supported by both the channel and control unit; or

c) If inhibit first-transfer-ready disabled is requested by model-dependent means for a TCW
I/O operation..

There may be other conditions under which a transport-mode operation is performed with first-

transfer-ready-disabled inhibited.
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9.3.2.2.2 First Transfer Buffer Credits

When support for first-transfer-buffer credit is indicated by both the channel and control unit during
process login (see 6.3.14), the channel maintains a first-transfer-buffer credit (FTBC) and a first-
transfer-buffer size (FTBS) to manage the amount of data that can be sent to the control unit in a first
transport-data IU when first-transfer-ready-disabled is in effect for a transport-mode operation. The
FTBC indicates the current number of first-transfer buffers that are available at the control unit and the
FTBS indicates the size of each first-transfer buffer. The FTBC and FTBS applies to all transport-mode
operations between a channel and control unit for all established logical paths between the channel

and control unit.

Following completion of a process login in which first-transfer-buffer-credit support is indicated)by bo
the channel and control unit, the channel sets the FTBC to the default maximum FTBC-of)16 buffg¢r
credits and sets the FTBS equal to the first-transfer-buffer size specified by the control unitin the PRI
accept response.

The maximum FTBC for a channel may be modified by the control unit when\it sends a transpor}-
response |U to the channel by setting the MFTBYV flag to one and by providing a different value for th
maximum FTBC in the MFTBC field (see 8.15.4.11).The MFTBC providedby the control unit replacds
the maximum FTBC maintained at the channel and, if the FTBC is greater than the new maximu
FTBC, the FTBC is set equal to the new maximum FTBC.

When the channel sends a first transport-data 1U to the control unit when first-transfer-ready disabl
is in effect, it decrements the FTBC by the number of buffers fequired to contain all of the data sent i
the transport-data IU. The channel shall not send an amount of data in a first transport-data 1U that
exceeds the amount of buffer space available at controlunit for the channel as indicated by the FTB
maintained at the channel. When the transport-response IU is received for the operation or th
operation is otherwise terminated, the channel increments the FTBC by the number of credits that
were subtracted from the FTBC to perform the operation. If the resultant FTBC exceeds the maximu
FTBC, the FTBC is set to the maximum FTBE.

The number of data bytes sent in the fifst transport-data IU is limited by the smaller of FTBC*FTBS*4
and the Data Length for the operation. The channel may send data up to this amount or may inhibjit
first-transfer-ready disabled for:the operation. If the channel does not inhibit first-transfer-rea
disabled for the operation, the'amount of data sent in a first transport data IU that does not contain
of the write data for the operation shall be aligned with an integral number of First-Transfer-Buffer
Credits (i.e. a multiple of FTBS). If first-transfer-ready disabled is in effect and the FTBC at the channgl
is zero or indicates thatthe first-transfer buffer space available at the control is not sufficient to contai
all of the write datd the channel intends to send in a first transport-data 1U, the channel may inhibit firs}-
transfer-ready disabled for the operation.

9.3.2.3 Transport Mode Read Data Transfer

A read data transfer is the transfer of data from the control unit to the channel as part of the executi
of.a.TCW I/O operation that has the R bit set to one in the TCH. The amount of data to be transferr
is ‘'specified by the DL field in the TCCB for read operations and is specified by the BRDL field for
bidirectional operations. Data is transferred in one or more transport-data IUs to the channel on th

transport exchange associated with the TCW 1/O operation. The amount of data sent in each transport-
data IU is determined by the control unit and may be set to any value as long that the total amount of
data transferred in all transport-data IUs for the operation does not exceed the value in the DL field or,
for bidirectional operations, the value in the BRDL field.
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For read operations, if the quantity of data sent by the control unit is less than the DL field in the TCCB,
the DL-residual count in the transport-response U shall be the difference between the quantity of data
sent by the CU and the DL field in the TCCB. The channel recognizes a device-level protocol error if
the residual count provided by the control unit in the transport-response IU does not match the
difference between the DL and the number of bytes actually received by the channel.

For bidirectional operations, if the quantity of data sent by the control unit is less than the BRDL field
in the TCCB, the BRDL-residual count in the transport-response IU shall be the difference between
the quantity of data sent by the CU and the BRDL field in the TCCB. The channel recognizes a device-
lgvel protocol error if the residual count provided by the control unit in the transport-response IU does
t match the difference between the BRDL and the number of bytes actually received by the channel.

.3.2.4 Transport Mode Bidirectional Data Transfer

or bidirectional operations, both write and read data transfer may be performed when_bidirectional
ta transfer is supported by both the channel and control unit. Write data transfer is\performed as
scribed in 9.3.2.2 and read data transfer is performed as described in 9.3.2.3. Except for the first
tfansport-data IU when first-transfer-ready disabled is in effect, the transfer of data between the
annel and control unit is controlled by the control unit by either sending a read;transport-data IU or
sending a transfer-ready IU to request a write transport-data IU.

he order in which data that has been received in a transport-data 4UNs stored to host storage in
relation to the order in which data is fetched from host storage.to.send in a transport-data U is
npredictable for a bidirectional operation.

hen the channel transfers a first transport-data IU when first-transfer-ready disabled is in effect or
hen the control unit requests a transport-data IU from the’channel by sending a transfer-ready I1U,
tihe data sent by the channel in the transport-data. JUZmay be for write DCWs that are executed
spbsequent to the execution of read DCWs in the TCA.

.3.3 TCA Processing
.3.3.1 Device Command Words

he TCA consists of one or more device command words (DCW), each of which specifies an operation
td be performed at the device ofcontrol unit. When the TCCB has been accepted, processing of the
CA is initiated. A TCAX may also be provided in a transport-data IU sent by the channel that contains
ne or more DCWs. The TICAX is considered a logical extension of the TCA.

hen a TCCB is aceepted by the control unit, the first DCW in the TCA becomes current and is
rformed by the device. The command code in the DCW indicates whether the command is a read,
rite, or transport’ command and the data count in the DCW specifies the amount of data to be
tlansferred, ifiany, for the operation. All DCWs in the TCA and TCAX that transfer data shall contain
read orwrite command that matches the R and W bits in the TCH. For bidirectional operations, both
réad and\write commands may be specified.

uring the processing of the TCA and, if provided, the TCAX, a TCCB content error is recognized
when any of the following conditions are detected:

« A DCW contains a reserved command code (see table 25).

e The first TCOB DCW or TeCOB DCW encountered is not the first DCW in the TCA;
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A second TCOB DCW or TeCOB DCW is encountered in the TCA or TCAX;

A TCOB DCW or TeCOB DCW is encountered in the TCA when the W bit in the TCAH is zero;

ATCOB DCW or TeCOB DCW is encountered that does not have the chain-command flag set to
one;

e ATCOB DCW or TeCOB DCW is encountered in which both the CD count and data count are
Zero:

e ATCOB DCW or TeCOB DCW is encountered in which both the CD count and data count,are
non-zero;

¢« ATCOB DCW or TeCOB DCW is encountered in which the CD count is zero and the)data count {s
not a multiple of 4;

¢« ATCOB DCW or TeCOB DCW is encountered in which the data count is zero*and the CD count {s
not a multiple of 4;

¢ ATCOB DCW or TeCOB DCW is not specified and the first TTE DEW encountered is not the firg
DCW in the TCA or a TCOB DCW or TeCOB DCW is specified and the first TTE DCV
encountered is not the second DCW in the TCA,;

< —~

e Asecond TTE DCW is encountered in the TCA or TCAX;
e ATTE DCW is encountered in the TCA when the W.bit in the TCAH is zero;
« ATTE DCW does not have the chain-command-flag set to one;
e ATTE DCW is encountered in which the;ED count is non-zero;
e ATTE DCW is encountered in which)the data count is zero or is not a multiple of 4;
e ATTE DCW is specified and-any of the following are true:
* The TCA contains‘enly transport-command DCWs; or

* The last DCW in the TCA does not have the chain-command flag set to one.

A DCW in the”J CA contains a command that requires control data and the CD count field is zerp
or contains-a)value that specifies data past the end of the TCA.

« ADCWin the TCAX contains a command that requires control data and the CD count field is zernp
orcontains a value that specifies data past the end past the end of the TCAX;

* * ADCW contains a CD count field that is non-zero and the command does not allow control data to
be provided;

* During a write operation, the device encountered a DCW that in the TCA or TCAX that attempted
to perform a read data transfer;

* During a read operation, the device encountered a DCW in the TCA or TCAX that attempted to

perform a write data transfer;
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¢ The chain-command flag is zero in a DCW and more than 3 unused bytes remain in the TCA or
TCAX;

* The chain-command flag is one in a DCW and the next DCW location is determined to be one of
the following:

* The next DCW location is within the TCA but the location is less than 8 bytes from the end of

the TCA;

» The next DCW location is beyond the length of the TCA and a TCAX has not been specified;
or

* The next DCW location is within the TCAX but the location is less than 8 bytes from the end
of the TCAX.

For a read or bidirectional operation, when a read DCW in the TCA or TCAX becomes curtent, the
sum of the data counts for all previous read DCWs and the current DCW plus all pad~and CRC
bytes exceeds the DL field in the TCCB or, for bidirectional operations, exceeds the.BRDL field in
the TCCB;

¢| For a read or bidirectional operation, when the last DCW in the TCA or TCAX becomes current,
the sum of the data counts for all read DCWs plus all pad and CRC bytes'is not equal to the DL
field in the TCCB or, for bidirectional operations, is not equal to the BRDlfield in the TCCB;

| For a write or bidirectional operation, when a DCW in the TCA or TCAX becomes current, the sum
of the data counts for all write DCWs plus all pad and CRC bytes (including all intermediate pad
and CRC bytes), and if a COB or eCOB is included in the{fransport-data IU, the COB, COB pad
and COB CRC bytes, or eCOB, eCOB pad and eCOB CRC bytes, and if a TCAX is present, the
TCAX, TCAX pad, and TCAX CRC bytes, exceeds the'DL field in the TCCB; or

¢| For a write operation or bidirectional operation, when the last DCW in the TCA or TCAX becomes
current, the sum of the data counts for all writesxDCWs plus all pad and CRC bytes (including all
intermediate pad and CRC bytes), and if a.COB or eCOB is included in the transport-data 1U, the
COB, COB pad and COB CRC bytes, or.eCOB, eCOB pad and eCOB CRC bytes, and ifa TCAX is
present, the TCAX, TCAX pad, and TEAX CRC bytes, is not equal to the DL field in the TCCB.

When the current DCW specifies command chaining and no unusual conditions have been detected
during the operation, the completion of the current DCW causes the next DCW to become the current
OCW and to be executed by the device. The next DCW location within the TCA is determined by
a
t

dding eight plus the valué in'the CD-count field to the location of the current DCW and rounding to

e next word boundary(if'not on a word boundary. When a TCAX is specified, command chaining also
curs between the lastDCW in the TCA and first DCW in the TCAX, and between DCWs in the TCAX
considering the“ TCAX a logical extension of the TCA.

n incorrect tength is detected by the control unit if the DCW data count does not match the amount
data required by the device for a write DCW or if the DCW data count does not match the amount
data.available at the device for a read DCW.

I the’DCW-incorrect-length facility is not supported by the channel and control unit, the processing of

a TCA or TCAX is terminated and unit check status is presented if an incorrect-length condition is
detected for the current DCW.

If the DCW-incorrect-length facility is supported by the channel and control unit, the processing of a
TCA or TCAX for an incorrect-length condition is dependent on the state SLI flag in the DCW as
described in 8.13.5.2.2.

212

© ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=09225f20ff8bb93b9085672a6bc80a48

	1 Scope
	2 Normative References
	2.1 Qualification and availability of references
	2.2 Approved References
	2.3 References Under Development

	3 Definitions and Conventions
	3.1 Overview
	3.2 Definitions
	3.3 Editorial Conventions
	3.3.1 English Usage Conventions
	3.3.2 FC Link Functions
	3.3.3 Bit Numbering
	3.3.4 Binary Notation
	3.3.5 Hexadecimal Notation

	3.4 Abbreviations, Acronyms, and Symbols
	3.5 Keywords

	4 Structure and Concepts
	4.1 Introduction
	4.2 FC-4 General Description
	4.3 FC-SB-6 General Description
	4.3.1 FC-SB-6 Instance
	4.3.2 FC-SB-6 Protocols

	4.4 Channel-Path Elements
	4.4.1 Overview of Channel-Path Elements
	4.4.2 Channel
	4.4.3 Channel Image
	4.4.4 Control Unit
	4.4.5 Control-Unit Image
	4.4.6 Link

	4.5 Channel-Path Configurations
	4.5.1 Channel-Path Configuration Overview
	4.5.2 Point-to-Point Configuration
	4.5.3 Fabric Configuration
	4.5.4 Physical Path
	4.5.5 Logical Path
	4.5.6 Channel-to-Channel Communication
	4.5.6.1 Channel-to-Channel Communication Overview
	4.5.6.2 FC-SB-6 Channel-to-Channel Adapter


	4.6 Information Transfer
	4.7 Protocols
	4.7.1 Protocol Overview
	4.7.2 Link Level Protocol
	4.7.3 Device Level Protocols
	4.7.4 Addressing


	5 FC-FS-4 Link Control
	5.1 FC-FS-4 Link Control Overview
	5.2 Class of Service
	5.3 Buffer-to-Buffer Credit Reclamation
	5.4 FC-SB-6 Sequences and Exchanges
	5.4.1 FC-SB-6 Sequences
	5.4.2 FC-SB-6 Exchanges
	5.4.2.1 FC-SB-6 Exchange Pairs
	5.4.2.1.1 General Rules for Initiating Exchange Pairs
	5.4.2.1.2 Exchange Pairs for FC-SB-6 Link Control Functions
	5.4.2.1.3 Exchange Pairs for Device-Level Functions
	5.4.2.1.4 Exchange Pair Processing

	5.4.2.2 FC-SB-6 Transport Exchanges
	5.4.2.2.1 General Rules for Initiating a Transport Exchange
	5.4.2.2.2 Transport Exchanges for Device-Level Functions



	5.5 FC Frame Header Fields
	5.5.1 Frame Header Field Overview
	5.5.2 R_CTL Field
	5.5.3 D_ID and S_ID Fields
	5.5.4 CS_CTL
	5.5.5 TYPE Field
	5.5.6 F_CTL Field
	5.5.7 SEQ_ID
	5.5.8 DF_CTL
	5.5.9 SEQ_CNT
	5.5.10 OX_ID
	5.5.11 RX_ID
	5.5.12 Parameter Field


	6 Link-Level Functions
	6.1 Link-Level Function Overview
	6.2 FC-FS-4 Basic Link Services
	6.2.1 Basic Link Services Overview
	6.2.2 Abort Sequence

	6.3 FC-LS-3 Extended Link Services
	6.3.1 Extended Link-Services Overview
	6.3.2 F_Port Login
	6.3.3 N_Port Login
	6.3.4 N_Port Logout
	6.3.5 Reinstate Recovery Qualifier
	6.3.6 Registered State Change Notification
	6.3.7 State-Change Registration
	6.3.8 Query Security Attributes
	6.3.9 Request Node-Identification Data
	6.3.9.1 Request Node-Identification Data Requests and Responses
	6.3.9.2 Specific Node-Identification Data

	6.3.10 Registered Link-Incident Record
	6.3.10.1 Registered Link-Incident Record Requests and Responses
	6.3.10.2 Specific Link-Incident Record for FC-SB-6

	6.3.11 Link-Incident-Record Registration
	6.3.12 Read Link Error Status Block
	6.3.13 Registered Fabric Change Notification
	6.3.14 Process Login
	6.3.14.1 Process Login Overview
	6.3.14.2 PRLI Request Service Parameter Page
	6.3.14.3 PRLI Accept Service Parameter Page

	6.3.15 Process Logout
	6.3.15.1 Process Logout Overview
	6.3.15.2 Channel Process Logout Procedure
	6.3.15.3 Control Unit Process Logout Procedure
	6.3.15.4 PRLO Request Logout Parameter Page
	6.3.15.5 PRLO Accept Logout Parameter Page

	6.3.16 Read Exchange Concise

	6.4 FC-SB-6 Link-Control Functions
	6.4.1 FC-SB-6 Link-Control Function Overview
	6.4.2 Establish Logical Path
	6.4.3 Remove Logical Path
	6.4.4 Logical Path Established
	6.4.5 Logical Path Removed
	6.4.6 Link-Level Acknowledgment
	6.4.7 Test Initialization
	6.4.7.1 Test Initialization Overview
	6.4.7.2 Test Initialization Function
	6.4.7.3 Test Initialization Capability Function

	6.4.8 Test Initialization Result
	6.4.8.1 Test Initialization Result Overview
	6.4.8.2 Test Initialization Result Function
	6.4.8.3 Test Initialization Capability Result Function

	6.4.9 Link-Level Reject
	6.4.10 Link-Level Busy


	7 N_Port Link Initialization
	7.1 N_Port Link Initialization Overview
	7.2 Link-Initialization Procedure
	7.3 Initialization Process for a Channel
	7.3.1 Channel Initialization Overview
	7.3.2 Channel Login and Security Attribute Determination
	7.3.2.1 Overview
	7.3.2.2 Channel F_Port Login
	7.3.2.3 Channel Security Attribute Determination
	7.3.2.4 Channel N_Port Login
	7.3.2.4.1 Channel N_Port Login Overview
	7.3.2.4.2 Channel N_Port Login: Point-to-Point Configurations
	7.3.2.4.3 Channel N_Port Login: Fabric Configurations


	7.3.3 Channel Node-Identifier Acquisition
	7.3.3.1 Channel Neighboring Node ID Acquisition
	7.3.3.2 Channel Control Unit Node Id Acquisition

	7.3.4 Channel State-Change Registration
	7.3.5 Channel Link-Incident-Record Registration
	7.3.6 Process Login
	7.3.7 Channel Logical-Path Establishment

	7.4 Initialization Process for a Control Unit
	7.4.1 Control Unit Initialization Overview
	7.4.2 Control-Unit Login
	7.4.2.1 Control Unit F_Port Login
	7.4.2.2 Control Unit N_Port Login
	7.4.2.2.1 Control Unit N_Port Login Overview
	7.4.2.2.2 Control Unit N_Port Login: Point-to-Point Configurations
	7.4.2.2.3 Control Unit N_Port Login: Fabric Configurations


	7.4.3 Control Unit Node-Identifier Acquisition
	7.4.4 Control Unit State-Change Registration
	7.4.5 Process login
	7.4.6 Control Unit Logical-Path Establishment


	8 FC-SB-6 Information Units
	8.1 FC-SB-6 Information Unit Overview
	8.2 Rules for Sending FC-SB-6 IUs
	8.2.1 Overview of Rules for Sending FC-SB-6 Information Units
	8.2.2 Rules for Device-level Functions in Command Mode
	8.2.3 Rules for Device-level Functions in Transport Mode

	8.3 FC-SB-6 IU Structures
	8.4 FC-SB-6 Header
	8.4.1 FC-SB-6 Header Overview
	8.4.2 FC-SB-6 Header Format
	8.4.3 Channel Image ID
	8.4.4 Control-Unit Image ID
	8.4.5 Device Address

	8.5 IU Header
	8.5.1 IU Header Format
	8.5.2 Information-Unit Identifier
	8.5.2.1 Information-Unit Identifier Format
	8.5.2.2 Address Specific (AS)
	8.5.2.3 Supplemental Status (ES)
	8.5.2.4 DIB Type (T3,T2,T1)

	8.5.3 Device-Header Flags
	8.5.3.1 Format of Device-Header Flags
	8.5.3.2 End (E)
	8.5.3.3 Chaining (CH)
	8.5.3.4 Early End (EE)
	8.5.3.5 CRC Not Provided (CNP)

	8.5.4 CCW Number
	8.5.5 Token

	8.6 Device Information Block (DIB) Structure
	8.6.1 DIB Structure Overview
	8.6.2 DIB Header
	8.6.2.1 DIB Header Format
	8.6.2.2 IU Count
	8.6.2.3 DIB Data Byte Count

	8.6.3 Longitudinal-Redundancy-Check Field
	8.6.4 DIB Data Field
	8.6.4.1 DIB Data Field Format
	8.6.4.2 Pad

	8.6.5 Cyclic-Redundancy-Check Field

	8.7 Command DIB Structure
	8.7.1 Command DIB Overview
	8.7.2 Command Header
	8.7.2.1 Command Header Format
	8.7.2.2 Command Field
	8.7.2.3 CCW Control Flag Field
	8.7.2.4 CCW Count Field
	8.7.2.5 I/O Priority Field
	8.7.2.6 Command-Flag Field


	8.8 Command-Data DIB Structure
	8.9 Data DIB Structure
	8.9.1 Data DIB Overview
	8.9.2 Data Header

	8.10 Status DIB
	8.10.1 Status DIB Processing
	8.10.2 Status DIB Structure
	8.10.3 Status Header
	8.10.3.1 Status Header Format
	8.10.3.2 Status-Flags Field
	8.10.3.3 Status Byte
	8.10.3.4 Status-Parameter Field
	8.10.3.5 Queue-Time Parameter
	8.10.3.6 Defer-Time Parameter

	8.10.4 Supplemental Status Field
	8.10.4.1 Supplemental Status Field Overview
	8.10.4.2 Sense Information


	8.11 Control DIB Structure
	8.11.1 Control DIB Structure Overview
	8.11.2 Control Header
	8.11.2.1 Control Header Format
	8.11.2.2 Control Function and Control Parameters
	8.11.2.3 Control End
	8.11.2.4 Command Response
	8.11.2.5 Stack Status
	8.11.2.6 Cancel IU
	8.11.2.7 System Reset
	8.11.2.8 Selective Reset
	8.11.2.9 Request Status
	8.11.2.10 Device-Level Exception
	8.11.2.11 Status Accepted
	8.11.2.12 Device-Level Acknowledgment (DACK)
	8.11.2.13 Purge Path
	8.11.2.14 Purge Path Response

	8.11.3 Control Payload

	8.12 Link-Control DIB Structure
	8.12.1 Link-Control DIB Structure Overview
	8.12.2 Link Header
	8.12.2.1 Link Header Format
	8.12.2.2 Link Control
	8.12.2.3 Link-Control Information
	8.12.2.4 Channel-to-Channel (CTC) Counter

	8.12.3 Link Payload

	8.13 Transport Command IU
	8.13.1 Transport Command Overview
	8.13.2 FC-SB-6 Header
	8.13.3 Transport Command Header
	8.13.3.1 Transport Command Header Format
	8.13.3.2 L1
	8.13.3.3 Read (R)
	8.13.3.4 Write (W)

	8.13.4 Transport Command Area Header
	8.13.4.1 TCA Header Format
	8.13.4.2 Format Control
	8.13.4.3 L2
	8.13.4.4 Service Action Code
	8.13.4.5 I/O Priority Number

	8.13.5 Transport Command Area
	8.13.5.1 Transport Command Area Format
	8.13.5.2 DCW Format
	8.13.5.2.1 Command
	8.13.5.2.1.1 Interrogate Command
	8.13.5.2.1.2 Transfer CRC Offset Block and Transfer Extended CRC Offset Block Commands
	8.13.5.2.1.3 Transfer TCA Extension (TTE)

	8.13.5.2.2 Control Flags
	8.13.5.2.3 Control-Data (CD) Count
	8.13.5.2.4 Data Count


	8.13.6 Longitudinal Redundancy Check
	8.13.7 Data Length
	8.13.8 Bidirectional Read Data Length

	8.14 Transport Data IU
	8.14.1 Transport Data IU Overview
	8.14.2 Transport Data
	8.14.3 Pad Bytes
	8.14.4 Cyclic-Redundancy-Check
	8.14.4.1 Final CRC
	8.14.4.2 Intermediate CRC
	8.14.4.3 COB CRC
	8.14.4.4 eCOB CRC

	8.14.5 CRC Generation and Checking

	8.15 Transport Response IU
	8.15.1 Transport Response IU Overview
	8.15.2 Transport Response IU Structure
	8.15.3 FC-SB-6 Header
	8.15.4 Status
	8.15.4.1 Status Area Format
	8.15.4.2 Status Flags1
	8.15.4.3 Maximum CU Exchanges Parameter
	8.15.4.4 Response Flags
	8.15.4.5 Response Status Code
	8.15.4.6 Data Length Residual Count
	8.15.4.7 Maximum First Transfer Buffer Credit (MFTBC)
	8.15.4.8 Response Length
	8.15.4.9 Bidirectional Read DL Residual Count
	8.15.4.10 Sense Type Code
	8.15.4.11 Status Flags2
	8.15.4.12 Status Flags3
	8.15.4.13 Device Status

	8.15.5 Status LRC
	8.15.6 Extended Status
	8.15.6.1 Extended Status Format
	8.15.6.2 Extended Status Length
	8.15.6.3 Extended Status Flags
	8.15.6.4 DCW Offset
	8.15.6.5 DCW Residual Count
	8.15.6.6 I/O Status Extended Status Format
	8.15.6.6.1 Device Time
	8.15.6.6.2 Defer Time
	8.15.6.6.3 Queue Time
	8.15.6.6.4 Device-Busy Time
	8.15.6.6.5 Device-Active-Only Time
	8.15.6.6.6 I/O Status Additional Data

	8.15.6.7 I/O Exception Extended Status Format
	8.15.6.7.1 I/O Exception Additional Data

	8.15.6.8 Interrogate Extended Status Format
	8.15.6.8.1 Format
	8.15.6.8.2 Flags
	8.15.6.8.3 Control-Unit State (CS)
	8.15.6.8.4 Device State (DS)
	8.15.6.8.5 Operation State (OS)
	8.15.6.8.6 State-Dependent Information
	8.15.6.8.7 Device-Level Identifier
	8.15.6.8.8 Device-Dependent Information

	8.15.6.9 Extended Status LRC


	8.16 Transfer Ready IU
	8.16.1 Transfer Ready Structure Overview
	8.16.2 Relative Offset
	8.16.3 Burst Length

	8.17 Transport Confirm IU

	9 Device-Level Functions and Protocols
	9.1 Device-Level Operations
	9.1.1 Overview of Device-Level Operations
	9.1.2 Channel Program Execution

	9.2 CCW I/O operations
	9.2.1 Initiating a CCW I/O Operation
	9.2.2 Command Mode Data-Transfer Protocol
	9.2.2.1 Command Mode Data-Transfer Protocol Overview
	9.2.2.2 Command Mode Write Operation
	9.2.2.3 Command Mode Read Operation
	9.2.2.4 Data Chaining
	9.2.2.5 IU Pacing
	9.2.2.6 Zero CCW Count

	9.2.3 Ending a CCW I/O Operation
	9.2.3.1 General Rules for ending a CCW I/O Operation
	9.2.3.2 CCW Supplemental Status
	9.2.3.3 CCW Residual Count

	9.2.4 CCW Command Chaining
	9.2.5 Priority

	9.3 TCW I/O Operations
	9.3.1 Initiating a TCW I/O operation
	9.3.2 Transport Mode Data Transfer
	9.3.2.1 Transport Mode Data Transfer Overview
	9.3.2.2 Transport Mode Write Data Transfer
	9.3.2.2.1 First Transfer Ready Disabled Inhibited
	9.3.2.2.2 First Transfer Buffer Credits

	9.3.2.3 Transport Mode Read Data Transfer
	9.3.2.4 Transport Mode Bidirectional Data Transfer

	9.3.3 TCA Processing
	9.3.3.1 Device Command Words
	9.3.3.2 Interrogate Operation
	9.3.3.3 DCW Incorrect Length Facility

	9.3.4 Ending a TCW I/O Operation
	9.3.5 Extended Status
	9.3.6 Priority

	9.4 Device-Level Controls
	9.4.1 Overview of Device-Level Control Functions
	9.4.2 Stacking Status Function
	9.4.3 Cancel Function
	9.4.4 System-Reset Function
	9.4.5 Selective-Reset Function
	9.4.6 Request-Status Function
	9.4.7 Device-Level-Exception Function
	9.4.8 Status-Acceptance Function
	9.4.9 Device-Level-Acknowledgment Function
	9.4.10 Control-Unit-Busy Condition
	9.4.11 Confirm Completion Function
	9.4.12 Transport Mode ABTS Function

	9.5 Error Handling at the Device Level
	9.5.1 Purge Path Function
	9.5.2 Command Retry
	9.5.2.1 Command Mode Command Retry
	9.5.2.2 Transport Mode Command Retry

	9.5.3 Channel-Initiated Recovery Procedures
	9.5.3.1 Overview of Channel-Initiated Recovery Procedures
	9.5.3.2 Channel-Initiated-Retry Request
	9.5.3.3 Channel-Initiated-Unit-Check Request

	9.5.4 Address-Exception Condition
	9.5.4.1 Command Mode Address-Exception Condition
	9.5.4.2 Transport Mode Address-Exception Condition

	9.5.5 REC Function

	9.6 Resetting Event
	9.7 Special Functions
	9.7.1 Path Groups
	9.7.2 Dynamic Reconnection


	10 Link Error Detection
	10.1 Link Error Detection Overview
	10.2 FC-SB-6 Timeouts
	10.2.1 Overview of FC-SB-6 Timeouts
	10.2.2 FC-SB-6 Protocol Timeout Value
	10.2.3 FC-SB-6 Timeout Value
	10.2.4 Logical Path Timeout Value
	10.2.5 Cancel Function Timeout Value
	10.2.6 Transport Command Timeout Value
	10.2.7 Transport Command Secondary Timeout Value
	10.2.8 Interrogate Timeout Value
	10.2.9 Process Logout Timeout Value
	10.2.10 Exchange Quiesce Timeout Value
	10.2.11 REC Timeout Value

	10.3 FC-SB-6 Link Failure
	10.4 Logical Path Timeout Error
	10.5 FC-SB-6 Exchange Error
	10.5.1 FC-SB-6 Exchange Error Overview
	10.5.2 FC-SB-6 Protocol Timeout
	10.5.3 FC-SB-6 IU Integrity Error
	10.5.3.1 Overview of FC-SB-6 IU Integrity Errors
	10.5.3.2 FC-SB-6 Length Error
	10.5.3.3 LRC Error
	10.5.3.4 FC-SB-6 CRC Error
	10.5.3.4.1 Command Mode CRC Error
	10.5.3.4.2 Transport Mode CRC Error

	10.5.3.5 IU Count Error

	10.5.4 FC-SB-6 Protocol Errors
	10.5.4.1 FC-SB-6 Protocol Error Overview
	10.5.4.2 Link Level Protocol Errors
	10.5.4.3 Device Level Protocol Errors

	10.5.5 Receive ABTS
	10.5.6 Cancel Function Timeout Error
	10.5.7 Abnormal Termination of Exchange

	10.6 Logical-Path-Not-Established Error
	10.7 Test Initialization Result Error
	10.8 Transport Operation Error
	10.9 Transport Error
	10.9.1 Transport Error Overview
	10.9.2 Transport Command IU Integrity Error
	10.9.3 TCH Content error
	10.9.4 TCCB Content error
	10.9.5 Second I/O Operation Error

	10.10 Interrogate Operation Error
	10.11 REC Error

	11 Error Recovery Actions
	11.1 Error Recovery Action Overview
	11.2 Link-Level Recovery
	11.2.1 Link-Level Recovery Overview
	11.2.2 Recovery for an FC-SB-6 Link Failure
	11.2.3 Logical Path Timeout Error
	11.2.4 Recovery for an FC-SB-6 Offline Condition
	11.2.5 Recovery for an FC-FS-4 Link Failure Condition
	11.2.6 Recovery for an FC-SB-6 Exchange Error
	11.2.7 Recovery for a Logical-Path-Not-Established Error
	11.2.8 Recovery for Link-Level Reject, P_RJT, and F_RJT
	11.2.9 Recovery for a Test-Initialization-Result Error
	11.2.10 Recovery for a Transport Operation Error
	11.2.11 Recovery for a Transport Error
	11.2.12 Recovery for an Interrogate Operation Error
	11.2.13 Recovery for a REC Error

	11.3 Device-Level Recovery
	11.3.1 Device-Level Recovery Overview
	11.3.2 Errors That Cause the Removal of a Logical Path
	11.3.2.1 Overview of Errors That Cause the Removal of a Logical Path
	11.3.2.2 Recovery at the Channel (Logical Path Removed)
	11.3.2.3 Recovery at the Control Unit (Logical Path Removed)

	11.3.3 Errors that Do not Cause the Removal of a Logical Path
	11.3.3.1 Overview of Errors that Do not Cause the Removal of a Logical Path
	11.3.3.2 Recovery at the Channel (Logical Path not Removed)
	11.3.3.2.1 Overview of Recovery at the Channel (Logical Path not Removed)
	11.3.3.2.2 Recovery at the Channel for Command Mode
	11.3.3.2.3 Recovery at the Channel for Transport Mode

	11.3.3.3 Recovery at the Control Unit (Logical Path not Removed)
	11.3.3.3.1 Recovery at the Control Unit for Command Mode
	11.3.3.3.2 Recovery at the Control Unit for Transport Mode




	Annex A: Fabric Address Assignment
	A.1 Background
	A.2 Description
	A.2.1 Fabric Login
	A.2.2 Single-byte Configuration Records
	A.2.3 Two-byte Configuration Records


	Annex B: Correlation of Exchanges of an Exchange Pair
	B.1 Correlation of Exchanges
	B.1.1 Overview of Exchange Correlation
	B.1.2 Correlation of Exchanges by a Channel
	B.1.3 Correlation of Exchanges by a Control Unit


	Annex C: LRC Calculation
	C.1 LRC Calculation Procedure
	C.2 LRC Calculation Example

	Annex D: Status/Chaining Summary
	D.1 Requirements for Sending Status and Chaining

	Annex E: Bibliography
	E.1 Informative Reference

	foreword.pdf
	Foreword
	Foreword

	Blank Page
	Blank Page



