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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 —
Single-Byte Command Code Sets

Mapping Protocol - 6
(FC-SB-6)

I Scope

This standard describes a communication interface between a channel and |/O.control units that utilize
he Single-Byte Command Code Sets (SBCCS) as implemented in a wide Tange of data procgssing
bystems. It employs information formats and signaling protocols that provide a uniform meahs for
communicating with various types of 1/0O control units, facilitating a highrbandwidth, high performjance,
hnd long distance information exchange environment. The signaling protocols and information
bxchanges are defined at a layer (FC-4) to compatibly utilizé-the link services and other fungtions
brovided by the INCITS Fibre Channel Framing and Signaling (FC-FS-4) and the INCITS|Fibre
Channel Link Services (FC-LS-3) specifications. This F€:4Upper Level Protocol is referred to as the
Fibre Channel-Single-Byte-6 Command Code Sets Mapping Protocol (FC-SB-6).

[his standard modifies the FC-SB-5 standard, to-'specify enhancements and clarifications {o the
command-mode and transport-mode protocols to increase the efficiency and expand the capabilities
Df operations.
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2 Normative References

2.1 Qualification and availability of references

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

Orders for1SQ Standards and ISO publications should normally be addressed to the ISO member i your
country. fithat is impractical, ISO Standards and ISO publications may be ordered from ISO Central Secr¢tariat
(ISO/CS):

Phorje: +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

In order tq avoid delivery errors, it is important that you accurately quote the standard's reference number|given
in the ISO| catalogue. For standards published in several parts, you should specify the number(s) of the required
part(s). If hot, all parts of the standard will be provided.
Copies of|the following documents may be obtained from ANSI, an ISO member organization:

Apprpved ANSI standards;

apprpved international and regional standards (ISO and IEC);.and

apprpved foreign standards (including JIS and DIN).
For furthef information, contact the ANSI Customer, Service Department:

Phorje: +1 212-642-4980

Fax: +1212-302-1286

Web http://www.ansi.org

E-mail: ansionline@ansi.org
or the IntgrNational Committeg for Information Technology Standards (INCITS):

Phorje: 202-626-5737

Web http:/Wwww.incits.org

E-mail: inCits@itic.org
IETF Refuest for Comments (RFCs) may be obtained directly from the IETF web site at http://
www.ietf.grglrfe.html.
2.2 Approved References

FC-PI-2:INCITS 404-2006, Fibre Channel Physical Interfaces - 2 (FC-PI-2)

FC-PI-5:INCITS 479-2011, Fibre Channel Physical Interfaces - 5 (FC-PI-5)

FC-PI-6:INCITS 512-2015, Fibre Channel - Physical Interface - 6 (FC-PI-6)

FC-PI-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)

2.3 References Under Development

At thg time of publication, the following referenced standards were still under development. For information on
the clirrent status of the document, or regarding availability, contact the relevant standards-bedy or other
organiization as indicated.

FC-F$-4:INCITS Project 2238-D, Fibre Channel - Framing and Signaling - 4 (FC-FS-4)
FC-L$-3:INCITS Project 2237-D, Fibre Channel - Link Services - 3 (FC-LS-3)
FC-SW-6:INCITS Project 2220-D, Fibre Channel - Switch Fabric - 6 (FC-SW-6)

FC-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

3.21 channel
entity, typically of a host computer, which co

emulated control units

B.2.2 channel-command word (CCW)
h) control block which contains a request to perform an 1/O operation in command mode;| or b)
structure of a specific system architecture which specifies the command to be, executed along with
barameters

8.2.3 CCW channel program
bingle channel-command word or sequence of channel-command wards executed sequentially that
control a specific sequence of channel operations

B.2.4 CCW I/O operation
ecoding, accepting, and executing a CCW by an 1/O device

8.2.5 channel image
bingle ULP instance of a channel having the logical'@ppearance of a channel

8.2.6 channel-path identifier (CHPID)
bystem-unique 8-bit value assigned to each(installed channel path of a system

B.2.7 channel program
h) CCW channel program; or b) TCW: channel program

8.2.8 channel-to-channel connection
hssociation between two ¢hannels, one of which provides an emulated control unit, which allows|those
wo channels to exchange1Us on an exchange pair

8.2.9 commandmode
mode of operation’ that is used to perform SB-6 device-level functions that are performed using an
bxchange pair-and to perform all FC-SB-6 link-control functions

B.2.10._connection
hssociation between a channel and control unit established: a) after the successful transfer of IUs that
Constitute an exchange pair resulting in two open exchanges, one inbound and the other outound,

nd both occurring between the channel and the control unit in command mode, or b) aiter transfer of
an IU 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
accessed by means of a control unit to allow attachment to a channel

3.2.1% device-command word (DCW)
a) cornjtrol block which contains a device I1/0 command; or b) structure of a specific system architeeture
which| specifies an 1/0O command to be executed along with parameters

3.2.1¢ device-level functions
protog¢ols and functions used to perform and manage 1/O operations

3.2.17 device information block (DIB)
data block present in all device-level FC-SB-6 command-mode 1Us except |Us used to perform 1/Q
operafions in transport mode

3.2.18 disconnection
remoyal of a connection by closing one or both exchanges ofan exchange pair or by closing 2
transport exchange

3.2.19 exchange pair
two FIC-FS-4 exchanges between a channel and a,cohtrol unit with sequence initiative in opposite
direct|ons that are linked together by the SB-6 ULP.

3.2.20 extended CRC offset block
list of [1-word values identifying the CRC offséts and block lengths of segments of write transport dat3

3.2.21 Fabric
entity|that interconnects Nx_Ports attached to it and is capable of routing frames by using the D_IO
informpation in a Frame_Header(see FC-FS-4)

3.2.22 image
group| of related processes behind a single N_Port (e.g. a single system or a single logical partition o
a sysiem)

3.2.2]
inboynd exchange
exchgnge(ofjan exchange pair which originates from a control unit and that carries information to the
channel

3.2.24 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.

3228 N_
seeFG-FS

Port
4

8.2.29 N_Port_ID
bee FC-FS-4

8.2.30 outbound exchange
bxchange of an exchange pair which originates from a channel and that carrigsinformation frgm the
channel to the control unit

8.2.31 persistent IU pacing
method for allowing an FC-SB-6 channel to retain a pacing credit forUse at the start of executign of a
channel program

8.2.32 SB-6 offline condition
condition recognized when a receiver transitions from the FC-FS-4 active state to the FC-FS-4 OLS
eceive state

8.2.33 transport command control block (TCCB)
ariable length data structure that contains device-command words (DCWs) and associated dontrol
nformation that is sent from a channel to a-Control unit

8.2.34 transport command word (TCW)
h) control block which contains a request to perform an 1/O operation in transport mode; or b) strlicture
bf a specific system architecture*which specifies a TCCB to be sent from the channel to the CU

B.2.35 TCW channel program
5ingle transport command word

B.2.36 TCW I/O.operation
ecoding, accepting, and executing a TCCB by an I/O device

8.2.37 transport exchange
5ingle bi~directional exchange that carries the communication required between a channel and gontrol
Linit o 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
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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
similar 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, etg.);

b) |A term consisting of multiple words, with the first letter of each word in uppercase and the res
lowercase, and each word separated from the other by an underscore (_) character! A worg
may consist of an acronym or abbreviation which would be printed in uppercase. (e.g., N_Port)
and

c) [a term consisting of multiple words with all letters lowercase and each word separated from thg
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).

Certaln words and terms used in this standard have a specific meaning beyond the normal English
meanjng.These words and terms are defined either in the definitions or in the text where they firs
appear.

Lists $equenced by lowercase or uppercase letters showo ordering relationship between the listeg
items| Lists sequenced by numbers show an ordering_relationship between the listed items.

If a figld or a control bit in a frame is specified as(hot meaningful, the entity which receives the framg
shall pot check that field or control bit.

3.3.2| FC Link Functions

In order to support the SB-6 protocol;ithe FC-FS-4 and FC-LS-3 functions referenced in this documen
are rgquired to be supported by a channel, control unit and Fabric (if present) as specified in this
docurment.

3.3.3| Bit Numbering

All wards defined.bysFC-FS-4 and FC-LS-3 use the convention that bit 31 is the Most Significant Bi
(MSB) and bit 0-is the Least Significant Bit (LSB). All words defined by the FC-SB-6 protocol use the
convgntion 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 canvention that bit 7 is the Most Significant Bit (MSB) and bit 0 is the Least Significant Bit (LSB)

All by[es defined by the FC-SB-6 protocol use the convention that bit 0 is the MSB and bit 7 is the LSB
For FC-FS-47FC-5- -ob-0, '

least significant. 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.

© ISO/IEC 2020 - All rights reserved


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

ISO/IEC 14165-226:2020(E)

INCITS 544-2018

Figure 1 — FC-FS-4/FC-LS-3 and FC-SB-6 Bit Numbering Conventions

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

8.3.4 Binary Notation

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

8.3.5 Hexadecimal Notation

Hexadecimal notation may be used to represent some fields. Whenthis is done, the value is eng

binary value of ‘00000000 11111111 10011000 11111010’b is.shown in hexadecimal format as h
FF 98 FA'.

8.4 Abbreviations, Acronyms, and Symbols

g the
tation
by be

losed

n single quotation marks and preceded by the word hex. For éxample, a 4-byte field contaifing a

ex’00

Abbreviations and acronyms applicable to this standard are listed below. See FC-FS-4 and FQ-LS-3
hcronyms associated with those specifications, For all other acronyms, refer to the index.
BTS Abort Sequence BLS
S address specific
LS FC-FS-4 Basic Link Service
C chain command
Cw channel-command-word
D chain data
H chaining
HPID  channel path identifier
| channel.initiated
NP CRC not provided
OB CRCOffset Block
ocC continue on command immediate
R command retry
RC cyclic redundancy check
RR command response request
CTC channel-to-channel
CTCA channel-to-channel adapter
Cu control unit
DACK device-level acknowledgment
DCwW device command word
DIB device information block
DU data chaining update
E end
9
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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
FLOGI F_PortLogin ELS

FQXID—Fuly-Qualified-Exchangetb

U information unit (see FC-FS-4)

1UI information unit identifier

LACHK Link Level Acknowledgment link-control 1U
LBY link level busy link-control U

LESH link error status block

LIRR Link-Incident Record Registration ELS
LOGO N_Port logout ELS

LPE Logical Path Established link-control IU
LPR Logical Path Removed link-control 1U
LRC longitudinal redundancy check

LRI long record/immediate

LRJ Link level Reject link control 1U
LS_RUT Link-Service Reject ELS Reply

PCI program control interruption

PLOGI N_Port Login ELS

PRLI Process Login ELS

PRLC Process Logout ELS

QSA Query Security Attributes ELS

REC Read Exchange Concise ELS

REX repeat execute

RFCN Registered Fabric Change Notification ELS
RLIR Registered Link Incident Record ELS

RLP Remove Logical Path link-¢ontrol 1U

RNID Request Node Identification Data ELS
RRQ Reinstate Recovery Qualifier ELS

RSCN Registered State Change Notification ELS

RV residual count valid

SCR State Changé Registration ELS
SDC self-describing component

SLI suppressength indication

SSS synehronize send status

SYR synchronize response

TCA transport command area

TCAH transport command area header
TCA) transport command area extension
TCCB 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 by this

tondard
ptaneara:

B.5.2 may: A keyword that indicates flexibility of choice with no implied preference.

8.5.3 model-dependent: A keyword describing an item (e.g. bit, field, codealue, etc)) or a
behavior (e.g., number of retries) that is not defined by this standard and may be vendor specific.

B8.5.4 optional: A keyword that describes features that are not required to be implemented hy this
standard. However, if any optional feature defined by this standards is'implemented, it shiall be
mplemented as defined in this standard.

B.5.5 reserved: A keyword referring to bits, bytes, words, fieldS and code values that are set|aside
or future standardization. Their use and interpretation may be“specified by future extensions fo this
br other standards. A reserved bit, byte, word or field shall b&.set to zero by the originator and ignored
Dy the recipient.

B.5.6 shall: A keyword indicating a mandatory requirement. Designers are required to implemgnt all
uch requirements to ensure interoperability with-other products that conform to this standard.

B.5.7 should: A keyword indicating flexibility of choice with a preferred alternative; equivalent|to the
bhrase “it is recommended”.

B.5.8 vendor specific: A keyword-describing items (e.g., a bit, field, code value, etc.) that afe not
jefined by this standard.

11

© ISO/IEC 2020 - All rights reserved


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

ISO/IEC 14165-226:2020(E)

INCITS 544-2018

12

© ISO/IEC 2020 - All rights reserved


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

ISO/IEC 14165-226:2020(E)

INCITS 544-2018

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 upon the
configuration the communicating N Parts are between a channel and contral unit or in the case aof a channel-

to-channel connection, between a channel and a channel emulating a control unit.

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

An N |Port supports an FC-4 mapping protocol and its associated ULP. More than one FC-4 and ULP|instances
of the|same type or different type may be supported by the same N_Port.

4.2 FC-4 General Description
The HC-4 mapping layer uses the FC-FS-4 protocol to transfer Upper Level Protocol (ULP) information. Each
FC-4 describes, through mapping rules, how ULP processes of the'same ULP type interoperate. Ap example
of an pctive ULP process is an FC-SB-6 1/0 operation in progress-at a device of a particular type such as a disk

drive.

The pfotocols are described in terms of the elements visible in the stream of frames, sequences, and gxchanges
generated by a pair of communicating nodes transferring ULP information.

4.3 FC-SB-6 General Description
4.3.1| FC-SB-6 Instance

An FC-SB-6 ULP instance may be>either an N_Port-based FC-SB-6 channel image, an N_Port-bgsed SB-6
contrgl-unit image, or an N_Port-based emulated control-unit image. Information associated with the [execution
of an |/O operation and the operation of a device is transferred between a channel image and control-ynit image.
4.3.2| FC-SB-6 Protocols

Two levels of protecol ‘are defined for this standard:

a) [link-levek-and

b) |device-level.

FC-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 Channel-Path Elements

4.4.1 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 Channel

A channe
protocols

processeg

within the

pravides the functions qlnprifipd by EC-FS-4 FC-1S-3 and FC-SB-6 and Inprfnrmq their prescribed

Each channel shall provide one N_Port. When the N_Port of a channel is shared by(m

capable of providing control unit emulation (see 4.5.6.2).

4.4.3 Channel Image

A channe

channel aJthough all channel images on a specific channel share the same N_Port_ID and physical path

N_Port off

acquisitio

frames dy

multiple ¢

on each flinction and interleaving frames for each function on the link‘as allowed by FC-FS-4.

Figure 2 ghows multiple channel images which are sharing the’same N_Port_ID.

Figure 2 — Channel Path'with Channel Images

Channel
" |
2
1 |
0 .
N_Port_ID Link Control
Unit
| Channel
Image

ltiple

, such as multiple operating systems, each channel path shall be logically and separately repredented
channel. This logical representation is termed a “channel image” (see 4.4.3). A channel may a|so be

image has the logical appearance of a channel. Each channel image appears to be an indepgndent

5. The

a channel performs certain functions for all sharing channel imagés’ (e.g., link synchronization and
n of address identifiers) and may perform functions for a single sharing channel image (e.g., sgnding
ring the performance of link-level and device-level functions)Ahe N_Port of a channel common to
hannel images may perform functions for multiple channel infages simultaneously by multiplexing work

Either single or multiple channel images may exist at an N_Port. Each channel image denotes one FC-SB-6
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.

A control unit may have more than one N_Port in order to allow attachment to more than one link, each from a
different_channel or from a different E_Part on the same or a different Fabric \When a control-unit N_Port is
attached to a link from a Fabric, the control unit and its devices may be physically accessible ovef ttjat N_Port
to all gchannels also attached to links from that Fabric.

When an N_Port on a control unit is shared among multiple channel paths, each channel path shall be logically
represented separately within the control unit. This logical relationship is called the lodical path (seg 4.5.5). A
contrgl unit shall provide at least one logical path for each operational N_Port_ID, however, the numbef of logical
paths|that a control unit permits is model dependent.

A conftrol unit may also be capable of supporting N_Ports that act as channgl paths.

NOTE 2 — Certain ULPs have a dependency upon the existence of a single-path to a control unit for a given ghannel for
purgoses of managing the 1/0 configuration. In order to satisfy this dependency, it is recommended that a gontrol 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 configured to communicate with a different cijannel.

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

4.4.5| Control-Unit Image

A cortrol-unit image has the logical appearance of a control unit. Each control-unit image appears to be an
independent control unit, although all control-unit images common to one control unit may share [the same
comnjon facilities and N_Ports. These<common facilities may provide some or all of the FC-SB-6 fung¢tions and
proto¢ols. Those FC-SB-6 functions!and protocols not provided by the common facilities shall be provided by
the inflividual images.

Up to]|256 devices may be attached to each control-unit image.

FC-SB-6 protocols operate for each control-unit image independent of all other control-unit images except for
resol\ing contentien\for the common facilities shared among control-unit images. The N_Port_ID of|a control-
unit gommon _to¢multiple control-unit images may perform functions for multiple control-unjt images
simul{aneously-by multiplexing work on each function and interleaving frames for each function on the link as
allow¢d by FE-FS-4.

F' o) | ol 4+ l H il + H l DN _ Dot LI
|gUr J OlTUWO TTTUTUYIC CUTTUHUTTUTIIUTTITIAyYCT o Wi dic CUTTITTIUTT U a ollfTyIC IN_ T UI't_ TV
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Figure 3 — Channel Path with Control-Unit Images

Control Unit
n
2
‘ 1
. 0
Channel Link N_Port_ID
Control ]
Unit
Image —

NOTE 5|- Each control-unit image is architecturally identical, even though each image may provide a different Hevice

type. The presence of multiple control-unit images becomes apparent only through {the logical addresses used
logical pgths are established (see 4.7.4 and 4.5.5).

4.4.6 Link
The link i as described by FC-PI-2, FC-PI-5, FC-PI-6, FC-PI-6P, FC-PI-7 and FC-FS-4.

4.5 Channel-Path Configurations

4.51

Support for point-to-point configuration and Fabric configuration is provided.
4.5.2 Pgqint-to-Point Configuration

A channel path that consists of a singletlink interconnecting one or more control-unit images to one or
channel images forms a point-to-point configuration. A point-to-point configuration shall be permitted be
a channelland control unit only when-a single control unit is defined on the channel path or when multiple control-

unit images all share the same N Port. Figure 4 shows a point-to-point configuration consisting of a

Channel-Path Configuration Overview

when

more
ween

single

channel image and single gontrol-unit image, and figure 5 shows a point-to-point configuration consisfing of

multiple channel images and control-unit images.

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

Channél Control

Link

omit
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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

The channel N_Port and the control-unit N_Port resolve contention among the logical images for acdess to the
link.

A makimum of one link shall be attached to the channel in a point-to point channel-path configuration. The
maximum number of control-unit images that shall be addressed over the lifik is 256; therefore, the Jmaximum
numbgr of devices that shall be addressed over point-to-point channel path.¢onfiguration is equal to 2%6 control-
unit images times 256 devices per control-unit image, or 65536.

4.5.3 | Fabric Configuration

A chahnel path that consists of one link which interconnects‘one or more channel images with a Fabric and one
or mdre links, each of which interconnects the Fabric with“one or more control-unit images, formg a Fabric
configuration.

Multigle channel images and multiple control-unitimages may share the resources of the FC links and the
Fabri¢, such that multiplexed 1/0 operations may*be performed.

Therg are two types of Fabric configurations: single-switch and multi-switch. In a single-switch Fabric
configuration, all channels and contrel.units are attached to a single switch (see figure 6). In a mplti-switch
Fabri¢ configuration, channels and ¢antrol units are attached to multiple, interconnected switches (seg figure 7).
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Figure 6 — Single-switch Fabric Channel-Path Configuration (Multiple Channel Images)

Control
Unit

Fibre Channel
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Channel Fabric
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|:|— Control
Unit
Channel |:| Sgir;trol Image

Image
g D— Image

I Switch —

Control Unit

[ Control |
Control  [Unit
Unit Image
Image

Chanjnel

F_Ports

Canfrol Unit

Figure 7 — Multi-switch Fabric Channel-Path Configuration (Multiple Channel Images)

Control

Fibre Channel | Unit
Multi-switch

Chanrlel Fabric
Image

Example of switch Control

interconnections

Control | Unit
Unit Image

Image

Channel
mage

I

Control Unit

[ Control |
Control  [Unit
Unit Image
Image

—1

Chanpnel

—

F|Ports

(see NOTE below about routing through a Fabric) Control Unit

Channels and control units may be attached to the links from the Fabric in any combination, 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
management considerations.

4.5.4 | Physical Path

The communication path between a channel and a control unit is composed of two different parts, thg physical
channel path (physical path) and the logical channel path (logical path). The physical pathis the link, or the
intercpnnection of two or more links by a Fabric, that provides the physical transmission path between|a channel
and a|control unit. The logical path is the relationship that exists between a channel and a control unit for device-
level communication during execution of an I/O operation and presentation of status:

4.5.5| Logical Path

A logical path is the relationship established between a channel image~and control-unit image which identifies
a conjmunication path over which device-level information may be transferred and to which certain dgvice-level
allegigances may be associated. The logical path is established*as part of the channel and cgntrol unit
initialigzation procedures by the exchange of FC-SB-6 link-controlUs.

When the logical path is established, device-level communication is allowed on that logical path. All dgvice-level
proto¢ols depend upon the existence and identity of logical paths. Device-level protocols are executed over an
established logical path by means of the exchange of information units between the channel and the control unit.
When a logical path is not established, only link-level communication is permitted.

A logital path is identified within a channel or:¢ontrol unit by the combination of a 24-bit N_Port addres§ identifier
assigned to the channel, a 24-bit N_Port address identifier assigned to the control unit, an 8-bit Iogicml address
assighed to the channel image establishing the logical path, and an 8-bit logical address assigned to the control-
unit image to which the logical pathiis being established. Both the channel and the control unit recognize a
logicdl path by the same combination of addresses. The two 24-bit address identifiers define the N_Ports to
which| the images are associated, and the two 8-bit logical addresses identify the images for which the logical
path exists.

A channel image may.have one or more logical paths to each control-unit image. The number of logical paths
a chahnel or contrel:tinit permits depends on system requirements and model capabilities.

Even [thoughmultiple logical paths may be associated with the same N_Port on the control unit the channel
paths| repréesented by these logical paths are treated as if each were associated with a separaje N_Port
interfacé; each logical path represents a logical relationship to a channel.

Allegiances, 1/0O operations, system resets, and path groups for a particular system are identified by means 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 control unit on a logical path for which it has accepted an Establish Logical Path (ELP) IU (see 6.4.2). When
a channe supports channel-to-channel communication the N_Pnrt of the channel is alsao the N_Pnr’r f the
emulated [control unit.

Figure 8 ghows a Fabric configuration in which a control-unit image of one channel, referred to as!’chanpel A”
is commuhicating with another channel, referred to as “channel B.” In the configuration shown,©ne or mpre of
the contrdl-unit images of channel A has accepted a request from channel B to establish a l6gical path, apd the
control-unit image within channel A is providing all of the functions required of a control unit on the logicdl path
to a corrgsponding 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-Channe|l
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.

4.6 Information Transfer

FC-SB-6 information is transferred on an FC link in FC-4 information units. An information unit is alcgllection of
data that is organized according to a particular structure depending on the function being performed qr the data
conteht. The types and structures of the IUs defined for this standard are described in 8.3. An/information unit
is trarjsferred in a sequence which shall be sent as one or more FC-FS-4 device-data framés.

rotocols
Protocol Overview

ink-level protocols describe the physical characteristics of a channél path and the associated| protocols
d for the transmission and reception of frames. The link-level pretocols for this standard are defined in
-4, FC-LS-3, and in clause 6. The device-level protocols are-associated with the execution| of an 1/0
operaltion for a specific device. The device-level protocols for FC-SB6 are defined in this standard anfd provide
idlexing at the frame level, streaming of commands and data; and the transport of multiple /O gommands
ngle 1U. The frame level multiplexing provided is based on Fibre Channel protocols. This myltiplexing
allows for multiple simultaneous exchanges, each concurfently transferring information, between a chiannel and
contrgl unit over the same N_Port to different devices.

The presence of multiple channel images or multiple control-unit images only becomes apparent tHrough the
logicdl paths that are established. All device-level protocols depend on the existence of and identity of these
logicdl paths. When the logical path is known, the particular logical images for which the link-level and device-
level facilities are dedicated at any one time'is also known.

The ejxecution of an I/O operation requires link-level and device-level protocols to be present in both tHe channel
and the control unit. Information-exchanged between a channel and control unit as a result of execufing an I/O
operaltion is transferred under, the control of the device-level protocols with the aid of the link-level protocols for
sendipg and receiving frameés. The failure to satisfy protocols at either level results in an error being rgcognized.

Figurg 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

| evel Level Level Level
l ogical Path

- - - — - — - — - — — — — — — — — — A - —
- - L

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 channel path is allowed to occur, and before an 1/0 operation may be executed, some form of initialization
shall be campleted according to the requirements of the system and according to the specifications of the

architectural definition (see FC-LS-3 for link initialization and login definitions).

Once the N_Port of a channel has performed initialization procedures for a control unit, including logging [n and
establishipg a logical path to a control-unit image, that control-unit image is considered operational and cgdpable
of executipg I/O operations over that channel path.

4.7.3 Degvice Level Protocols

Device-leyel protocols allow for transfer of information specifically related to an /O operation, transfer of ptatus
of a device or control unit, and recovery when errors are detected by the channel or the control unit.

The typeg of device-level information transferred between a channel @nd control unit that use devicg-level
protocols|are: commands, data, control information, and status. Commands are provided by the chlannel
program leing executed. Data is the information associated with the command being executed that is|to be
transferrdd to or from the device. Control information includes,functions that manage the transfer of data
between the channel and control unit and functions that fpanage execution of the 1/0 operation. $tatus
describes|the results of the completion of an I/O operation (successful or unsuccessful) or provides information
not assocjated with an 1/0 operation that is to be reported.to the channel.

Device-leyel information is transferred between a channel and a control unit in FC-SB-6 information unit$ (see
8.3). FC-8B-6 information units are transferred,using link-level functions, device-level functions, link-level
protocols|and device-level protocols (e.g.,when the channel receives initiative to start an 1/0 operafjion in
command mode, the device-level functions and device-level protocols obtain the command and |other
parametefs from the current CCW and insert them into the appropriate fields within a command 1U). When the
command U is ready for transmission,link-level functions and link-level protocols provide additional information
(e.g., addfess identifiers and exchange ID in the frame header) and then coordinate the actual transmisgion of
the frame|on the channel path.

4.7.4 Addressing

Two levelp of addreSsing are used for the link-level and device-level structure. All control units and chgnnels
use both |evels oftaddressing. Link-level addressing identifies the N_Port, which identifies the physical path
within the[channhel-path configuration to be used for communication between a channel and a control unit| Link-
level addressing also identifies the channel images or control-unit images associated with an N_Port (sge FC-
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.

22

© ISO/IEC 2020 - All rights reserved


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

ISO/IEC 14165-226:2020(E)

INCITS 544-2018

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.

Link-level addressing also requires that each channel and control-unit image be assigned an 8-bit address,
called.the logical addre he loqical addresses of the sender and receiver of an are in the -SBR-6 header
field df the IU (see 8.4). A channel image or control-unit image is assigned a logical address when(itis created.
A logical address shall be unique at a channel or control unit N_Port_ID but need not be unique on ja channel
path. [The assignment of logical addresses and the method by which this assignment is performed are model
dependent.

When either multiple channel images or multiple control-unit images are created, they'Share a single N_Port_ID
for each link, and therefore, the same respective address identifier. A maximum of 256 channel imaggs and 256
contrgl-unit images shall share the same N_Port_ID. The combination of the address identifier and the logical
addrefss determines the image to which the device-level addressing applies;

Devick-level addressing depends on the assignment of an 8-bit address, called the device addresg, to every
device. A device address shall be unique on a logical path on a controlunit but need not be unique onja channel
path because the resultant combination of the N_Port address identifier, control-unit logical addresg, and the
devicé address uniquely identifies a device on a channel path. “Fhe assignment of device addressgs and the
methgd by which this assignment is performed are model dependent (see 8.4.5).

Contrpl units that attach to more than one link provide an'N_Port per link, with each N_Port having ar] assigned
addresss identifier.

All lUg sent on a channel path rely on link-level addressing information to determine the correct physical path
to the|destination N_Port_ID and, for certainsltd types, to determine the image associated with that N Port_ID.
Somg IUs require only link-level addressing while others require both link-level addressing and dgvice-level
addrelssing. An IU sent to perform a link-level protocol requires only link-level addressing, and an JU sent to
perform a device-level protocol reguires link-level addressing and in some cases device-level addressing.
Device-level addressing identifiesithe device that is the source or destination of the information in the 1U. For
devicg-level protocols that does not use device-level addressing, the protocol relies on the fully qualified
exchgnge identifier (FQXID):associated with the exchange to identify the logical path and device. Thg FQXID is
provided in the FC-FS-4(header and is composed of the source port identifier, the destination port identifier, the
OX_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.

Class 3 service shall be used when sending all FC-SB-6 |Us except for the test initialization”1J (see
5.4.7). Class 2 service shall be used when sending the test initialization IU becauseithe N_Port
eceiving the test initialization IU may be in a non-operational state. When this is_the-case, Class 2
brovides the means for the Fabric to provide timely notification of this fact, thereby avoiding [costly
imeouts and retry operations.

'he FC-SB-6 ULP requires the Fabric to indicate support for sequential 'delivery during Fabrig login
see clause 7).

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

5.3 Buffer-to-Buffer Credit Reclamation

During operation over extended periods of time, errors may occur which result in the loss of gne or
more R_RDY primitive signals. The loss of R_RDY primitive signals affects the available buffer-to-
buffer credit at an N_Port and as a result, may.affect that N_Port’s ability to send frames and mgintain
bptimum performance. Designs should be olerant of the loss of some R_RDY primitive signals for
Short periods of time but also shall be capable of taking some action to offset the cumulative effect of
brrors over longer periods of time. The/cumulative loss of R_RDY primitive signals over long pgriods
bf time may result in a reduction in“available buffer-to-buffer credit to a point where performance is
Bignificantly affected or, in the extreme case where the available buffer-to-buffer credit goes tq zero,
he inability to send a frame, ahd an FC-FS-4 link timeout error.

[0 prevent the loss of R- RDY primitive signals from resulting in a performance degradation or FC-FS-
L link timeout error N> Ports shall perform a model-dependent buffer-to-buffer credit reclamation
brocedure which reinitializes the available buffer-to-buffer credit at both ends of the link. The preferred
eclamation procedure is specified in FC-FS-4.

Vhen the-preferred buffer-to-buffer credit reclamation procedure is not supported, an alterpative
brocedure-shall be performed periodically at model-dependent time intervals. The time interval |of the
modelsdependent procedure should be as large as possible provided that buffer-to-buffer [credit
eclamation is performed before the loss of R_RDY primitive signals results in a performance
mmmmmﬁgn, the
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
default time interval between the performance of each buffer-to-buffer credit reclamation procedure is
approximately 24 hours. A means should be provided to adjust the time interval and randomly vary the time
intervatby upto—t6% sothat Tectamatiormrdoes ot occurat predictabte-timemtervats suchas thesametims
eacph day. For Fabric configurations, a means should be provided which minimizes the probability o
simpltaneous buffer-to-buffer credit reclamation by a large number of N_Ports because of the systen
perfbrmance impact which results. The means used to avoid simultaneous buffer-to-buffer credit reclamatior]
is model-dependent but may include the use of a slightly different time interval by each N_Port orcby.causing
the {ime 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
exepution of an alternative buffer-to-buffer credit reclamation procedure should)be avoided. Ar
implementation should defer buffer credit reclamation for a model-dependent time interyal after performing 4
progedure such as login or link initialization which initializes the available buffer-to-buffer credit. In a point tg
point configuration, only one of the N_Ports is required to initiate the buffer-to-buffer credit reclamatiorn
pro¢edure because the procedure initializes the available buffer-to-buffer cfedit at both ends of the link
F_Ports are not required to perform the procedure since performance of buffer‘reclamation by the attached
N_Hort reinitializes the available buffer-to-buffer credit at both the N_Port ahd)the attached F_Port.

5.4 FC-SB-6 Sequences and Exchanges
5.4.1| FC-SB-6 Sequences

Whern| receiving frames from the link, FC-FS-4 provides.a-mechanism which assembles sub-blocks o
data gontained in the payloads of one or more frames into a single data block called a sequence. Each
FC-4 fefines the contents of the sequences whichare used for ULP functions. When the contents ang
usagg¢ of a sequence are defined by a ULP,\it is referred to as an information unit (IU). For thig
standprd, IUs contain commands, device-level controls, link controls, and related functions. The 1Us
defingd by this standard are summarizedin Table 1, and the contents of FC-SB-6 IUs conform to the
general structures in 8.3. The protocolsfor using IUs for FC-SB-6 link-level functions and device-leve
functipns are found in clause 6 and-clause 9, respectively.

5.4.2| FC-SB-6 Exchanges

An exchange pair consisting of two unidirectional exchanges, one used by the channel to send IUs
and one used by the eontrol unit to send IUs, are required for all FC-SB-6 link-control functions ang
for al| FC-SB-6 device-level functions that are executed in command mode. A single bi-directiona|
exchgnge, referred to as a transport exchange, is required for all device-level functions executed in
transport mode-Exchange pairs and transport exchanges are described in the following sections.

5.4.2.1- 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.

5.4.2.1.1 General Rules for Initiating Exchange Pairs

A bhannal chall toitiat a8 vaohbhana ey candina on bt e 1L o0 o el ait A P d
crareT STrrarr raatc—art CACTTanTg e oarn oy Sty art mnaatorT o as-art arrSoOnmcriC OGO n or

insolicited control information category. A control unit shall initiate an exchange pair by sending an
nitiation IU as an unsolicited control or unsolicited data information category (see Table_1):

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-contrgl-function shall wait for
h response to the initiation IU before it initiates another exchange pair with'the N_Port of the|same
Channel if the exchange pair to be initiated is:

a) for another FC-SB-6 link-control function, or

b) for a device-level function not associated with a specific‘device.
6.4.2.1.3 Exchange Pairs for Device-Level Functions
A\ control-unit image that initiates an exchange pairfor a device-level function not associated with a
Epecific device shall wait for a response to the initiation 1U before it initiates another exchange|pair if

he exchange pair to be initiated is:

a) with the same channel image for a\device-level function not associated with a specific device;
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 fpr the
Eame device provided that there is no more than one exchange pair or transport exchangg for a
bpecific device on adagical path. A new exchange pair for a specific device on a logical path shall not
be initiated when.any of the following conditions apply:

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

b)(_the channel or control unit initiating the new exchange pair has initiated another exchange pair
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
logical path, an abnormal condition may result in the recognltlon of a valld initiation U for the same

closed. When th|s occurs and the initiation IU isnota purge path 1U, the IU may be accepted and held
until Hoth exchanges of the previous exchange pair have been closed or a link-busy condition may’bs
recoghized (see 6.4.10 and 9.5.1).

5.4.2.2 FC-SB-6 Transport Exchanges

IUs which a channel and control unit send during the execution of an FC-SB-6 device-level functiorn
that ig performed in transport mode are restricted to a single, bi-directional exchange referred to as 2
transport exchange. Transport exchanges are not used to execute link-level functions.

5.4.2.2.1 General Rules for Initiating a Transport Exchange

A channel shall open a transport exchange by sending a transport-command IU as an Initiation 1U. A
contrgl unit shall not open a transport exchange (see table 1)

5.4.2.2.2 Transport Exchanges for Device-Level Functions

A channel may open multiple transport exchanges,-each for a different device or for the same devicg
on different logical paths. A new transport exchange may be opened for a specific device on a logica
path yhen a transport exchange already exists for that device and logical path only to perform ar
interrggate operation (see 9.3.3.2); otherwise, the channel shall not open a new transport exchangs
to a device and logical path when a transport exchange or exchange pair is open for that device ang
logicdl path. When a transport exchange or exchange pair is open for a device and logical path, thg
channel 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.

5.5 FC Frame Header Fields
5.5.1| Frame Header.Field Overview

The HC frame header identifies the source and destination of a frame, the exchange and sequence tq
which| a frame.bélongs, the order in which a frame was sent, and the type of information in the framg
paylogd., The'frame header consists of a frame routing field (R_CTL), source link address field ang
destination link address field (S_ID and D_ID), an FC-4 identification field (TYPE), an optional heade
controtfield(DF _CTL), fletas which tdentify and controt FC-F S=4 Sequences and exchanges (F_CTL,
OX_ID, 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://iecnorm.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 information
field). All frames in an FC-SB-6 IU shall contain the same information category. The information

category-of-antd-depends-on-the-contents-of-thed-and-the-conditions—underwhich-theHo-g sent.
[able 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 (TC

°B)

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_{D Fields
Fach channel and/control unit is assigned a unique N_Port ID during the initialization procedurg (see

Clause 7). When'sending an 1U, the D_ID field shall be set to the N_Port ID of the recipient of the frame,
hnd the S~ID Tfield shall be set to the N_Port ID of the sender of the frame.

6.5.4 )CS_CTL

VWhen the F_CTL bit 17 1S Set 1o zero, Word 1 bits 24-3T 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 hex'1B’, it shall send a link-level reject (LRJ) IU in response; if the channel provides control-unit
emulation, the emulated control unit may send an LPE IU with the TYPE field set to hex'1C’ in
respopse-{see-6-4-9;H-2-8-and-6-4-2feradditionaHnfermation—Jds-etherthanthe LR HURHY

and UACK IU, which have the TYPE field set to hex‘1B’, shall be discarded by the channel and\ng
respopse sent.

5.5.6| F_CTL Field

The F|_CTL field controls sequences and exchanges. These bits are defined in FC-FS24. FC-SB-6 has
the following requirement on the relative offset present bit in the F_CTL field:

Relatjve Offset present: The relative offset present bit may be set to one)for IUs of information
categpry solicited data. For all other information categories, the relative effset present bit shall be se
to zerp (see 7.3.2.4, 7.4.2.2 and FC-FS-4). For command mode, the relative offset present bit may be
set to|one for all solicited data IUs with a data DIB. For transport mode, the relative offset present bi
shall be set to one for all transport-data IUs.

Capability to perform sequence reassembly upon receptignjusing SEQ_CNT (see FC-FS-4) in the
abserjce of relative offset for command mode solicited data [Us with a data DIB shall be provided.

The settings of all other bits in the F_CTL field are defined in FC-FS-4.
5.5.7| SEQ_ID

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

5.5.8| DF_CTL

The OF _CTL field shall be set to"zero.

5.5.9| SEQ_CNT

The §EQ_CNT field\s defined by FC-FS-4.

NOTE 12 —'When sending IUs, the use of continuously increasing sequence count is recommended. Thig
incr¢asegthe probability that errors caused by lost frames are detected.

5.5.10— OX_ID
The OX_ID field is defined by FC-FS-4.
5.5.11 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).

f the information category of an IU is not solicited data, the relative offset present bit shall-\bé[set to
rero 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-control
functions. The link-level functions required for FC-SB-6 support are described in this clause.

5.2 FC-FS-4 Basic Link Services
5.2.1 Basic Link Services Overview

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

5.2.2 Abort Sequence

/Vhen an exchange is to be aborted, the abort sequence (ABTS)\BLS shall be performed. Fpr the
conditions under which one or more exchanges are aborted, (réfer to clause 11 and 9.4.12. The
bettings of fields in the header of the ABTS BLS command-are specified in FC-FS-4. Whgn the
ecipient of an ABTS BLS command accepts it, the recipient shall send a basic accept (BA_|[ACC)
esponse indicating that the entire exchange is being, aborted and a recovery qualifier is|to be
bstablished by setting the Last_Sequence bit in the £ "CTL field to one, the Low SEQ_CNT field to
nex’0000’, and the High SEQ_CNT field to hex’ FEFE. The recovery qualifier causes all frames|for all
sequences of the exchange to be discarded untilthe recovery qualifier is reinstated. After recgiving
he BA_ACC response and after waiting for an,R* A_TOV timeout period, the sender of the ABT$ BLS
command shall send a reinstate recovery-qualifier ELS command to allow the OX_ID and RX_ID
combination to be reused (see 6.3.5 and £ C-FS-4).

5.3 FC-LS-3 Extended Link Services
5.3.1 Extended Link-Services Overview

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

5.3.2 F_Port Login
Explicit F~Rort login shall be performed by means of the F_Port login (FLOGI) ELS during the

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

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.

6.3.4 N_Port Logout

N_Port logout may be performed either explicitly or implicitly. For the conditions under which implici
N_Port logout occurs, see FC-LS-3. When communication with the N_Port of a control unit is no{onge
requirned and no logical paths exist for which the channel is providing control-unit emulation, the IN_Por
of a channel shall initiate explicit N_Port logout by sending a LOGO ELS command and waiting for 2
respohse. The N_Port of a channel shall initiate explicit N_Port logout with the N_Port,of a-control uni
if it repeives an IU from the control unit and it is not configured to communicate with-the control unit.

The N_Port of a control unit shall initiate explicit N_Port logout with the N_Paort of a channel if the
contrgl unit receives an IU from a channel with which the N_Port of the cofitrol unit is not logged in
When this occurs, the received IU shall be discarded and no further action,is taken by the N_Port of
the cantrol unit.

When the N_Port of a control unit accepts a LOGO ELS command from the N_Port of a channel tq
which| logical paths exist, it shall reset its internal indicators for the logical paths established with the
channel, and perform the equivalent of a system reset (9.4 for the affected logical paths.

NOTE 13 — FC-LS-3 requires that during the N_Port{ogin procedure, other communication with thd
deslination N_Port shall not be initiated or accepted. Therefore if a control unit has sent a PLOGI ELS to 2
chapnel and receives an IU from the channel before receiving a response to the PLOGI ELS, the received IU
is discarded and no LOGO ELS is sent.

6.3.5| Reinstate Recovery Qualifier

The reginstate recovery qualifier (RRQ).ELS shall be performed in order to allow reuse of the OX_IO
and RX_ID of an exchange which was-aborted. When the sender of an ABTS BLS command receiveq
a BA |ACC response, it shall sendian RRQ ELS command after waiting an R_A_TOV timeout period
Otherjaspects 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 bg
perfolmed in order to notify the directly-attached N_Port of an event which has affected the state of
the s¢nding_channel or control unit, provided that the attached N_Port has previously registered tqg
receiye state-change notifications (see 6.3.7). In a Fabric configuration, the RSCN ELS shall bg
perfofmed in order to notify the Fabric Controller of an event which has affected the state of thg
sending N_Port-Additionar aspects of the RSCNELCS Inciuding the format of the RSCNELS Tequest,
the format 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.

N ELS
equest to the Fabric Controller if a Fabric is present, or to the N Port of the attached contrehlinit or
channel if no Fabric is present. The address format byte (byte 1 of the Affected N_Port ID(page[of the
RSCN ELS request) shall be set to zero to indicate that all three bytes of the N_Port ID-are valigl, and
he affected N_Port ID shall be set to the N_Port ID of the sender. The sender ofjthe RSCN ELS
equest shall not issue the request if it already signaled a condition which would|cause the kabric
Controller, if present, to issue an RSCN ELS request on behalf of its N_Part/ID (see FC-LS-3 for
conditions that cause the Fabric Controller to issue an RSCN on behalf of an'N_Port ID).

Dnce the N_Port of a channel or control unit recognizes a condition for which an RSCN ELS rgquest
s to be sent, initiative to send an RSCN ELS request is generated:Subsequent state changes|in the
Eender 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 rgquest
has been discharged, a subsequent state change shall create a new initiative.

nitiative to send an RSCN ELS request shall be discharged when an accept (ACC) link servicqg reply
s received in response to the RSCN ELS request,

/Vhen an RSCN ELS request is accepted, the recipient shall check each affected N_Port ID pagg (see
-C-LS-3). All three allowed values of the address format byte shall be supported. If an affected N_Port
D indicated in any affected N_Port ID page corresponds to an N_Port ID to which one or more Ipgical
baths are established, initiative to send;a test initialization IU to that N_Port may be generated (see
5.4.7). If an affected N_Port ID corresponds to an N_Port ID to which no logical path is indicated as
being established, initiative to send’a test initialization (TIN) U shall not be generated, and no further
hction is needed. However, at'a channel, initiative to establish logical paths may be generated if its
model-dependent configuration information indicates that a new control-unitimage may have bgcome
bvailable.

f, at a channel, an N Port ID specified in an affected N_Port ID page is an N_Port ID correspgnding
0 a control unit inthe configuration for the channel, initiative to send an RNID ELS to the contrpl unit
Ehall be genérated. Subsequent to the successful completion of the RNID ELS, a PRLI ELS may be
ssued to-determine whether the control unit supports transport mode.

NQOTE"14 — Sending the RSCN ELS request is not functionally equivalent to performing the FC-FS-4 orjline to
offline primitive sequence protocol (see FC-FS-4 and 11.2.4). However, the RSCN ELS request may b¢ used
By a channel or control unit to repart a state change that has affected logical paths When multiple logical
images share a common N_Port, RSCN is used in place of the online to offline pr|m|t|ve sequence protocol to
report state changes that have not affected all of the logical images.

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

The query security attributes (QSA) ELS shall be performed by a channel in a multi-switch Fabric

Conﬁcnrnﬁnn m—ordaerto-detarminathao ctrranthy anforoad cactieityy atteihitac Af tha Attacshad cvaitoh
Yorotror T O G et O G et T et e oo T oty O Ce O~ ST ooty ot oot o ot ettt G t—o W itoT

(see FC-LS-3 and 7.3.2.3)

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

6.3.9| Request Node-ldentification Data

6.3.9.1 Request Node-ldentification Data Requests and Responses

The request-node-identification-data (RNID) ELS shall be performed in*0rder to acquire the node
identification data of the recipient (see FC-LS-3). When either the RNID'ELS command or the RNIO
ACC ELS reply is sent, the node-identification data format field shalhbe set to hex’18’. In the RNIG
ACC ELS reply, the 32 byte node descriptor shown in figure 10, shall'be returned in the specific node
identification data field. When the RNID ACC ELS is receivedsthe’common node-identification data, i
presenpt, may be ignored.

A channel shall establish initiative to send an RNID ELS:

a) [as part of the channel initialization process@escribed in 7.3.3;

b) |to each control unit N_Port identifiedCin an affected N_Port page for the RSCN that is in thg
configuration for the channel (see 6:3.6) when the channel has accepted an RSCN ELS; and

¢) [to each control unit N_Port in-the configuration for the channel when the channel does no
support persistent IU pacing.and becomes capable of supporting the concurrent enablement of
the persistent IU pacing function.

A conftrol unit establishes initiative to send an RNID ELS in the following situations:

a) [as part of the-¢ontrol unit initialization process described in 7.4.3; and

b) |to a channel 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-Tdentification 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-IDs with the same SDC ID shall not use the same interface ID.

~

Sollectivelythe25-bytes-efinformation-econtainecHn-word-3dbytes-B-andd-efwerd2-bytes4-3-of word
B, 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 arq to be
nterpreted. The meaning of bits-0-7 is as follows:

Bit  Meaning
D-2  Node-ID validity. Bits 0-2 contain a code that describes the validity of bits 3-7 of the flagg field,
the node‘parameters field, and the node-ID contained in words 1-7. The codes and their

meanijhgs are as follows:

Value Meaning

0 Bits 3-7 of the flags field, the node parameters field, and the node-ID are valid.

T BitS 3-7 of the flags lield, the node parameters field, and the node-1D are valid,
however, they may not be current. This value shall be used when the SDC has
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

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

4-7 | Reserved.

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

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

Byte | Description

1 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, such 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 bytexdvis 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:

vne

(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 byte

4 i r rad-and-cetto-zara
1o ToSCTve T arnU-SCTtUZCTOT

Bit 5 of byte 1 is defined as follows:

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

a) When the bit is one, the physical interface is Fibre Channel over'Ethernet (FCoE); ¢r
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 FC34 interface protocol, bit 5 of pyte 1
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 1
indicates the Fibre Channel physiealinterface type as follows:

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

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

When a channel that supports concurrent enablement of the persistent IU pacing fupction
receives @ node descriptor from a control unit with bit 7 of byte 1 equal to one, the channel
enables-persistent U pacing for all currently established logical paths with the contrql unit.
Fortlegical paths that are established subsequent to the processing of the node desdriptor,
the persistent IU pacing bit in the ELP/LPE IU optional features field is used to enaple or
disable persistent IU pacing.

When bits 0-2 of byte 1 do not indicate support for the FC-SB interface protocol, bit 7 qf byte
TS reserved and Set o 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

10 Fabric

44 2B Dacarvuand
00— TX

ToCTTveT

OCoO~NOOOPAWN -

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 (bits*15 - 8) o
the Port address identifier of the associated switch interface.

When bit 3 of the flags field is one, indicating that this is a CPC-type node, the contents of bytes 1-3
of wold 0 shall be as follows:

Byte | 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&ord 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 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

Bit 3 of byte™ 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 byte

4 i r wad-and-cbhall - be-cettao-zara
1o roStrvetanra-Srian oC-SCTtOZCTOT

Bit 5 of byte 1 is defined as follows:

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

a) When the bit is one, the physical interface is Fibre Channel over'Ethernet (FCoE); ¢r
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 FC34 interface protocol, bit 5 of pyte 1
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 1
indicates the following:

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

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

When a channel that supports concurrent enablement of the persistent IU pacing fupction
receives @ node descriptor from a control unit with bit 7 of byte 1 equal to one, the channel
enables-persistent U pacing for all currently established logical paths with the contrql unit.
Fortlegical paths that are established subsequent to the processing of the node desdriptor,
the persistent IU pacing bit in the ELP/LPE IU optional features field is used to enaple or
disable persistent IU pacing.

When bits 0-2 of byte 1 do not indicate support for the FC-SB interface protocol, bit 7 qf byte
TS 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.

The contents of the followmg five fields shaII correspond to the information prowded on a serial-

numbgr of the SDC. The type number shall be right justified with leading ASCII zeros if necessary.

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

Manufacturer: 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.

Plantlof Manufacture: Bytes 0-1 of word 4 shall contain a twoscharacter (0-9 or uppercase A-Z
ASCI| plant code that identifies the plant of manufacture for the SDC.

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

A serfal number shall consist of the concatenation of the plant-of-manufacture designation with thg
sequgnce-number designation.

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

6.3.10 Registered Link-Incident Record

6.3.10.1 Registered Link-Incident Record Requests and Responses

The registered link=incident record (RLIR) ELS provides the means to send a link-incident record tq
the N| Port of a.¢hannel. General aspects of the RLIR ELS, including the format of the RLIR ELS
comnjand and~ACC reply, are given in FC-LS-3. When the RLIR ELS command is sent, the link
incid
|nC|d

the format descnbed 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

ncident Qualifier (IQ): Byte 0 shall describe the manner in whieh the contents of the link-ingident
ecord shall be interpreted. The meaning of bits 0-7 is as follows:

Bit Meaning
D Reserved
( Reserved.

1A~2

Switch: When one, bit 2 shall.iadicate that the incident node, identified by the incident-node
descriptor, is a switch node:~When zero, bit 2 shall indicate that the incident node is|not a
switch node.
B Reserved.

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

Values-Meaning

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

Zero shall Use reporting class 111 the 1INk associated with the incident node 1s not in a
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
observed hy the incident node

Bit Meaning

0 Bit 0 of the incident code shall indicate whether the link-incident record is a“primary o
secondary report of the link-incident. When bit 0 is set to zero, the link-incident record shall bq
a primary report. When bit 0 is set to one, the link-incident record shall be a secondary report

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

Value Meaning

0 Reserved.

1 Implicit Incident: A condition which has been, 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 bg
recognized by the attached node.

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

synchronization condition has;been recognized by the incident node, and it persisteq
for more than the R_T_TOV timeout period. A loss of signal condition has beer
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 hag
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 ng
longer recognized (i.e., Event Timeout, see FC-FS-4).

6 FCsES-4 Link Failure - Invalid Primitive Sequence for Port State: Either a link rese
(LR) or link reset response (LRR) primitive sequence was recognized by the inciden
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-failurg

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.

ncident-specific information is shown in table 3:

Table 3 — Incident-Specific Information

/Vhen the incident-specific-information field contains FRU identification information, the format|of the

Bytes Contents
68 - 69 |[FRU Flags| Reserved
First FRU Callout
70 - 81 (12 Bytes)
Second.ERU Callout
82-93 Model-Dependent Information
(12 Bytes)
94 - 99 Reserved

Bit Meaning
D Reserved,

Format-bit; FRU-callout-field format:

Value Meaning

0 FRU-part-number format

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

T FRU-code format
2-5 Reserved.

6-7  Validity code for FRU-callout fields:

© ISO/IEC 2020 - All rights reserved
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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.o
model]-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.

The fgrmat of a valid FRU-callout field depends on the value of bit 1 (format bit) of the’ FRU-flags fielg
within[the same link-incident record.

When the format bit is set to zero, the FRU-callout field shall be in ASCI],(right justified, with eithe
leadirlg blanks (hex’20’) or leading ASCII zeros (hex’30’).

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

6.3.11 Link-Incident-Record Registration

The link-incident-record registration (LIRR) ELS provides the means for the N_Port of a channel tg
register to receive link-incident records from a control unit. General aspects of the LIRR ELS including
the foymat of the LIRR ELS command and ACC résponse are given in FC-LS-3.

The N_Port of a channel shall send an L4RR command during the initialization procedure (see
clausg 7). The registration function field‘*shall be set to hex’01’ to indicate the set registration
conditionally receive function, and the fink-incident-record registration type field shall be set to hex'18’
Althodigh it is possible to clear registration for link-incident records by setting the registration functior
field tp hex’FF’, the sender shal-never set the registration function field to this value.

6.3.12 Read Link Error.Status Block
If a cgntrol unit supports’error code transfer in Purge Path IUs, it shall use the Read Link Error Statug
Block|(RLS) ELS request to attempt to obtain the link error status block (LESB) of the attached F_Porj
(see §.11.2.14)-General aspects of the RLS ELS, including the format of the RLS ELS command ang
respohse, aré.given in FC-LS-3.

6.3.13 - ‘Registered Fabric Change Notification

If a channel 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.

he PRLI ELS is used to exchange process login service parameters between a channel and gontrol
init and is not used to establish logical image pairs or to set process associators. A PRENELS shall
not be sent to a control unit that does not support FC-SB-6 process login. Support for the FC-SB-6
brocess login is indicated in the node descriptor for the control unit (see 6.3.9). A PRE ELS rgquest
may be sent by a channel to a control unit when logical paths are established with the control ur)it and
bpplies to all the established logical paths.

f a control unit receives a PRLI ELS request that would modify the servi¢e parameters for a prpcess
ogin 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 reason.code hex’09’, “unable to pgrform
command request at this time”. After the control unit sends the I£S)'RJT, the control unit shall gend a
brocess logout (PRLO) ELS request to the channel to allow a retry of the PRLI ELS request frgm the
channel to be successfully performed.

f the channel receives an LS_ACC response for & BRLI request that would modify the sg¢rvice
barameters for a process login already in effect with{ the control unit, the channel performs a PRLO
EL S with the control unit. The channel establishes initiative to send a PRLI ELS request to the gontrol
Linit after completion of the process logout.

5.3.14.2 PRLI Request Service Paramgéter Page

'he content of the FC-SB-6 PRLI request service parameter page is described in figure 11.

Word
Type Code |FC-LS-3 Reserved

0 _JypeCode 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.

18 Ectahlich lmacao DAale Dt 4 ofvward O chall b oot 0 2ara by tha channal Aand iconaorad by tha
Establish-trage-PRair—Bit48-ef-word-0-shall-be-set-to-zere-by-the-channel-and-igrored-by-ths
control unit.

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

Maximum Initiation Delay Time: Byte 0 of word 3 contains a binary integer that specifies’in units o
secor|ds the maximum value that the control unit can set as the initiation-delay time in'a PRLO reques
(see 6.3.15.4). This value is generally based on the amount of time that the channel can hold of
initiating new 1/O operations without disrupting the system.

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 channel does not support transport
mode operations. When bit 0 is set to one, the chanfe| 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 €hannel. 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-modd
command retry (see 9.5.2.2)is supported by the channel. When bit 3 is set to zero, transport
mode command retry is not supported by the channel. When the transport-mode-supported bi
(bit 0) is equal to zero, 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-buffe
credits (s€€9.3.2.2.2) is supported by the channel. When bit 4 is set to zero, the use of first
transfer=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 | LY Hage | Goso | Reseref
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.

F'ype Code: Byte 0 of word 0 identifies the FC-4 protocol and shall be to set to hex’ 1B’ to indicgte the
-C-SB-6 protocol.

F'ype Code Extension: Byte 1 of word 0 shall'be set to zero.

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

16 Obsolete.

17 Obsolete.

18 Image Pair-Established. Bit 18 of word 0 shall be set to zero by the control unit and ignofed 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|PRLI

= Tl H bl 1 1 (- () Bl Q
CUUTOL. TTIT THCarlmygs UT'tiT TCoPUTTOT LUUTS VAIUTS diT UTINITU Uy T"UTLo~o.

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 TranspertlMede—Supperted—When—bit-0—is—setto—=zero—the—contrelunit-does—het-supper
transport-mode operations. When bit O is set to one, the control unit supports transport-modsg
operations.

1 Reserved.

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

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

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

5 Bidirectional Data Transfer Supported. When bit 5 is set to one, bidirectional data transfe
(see 9.3.2.4) is supported.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) id
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
maode-supported bit (bit 0) is equal to zero, bit 7 shall be set to zero by the control unit ang
shatl be fgnored by the channet:

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

/Vhen a channel determines that it will issue a PRLO ELS request, it shall not send transport:m¢de or
command-mode initiation 1Us to the control unit for a period equal to the exchange quiesce’timeout
alue (EQ_TOV -see 10.2.10) prior to sending the PRLO ELS request. During this period,.the cjannel
continues processing open exchanges to attempt to reduce the number of open exchanges with the
control unit when the PRLO ELS request is sent.

/Vhen a channel sends a PRLO ELS request, it shall not send transport-mode or command{mode
nitiation IUs to the control unit until it completes process logout. If the chanrel receives an LS_RJT to
he PRLO ELS request, the channel shall retry the request a minimum(ofjone time. When the ctjannel
eceives an LS_ACC response to the PRLO ELS request or exhausts¢etry attempts, the channdl shall
bbort all open transport exchanges with the control unit by invaking ABTS to complete the prpcess
ogout function at the channel.

/Vhen the channel receives a PRLO ELS request from. a~control unit, the channel shall nof send
ransport-mode or command-mode initiation 1Us to_the ‘control unit for a period equal to PL [TOV.
During the PL_TOV period, the channel shall continue processing any open exchanges. When
PL_TOV expires, the channel shall respond to the PRLO request with an LS_ACC response and shall
bbort all open transport exchanges with the control unit by invoking ABTS to complete the prpcess
ogout at the channel.

Subsequent to the completion of a progess logout, the channel shall successfully complete an|RNID
equest to the control unit before initiating new 1/O operations to the control unit. The channe| shall
jelay for an amount of time equalio'the initiation-delay time specified in the PRLO ELS request bhefore
sending the RNID ELS request:-During the initiation-delay time interval, the channel processes ptatus
bresented by the control unitif, during the delay interval, the channel determines that a TIN command
s required, initiative to perform the TIN command is established after the delay interval expires for the
Jelay interval is otherwise terminated.

fan LS_ACC response is received for the RNID request, and the control unit indicates support for FC-
5B-6 process:login, the channel shall send a PRLI ELS request (see 6.3.14) to the control unif if the
Channel supports FC-SB-6 process login. If the PRLI response from the control unit indicates slyipport
or transpoft-mode operations and the channel supports transport-mode operations, the channe| shall
esume operation and support transport-mode operations; otherwise, the channel shall rgsume
bperation without transport-mode support until a subsequent process login is performed that enables
ransport-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).

The controkunitshatHssue-a-PRLO-reaue L rococe loaininefoct with o ol han

s to modify the existing process login service parameters. Modified service parameters may\bs
sent ly the control unit to the channel in an LS_ACC response to a subsequent PRLI ELS requeés
e 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 process login is not i
effect; or

b) |When it receives a PRLI ELS request from a channel that would modify §efvice parameters fo
a process login already in effect with the channel.

If the control unit receives an LS _RJT to the PRLO ELS request, the ¢ontrol unit may retry the PRLG
ELS. When the control unit receives an LS_ACC response to the PREO ELS request or exhausts any
retry attempts, the control unit shall abort all open transport exchanges with the channel by invoking
ABTY to complete the process logout at the control unit. The ‘control unit shall resume operatior
witholit transport-mode support until a subsequent processd{ogin is performed that enables transport
mode|operation.

Wher] a control unit receives a PRLO ELS request, it shall respond to all transport-mode ang
comnjand-mode initiation IUs with control unit busy status for PL_TOV. During PL_TOV, the contrg
unit shall continue processing any open exchanges. After PL_TOV expires, the control unit shal
respond to the PRLO ELS request with avLS_ACC response and shall abort all open transpor
exchgnges with the channel by invoking ABTS to complete the process logout at the control unit.

After $ending an LS_ACC for a PREO-ELS request that contained a non-zero initiation-delay time, the
contrgl unit shall not send an ELS request or initiate an exchange with the channel until one of the
following occur:

a) [the initiation-delay. time specified in the PRLO ELS request has expired;

b) |the control unitreceives and accepts an ELS request from the channel; or

c) [the cantrol unit receives an initiation IU from the channel.

The conttol unit shall operate without transport-mode support until a process login is performed tha
enables transport-mode operation.
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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
5[ Tnitation Detay 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.

F'ype Code: Byte 0 of word 0 identifies the FC-4 protocol and shall be tojset to hex’ 1B’ to indicgte the
-C-SB-6 protocol.

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

18-31 Reserved. Shall be set to zeros.

nitiation Delay Time: Byte 0 of word 3 contains a binary integer that specifies in units of seconfls the
minimum amount of time that the\recipient of the PRLO ELS request shall delay before sending an
ELS or initiating an exchange-er-exchange pair with the sender of the PRLO ELS request. When the
PRLO is being sent as the-esult of transport-command 1U from a channel for which a process lggin is
not currently established, this value is set to zero (see 6.3.15.2 and 6.3.15.3).

5.3.15.5 PRLO Accept Logout Parameter Page

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

Word
0 Type Code Reserved F(EZI-l_ﬂS-3 Beip Reserved
FHags—Cede
1 Obsolete
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

16 Obsolete.

17 Obsolete.

18-19 Reserved. Shall be set to zeros.

Resppnse Code: Bits 20-23 of word 0 contain a binary integer indicating the result‘of'the PRLC
Request. The meanings of the response codes values are defined in FC-LS-3.

6.3.1¢ Read Exchange Concise

The Read Exchange Concise (REC) ELS is used by a channel thafSupports transport-mode
operaltions to determine the state of a TCW I/O operation at a control unit;'General aspects of the REC
ELS, |ncluding the format of the REC ELS command and response,“are given in FC-LS-3.

The REC request payload identifies the OX_ID and RX_ID ofthe-transport-mode operation for which
statuq is to be provided. If the control unit receiving the RECG.ELS determines that the OX_ID or RX_IQ
in the|request payload are inconsistent, then it shall reply. with an LS _RJT Sequence with a reasor
code pf unable to perform command request and a reason code explanation of invalid OX_ID-RX_IC
comblnation. The Parameter field in the frame headerof an REC ELS and of an LS_ACC in response
to an REC ELS is not used by FC-SB-6. See 9.5:5.for FC-SB-6 usage of the REC ELS.

Wher| the reply to the REC ELS is LS_ACCy7the FC4VALUE field in the LS_ACC payload should bg
set to|zero and the E_STAT field in the payload shall be set as defined in FC-LS-3.

The HC4VALUE may be set to a pon-zero value for read and write operations. For read and writg
operations, the FC4VALUE should*be set to:

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

c) [For @ 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.

ErHRoO eagmen AL ESPORSE € CoORtForro-CorRtathigmeT+reagdesS OO StIU)

Ehall be sent, opening an exchange, as an unsolicited control information category. The ex¢

'he exchange containing the link-control-response U shall be closed. When the sénder of the
control-request IU receives the link-control-response U, it shall send a link-level-acknowledgm
bs a solicited control information category on the same exchange used to sendhe’link-control-rgquest
U. The exchange containing the link-level-acknowledgment IU shall be closed. An example of gn FC-
5B-6 link-control function is a link-control-request IU sent by the channel to.fequest the establishment
bf a logical path, a link-control-response U sent by the control unit indicating whether or not the Ipgical
bath was established, and a link-level-acknowledgment IU sent by.théchannel to close the outbound
bxchange.

link-
nt IU

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

f a channel or control unit receives an IU whenvany of the following apply, then the IU shiall be
Jiscarded and a link-level protocol error shall be*detected:

a) The received IU is a link-control-response IU and no link-control-request IU was sent, or f link-
control-request IU was sent afd the link-control-response IU received is not an allowed
response;

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

c) The received IU has 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 thiat:\described in table 4.
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Table 4 summarizes the FC-SB-6 link-control functions and the contents of fields within the IU. For a

defini

tion 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
V) Channel | Unit Reply to Image ID Image ID Field Link Payload
Link-Control Request IUs
ELR yes no LPE,LPR Channel |Control-Unit| 0100 0001 | Optional None
Image ID | Image ID Features
RLR yes no LPR Channel |Control-Unit| 0100 1001 n/a None
Image ID Image ID
TIN yes yes TIR Function Function | 0000 1001 | Function None
Dependent1 Dependent1 |déntifier®
Link-Control Response |Us
LPH no yes ELP Channel |Control-Unit| 0101 0001 | Optional None
Image ID Image ID Features
LPR no yes ELP,RLP Channel |Control-Unit| 0101 1001 | Reason None
Image ID Image ID
TIR yes yes TIN Function Function. | 0000 0001 | Function |Initializatjion/
Dependent? | Depefident? Identifier” | Capability
Statef
LR. yes yes ||nitiation IU?| Note3 Note3 0001 0001 | Reason Nonsg
Code
LB yes yes ||nitiation IUS|  Noté&® Note® | 0010 0001 n/a None
LACK yes yes Note® 0 0 0110 0001 n/a None
Notes:
T ISee 6.4.7 fora description of the use of ‘the’channel image ID and control-unit image ID fields in the TIN [U.
2 |[See 6.4.8 for a description of.the use of the channel image ID field, control-unit image ID field, and| link
payload in the TIR IU.
3 [This field is set to the same value as the corresponding field in the discarded initiation IU.
4 |See 6.4.6 for a description of the possible uses for the LACK IU.
5 A valid reply tezall Initiation IUs except initiation 1Us sent in transport mode
6 [The TINU)is used to perform both the TIN and TINC functions- when bit 7 of byte 0 of the link-cortrol-
information field is zero, the TIN function is performed (see 6.4.7.2); when the bit is set to one, the T|INC
function is performed (see 6.4.7.3).
7 Hhe—HRAYHs-used-to-perferfboth-the—HR-ard—HNGCR-funetions—wher-bit7—of-byte-b-ef-thetirk-eentrol-
|nformat|on field is zero, the TIR functlon is performed (see 6.4.8. 2) when the bit is set to one, the TINCR
function is performed (see 6.4.8.3).

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 channalahallnarfarma-tha Bl D fioation by caondina o 1 D L o aandteal it Tho Lol ot IDIB
crarmoTSTamT PCTTOUTTTIT tHCTEET  TonotoTT Oy STTd g arT T 1O (Ot oo oUT O r o e GO D

Ehall contain a link header with a link-control field specifying the ELP function, a link*cgntrol-
nformation field specifying optional features, and a CTC counter field that may specify the ndmpper of
CTC connections for which the channel is providing emulated control unit functionality (see 8]12.2).
he link-control DIB shall not contain a link payload. The normal response to an ELP, 1Y is the Ipgical
bath established I1U.

he channel image for the path to be established shall be identified by the combination of the channel
N_Port ID and channel image ID.

he control-unit image shall be identified by the combination of the .cohtrol-unit N_Port ID and c¢ntrol-
Linit image ID.

All control units shall be able to accept any value in the channel image ID field. The control unjt may
Btill restrict the quantity of logical paths permitted based/onresources and system requirements.

Although a control unit that does not allow multiple{control-unit images may restrict the numper of
ogical paths it accepts to one, that one logical path*may have any value of channel logical addfess.

he 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
bptional feature shall be set to one-if that optional feature is supported; otherwise, the bit shall be set
0 zero. Bits for which no optional feature is defined shall be set to zero by the channel and ignoted by
he control unit.

Dptional features forthe following bits in the link-control information field have been defined:
Bif  Meaning

D 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 initializafion is
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.

When an emulated control unit receives an ELP 1U, the optional features to be used are those optional
features—which-beth-ehanne sppertwith-the-execeptionef-the-CFGC—eennectionfeature—A—channe]
suppgrting CTC connection may use the CTC connection optional feature and respond with an L'PH
IU regardless of whether the other channel supports CTC connection. If the sending channél, hag
indicgted support for CTC connection by setting the CTC connection bit to one in the ELP I1U, the CTC
conngction bit in the LPE U is set to one; otherwise the CTC connection bit is set to zera:

The réquested logical path shall be established provided that the optional featuresfdr'the requested
logicdl path do not affect the optional features associated with other previously ‘established logica|
paths|with the same channel. If the request to establish a logical path would affect the optional features
assodiated with other previously established logical paths with the same channel, the requested
logicql path shall not be established, and an LPR [U shall be sent in respense to the ELP U with ar
appropriate reason code (see 6.4.5).

When a logical path is established, the optional features which both the channel and the control uni
suppqrt shall be saved and associated with the logical paths’for‘that channel in such a way that al
subsgquent IUs for which those features apply are transferrédyon that logical path using those optiona
features.

A channel shall attempt to establish logical paths to the control-unit images that are described in itg
configuration definition. This shall be done whema’channel image is initialized, when configuration
changes are made, or when the channel receives an indication that the logical path no longer exists
The generation of a configuration definition is;beyond the scope of this standard.

Each |Jogical path shall be established with a separate exchange of IUs, an ELP request IU and an LPH
respohse IU. Failure to establish a Jogical path shall not affect other existing logical paths or the ability
to esthblish other logical paths,

If an ELP IU is received with. a request for a logical path that is already established, the IU shall bg
accefted, provided that no errors are detected. If the establishment of the logical path would not affec
optional features associated with other previously established logical paths with the same channel, &
system reset shall-be performed with respect to that logical path and a logical path establisheg
response shall-be sent. The logical path established response does not indicate initiation or any
degree of progress made for the associated system reset.

The channel shall not consider the logical path to be established until it receives an error-free logica
path nea 1U. ne control ur nall No Of der the logiCcal paln 10 be estab nea ur [

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 path, the

abhaoneal cbhaoll n ot oo iman th ot thh o oy taod action baoc oy bhaoo At £a1 n-alae nao-vwalidracn. e iS
P CT STiaT NToT aSSUTTe i at e ToqU T STCU attoTT TIaS O TTaS TTUT aRC T Prac T o vanmna ToSo S

eceived by the channel to the ELP request, the channel may retry the request. The numberefyretries
s model dependent.

5.4.3 Remove Logical Path

he remove logical path (RLP) function shall request the control unit to remove a logical path. A
channel shall perform the RLP function by sending an RLP IU to the control unit. The link-contrpl DIB
Shall contain a link header with a link-control field specifying the RLP function and no link paylogd.

he logical path to be removed shall be specified by the combinatioh’of the channel N_Port ID, the
channel image 1D, 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 unif to be
bither physically or logically removed.

he removal of a logical path shall cause the control-unit image and its associated devices|to be
ogically removed from the channel path. When an~RLP IU is received and accepted, the logicdl path
Shall be removed, and the equivalent of a system reset shall be performed only for the affected Ipgical
bath; that is, only the control-unit image asSeciated with the logical path shall be affected, and only
hose operations and allegiances within the ‘control-unit image for this logical path shall be reset (see
D.4.4 for information regarding system reset). The logical path removed IU shall be the nprmal
esponse. Other logical paths associated with the same channel or different channels and the
bllegiances maintained to them ‘shall be unaffected. After a logical path is removed, IUs for dpvice-
evel functions shall not be sentor received using that logical path.

An RLP IU shall be received over the same physical path over which the logical path was establ|shed.
f an RLP IU is received\for a logical path that does not exist, the RLP shall be accepted, providgd that
no errors are detected, and the logical path removed response shall be sent.

f an error is.detected when an RLP IU is received, the U shall be discarded, the specified logicgl path
s not removed, and the appropriate response, if any, for the error recognized shall be senf. The
channelshall not consider the logical path removed until it receives the LPR IU and no errofs are
eteCted. The control unit shall not consider the logical path removed until the logical path remoyed U
s\sént.

Unless the channel receives a valid response to an RLP, the channel shall not assume that the
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
function and a link-control-information field specifying optional features. The link-control DIB shall not

contajr-a-irkpaead-

The Iggical path which was established shall be identified by the combination of the control-unit N*\Por
ID, control-unitimage ID, the channel N_Port ID, and the channel image ID in the LPE IU. The optiona
featunes to be used shall be specified in the link-control-information field. See 8.12.2.3.

Each pit in the link-control-information field shall correspond to a different optional feature. The bit fo
an oplional feature shall be set to one if that optional feature is to be used; otherwise, the bit shall bg
set to|zero. See 6.4.2 for information concerning the CTC connection optionalfeature. Bits for which
no opfional feature is defined shall be set to zero by the control unit and ignored by the channel.

See §.4.2 for a definition of the bits in the link-control information field forywhich optional features have
been pefined.

When a channel receives an LPE response to the ELP U, the indicator for the requested logical path
shall be established provided that the optional features for the requested logical path do not affect the
optiorjal features associated with other previously established logical paths with the same control unit
When the logical path is established, the optional features to be used shall be saved and associateg
with the logical paths for that control unit in such a way'that all subsequent IUs for which those featureq
apply|are transferred on that logical path using those optional features. If establishment of a logica
path Wwould affect the optional features associated with other previously established logical paths, ar
RLP IU shall be sent to remove the logical path.

Wher an ELP IU is accepted, the LRE' IU shall be the normal response. A logical path shall bg
consiflered not established by the-recipient of an ELP IU until it has sent the LPE IU and shall be
consiflered not established by the.sender of an ELP U until the LPE IU is received.

6.4.5| Logical Path Removed

The lggical path removed (LPR) function shall confirm the successful completion of an RLP reques
and the removal ofia\logical path. A control unit shall perform the LPR function by sending an LPR IU
to thel channel~The link-control DIB shall contain a link header with a link-control field specifying the
LPR function*and a link-control-information field specifying a reason code. The LPR IU shall have ng

The combination of the control-unit N_Port 1D, control-unitimage 1D, the chanr
channel image ID in the LPR IU 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.

-7 Bits 4-7 of the link-control-information field shall contain a reason code which indicatep why
the logical path was removed. The values (in binary) for the following reason codes shal| have
these meanings:

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 retripd for
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 numper of
times.
0011 Device-level initialization is not complete; the control unit is not ready to pgrform
device-level operations. The channg&l)should retry the ELP a model-depepdent
number of times.
0100 A control-unit image corresponding-to the control-unit image ID field in the FG-SB-6
header of the ELP IU does not exist. The channel should not retry the ELP for this
condition.
0101-
1111 Reserved.
A link-level protocol error shall be detected if an LPR IU containing a reserved reason-code value is
eceived.

5.4.6 Link-Level Acknowledgment
fhe LACK function shall be used to close an exchange used to initiate a link-control request, and
bxchanges whichi{can not be closed with either a link-control response or a device-level-cpntrol
unction. Examples of exchanges which may be ended with the LACK IU are as follows:
a) Anexchange left open as a result of a link-control request;
b)( An exchange left open as a result of a cancel, system reset, or request status sent|in an

initiation 1U as information category unsolicited control which received a DACK IU ps 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.

6.4.7 Test Initialization

6.4.7.1 Test Initialization Overview

The tgst-initialization (TIN) U provides a method for determining which logical paths are considered
established for a channel image or control-unit image, and for determining which logical ‘paths are
capaljle of being established for a channel image with a control unit.

When the TIN IU is used to determine the logical paths that are considered established for a channe
imagg or control-unit image, the function performed by the TIN IU is defined as the TIN function; wher
the TIN IU is used to determine the logical paths that are capable of being, é€stablished for a channel
the fupction performed by the TIN IU is defined as the TIN Capability (TINC) function. The TIN function
is pefformed when the TIN IU contains a link header with bit 7 of byte zero of the link-control
informpation field set to zero. The TINC function is performed when.the TIN IU contains a link heade
with bit 7 of byte zero of the link-control-information field set to one.

The T|IN and TINC functions are described in the following §éctions.
6.4.7.2 Test Initialization Function

The test-initialization (TIN) function shall provide a’method for determining which logical paths are
consiflered established for a channel image or.¢ontrol-unitimage. The TIN function shall be performeg
by sepding a TIN IU that specifies the TIN-function and is specified in either basic or extended mode
Basic|or extended mode shall be specified:by the value of the image-ID count field contained in bytg
one of the link-control information fieldx*Ifthe value of the count field is zero, a basic-mode TIN functior]
is specified. If the value is non-zero;an extended-mode TIN function is specified. The link-control DIH
shall ¢gontain a link header witha link-control field specifying hex '09' with bit 7 of byte zero of the link
contrgl-information field set to zéro. No link payload is provided for the TIN function. A TIN IU tha
specifies the TIN function is'teferred to as the TIN function and a TIR IU that specifies the TIR function
is refgrred to as the TIR(function.

It shall be model dependent as to whether the channel or control unit uses basic or extended mode
howeyer, if basictnode is used, the receiver shall correspondingly use basic mode for the TIR functior
in response;_otherwise a link-level protocol error shall be recognized. Unless stated otherwise, tex
pertaihing(equally to both basic and extended modes will not be referenced by either mode. Wheneve
text pertdins to a particular mode of operation, the appropriate mode will be specified.

A 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

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

Dnce initiative to send a TIN function to either a channel or control unit is generated, subsequent
bccurrences of any of the above events shall not create initiative to send another TIN function Jto the
5ame channel or control unit if initiative to send the first TIN function has not'been discharged.|For a
Channel, initiative to send a TIN function to a control unit shall be discharged’after the TIN functign has
been sent and a TIR function has been received in response or an event occurs which requirg¢s the
emoval of all logical paths to the control unit. For a control unit, initiative to send a TIN functign to a
Channel shall be discharged if one of the following occurs:

a) ATIN function has been sent to the channel and a TIR.function is received in response;

b) A logical path time-out condition for the charnnel has been recognized by any contrpl-unit
image, and the control unit has attempted<to send a TIN function to that channel after
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.

Jpon accepting a TIN function, the re€ipient shall check whether it has logical paths with the gource
bf the TIN function. The normal response is a TIR function.

/Vhen a channel sends a TINAtnction 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 shall
be set to zero by the channel and ignored by the control unit.

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

/Vhen the-Channel sends a TIN function in extended mode, the set of logical paths to be tested for
bstablishment shall be specified by the channel N_Port ID, the channel image ID, and an 8-bit ifnage-
D.count value contained in byte one of the link-control information field. The range of logical pgths to
€ tested shall be determined starung with the channel image 1D and incrementing 1o the smalter of a)
the extent specified by the 8-bit image-ID count value, or b) a maximum 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 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

imag D shall be set to zero hy the control unit and ignnrnd hy the channel

NOTE 16 — The maximum upper limit of the contents of the image-ID count field is specified as 253 to-allow
the payload of the extended TIR function to be contained within a single I1U. If additional images beyond thd
spegified maximum of 254 need to be verified, then additional basic-mode or extended-mode TIN (Us-heed tq
be gent that specify the TIN function.

6.4.7.3 Test Initialization Capability Function

The test-initialization capability (TINC) function provides a method for a chanriel to determine the
logicdl paths that are capable of being established between a channel image jand a control unit. The
TINC ffunction shall be performed by the channel sending a TIN IU that specifies the TINC function tg
a confrol unit. The link-control DIB shall contain a link header with the(link-control field specifying he
‘09’ with bit 7 of byte zero of the link-control-information field set to.one. No information is provided ir
the lifk payload for the TINC function. A TIN IU that specifies the<TINC function is referred to as thg
TINC function and a TIR U that specifies the TINCR functionvis 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 IU
that specifies the TINC function, the control unit determines the logical paths that it is capable o
establishing with the channel images specified in the*TIN IU and performs the TINCR function. The
set of|logical paths the control unit considers capable of being established includes all logical paths
that dre already established and logical pathsi\that are permitted to be established according to thd
contrgl-unit configuration. Depending on thé resources available at the control unit, it may not be
possible to establish all the indicated logical paths at a given time.

When the channel sends a TIN IU that'specifies the TINC function, the set of logical paths to be testeg
for esfablishment capability shall be specified by the channel N_Port ID, the channel image ID, and ar
8-bit image-ID count value contained in byte one of the link-control information field. The range o
logicql paths to be tested shall be determined starting with the channel image ID and incrementing tg
the sraller of a) the number of images specified by the 8-bit image-ID count value, or b) a maximun
channel image ID of 255. The image-ID count field shall be interpreted as an 8-bit unsigned binary
integgr, and the value in the field may range from 0 to 255. The value in the image-ID count fielg
tes the number of channel images to be tested. (e.g., a channel image ID of 2 and a count of 3
t the channel images 2, 3, and 4). This differs from the definition of the image-ID count field in]
fufiction. If the value in the image-ID count field is greater than 254, it shall be regarded by the
l\unit as an image-ID count of 254. If the value of the image-ID count is zero, it shall be regarded

ONtrol ur asS al lmage-1D count O . ne COoNntrol-ur mage 1D shall pe sel 10 Zelro Dy 1

by the
channel 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 U is sent to confirm successful completion
of the TINC function, the function performed by the TIR IU is defined as the TINCR function. The TIR
; s " o . o e with it 7 of biiezeroq rk-coNntrol-
nformation field set to zero. The TINCR function is indicated when the TIR U contains a link header
vith bit 7 of byte zero of the link-control-information field set to one. A TIR IU shall be sent,only as a
esponse to a TIN IU that is accepted.

he TIR and TINCR functions are described in the following sections.
5.4.8.2 Test Initialization Result Function

[he test-initialization-result (TIR) function shall confirm the successful(completion of the TIN fupction
hnd shall indicate which logical paths are considered established{for the channel or contr¢l unit
berforming the TIR function. The TIR function shall be specified(injeither basic or extended mqde as
etermined by the value of the image-ID count field contained in-byte one of the link-control information
ield. If the value is zero, a basic-mode TIR function is specified. If the value is non-zero, an extended-
mode TIR function is specified. The TIR IU for the TIR function shall contain a link header with p link-
control field specifying hex '01' with bit 7 of byte zero 6f'the link-control-information field set to zero.

he TIR function shall be performed by sending a“IR IU that specifies the TIR function. A basicimode
R function shall be sent in response to a basic-mode TIN function and may also be sent in response
0 an extended-mode TIN function. A basjc-mode TIR function may be sent in response to a|TINC
unction when the control unit does not support the FC-SB-6 TINC function. An extended-mode TIR
unction shall only be sent in responsé to an extended-mode TIN function; otherwise, a linK-level
protocol error shall be recognized.

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

f a channel sends the'basic-mode TIR function, the channel image ID field shall be set to zero py the
channel and ignored by the control unit. The control-unit image ID field shall be the same as the
control-unit image’ID field received in the TIN function. If a control unit sends the basic-mode TIR
unction, the‘channel image ID field in the SB-4 header shall be the same as the channel imgge ID
ield receivedin the TIN function, and the control-unit image ID field shall be set to zero by the dontrol
Linit andignored by the channel.
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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

The lpgical-path field shall indicate whether each of the 256 possible logical paths are considereg
established. There is a bit in the logical-path field for each _possible logical path that may be
established with the source of the TIN function. Each bit shall correspond to an image ID. Starting with
bit 0, word 0, logical addresses 0 through 255 are assigned‘in ascending order. The bit for a logica
addrelss corresponding to a logical path shall be set to on€ if that logical path is established and shal
be sef to zero otherwise (see 3.3.3 for a definition of the\SB-4 bit numbering convention used in table
5).

When the basic-mode TIR function is receivediin response to a TIN function and one or more logica
paths|are indicated as not established whenthey were previously considered to be established, a test
initial{zation-result error shall be recognized. If one or more logical paths are indicated as being
established when they were previously-considered not established, a test-initialization-result erro
shall be recognized. For recovery from a test initialization result error, see 11.2.9. If a test-initialization
result|error is not recognized, no action shall be taken.

Whenr| an extended-mode IR function is sent, the link-control DIB shall contain a link header with thg
link-control field specifyingthe TIR function, an 8-bit image-ID count value contained in byte one of the
link-cpntrol information’field, and a logical path field in the link payload. The contents of the link
paylogd shall specify the logical paths that are recognized as being established by the receiver of thg
extended TIN function, and which correspond to the range of image IDs specified in the receiveg
extended TIN.function. The image-ID count indicates the range of logical paths contained in the
respgnse(starting with the control-unit image ID or channel image ID specified in the TIN being
respohded to and mcrementlng to the smaller of a) the extent speC|f|ed by the 8 bit |mage ID coun

control-unit image or channel image ID of 255. The |mage ID count field shall be mterpreted 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 in
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

n the example of table 7, the logical-path field indicates whether each of the 65,024 logical paths are
considered established.

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

The THNGRSfunretion-shall-be-perermed-by-sendingaTHRIHJthe
function shall be sent only as a response to a TINC function.

Whenrl a TINCR function is sent, the link-control DIB shall contain a link header with the link-contro
field gpecifying hex ‘01’ and bit 7 of byte zero of the link-control-information field set to one;-a logica
path fleld in the link payload, and an 8-bit image-ID count value contained in byte one of the/link-contro
informpation field. The image-ID count indicates the range of logical paths contained.in the responss
starting with the channel image ID specified in the TINC being responded to and, incrementing to thg
smallér of a) the number of images specified by the 8-bit image-ID count value“contained in byte one
of the] link-control information field of the TINC function, or b) a maximum ¢hannel 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 254. If the image-ID count value is zero of greater than 254, a link-leve
protogol error shall be recognized.

The cpntents of the link payload shall specify the logical paths that are recognized as being capable
of beipg established by the control that received the TINC fdngtion and which correspond to the rangg
of 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 header'shall be 32 times the value of the image-ig
count|field, and may vary between 32 and 8128 bytes'(see table 7 for an example and definition of the
formatt of the logical path field).

The channel image ID in the TINCR shall be’the same as the channel image ID received in the TING
functipn and the control-unit image ID_shall be set to zero by the control unit and ignored by th¢
channel.

An example of the link payloadforra TINCR function which would be returned in response to a TING
functipn with an image ID field s&t to zero and an image-ID count field set to 254, is shown in table 7
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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

n the example of table 7, the logical-path field indicates which of the 65,024 logical paths can be
pstablished with the control unit,”and includes logical paths that are already established.

he first 256 bits of the logical path field shall relate to the set of logical paths corresponding to the first
source image ID, and continuing, logical paths 256-511 shall correspond to the second source [mage
D, and subsequent groups of 256 logical paths likewise shall correspond to consecutively incrgasing
source image IDs.(The bit for a logical address corresponding to a logical path shall be set toone if
hat logical path‘is’capable of being established or is already established with the channel thgt sent
he TINC funetion; otherwise, the bit shall be set to zero.

5.4.9 _Link-Level Reject

e dink-level-reject (LRJ) function shall be performed when a command-mode initiation Iy was
ecelved 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 IU, the control unit sends a
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 1U when a
logical 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;

¢) [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
busy IU or an FC-FS-4 primitive sequence.

An LRJ IU shall also be sent by a channel as the response to an ELP [Uyeceived with a TYPE field of
hex'1B’, provided all of the above conditions are satisfied and any of the following conditions arg
satisfied:

a) [The channel does not support CTC connection or_doges not support CTC connection for thg
requested logical path (see 6.4.2);

b) |The channel is not waiting for a response from*an ELP IU previously sent to the channel fron
which it received the ELP IU, and the CTC-counter field of the received ELP IU contains a valig
CTC counter value which is less than the number of CTC connections for which the channel ig
providing the emulated control unit functionality (see 8.12.2.4);

c) [The channel is not waiting for a<tesponse from an ELP IU previously sent to the channel fron
which it received the ELP |U;‘the CTC counter field of the received ELP IU contains a valig
CTC counter value which-is.equal to the number of CTC connections for which the channel ig
providing the emulated-.control unit functionality, and the N_Port ID of the channel is less thar
the N_Port ID of the.channel which sent the received ELP IU;

d) [The channel js‘waiting for a response from an ELP IU previously sent to the channel fron
which it received the ELP 1U, and the CTC counter field of the received ELP IU contains a valig
value whieh 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 fron
which it recelved the ELP IU, the CTC counter fleld of the received ELP U contalns a vaI|c

N_Port ID of the channel is less than the N_Port ID of the channel which sent the rece|ved ELP
IU.

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.

70

© ISO/IEC 2020 - All rights reserved


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

ISO/IEC 14165-226:2020(E)

INCITS 544-2018

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
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#d. This

Vhen a channel sends the LRJ IU, the only valid reject-reason codes shall be-*000 0110’b,
corresponding to the logical path not established reject-reason code, and ‘000 1001¢h,-correspdnding
o protocol error reject-reason code, respectively. All other reject-reason codes shall be res¢rved.
/Vhen a control unit sends the LRJ U, the only valid reject-reason code is ‘000:0110’b, correspdnding
o the logical path not established reject-reason code. All other reject-reason 'codes shall be resgrved.

he protocol error reject-reason code is used by the channel to indicatejan error condition if an ELP
U with a type code of hex’1B’ is received. The logical path not established reject-reason code i used
by the channel and the control unit when a logical path not established error condition is detected.

Bit zero and bits 8-15 of the link-control-information field shall be reserved for future use; thede bits
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 LRJMU is received with a reserved reject-reason-code
alue.

5.4.10 Link-Level Busy

he link-level-busy (LBY) function shall;be performed to indicate that a command-mode initiatjon IU
vas received and discarded by a channel or control unit because of a link-busy condition. Th¢ LBY
unction shall be performed by sending an LBY U to the source of the IU which was discarded. The
ink-control DIB shall contain a'link header with a link-control field specifying the LBY function gnd no
ink payload. The link-level-busy function is not supported in transport mode.

he channel and contrel-unit image ID fields shall be set to the corresponding values in the [IlU for
which the LBY IU.is being sent. If the IU for which the LBY IU is being sent contains other than g link-
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 device
hddress shallibe provided. If the AS bit is set to zero in the IU for which the LBY is being sent, the AS
it shall be.set to zero in the LBY |U.

An L BY"IU shall be sent as a response when an IU is not accepted because of a link-busy confition.
Link-busy conditions for which the LBY IU is sent shall be temporary conditions which cause an
nitiation 1U 1o be discarded such as when a seli-initiated tunction Is being periormed or when an FC-
SB-6 resource required for the reception of the initiation 1U 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 IU is received in response to an initiation U a temporary busy condition shall be
recognized, and the link-level or device-level function may be immediately retried or retried at a later
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error 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 is not part
of the execution of an /O operation

The initialization process may be thought of as a series of hierarchical steps.
For tHe channel, the steps of the initialization process and their associated procedures are:
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 procéss login is supported by the channel ahd control
unit; and

7) |channel logical-path-establishment proceduré:
For tHe control unit, the steps of the initialization process and their associated procedures are:
1) [link-initialization procedure:
2) |control unit login proceduré;
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) [coatrol unit logical-path-establishment procedure.

If a procedure encounters an FC-LS-3 or FC-SB-6 response indicating a busy condition, the procedure shall 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
which was previously considered operational is now not operational because of an FC-LS-3 link-failure
condition, then the channel N_Port is implicitly logged out with the N_Port or F_Port at the other end of the link,
and if thg FC-FS-4 link failure condition persists for longer than SB_TOV, it removes any logical fpaths
establishgd for that link, and may discard the neighboring-node identifier or may consider the identifier|to be not
current. Fpr this situation, the initialization process would start again with the link initialization procedure(when
the FC-F$-4 link failure condition no longer exists.

A Registdred State Change Notification (RSCN) ELS command received from a Fabric“Controller or N_Port
which corjtains the N_Port ID of a channel or control unit for which the recipient of the’/RSCN considers the
initialization process complete, may cause a test-initialization U or RNID ELS command to be sent in order to
verify the|effect of the state change on previously established logical paths. If'the test-initialization-reqult 1U
confirms that logical paths previously established by the initialization proeess are no longer consifered
establish¢d, the procedures shall be attempted, beginning at the appropriate step within the initialization-
process hjerarchy, to reestablish the logical paths.

An RSCNIELS command received from a Fabric Controller or N_Portwhich contains the N_Port ID of a channel
or control|unit for which the recipient of the RSCN considers theTinitialization process incomplete, may cquse a
test-initial|zation IU or RNID ELS command to be sent in orderto’verify the effect of the state change on lpgical
paths prgviously established. If the test-initialization-response IU confirms that logical paths prev|ously
established by the initialization process are no longerconsidered established, the procedures shgll be
attempted, beginning at the appropriate step within.th€’initialization-process hierarchy, to reestablish Ipgical
e test-initialization-result IU confirms that logical paths previously established are still valid, thén the
incomplete step shall be retried, andif successful, the next step in the hierarchy shall be attempted
bgical path that is required on the ehannel path but that is not yet established. If the retry do¢s not
result in the successful completion of the initialization process, the recipient of the RSCN shall continue to
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 previou$ step
within thelinitialization process and the existing node-identifier of its neighbor is valid, the N_Port shall get the
flag-field hode-ID-validity code to the value 1 (node-ID is valid but may no longer be current) in the|node
descriptor for the affected\neighboring node.

NOTE 18 — Many of‘the processes used during initialization require the appropriate action or response be taken within a
prescribgd period.ofitime. The values selected for these periods of time are significantly greater than the wordt-case
propagation defay* In order that these time values not be compromised, it is important that each component in the path
be desighed to ¢ontribute the minimum amount of delay and that no one component in the path use a significant portion
of the allewed time value It should also be recognlzed that factors other than those dlrectly assoolated wlth the
proceduke-beirgperfermed Y-St O owed—Fe ple—when-propagating e-thrdugh a
Fabric, the time required to route the frame through the Fabrlc should be taken mto 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
For a channel, the initialization process consists of the following procedures: link initialization, channel login and

securjtyattribute determination _channel node-identifier acquisition channel state-change registration, channel

link-incident-record registration, process login when supported by the channel and control unit, @ad channel
logicql-path establishment.

7.3.2| Channel Login and Security Attribute Determination
7.3.21 Overview

The N_Port of a channel shall attempt to perform channel login and security attribute determinatior] following
the completion of link-initialization. Channel login and security attribute detérmination consists of thfee steps:
Fabri¢ login, channel security attribute determination, and N_Port login. The login protocol is descrilbed in FC-
LS-3 ¢lause 6.

7.3.2.2 Channel F_Port Login

The N_Port of a channel, including the N_Port of a channeklproviding CTC connection, shall initiate channel
login by sending an FLOGI ELS command with S_ID=hex'00 00 00’ and D_ID=hex’FF FF FE'. The command
shall pe sent using Class 2 service, and support for.€lass 2 and Class 3 shall be indicated in the service
paraneters. If the channel is attached to a Fabric, the\response from the Fabric assigns the channel an N_Port
ID (Amnex A, "Fabric Address Assignment”, deseritbeés an address assignment scheme which allows fhe use of
simplified configuration record formats). If an accept response is received, and if support for sequentigl delivery
and Classes 2 and 3 service is indicatedgthen the channel shall proceed with channel security attribute
deterinination. If errors prevent the successful receipt of an accept response, or if the service paramelers of the
response do not indicate support forxsequential delivery and Classes 2 and 3 service, further stéps in the
initialigzation procedure shall not be performed.

If the N_Port of a channel receives an FLOGI ELS command before it is able to send an FLOGI ELS ¢gommand,
or if the response to the ELOGI ELS command indicates that the channel is not attached to a Fabrig, then the
N_Port of the channel shall proceed with N_Port login instead of F_Port login or Channel Security Attribute
Determination.

7.3.2.3 ChannelSecurity Attribute Determination

After fhe N~ Port of a channel (including a channel providing CTC connection) has completed Fabrid login in a
multi-switch Fabric configuration, the N_Port of a channel shall perform channel security attribute deteymination.
In singte=switehFabric-cor |f;HU|at;U| 1S3 chantetsectt |ty attribtte-determinationtsrot |cqu;|cd, and-further StepS
of 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

security aftribute determination, or if the attempted Fabric login has revealed that the N_Port of the~channel is
directly aftached to another N_Port, the N_Port of the channel shall perform N_Port login. Whén, perfgrming
N_Port login, Class 2 service shall be used, and support for the following features shall be indicated:

After the I_Port of a channel (including a channel providing CTC connection) has completed Fabric login and

a) Clagses 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_Plort of the channel is directly attached to another N_Port, the NCPort of the channel shall perforn login
only with the attached N_Port. If no errors occur during N_Port loginiand if support for Class 2, Class 3, and
continuously increasing relative offset for solicited data information/category is indicated, then the cHannel
considers|N_Port login successful, and further steps in the initialization process shall be performed. If prrors
occur, if sppport for Class 2 and Class 3 is not indicated, or if‘ssupport for continuously increasing relative|offset
for solicitgd data information category is not indicated, then.the channel considers N_Port login unsuccessful,
and furthgr steps in the initialization process shall not be performed.

7.3.2.4.3 |Channel N_Port Login: Fabric Configurations

If the N_Rort of a channel is attached to a Fabric, then after F_Port login and security attribute determipation
are complete, the N_Port of the channel shall initiate N_Port login with the N_Ports of each control unit which
is configured to the channel, with eachlehannel which supports CTC connection which is configured fo the
channel, with the management sefver, and with the Fabric Controller as required in further steps |n the
initialization process. When an injtialization procedure requires communication with an N_Port with whi¢h the
N_Port offthe channel is not logged in, then the N_Port of the channel shall initiate N_Port login with that N_Port
before pefforming the procedure. The channel also performs N_Port login with a control unit if it recejves a
PLOGI EUS from a control unit.

If no errons occur during N_Port login, if support for Class 2 and Class 3 is indicated, and (for the case of login
with a coptrol unitior with a channel which supports CTC connection) if support for continuously incrgasing
relative offset for'solicited data information category is indicated, then the channel shall consider N_Port login
successful with respect to the N_Port, and further steps in the initialization process with respect to that N_Port

h ” b - pu | $lo H +lo la ] laall HA | AN_D Yo | H H 'y ey £, d
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further 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.

If, an Q_R IT is received in response to the RNID FI S request to the neighbaring node _or if errors occur which
prevent the N_Port of the channel from sending the RNID ELS request or receiving the requésfed node-
identifier, the channel shall consider node-identifier acquisition of its neighbor unsuccessful (see FC-LS-3 for
informpation on LS_RJT).

When the channel is attached to a Fabric, the channel shall continue the initialization process even if the attempt
to acquire the node-identifier of its neighboring node was unsuccessful. The lack of success in acquir|ng a valid
and clrrent neighboring-node identifier shall not prevent the establishment of logical’paths or the execution of
link-lgvel and device-level functions. See 7.3.3.2 for handling of node-id acquisition failure in a poipt-to-point
configuration.

The rItry attempt to acquire the neighboring-node-identifier may be deferred for a link error, or an FC-.S-3 busy
or reject indication. When the neighboring-node identifier is received{a,channel that checks the node-descriptor
flags field shall perform the following actions.

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

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

1) 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 descriptor
with an indication that the node-identifier is not current, or maintain an indication that|the node
descriptor of its neighbor is nétvalid, or

2) Not check the existing-hode-descriptor node-ID-validity code and maintain an indication thaf the node
descriptor of its neighber is not valid.

Wher| the node-ID-validity, code is not zero, the channel shall retry channel node-identifier acquisitjon until a
valid node descriptor is acquired. If there is reason to suspect that subsequent retries may not be sluiccessful,
the npde-identification procedure shall be suspended. If the channel has to provide node descriptors in a
functipn such asJdink-incident reporting prior to acquisition of a valid and current node descriptor, the channel
shall $end the nede descriptor of its neighbor with a node-ID-validity code of 1 or 2, as appropriate.

NOTE 19 When a channel checks the nelghbor-node descriptor flag field and recognlzes that the node- ID -validity code
i k previously
establlshed the node descriptor of its nelghbor and if valld and not current, maintain the existing 32-byte node descriptor
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 actions taken by the channel when issuing the RNID ELS to a control unit are as follows:

a) If alh error occurs which prevents the channel from sending the RNID ELS request, or if the RNID\ELS is
senf but no response is received or an LS_RJT is received, the channel shall consider node-idgntifier
acqpisition of the control unit unsuccessful. Initiative to issue the RNID ELS to the control unit may be
perijodically re-established and is re-established when a condition occurs such as anCRSCN fpr the
control unit that indicates conditions at the control unit may have changed. The lack of succgss in
acqliring a valid and current control unit node identifier shall not prevent the establishment of Ipgical
paths or the execution of link-level and device-level functions.

b) If tHe RNID ELS request to a control unit N_Port completes with an L8~ ACC and both the follpwing
conflitions are true:

1) the node-ID-validity code is zero in the node descriptor providédyin 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 priorto establishing logical paths to the contrpl unit
(see 7.3.6).

c) In 4dll other cases, the channel does not perform process login with the control unit and attempts to
estgblish logical paths to the control unit.

7.3.4 Channel State-Change Registration

The chanpel state-change-registration procedure enables the N_Port of a control unit or channel supporting
CTC connection (in a point-to-point-configuration), or the Fabric Controller (in a Fabric configuration) td send
registered-state-change notifications-to the N_Port of a channel (see 6.3.6).

If the N_Fort of a channel,(including a channel supporting CTC connection, is directly attached to another
N_Port, tHe N_Port of the €hannel shall register for state-change notification by sending the SCR ELS command
to the attached N_Port;\however, if the channel is already registered to receive state-change notificatipns, it
need not ffe-register.f the channel, including a channel supporting CTC connection, is attached to a Fabrijc, the
N_Port ofthe channel shall register for state change notification by sending an SCR ELS command to the Fabric
Controller; however, if the channel is already registered to receive state-change notifications, it need not re-
register. For/additional information on the SCR ELS command, see 6.3.7. After accepting the SCR ELS
command;—thetabric-Controtte ds—anR N commanato-theN_rorto a when other
N_Ports have potentially changed their states. When an accept response to the SCR ELS command is received,
all IlUs 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
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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 which
the channel completes the N Port login procedure: however link-incident record registration is not required to

be pefformed with other channels providing CTC connection.

If the N_Port of a channel receives an accept response to the LIRR ELS command, the channel shall consider
link-incident-record registration successful with respect to the N_Port to which the request.was sent, and the
channel shall continue with further steps in the initialization process with respect to that N” Port. If ah LS_RJT
is recpived in response to the LIRR command, or if errors occur which prevent the.N) Port of a chgnnel from
sendipg the LIRR ELS command to an N_Port or receiving an accept response, the.channel shall corsider link-
incidgnt-record registration unsuccessful with respect to the N_Port, and the*channel shall continue the
initialigation process even though link-incident-record registration with the N”Port was unsuccessful.|When the
channel considers link-incident record registration unsuccessful, it is allowed to register for another type of link
incidgnt record, or for common link-incident records.

7.3.6 | Process Login

When the channel supports transport-mode operation, the/N\Port of the channel shall attempt to perform an
FC-SB-6 process login with each control unit N_Port that/is"configured to the channel that supporty FC-SB-6
proceps login as indicated by the node descriptor provided by the control unit (see 6.3.14).

The channel shall initiate the FC-SB-6 process logifY by sending a PRLI ELS request that specifies the FC-SB-
6 typg code to the control unit. If an LS_ACC response is received for the PRLI, logical path establishment (see
7.3.7) shall be performed with the control unit;"otherwise logical path establishment shall not be perfdrmed with
the cantrol unit.

FC-SB-6 process login allows the channel and control unit to exchange various operating parameéters (see
6.3.14), including whether the channel and control unit support transport-mode operation.

7.3.7| Channel Logical-Path Establishment

The last initialization procedure performed at the channel is the establishment of logical paths bejween the
chanrjel images sharing the N_Port and the control-unit images configured to the channel images. THe channel
logicdl-path-establishment procedure creates, at the channel, the information necessary for a particular channel
imagg to communicate with a particular control-unit image to perform 1/0 operations.

The channel shall initiate the establishment of the logical path by sending an ELP IU. If the control ynit is able
tO fOf md :UH'\JG: path bUtVVCGII thc \Jhallllc: ;IIIGHG GIIGl UUIItIU: Ull;t ;IIIGBU, It oha” ICOPUIId vv;th tl e LPE IU
indicating that the request is accepted and the logical path has been established; otherwise, it shall indicate 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 cll\annel detects an error for which the recovery action includes removing the logical path (see(1].3.2).

When a Iggical path is not established, the channel shall not perform device-level functions and protocols with
respect tg the corresponding control-unit image.

When the|channel is initialized, one or more attempts to establish a logical path with eagh’¢ontrol-unit image in
the chanrel-path configuration shall be made. The number of times beyond one that'the channel attempts to
establish the logical path for a control-unit image during initialization is model dependent.

A logical gath may be removed by a control unit because of an FC-SB-6 link failure, a logical path timeout|error,
an FC-SB}6 offline condition, or a condition internal to the control unit; whenthis occurs, it may be asynchrpnous
to the aciivity of the channel (see 11.3.2). If the control unit is not actively communicating with the cHannel
image, th¢ channel may not be immediately aware of the loss of the logical path. When the channel imagg later
attempts [to perform a device-level function using the logical path, abnormal conditions which affeft the
initialization of the channel are encountered (see 11.2.8).

During th¢ initiation of a device-level function for a device orcontrol unit, if the channel determines that a lpgical
path, whigh it considers to exist, is to be removed, then the‘Channel shall consider the device or control ufit not
operational with respect to the logical path and shall terminate the device-level function on this logical path. The
channel shall also recognize a not-operational condition for all other devices for which an 1/0O operatioh was
active or disconnected with respect to that logicat path. All other devices associated with the logical path that is
removed $hall not be affected.

During the initiation of a device-level funetion for a device or control unit, if the channel determines that the
logical path was previously not established, the channel shall attempt, by means of the initialization procgss, to
establish|the logical path before performing the device-level function. If the logical path is succegsfully
establishgd, the channel shall proceed to attempt to initiate the device-level function if the device-level fupction
is still pending. If the initialization process is terminated during the initiation of the device-level function, the
logical patth shall remain ot established and the channel shall consider the device or control unit to lhe not
operational with respectto that logical path.

7.4 Initialization\Process for a Control Unit

7.4.1 Coantrol Unit Initialization Overview

For a control unit, the initialization process consists of the following procedures: link initialization, control unit
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
accept response is received, and if support for sequential delivery and Classes 2 and 3 service is indicated, then
the ¢ i i i initializati uccessful
receift of an accept response, or if the service parameters of the response do not indicate support for$equential
delivgry and Classes 2 and 3 service, further steps in the initialization procedure shall not be perfornjed.

If the[N_Port of a control unit receives an FLOGI ELS command before it is able to send an FULOGI ELS
commnjand, or if the response to the FLOGI ELS command indicates that the N_Port‘of'a control pnit is not
attached to a Fabric, then the control unit shall proceed with N_Port login instead of-F)Port login.

7.4.2.2 Control Unit N_Port Login
7.4.2.2.1 Control Unit N_Port Login Overview

After the N_Port of the control unit has logged in with the Fabric, or. if-Fabric login has indicated that the N_Port
of thg control unit is directly attached to another N_Port, the céntrol unit shall perform N_Port login. When
perfofming N_Port login, Class 2 service shall be used and support for the following features shall belindicated:

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

If the N_Port of the control unit is directly atiached to another N_Port, the N_Port of the control unit shall perform
login With the attached N_Port; however) for the case of an emulated control unit, the N_Port of the ghannel is
the same as the N_Port of the contrel unit, and N_Port login is not repeated on behalf of the N_Rort of the
emulgted control unit. If no errors'@ecur during N_Port login, and if support for Class 2, Class 3, and coptinuously
incregsing relative offset for solicited data information category is indicated, then the control unit |considers
N_Port login successful, and further steps in the initialization process shall be performed. If errorg occur, if
suppqrt for Classes 2 and\3 is not indicated, or if support for continuously increasing relative offset fgr solicited
data ipformation category is not indicated, then control-unit login is regarded as unsuccessful, and further steps
in thelinitialization+proc¢ess shall not be performed.

7.4.22.3 Control Unit N_Port Login: Fabric Configurations

If the [N&Port of the control unit is attached to a Fabric, then after F_Port login is complete, the N_Fort of the
controtunit-shaltnitiate N_Pui‘t :UH;II with-the—+abric-Controfter-as |c\.|u;|cd i-farthet otcpo i-the—tnitialization
process (see 7.4.3 and 7.4.4). When an initialization procedure requires communication with an N_Port 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 ne|ghbor|ng -node identifier. If the N Port of a control unlt |s attached to another N_Port, the N_Port of the
control u
other N_|

unit wher¢ node-identifier acquisition is performed by the channel. If the N_Port of the control unit-is lattached
to a Fabrig, the N_Port of the control unit shall attempt to acquire the neighboring node identifier by, sendjng an
RNID ELS command to the Fabric Controller as soon as it has completed N_Port login with the Fabric Confroller,
except in the case of an emulated control unit, where node-identifier acquisition is performed by the ctannel
(see 6.3.9 for additional information about the RNID ELS).

When thel recipient of the RNID ELS command is able to provide node-identification"data of type FC-SB-6, it
shall resgond with the node-identifier and a flag indicating the validity of theode-identifier. The preferred
implementation is for the neighboring node to immediately return a valid nodesidentifier.

If an LS_RJT is received in response to the RNID ELS, or if errors occur,Which prevent the control unif from
sending the RNID ELS request or receiving a reply containing the requested node-identifier, the control unit shall
consider mode-identifier acquisition of its neighbor unsuccessful.

The contrpl unit shall continue the initialization process even.if the attempt to acquire the node-identifigr was
unsuccesgsful. The lack of success in acquiring a valid.and current node-identifier shall not prevent the
establishment of logical paths or the execution of link-level-and device-level functions.

A control linit 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[node
desEriptor as the node descriptor ofsits’neighbor, and control unit node-identifier acquisition is complete.

b) When the node-ID-validity codeis’not zero, the control unit shall either:

1) LCheck the existing node-descriptor node-ID-validity code if it had previously established the| node
Hescriptor of its neighbor, and, if valid and not current, maintain the existing 32-byte node des¢riptor
vith an indication)that the node-identifier is not current, or maintain an indication that the|node
Hescriptor ofts neighbor is not valid, or

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

When the'node=tb va:;d;ty codeishot Zero; the-controtunitshattrett VAR trotunitnode=identifiet auqu;o;tt until
a valid node descriptor is acquired. If there is reason to suspect that subsequent retries may not be successful,
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.

7.4.4 _Cantrol Unit State-Change Registration

The dontrol unit state-change-registration procedure enables the N_Port of a channel (in a point-to-point
configuration) or a Fabric Controller (in a Fabric configuration) to send registered state change notif{cations to
the cgntrol unit (see 6.3.6).

If the N_Port of a control unit is attached to another N_Port, the N_Port of the contro}-Unit shall registef for state-
change notification by sending the SCR ELS command to the other N_Port except.in the case of an|emulated
contrgl unit where state-change registration is performed by the channel, or in the’case in which the dontrol unit
is alrdady registered to receive state-change notifications. If the N_Port of the'control unit is attached t¢ a Fabric,
the N| Port of the control unit shall register for state-change notifications.by sending an SCR ELS command to
the Fabric Controller, except in the case of an emulated control unit, where state change registration |s done by
the channel, or in the case in which the control unit is already registered to receive state-change nofifications.
For aglditional information on the SCR ELS command, see 6.3.%_After the SCR ELS command is jaccepted,
RSCN ELS commands are sent to the N_Port of the control unit'when other N_Ports have potentially changed
their gtates. When an accept response to the SCR ELS cemmand is received, the control unit shall consider
state-change registration successful, and all IUs containing'link-level information which are allowed fofr a control
unit npay be sent. If errors occur which prevent the sending the SCR ELS command or receiving pn accept
response, the control unit shall consider state-change registration unsuccessful and shall not proceed with
further steps in the initialization process.

7.4.5| Process login

A corftrol unit that supports FC-SB-6x«process login shall perform FC-SB-6 process login when a PRLI ELS
request with an FC-SB-6 type codevis-received from a channel. The control unit responds to the PRLI request
with gn LS_ACC response with-FC=SB-6 process login operating parameters (see 6.3.14), including whether it
suppqrts transport-mode operations. When any of the operating parameters provided by the control ¢init during
proceps login change, the_control unit shall send a PRLO to perform explicit process logout (see 6.3]15).

7.4.6 | Control Unit Logical-Path Establishment

The dontrol unitishall attempt to establish a logical path when a link-control IU containing a requgst for the
establishment'of a logical path between a specified channel image and control-unit image is recqgived. The
contrgl-unit-logical-path-establishment procedure consists of either accepting or refusing the requesied logical
path. |lfthe control unit is able to accept the specified logical path, it shall respond with a link-gontrol U
conta ||;||y an-indication-that-the lcqucot I~ auucptcd and-the :uy;ua: path hasbeen cotab:;ohcd, ot erWise, it
shall indicate 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

rem

oved (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

When a I¢
with respe

NOTE 2
is not eq
recogniti
devices

or the dd

control unit is powered off.

gical path is not established, the control unit shall not perform device-level functions .and pro
ct to the logical path.

b — A logical path may be lost and reestablished without the recognition of an error condition. When a logic
tablished, the equivalent of a system reset occurs with respect to that logical path. This reset withd
bn of an error condition is acceptable only because there is an explicit requirement'for'all FC-SB-6-1/0-in
o provide reset-event notification (see 9.6). If a logical path is removed, either the'program is aware of th
bvice reports that a reset has occurred. The report occurs only if the logical path is reestablished and

operation is initiated to the device on the logical path.
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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
(IlUs) 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-FS-4

Hna-ecaniral-bita-—cat o 0000k
OOty CUTTroTr OSSO~ UUUUUT

[his standard makes use of seven of the FC-FS-4 information categories: the unsolicited~command
U, the command-status IU, the solicited-data IU, the unsolicited-data IU, the solicited-cantrol IlJ, the
insolicited-control 1U, and the data-descriptor IU.

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

his subclause defines the information category a channel or controKunit uses when it sends gn FC-
5B-6 1U, and the placement of the |U within an exchange. All of the allowed information categorigs and
blacements within an exchange of FC-SB-6 |IUs are summarized in table 8 and table 9. When a
barticular |U is sent, however, its information category and.its placement within an exchang¢ may
Jepend on the conditions under which the IU is sent. For those cases in which such a depenflency
bXists, rules define the conditions under which an information category is used and the conditions
inder which the U starts or ends an exchange. Rules for IlUs which contain device-level functiops are
piven 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/IM Unsolicited command H
T o 2 E Unsolicited command T3
anspert-Cormman f Unselicited-command FH
Data' M Solicited data H
Transport Data? M Solicited data T
Control’ F Unsolicited control H
Control’ F /M/ L/FxL Solicited control H
Transport Confirm? L Solicited“Gontrol H
Link-Control (request) F Unselicited 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
FixL: IU opens and closes an exchange
H: IU Sequence initiative held or.last'sequence
T IU Sequence initiative transferred
Notes
1t Sent only in command mode.
g- 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
T £, R A Data docerintar T
TTAarmoret |\Uauy wi =4 = L " Bav Awge L) | I'.IL\JI 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 Commiand 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 lastrsequence
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 unsdlicited
command U as the first or middle sequence of an exchange, depending on whether therg is an
exchange already open for that device. The exchange shall be left open.

b) Alstatus 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 It sent on an existing exchange or
if sent as an initiation IU in direct response to an initiation IU from the channel. The data IU
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 Siatiic chall ha cant ac An tnfarmatinn ~Antanam, noaliotad Aata if i 1o onnt Ao an initiatina ||
otTto oo o o ot Tt oo T T O ot o ot C G Oy oo oo oot to— o Tt oo o tror g

and is not a direct response to an initiation 1U from the channel. The inbound exchange shall\bg
left open.

e) |A control unit shall not send a status DIB for any specific device, on the same logical-path, or
more than one exchange at the same time.

f) [If a channel sends an initiation IU containing a device-level control function ‘ora command to &
device on a logical path and simultaneously a control unit sends an initiation IU as informatior
category unsolicited data containing status for the same device on thé same logical path, ther
the control unit shall send a response to the initiation 1U using the €xisting 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 andshall wait for another |U on theg
inbound exchange from the same device which contains a_response to its initiation 1U.

8.2.3 | Rules for Device-level Functions in Transport Mode

a) |A channel shall send a transport-command JU.as an unsolicited command IU as the firs
sequence of a transport exchange. The exchange shall be left open and sequence initiative fo
the transport exchange shall be transferréd 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 4
write transport-data IlU immediately following the transport-command IU. The transport-data IU
shall not contain an amountof-data that exceeds the amount of data allowed for a first write
transport-data IU when firststransfer 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\fransport-command IU from the channel. The transport-response U containing
the status.shall close the transport exchange unless confirm completion (see 8.17) is requireg
for the transport-response IU. When confirm completion is requested, the exchange shall bg
left pen and sequence initiative for the transport exchange shall be transferred to the channel

d) VWhen a transport exchange 1S open 1or a Specific device and fogical 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 the

channal vvaite for o 11 £fenn tha Ol ] oot 1o v oo ta tha acoara o a 111 oAl
CTIarT T WwantS 1o art 1O o o OO STt i ToIPUTSTCTO e U riat o 1o, arra

4) The control unit shall respond to the stack status control IU with a DACK controkId ¢n the
existing inbound exchange and then shall either perform the transport operation specified
by the transport-command IU from the channel or presents the stacked status witH busy
status in the transport-response IU on the transport exchange.

8.3 FC-SB-6 IU Structures

FC-SB-6 1Us used to perform operations in command mode use a uniform U structure as shqwn in
igure 16 and described in the following sections. The format of K€-SB-6 IUs used to perfoqm /O
bperations in transport mode are shown in figure 17 and described)in the following sections.

Command mode FC-SB-6 IUs all contain an 8-byte FC-SB-6:header followed by an 8-byte IU h¢ader.
mmediately following the IU header is a field referred to’as'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 of
ongitudinal-redundancy check (LRC - see 8.6.3). For certain DIB types, a variable length DIB data
ield may immediately follow the LRC. The maximum length of the DIB data field shall be 8160 pytes.
Six different DIB types are defined; they are;-the data DIB, command DIB, status DIB, contrdl DIB,
command-data DIB, and link control DIB. Jhe type and structure of the DIB is determined by pits in
he information unit identifier (1UI) field of the IU header (see 8.5.2).

here are five types of FC-SB-6 |Us defined for transport-mode operations: transport-cominand,
ransport-response, transport-data, transfer-ready and transport-confirm IUs. FC-SB-6 trangport-
command and transport-respense |Us contain the 8-byte FC-SB-6 header; the transport-data IJ, the
ransfer-ready IU and the gransport-confirm |U do not contain an FC-SB-6 header and rely on the fully
hualified exchange identifier (FQXID) associated with the transport exchange to identify the Ipgical
bath and device. The . FQXID is provided in the FC-FS-4 header and is composed of the source port
dentifier, the destination port identifier, the OX_ID field value, and the RX_ID field value (see FC-FS-

1).
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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 IU with command DIB
C'SB'G iU CUIIIIIIdI Id 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 Rad 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*BIB
C-SB-6 U Status LRC Supplemental Status Pad CRC
Header | Header Header
(8) (8) (12) 4) (0-32) (0-3)  (0/4)
-C-SB-6 solicited/unsolicited gontrol IU with control DIB
-C-SB-6 U Cohtrol 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)

‘ Legend: see following 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 [Final
Pad—-ICRC
(013Y'[(0/4)
total length = 0 - (4 gigabytes minus 41)
FC-SB-6 transport-data U (write transfer)
CRCor [COB|COB| TCA TCA | TCA Data Inter- | Inter- Data Final [Final
Extende | or | or |Extension| X X mediat | mediat Pad [CRC
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:

1See[9.3.2 for restrictions on the data byte count for read and write transfers.

25e¢ 8.13.5.2.1.2fora description of when the CRC Offset Block (COB) or extended CRC Offset

Block (eCOB) fields are provided.

3Se¢ 8.13.5.2.1.3fora description of when the TCA Extension (TCAX) fields are provided:

4 Mu tiple intermediate pad and CRC words may be provided in write transport-data |Us\during an
opdration that performs write data transfer. For an operation that performs read datatransfer, a
single CRC word is provided for read data transferred in all read transport-data |Us.

Figure 17 — IU Payload Structures for Transport-Mode IUs
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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.

13.4.2 FC-SB-6 Header Format

'he FC-SB-6 header provides FC-4 addressing information to identify the logical path.and the device
or the exchange. figure 18 shows the FC-SB-6 header format.

0 Reserved/x’FE’ CH Image ID Reserved CUdmage ID
1 Device Address Reserved/ModelDependent
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 regerved
n all command-mode IUs. In transport-command and transport-response |Us, bits 0-7 of word () shall
be set to hex’FE’. In transport-command IUs, bits 16-31)of word 1 shall be set to a model depgndent
alue; in transport-response 1Us, bits 16-31 of word 1 shall be set to bits 16-31 of word 1 pf the
command U 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 IU conthining
b link-control DIB, the channel image ID specified shall correspond to a logical path prev]ously
nitialized by the establish-logicalpath procedure; otherwise a logical-path-not-established errof shall
be recognized. For a link-control'DIB, the channel-image ID shall be meaningful for 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
eject (LRJ), and link=level busy (LBY). For the LACK link-control function the channel-image I0) shall
be set to zero by the)sender and ignored by the recipient.

8.4.4 Control-Unit Image ID

Bits 24-31 of word 0 contain the 8-bit ID of the control-unit image. For all IlUs except a conalrol U
containing a link-control DIB, the control-unit image ID specified shall correspond to a logical path
breviously initialized by the establish-logical-path procedure; otherwise a logical-path-not-established
efror shall be recognized. For a link-control DIB, the control-unit image 1D shall be meaningtul only for
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

0-7 of the device address are not set to zeros when the AS bit is set to one, a device-level protocol
error & -hn|l hA recoaht —n\nl \I\Ihr\n +hn I\Q hit ic cat o ZE¥6- +hn. 1R hit davica t\ﬁlﬁlrnnn 'Fr\lnl (\hr\" hc Se

ogT O T To— T TtO—Z=CTO7 e-BH-aewvee—aaares

to zerp by the sender of the IU and is ignored by the recipient of the 1U. In transport mode, if bits,0-7
of the|device address are not set to zeros, a device-level protocol error shall be recognized.

Only pne device address shall be used during a single connection. Once a device address has beer
identified for a connection, the use of a different device address during this same connection shal
result|/in a device-level protocol error being recognized.

If a cgntrol unit receives either a command-mode U with the AS bit set to one ofatransport-commang
IU with a device address of a not-ready device, it shall either perform the specified function and providg
the appropriate response, if any, or, when the specified function requires_a ready device, generate
unit-check status; the sense data associated with the unit check shall indicate intervention required. |
a confrol unit receives an IU with the AS bit set to one or a transpeft'command or status 1U with ang
the dgvice address of an uninstalled device, it shall generate either.an address-exception condition or
optionally, unit-check status (see 8.11.2.10).

The npanner in which device addresses are assigned is model dependent.
8.5 |U Header

8.5.1| IU Header Format

The information unit (IU) header is provided in all command-mode IUs and immediately follows the

FC-SB-6 header and precedes the DIB-header. The IU header, shown in figure 19, provides FC-SB
6 confrol flags and necessary information in order to associate an IU to a specific CCW.

0 19] DH Flags CCW Number
1 Reserved Token
0 16 31

Figure 19 — IU Header

The IU header con5|sts of f|ve f|elds the mformatlon un|t |dent|f|er(IUI)f|eId dewce header(DH)fIag<
field, - - v ‘
set to zero by the sender and ignored by the reC|p|ent
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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.

Figure 20 — IU Identifier

Bits 0-2 of the [UI shall be reserved and are set to zeros by the sender for all IU types’and ignofed by
he recipient.

8.5.2.2 Address Specific (AS)

Fhe AS bit, bit 3 of the IUl, when set to one, shall indicate that the IU(is)associated with the specific
jevice identified by the device-address field of the FC-SB-6 header<When the AS bit is set tq zero,
he IU shall not be associated with a specific device, and the device address shall not be used.

-or a data IU containing a data DIB or command IU, the AS hit shall be set to one; otherwise, a dpvice-
evel protocol error shall be detected.

-or a data IU containing a status DIB, the AS bit may be set to either one or zero, dependiphg on
whether the status is associated with the device orthe control unit (see table 20).

-or a control IU, the AS bit may be either on€ or zero, depending on the particular control functiop (see
B.11, table 20, and 6.4).

B.5.2.3 Supplemental Status (ES)

he ES bit, bit 4 of the IUI, may be set to either one or zero. The meaning of the bit when set fo one
jepends on the U type.

-or a data IU containing a data DIB or a command IU the ES bit shall be set to zero by the send¢r and
gnored by the recipient.

For a data [Useontaining a status DIB, the ES bit may be set to either one or zero. If the ES bit|is set
0 one, supplemental status, sometimes referred to as extended status, shall be present |n the
supplemental status field. If the ES bit is set to zero, the length of the supplemental status field shall
be zero. The ES bit may be set to one only when the status DIB contains unit check status.

FoT a control TU specifying the status-accepied fanction, 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 status
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)

ISO/IEC 14165-226:2020(E)

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| 0 |Data Data
——6——+—TCemmand 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 Fungtions

1 1 0 |Reserved

1 1 1 |Reserved

A data DIB shall be sent only in a data IU and shall beteceived by either the channel or control unit.

A comimand DIB shall be sent only in a command™U and shall only be received by a control unit. If g
channel receives a command DIB, a device-level protocol error shall be detected.

A compmand-data DIB shall be sent only in-a command U and shall only be received by a control uni
If a channel receives a command-data.PIB, a device-level protocol error shall be detected.

A status DIB shall be sent onlyin'a-data IU and shall only be received by the channel. If a control uni
receijes a status DIB, a device-level protocol error shall be detected.

A control DIB shall be sent only in a control lU and shall be received by the channel or control unit.

A linkicontrol DIB.shall be sent only in a control IU and shall be received by the channel or control unit

8.5.3

Device-Header Flags

8.5.3./1xFormat of Device-Header Flags

Byte 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)

The E bit, bit 0, when set to one for either a command-data DIB or data DIB, shall be used to indicate
that the data sent exactly satisfies the CCW count and that the CRC field is present in the DIB. Also,

h E it wwbhaon cat a0 ana for o ottt o NID ool b Haadta indiaota thaot th o Aot ~f Aot r\-\r]t b
TS o1 WREH-Setto-oRetTora-Status DT - STian o aSTUtoTmTarcatcat e guartity - o data- oSy | y

he channel with an early end indication exactly satisfied the record length (see 8.5.3.4). The|CCW
humber and token in the IU header, collectively and in a model dependent manner, identify,the| CCW
o which the E bit applies.

-or a data DIB, the E bit may be set to either one or zero. If the E bit is set to onge, the CRC field shall
be present in the data DIB and the total quantity of data sent for the CCW shall exactly satisfy the] CCW
count. If the E bit is set to zero, and the data sent for the CCW does not exactly-satisfy the CCW count,
he presence of the CRC field shall be determined by the EE bit.

-or a command-data DIB, the E bit may be set to either one or zero. If the E bit is set to one, thg CRC
ield shall be present in the command-data DIB and the data in the' |U exactly shall satisfy the(CCW
count. If the E-bit is set to zero, and the data in the command=<data DIB does not exactly satigfy the
CCW count, the presence of the CRC field shall be determiried by the EE bit.

f the DIB type being sent is a command DIB for a write) operation and the CCW count is zero,|the E
it shall be set to one. If the DIB type being sent is.a'‘command DIB for a read operation, the E bit shall
pe set to zero.

For a status DIB, the E bit may be set to oné or zero. The E bit shall be set to one for a status DIB to
ndicate that for a write operation with an early end indication, the data received from the cHannel
pxactly satisfied the record length; othétwise, the E bit shall be set to zero.

For a control DIB, the E bit shallbe set to zero by the sender and ignored by the recipient (se¢ 8.11
hnd 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 link
bayload including the.CRC field is present.

he presence of.the 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_Chaining (CH)

e CH bit, bit 3, when set to one, is used by the channel to signal its intention to chain or to confirm
hat chaining 1s 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 1/0 operation and set
to zero when chaining is not or no longer indicated for the I/O operation or when a retry request is not

tad Eaor all cantral e conanifisina Atharthan tha ctatiic annantad flinatians tha L it chAall ha o
accepted—eral-controHYs-speeifying-otherthan-the-status-acceptedfunction—the-CH-bitshal-be-s

to zerp by the sender and ignored by the recipient.

8.5.3.4 Early End (EE)

The HE bit, bit 4, when set to one for either the control-end function in a control DIB, a data DIB, or &
comnjand-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 for the data DIB ang
comnjand-data DIB, the CRC field is present (see 8.11.2.3). If the EE bit is set\{o'zero, an early eng
conditfion is not being indicated and the presence of the CRC field shall be determined by the E bit.

Whern|, for a write operation, the channel is able to send some, but natall, of the data specified for g
CCW]| the EE bit shall be set to one for either the command-data DIB-or data DIB containing the CRC
field. The CRC field may be present either in the same DIB containing data or in a data DIB containing
no dafa immediately following the IU containing the last data bytes. If, for a CCW with a nonzero CCW
count| the channel is unable to send any data, the EE bit skall'be set to one for a command-data DIE
which| contains the CRC field. The CRC value sent shall be the initialized value of the CRC generator
See §.6.5 for additional information.

When during data chaining the channel is unablg(to’obtain the next CCW and perform the commang
update, the EE bit shall be set to one in a control-end IU in order to indicate that an early end condition
was detected and the channel is unable to.sénd or receive any more data for the current command.

When, for a read operation, the control uhit is able to send some, but not all, of the data specified fo
a CCV\V, the EE bit shall be set to onerin the data DIB containing the CRC field. The CRC field may be
present either in the same DIB containing data or in a data DIB containing no data immediately
following the IU containing the last data bytes.
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Table 11 — EE-bit Table
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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
Ne-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

/Vhen an early end indication is received by a control unit, status shall be returned at the completion
bf the operation for which the early end indication was sent.

/Vhen the Early End condition is recognized, the control unit shall disregard detection of an incgrrect-
ength condition, if any, and shall depend on the channel to_make the decision to continue chairfing or
not (see 8.7.2.3).

For a status DIB in a data IU and control IU specifying a control function other than the contrpl-end
unction, the EE bit shall be set to zero by the sender and ignored by the recipient.

he EE bit and the E bit shall never be both¢set to one in the same IU and if both are found set {o one
n an U for which both are meaningful, a.device-level protocol error shall be recognized.

.5.3.5 CRC Not Provided (CNP)

he CNP bit, bit 5, when set to'one for a data, command-data, status, control, or link-control DIB shall
ndicate that the value contained in the CRC field is not valid, and that CRC checking for the data
hssociated with the CRC field should not be performed. The CNP bit shall only have meaning|when
he CRC field is present (see 8.6.5). When the CNP bit is set to zero, the CRC field shall contain a
alid value, and if the receiver provides CRC checking, and the receiver’'s calculated value dog¢s not
pqual the received’/value, an FC-SB-6 CRC error shall be detected.

8.5.4 CCW Number

'he CGW number, bytes 2 and 3 of word 0, of the IU header contains a model-dependent 16-bit binary
alde that is assigned by the channel to the CCW associated with the IU being sent.

A CCW number for a command IU initiating an 1/0O 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.

Whenever a value other than hex’0000’ is present in the CCW number field, a valid token shall also
be pr—\nr\nl» mthao taolkan finld in A t\rnl 1 (con Q B BN I<F {-hn nht\nnt\l rnt\t\ res—ah— II | a ::th thc val.m
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hex’0pP00’ in the CCW number field and that IU is required to have a valid CCW number, a device-leve
protogol error shall be recognized.

A conftrol unit shall not check the CCW number.

Command IUs and data IUs containing a data DIB shall require a valid CCW numbegér. The channe
shall |nclude the CCW number from the command IU in all data IUs sent to satisfy the CCW coun
specified by the command IU, and the control unit shall include this CCW numbef in all data IUs sen
to sat|sfy the CCW count specified by the command IU.

Someg IUs do not pertain to a CCW, and therefore, do not require a validyCCW number. For example
an unpolicited data U containing a status DIB for asynchronous status or a link control request 1U.

When a disconnection occurs as a result of the acceptance of status by the channel, all CCW numbers
assigned to CCWs associated with the connection being femoved shall become void, and as such
shall pe available for re-use by the channel. If the contrel unit subsequently reconnects to presen
statug, a CCW number of hex’0000’ shall be used. If a disconnection occurs as a result of an abnorma
condifion and a system reset or selective reset is nat performed, the CCW numbers being maintaineg
at thel time of disconnection shall be preserved,"The CCW numbers shall be preserved at least unti
the dgvice-level recovery performed after the disconnection has completed and may remain in effec
afterward, depending on the result of the recovery action.

The dhannel may indicate in a control-lU the CCW number for which the control function is to be
perfofmed. If the channel sends a selective reset control IU with the RO bit, RU bit, or RC bit set tq
one, then a valid CCW number-shall be required if the request is for a specific command; otherwise

busy ind
the command IU. If the status DIB is for the presentatlon 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 IU and its use by the channel is model
dependent.

he token field shall contain a valid token, whenever the |U contains a valid CCW number. Ifthe|token
ield contains a value of all zeros, the CCW number is meaningless, and shall be set to @ll'zefos by
he sender and ignored by the receiver. When the token field contains a valid token, the-CE€W nlimber
ield may or may not contain a valid CCW number, depending on other information associated with the
u.

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 dontrol
Linit shall include the token from the command IU in all data 1Us sentto(satisfy the CCW count spgcified
by the command IU. If the channel detects that a valid token is(not present when it receives @ data
DIB, a device-level protocol error shall be recognized.

A\ valid token shall be sent by the channel in an unsoligited control IlU. Examples are: system |reset,
cancel, and link control requests, ELP or TIN.

A\ solicited control 1U, sent by a control unit shall contain the token from the IU to which it is being sent
n 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|either
he presentation of channel-end status during an existing connection, status in responsg¢ to a
command received in a command |U;-or stacked or pending status with the busy indication in response
0 a command IU, the token used.shall be the token from the command IU. Examples are: any ptatus
containing channel-end status-and control unit busy status. If the channel receives a solicited data 1U
ith a status DIB with a tokentthat is not expected, or a token of all zeros, a device-level protocol error
Shall be recognized.

he invalid token. (hex’000000’) shall be sent in an unsolicited data IU containing a status DIB with
bsynchronous status and in an unsolicited control IU sent by a control unit. Example$ are:
bsynchronous-status presentation and the link-control request, TIN.

8.6 Device Information Block (DIB) Structure

B:6{1 DIB Structure Overview

A DIB is provided in all command-mode IUs 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

8.6.2.1 DIB Header Format

The DIB header is the first 12 bytes of every DIB type and immediately follows the IU header.-Jhe
contepts 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

The fprmat and contents of the DIB header fields are described'in other sections in this clause. The
followjing sections describe those fields in a DIB that are cammon to more than one DIB type.

8.6.2.2 IU Count

Byte 1 of word 2, of each DIB header type shall:¢ontain the 1U count. The IU count is an 8-bit binary
numbgr that shall be included in every IU sent.during an open exchange.

The IU count value shall be initialized to ‘hex’00’ when an exchange is opened and the first IU sent
The vialue of zero shall be inserted in<the IU count field of the DIB header for the sequence sent tq
open An exchange. After each 1U is-sent on a given exchange, the 1U count shall be advanced by one
and the new value included in the {J count field of the next IU sent. When the IU count reaches hex’FF|
and additional sequences are t0"be sent, the IU count shall be permitted to wrap and the next value
used |s hex’00'.

When 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.

If an :E is received with an IU count value that is not one greater than the IU count value received in
the previous)tU received for a given exchange, or, if the previous IU count was hex’FF’ and the nex
IU colintdeceived is not hex’00’, an IU count error shall be recognized and the IU shall be discarded
If an OIS Tecelved that opens an exchange, It shallhave an U count value of Zero, Otherwise an 10
count 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 shall

raaarad
pPCIgTToTeUT

-or a link control DIB, the DIB data byte count shall be valid only when the TIR link-contralfuhction is
ndicated. The DIB data byte count shall represent the number of bytes of link payload-in the DIB data
ield.

-or a control DIB, the DIB data byte count field shall be valid only when the;Rurge-Path-Response
unction is sent in response to a Purge Path request with a non-zero error. code, and errorcode
ransfer is supported.

B.6.3 Longitudinal-Redundancy-Check Field

he longitudinal-redundancy-check (LRC) field shall contaifh a 32-bit redundancy-check [code,
mmediately following the DIB header in bytes 28 to 31 of thedU (see figure 16). LRC shall be prqvided
bnly on the bytes contained in the FC-SB-6 header, IU header, and DIB header.

'he sender of an IU shall generate LRC and includethe value calculated in the LRC field of that 1U.
he recipient of an IU shall also generate LRC and,compare the value calculated to the LRC confained
n the IU. If the value of the LRC contained in, the IU equals the value calculated by the recipient, a
alid LRC shall be recognized; otherwise{ an invalid LRC shall be recognized. If a valid LRC is
ecognized, the contents of the FC-SB-6 header, IU header, and DIB header shall be considered|valid;
btherwise, the contents of these hedders shall be considered invalid and an LRC error shiall be
ecognized.

5ee Annex C for a description of the procedure and an example of the LRC calculation.
B.6.4 DIB Data Field
8.6.4.1 DIB Data Field Format

'he DIB Datasfield, if present, is a variable length field which contains either data, data and pad pytes,
jata anda.CRC field, data and pad bytes and a CRC field, or just a CRC field. The quantity of data
contained-in the DIB data field shall be indicated in the DIB data byte count field of the DIB heafler. A
comimand DIB and a control DIB shall always be sent with a DIB data field of zero bytes. The maximum
humber of bytes that shall be sent in the DIB data field shall be 8160 bytes. The format of the DIB data
ield 1S 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.

For a command-data DIB or a data DIB, pad bytes shall be present only in the last IU containing data

th t'c cantfora CC\ALand than nn| ::::: hnn haot nnlf\v' ’\l nnmr\nl' e nocaccary Ear & nr\mmnnnl II IRV I-l-
at ig-sentfor-a-CoW-and-then-onty-when-boundary-akigr is-Recessary—or-a-comman

a command-data DIB, pad bytes shall be present only if all of the data to be sent for the current CCV\
is included and word alignment is necessary. For a status DIB with supplemental status, a control DIE
with g control payload, and a link-control DIB with a link payload, pad bytes shall be present.only i
word glignment is necessary.

The vplue used for a pad byte is model dependent.

Pad Qytes, if present, shall be included in the generation of CRC but shall not be"included in the bytg
count|for the DIB-data field.

8.6.5| Cyclic-Redundancy-Check Field

When CRC generation is provided by the sender, the cyclic-redundancy-check (CRC) field, wher
present in an U, shall contain a word-aligned 32-bit redundancy-check code, and the CNP bit shall bg
set to|a zero. When CRC is not provided, the word-aligned €RC field shall contain a model-dependen
value| and the CNP bit shall be set to a one. The requirements for the presence and location of the
CRC field shall be the same, independent of whether GRC generation is provided or not.

The CRC field may be present in a command-data’DIB, data DIB, status DIB, control DIB, and link
contrgl DIB. For a command-data DIB and a data DIB, the CRC field shall be present only when eithe
the E pit or the EE bit in the device-header flags field is set to one. For a status DIB, the CRC field shal
be pré¢sent only when the supplemental status (ES) bit is set to one. For a control DIB, the CRC fielg
shall be present only if a control payload’is included. For a link control DIB containing a link payload
the CRC field shall be present andthe E bit is set to one.

CRC Ehall be generated on data; supplemental status, control, and link payloads that are sent in the

occurs 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 processing of CRC, in terms of generation and checking, shall follow the equations in Annex A of
FC-FS-4; however, the coefficients of the polynomial representing the DIB data field are not chosen
according to bit transmission order specified in Annex A. The coefficient of the highest order term of

=y AVANRYY] ~H ot nalwbamial ranracantinatha IR doto fiald cbhall caneacan ttha oot cionifi oo i
Ito
A WInCT T TS thC P OTy o AT T PTC STty e OTD - Uata oo STan T PTo STt N TTo ST STty riToart

he DIB data field; lower-order coefficients of the polynomial F(x) correspond to less-significantpits of
he DIB data field in sequential order. The 32-bit CRC shall be the 32 coefficients of the frame check
Eequence (FCS) polynomial in Annex A, equation (1). The most significant bit of the CRCishall be the
coefficient of the highest order term of the FCS polynomial; sequentially less-significant bits shall be
he coefficients of sequentially lower order terms of the FCS polynomial. The CRC.is transmited on
he link in the same bit-transmission order as all other words of the DIB;data field. Additional
nformation may be found in Appendix B of Fiber Distributed Data Interface >~ Media Access (ontrol
FDDI-MAC).

/Vhen optional CRC generation initialization is not being used,\the initialized value of the| CRC
penerator shall be hexX FFFFFFFF’.

/Vhen optional CRC generation initialization is being used, the initialized value of the CRC gengrator
shall be set to the modulo 232 sum of the four 32-bit addends shown in figure 25. The most signjficant
it of the initialized value of the CRC generator shall correspond to the most significant bit of the sum
see Note below). The channel image ID, control-unitimage ID, S_ID, and D_ID are those being used
n the exchange on which the data is sent. For, ascommand-data DIB, a data DIB, and a statu$ DIB,
he device address is that being used on the exchange on which the data is sent and the CCW n§imber
s that of the command IU for which the data‘is being sent. For a link-control DIB, the device address
hnd CCW number fields are set to zero.

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

he initialized value of the CRC generator shall be represented by the coefficients of the polyrjomial
L(X)” in equations (2) and (4), Annex A of FC-FS-4. When optional CRC generation initialization is
ging USed, the bits of the modulo 2= sum of the qUantities in Tigure 25 shall be Used as coefficients
in the polynomial L(x). The most significant bit (bit 0) of the modulo 232 sum corresponds to the
coefficient of X31; lower order bits of the modulo 232sum 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
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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
to transfer information associated with the current CCW to the control unit. At the beginning of an 1/O
operation, a command IU containing a command DIB may be used to initiate an operation with a

devic-\ \Whan-datachamnina-de-narfaormad-foraraad-aoneration—a-—command-lll containina-a-—coammand
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DIB shall be used to update the information held about the current command at the control unit.

Each |command DIB shall contain a command header and LRC. The structure of the command IU
conta|ning the command DIB is shown in figure 16.

8.7.2| Command Header

8.7.21 Command Header Format
The command header shall be the first 12 bytes of either a command DIBeér-command-data DIB. The
comnjand header shall contain both information from the current CCW@nd information supplied by the
channel necessary for the current command to be executed. The.eommand header describes how
execuytion of the I/O operation being initiated is to be performed and may also specify how &
subsdquent I/O operation is to be performed.

The 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 1U.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 ang
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 1/0O operation tq

be executedywith a device. The basic operations shall be specified by the following commands: read
read tPackward, write, control, and sense.

The rightmost 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 MM M M|0O[|1[01]0

Reserved MIM|{M{M|1]0]|0]0

Read Backward MIM|IM{M|1]1]0]0

Write MI M| M| M M|M| O |1

Read MIM|M|{M|M| M |0

Control MMM M| MEMT1]|1

Explanation:

M represents a modifier bit.

/Vhen the command is initiating a device operation, the command field may contain any value that is
not reserved. If a reserved command code is received by a device, the device shall respond with unit-
Check status, and the sense data associated with the unit check shall indicate command reject
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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.

When a command IU is used to update the count and flags during data chaining (the DU flag of the
comnjand DIB header is set to one), the contents of the command field is unpredictable and shall be
ignored by the control unit receiving the command U,

Som¢g commands, when executed, do not resultyin-the transfer of data but either cause the device tq
respond to the command with status which cantains channel end, with or without device end (ang
witholit busy status) or cause the device to-chain and start execution of the next command for the cassg
wherg all of the conditions for not transferring status are satisfied. When this occurs, the devicg
operation is referred to as an immediate operation. There are other situations in which an device
operation may result in no data being-transferred (e.g., when a CCW count of zero has been validly
specified). However, the operation*shall not be an immediate operation if the CRR CCW control flag
is notset for the command and the device responds to the command by sending a command response
contrgl IU. 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-channe
data transfer. Thebytes of data within a block shall be provided in the same order as those receiveqg
by thg write command.

Backward: A read-backward command shall initiate execution of a device operation in the
same|manner as the read command, except that bytes of data within a block shall be sent to the

dll ordaer wr e reverse o dl uUsed WI J e D WITI O-DIT DYIle pe

the 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

Byte 1 of word 0 shall contain the CCW control flags. Bits 3 and 5-7 shall be reserved and\sHall be
gnored by the control unit receiving the command IU. The value to which bits 3 and 5{7\afe|set is
inpredictable. The format of the CCW control flag field shall be as shown in figure 27.

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 chainling of
jata. It shall cause the CCW control flags, CCW count, and.command flags designated in th¢ next
command U in which the DU flag and the CH bit are set to onies to be used with the current command.
/Vhen the CD flag is set to one, the CC flag shall be ignored by the control unit (see 9.2.2.{;. If a
command U with the DU flag set to one is followed by a command IU specifying a command, the CD
lag shall be set to zero and the CC flag shall be set\{o one.

/Vhen data chaining occurs, a new set of CCV\, control flags, CCW count, and command flags shall go
nto effect for the current command.

t is model dependent whether the conftrol unit permits data chaining for a particular command or for a
barticular device. When the control tnit does not support data chaining or if the command is re|ected
or another reason, the control unit'shall reject the command in the first command IU of a data|chain
i.e., a command IU with the €D-flag set to one and the DU flag set to zero) with unit-check stdtus. If
he command is rejected due*to data chaining, unit-check status shall be returned in a solicitedl data
U containing a status DIB sent either in direct response to the command IU or after sending a
command response-cantrol IU. However, in either case, any data received for the rejected command
shall be discarded by the control unit. When data chaining is not permitted, the sense data assofiated
with the unit check/shall indicate command reject along with a model-dependent indication that the unit
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] shall
Epecify ‘an intent to perform chaining of commands. Upon normal completion of the currept 1/0
bperation and after recognition of device end at the device, chaining of commands shall cauge the
command code specitied in the command header of the next command 1U 1o be nitated.

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

109

© ISO/IEC 2020 - All rights reserved


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

ISO/IEC 14165-226:2020(E)

INCITS 544-2018

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
bit set to one and the DU bit set to zero, shall take control.

Suppyress Length Indication (SLI): The SLI bit, bit 2, shall control whether or not command chajring
is to dccur on an incorrect-length condition, that is a condition recognized when the CCW countis'no
equallto the number of bytes requested or offered by the device. When the SLI bit is set to one and ar
incorrect-length condition exists for the current command, command chaining, if indicated;’shall be
permifted. If the SLI bit is set to zero and an incorrect-length condition exists for a command that is
executed as a non-immediate operation, command chaining, if indicated, shall notcbe permitted ang
ending status with the residual count and appropriate status flag bits shall be" transferred to the
channel. If the SLI bit is set to zero and an incorrect-length condition exists for an immediate
comnjand, command chaining, if indicated, may or may not occur depending(on the setting of the COC
comnjand flag bit. If the COC command flag bit is set to zero command chaihing shall not be permitteg
and ending status with the residual count and appropriate status flag(bits shall be transferred to the
channel (see 8.7.2.6).

Comrand Response Request (CRR): The CRR flag, bit 4, when set to one for a command IU, othe
than the first command IU of a channel program, shall cadse' the control unit to indicate that it hag
started execution of that command by sending a command-response IU.

The CRR flag shall only have meaning when the CH bit in the DH_Flags field is set to a one. The
contrpl unit shall ignore the CRR bit in the first:command IU of a channel program, but not in
subsgquent command IU’s that are command-chained or data-chained.

When a control unit starts execution of ai*command received as a result of command chaining o
commnjand retry and for which the CRR bit is set to one, a command-response U shall be sent to the
channel.

When both the CRR CCW control flag and the REX command flag are set to one, a control unit shal
send pnly one command-response IU, independent of the number of times the command is executed

The channel shall use'the CRR flag in order to solicit a command response from the control unit wher
using|the IU pacing:function (see 9.2.2.5). The conditions under which the channel uses the CRR flag
in thi§ manner-and the frequency it is used during the channel program are model dependent. The
channel may also periodically set the CRR flag to one in a command IU other than the first commang
IU of & channel program for purposes of tracking the execution of the channel program. For example
when|thelehannel is executing a CCW with the Program-Controlled Interruption (PCI) flag set to a one
which s ot the firstcommand of a channel program, it shail set the CRR ffag i the command U

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 I/O priority value is obtained from the control
unit priority field in the operation-request block (ORB). For additional information regarding the ORB,

= Y- V-C VI
CCT 7YX

he specified control-unit I/O priority number may be any value in the range of 1 to 255; andit’shall be
contained, unchanged, in byte 1 of word 1 for each command DIB or command-data DIB/comprising
he channel program in execution. The control unit shall not check the I/O priority fieldin-any command
DIB or command-data DIB subsequent to the first command or command-data DIB of the channel
brogram. The number 1 shall designate the lowest priority that may be assigned to the I/O-operptions
bt the control unit and the number 255 shall designate the highest priority that.may be assigned. The
humber 0 shall mean that no priority is assigned to the associated I/O operations. The handling ¢f 1/O-
bperations, 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 @init in
Which case, the control unit shall round the specified priority.{g_the equivalent level of priority [that it
supports. For example, if the control unit supported 127 levels of priority, then a specification ¢f 254
would result in an equivalent priority of 127. Also depending’upon the model, the control unit may not
support the function of 1/O priority, in which case, byt€ 1)of word 1 shall be ignored.

NOTE 27 — A control unit should implement a model-dependent fairness algorithm which ensures that no
channel is permanently prevented from accessing a.device because it is setting the I/O priority to a lowef value
relative to the 1/O priority used by another channel.

$.7.2.6 Command-Flag Field

Byte 3 of word 1, shall contain*the command flags. The channel shall use the command flags to
brovide the control unit with additional information on how the 1/0O operation, specified by the coptents
bf the CCW in the command-header, is to be executed.

Bits 0-2 shall be reservied, shall be set to zeros by the channel, and shall be ignored by a contrgl unit.
he format of the.¢ommand 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
to one and the DU bit is set to zero in the command header.

RepeLt Execute (REX): The REX flag, bit 6, may be set to one only for an output operation and wher
the cammand and all of the data associated with the operation is contained in a single 1U. When lthe
REX flag is set to one, it shall indicate that the channel is requesting the control unit to perform thg
transfer-in-channel function by repetitively executing the command in the command header.

Wher| the channel has fetched a CCW containing a command, all of the conditions for.setting the REX
bit to pne are satisfied, and the next CCW (the one to which chaining occurs) contains a transfer-in
channel command with an address of the previous CCW, it is recommended that' the channel set the
REX bit to one in the command IU. Transfer-in-channel commands shall not beysent to the control unit

Wher| the control unit recognizes this indication, re-execution of the ‘current command shall bg
perfoqmed until one of the following conditions occur:

a) [execution of the command results in status of other than*channel end and device end along
being recognized;

b) |execution of the command has been performed 128 times; or
c) |execution of the command is terminated hyaCcancel, selective reset, or system reset.

The REX flag shall be set to one only when the CD, DU, and SSS flag bits in the command header are
all sef to zero. If a command IU is received with the REX bit set and any of the CD, DU, or SSS flag
bits afe set to one, a device-level protocol error shall be recognized.

When an execution of the command results in status of channel end, device end, and status modifie
alone|being recognized, chaining to the next command shall occur at the control unit.

When re-execution of the command is performed 128 times without status other than channel end ang
devic¢ end alone being.recognized, re-execution of the command shall be terminated and the status
recoghized for thetlast execution of the command shall be sent to the channel.

Whern| execution’of the command results in status of other than channel end and device end alone o
channel efid;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).

When 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.

/Vhen conditions at the channel require synchronization with execution of a command at the_dontrol
Linit, the SSS flag bit shall be set to one in the command IU. If data chaining is indicated fpr the
command, the SSS flag bit shall be set to one in the command IU sent for the last CCVV. providing data
Chaining.

/Vhen a command U with the SSS flag bit is sent, command chaining at;the channel shgll be
emporarily suspended. When chaining is suspended at the channel, execution of the chiannel
brogram shall temporarily end with the execution of the last CCW for the leurrent command, anfl until
nitiative to perform command chaining is provided by the receipt, 6f status that allows chgining,
command IUs and data IUs shall no longer be sent.

/Vhen a control unit completes the execution of a command forwhich the SSS flag is set, statug shall
be generated, and sent to the channel. If a command IU is received with both the SSS flag and REX
lag set to one, a device-level protocol error shall be recognized.

8.8 Command-Data DIB Structure

A\ command-data DIB shall be sent only in a command-mode command IU by the channel. It shall be
Ised to transfer both information associatedWwith the current CCW for write commands with a ngnzero
CCW count and all, some portion or none of the data associated with the command. When data
chaining is performed for a write opération, a command-data DIB shall be used to updaje the
nformation held about the current command at the control unit.

A\ command-data DIB shall contain a command header, LRC, and a DIB-data field (see figure 16]). The
ormat of the command header shall be the same as that of a command DIB. The DIB data field shall
be a maximum of 8160 bytes. If the CCW count for the command is 8156 bytes or less, all of th¢ data
or the command shall\be sent along with the CRC field in the DIB-data field. If the CCW count for the
command is greatér than 8156 bytes, up to the first 8160 bytes shall be sent in the DIB-data fieldl, and
he CRC field and-remaining data, if present, shall be sent in one or more subsequent data 1Us] If the
CCW count.forithe command is greater than 8156 bytes, and less than 8160 bytes, pad bytes shall be
hdded atthe end of the command-data DIB, and the CRC field shall be sent in a subsequent d3gta IU.

'he DIB data byte count, bytes 2 and 3 of word 2, of the command header shall specify the nimber
bf.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 IUs 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
one data IU, the control unit shall send a data IU followed by one or more additional data IUs until one

Of tl—w\ fallowina-oceree—AVtha cuiantitv of dAata onanifind hy tha COO\WN ~aint 1o oatiofind 2\ an Aarlh; Ane
1S OOV GO CCuTro— e quarttty - O SotaSp e oMoy the-oov vy - Court o Satrohetr—=—arCarrySr9g

condition is recognized, or 3) a condition requiring status to be sent is recognized.

All daja IUs contain the maximum number of bytes, 8160, except the last data IU sent for a CCW.which
may have less than the maximum.

When the data DIB containing the last data byte for the current CCW contains more.than 8156 bytes
of dath, the CRC field shall not be included in the data DIB and shall be sent in a subsequent data DIH
by itsg¢lf. The data DIB containing greater than 8156 bytes of CCW data shall have pad bytes added
if necessary, and the CRC value sent in the subsequent data IU (if generated) shall cover both thg
CCW]|data and the pad bytes. In the last data IU, containing only the 4-byt€ CRC field, the byte coun
shall be set to zero.

The GCW number and token provided in the IU header of each data IU sent shall be the same as tha
provided in the command I1U.

8.9.2 | Data Header

The data header is the first 12 bytes of a data DIB., The data header shall have the format shown ir

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, andibyte 0 of word 2 shall be reserved and set to zero by the sender and ignored by
the recipient.

8.10 | Status DIB

8.10.17—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
py-the-channel-may-be-indicated-expheity-when-a-status-aceeptedtHd-is+eeeived-ormayjoccur

mplicitly when a command IU with the SYR bit in the command header set to one, is received)

/Vhen any of the following conditions exist, status shall be sent to the channel at the completion|of the
current 1/O operation.

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 cordition
is detected for a command that is executed as_a non-immediate operation.

f) The CC flag bit is set to one, both the SL|{lag bit and COC command flag bit are set tq zero,
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 gnd) is
recognized.

h) The REX bit is set to a onesand status other than channel end and device end, or channgl end,
device end and status madifier is recognized.

i) The REX bit is settoone, and the command has been executed 128 times.

j) Status of channel end (without device end) is recognized, and conditions at the contrgl unit
require a disconnection from the channel to suspend the transferring of command IUs andl data
IUs.

f none-of-the above conditions exist, status shall not be sent and chaining, if indicated at the dgontrol
init,(shall be permitted (see Annex D). Additionally, status shall not be sent if during an existing
bxchange 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 is
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

caolicitad-data lllwaith o ctatiic MID vath Anhy tha conteral pinit AnAd and oy otatiic hite ont ta Anac
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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 initiates ar
exchange pair and the IU is not a control IU indicating system reset, the control unit'may returr
a solicited data IU with a status DIB and with only the status-modifier, control-unit-end, ang
busy status bits set to ones, and the AS bit set to zero. This status combination.is' referred to ag
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.

In all pther cases, the status shall be associated with a device address, and/the AS bit shall be set tq
one; if the AS bit is set to zero with any status combination not listed above, the channel shall detec
a dev|ce-level protocol error.

A data IU with the AS bit set to zero containing a status DIBshall be sent only if the status is one o
the preceding combinations and meets one of the followingConditions.

a) [The status is control-unit end alone and is to bg sent in an unsolicited data 1U.

b) |The status is in response to a valid requestsstatus IU that initiated a connection, and the statug
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 i
not control-unit end alone.

d) [The status is in response-to.a valid IU other than a system-reset 1U, that initiated a connection
and the status is control unit busy.

The channel shall detect a device-level protocol error if a data IU containing a status DIB is receiveg
that hps the AS bit set\to zero and does not meet one of the preceding conditions.

NOTE 28 — Conttol units and devices should provide interlocks so that status is not lost, hidden, or included
with|other status 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 minimizg
the JelfUHIldeB illlpdblb CalseUd WIiel! sldalus ib prescrited.

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

Z Reserved ToCount 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

Byte 0 of word 0 of the status header shall contain the status flags.The status-flag field shall bg used
o provide additional information to the channel concerning the{conditions that were present jpt the
control unit when status was generated and conditions that pertain to the status DIB. These flags shall
bssist the channel in determining how to handle the status DIB and what status, if any, to report. The
btatus-flag field shall have the format shown in figure 31

FFC Cly 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 with
br independent of the other status-flag bits shall further describe the status information contained in
he status byte, the status-parameter field, and the queueing-information fields. The flag-field code
bssignments shall be:

D00  No Function. dhe status byte, status-parameter field, and queueing information fields afe not
affected by this FFC code.

D01 Queuging Information Valid. The queue-time-parameter field contains control-unit qugueing
information. This code is set by the control unit and checked by the channel.

D10 ( Resetting Event. A resetting-event condition exists for the logical path and the device for which
unit-check status is being presented. This code shall be permitted only when unit-check status
IS presented for a resetting-event condition and then only as inital status in response to a
command IU for the first command of the channel program; if this code is indicated at any
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
or device is not yet ready to retry the command), or 2) channel end and device end (meaning the
controlunit and device are Ir_\rnlr_\nrnrl forimmediate command rnfry) All other status combinations shal
not bg considered retry status; if the CR bit is set to one with any other status combination, a device
level protocol error shall be detected.

Long|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 residua
count|equal to the CCW count is associated with a command that was executed-as)an immediate
operaion.

When the control unit detects a long-record condition (that is, additional datd would have been sent tq
the channel or written to the device beyond the data provided for the curteht command), the LRI ang
RV 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 te‘the count provided in the CCW
exceft when early end is signalled. When data chaining is used, the amount of data provided for the
curremt command is equal to the sum of the counts of all CCWs used for the current command.

When the control unit executes a command, that is not thedirst command of a channel program, as ar
immefiate operation and the CCW count is greater than.zero, the LRI and RV bits shall be set to ong
and 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 thar
zero, the LRI bit is meaningless, may be set to\zero or one, and shall not be checked by the channel

The LRI bit may be set to one by the contrel 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
and the LRI bit shall be ignored by the channel.

See table 14 for a summary of the usage of the LRI bit.

Residqual-Count Valid (RV): The RV bit, bit 7, when set to one, shall indicate that the status
paranpeter field contains the residual count. For write commands, the residual count is equal to thg
differgnce between:tie CCW count for the write command and the number of bytes actually written tq
the dgvice. Fopread commands, the residual count is the difference between the CCW count and thg
numbkr of bytes’actually read from the device and transferred to the channel. The RV bit may be se
to ong by the'control unit only when the channel-end status bit is set to one. If the channel-end statug
bit is $etdo zero, the control unit shall set the RV bit to zero and the RV bit is ignored by the channel

When 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 — LRl and RV Bit U
CH
Condition END | LRI RV Status Parameter.Field
CCW count = data read or written 1 0 1 Residual Caount =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 & transferrgd
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, otherwise the LRI bit is set to zero.

3. See 8.10.3.4 for additional information.

4. X =don't care.
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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 brigf summary of each of these status bits follows.

If the phannel receives a status DIB with the status byte set to zero, a device-level protocol error shal
be defected. The status DIB shall contain a status-byte with a combination of status bits set to oneg
which| is appropriate for the conditions existing when the status is presented. If the combination o
statug bits is not appropriate for the existing ¢onditions, the channel may detect a device-level protoco
error.

The channel shall indicate acceptance of the status by means of either a status-accepted control 1U
or, when retry or chaining is performed and the status includes device end, by means of a commang
IU haying the CH bit set to one.

See 8.10 for the situations)in which the following status conditions are sent to the channel.
Attenttion: The attention condition shall be generated when some asynchronous condition occurs in

the c@ntrol unit-of, device. The condition may be accompanied by other status. Attention shall not bg
assodiated with-the initiation, execution, or termination of any 1/O operation.

Stat S Modlfler Status modlfler shall be generated by the dewce when the dewce is not able tq

unit is busy, when the normal order of commands has to be mOdIerd 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

atar oftar th =X T7~N BERTZYT 3 SURP-SWAP-V-N~0~ H 1P~ S~ S~ V-G PN~ V-4 2P-C VI~ 7-3
T arntCT S U OO OO S Y- COTTATOOTT TTOTOTTY T TATS TS

/Vhen control-unit end is included with other status bits set, other than those status_combination
equired to have the AS bit set to zero, the AS bit shall be set to one, and the device -addresq used
Ehall be the device address for which the other status is being sent (see 8.10). A pefiding contrpl-unit
bnd shall not necessarily preclude initiation of new operations. Whether the control unit allows initiation
bf new operations is at the option of the control unit.

Control-unit end shall not necessarily cause command chaining to be suppressed. Control-unit end
Ehall not cause command chaining to be suppressed when presented with the AS bit set to z¢ro as
Jescribed in 8.10.

/Vhen control-unit-end status is presented on a logical path along with status modifier and busy, with
no other status bits set to one, the combination should be intérpreted as control-unit-end status. When
his status is accepted, the control unit shall no longer owe a control-unit-end status indication dn that
ogical path. If the control unit was interrogated whiledt was in the busy state, and then system reset
s recognized by the control unit before control-unit-end status is accepted by the channel, the dontrol
init shall not owe control-unit-end status.

A\ control unit shall only present control-unit-end status when a no-longer-busy condition is pwed.
However, the channel shall not detect an\error if control-unit-end status is received when no c¢ntrol-
Iinit-busy condition was indicated (thatds, a no-longer-busy condition was not owed).

NOTE 30 — Presentation of the‘control-unit-end status bit without any other status bits is the prgferred
implementation.

Busy: The busy indicationjshall occur only when conditions existing at the device or contr¢l unit
preclude execution of the intended 1/0 operation because of one of the following four situations.

a) A previous\/O operation or chain of /0O operations is being initiated or being executed.

b) Stacked or pending status conditions exist, and the pending status conditions are returped in
response to a command IU, busy is appended to the status returned.

¢) The control unit is shared by channels or devices, or a device is shared by control unit$, and
the shared facility 1S 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 1/0O
operation is completed (2) when the dewce havmg previously responded busy, transitions from the

an erior.

8.10.3.4 Status-Parameter Field

The status-parameter field, bytes 2 and 3 of word 0 of the status header, is a 16-bit field that may
contaln a residual count or IU pacing parameter. If the conditions are such that neither the residua
count|nor IU pacing parameter is to be presented, the control unit shall set the status-parameter fielg
to zerp, and the channel receiving the status DIBhall ignore the status-parameter field.

Residqual Count: The residual count is a 164bit unsigned binary number that represents the difference
betwden the CCW count for a command and the quantity of data actually transferred either from or tq
the dgvice for that command.

For write commands, the residual count shall be equal to the difference between the CCW count o
the current CCW for the command and the number of bytes actually written to the device. For reag
comnjands, the residual count shall be the difference between the CCW count for the current CCW fo
the cammand, and the_number of bytes actually read from the device and transferred to the channel
The résidual count shall’be meaningful only when the residual-count-valid (RV) bit is one.

Persistent IU Pacing Parameter Valid: When persistent IU pacing is enabled and the residual
counttvalid (R\/bit is set to zero, the persistent IU pacing parameter valid bit is provided in the status
parameter fieId bit 0 When set to one, this bit indicates that the 1U pacing parameter is valid. Wher

meaningful 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.

channel program. (Such resources would typically be in use executing I/O bperations specified in other
channel programs). Depending upon the control unit design, queueing(ofja command may occur after
eceipt of the first command or after receipt of a subsequent command within the channel program.
/O operations executed up to and including the command to be Queued may involve data trangfer as
b normal course of I/O operation execution. In all cases, quetdeing of a command for the channel
brogram shall not affect ongoing 1/0 operations or causé. the sequential order of I/O opefation
bxecution to be altered. Queueing shall occur only once‘within execution of the channel program and
may occur only between execution of successive |/Q ‘operations; however, the point in exegution
chosen and the length of the queueing time are model dependent. When a command is queued, it shall
emain queued at the control unit until either the-needed resources become available or when a
Eystem reset or selective reset has been executed.

/Vhen queueing occurs, the control unit\shall either perform a disconnection from the chanpel by
bresenting status containing channelténd without device end (this status may or may not irjclude
command retry status), or temporarily*delay, to a later time, further channel program execution without
Causing a disconnection from the-channel. In the former case, execution of the command shall be
completed at the channel when'the control unit performs the disconnection by presenting chann¢l-end
status. When the unavailable.resources become available, the queue interval shall be ended when the
command is dequeued.-The specified 1/0 operation shall be executed and shall be completed jat the
jevice. Connection with the channel occurs and device-end status shall be presented, along with the
jueue-time parameter. The control unit shall retain the queue-time parameter until it reqeives
hcknowledgment.that the status transfer was accepted. At this time command chaining, if spefified,
may occur Which allows execution of the channel program to continue. In the latter case, |when
Jisconneetion from the channel does not occur, the queueing interval shall be the same durat{on as
would. have been accumulated had disconnection and subsequent reconnection to the chiannel
beeurred. In this situation, the accumulated queueing information shall be held pending at the dontrol
Linjt until either execution of the channel program has completed at the device (device-end status is

resented) 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

U = binary zero
1 = binary one
X = any value

Figure 32 — Queue-Time Parameter (QTP) Format

he queue-time parameter shall be calculated by the control unit using a'4-byte timer havirg a 1
microsecond resolution. The value accumulated by the 4-byte control lunit timer shall specify the
jueue-time unit to be stored in the queue-time parameter field.

Queue Time Unit Factor (QTUF): Bits 0-4, when non-zero, shall specify the number of bit pogitions
he 11-bit queue-time unit shall be shifted left for interpretation by)the channel. If a shift is requirgd, the
DTUF shall be calculated by subtracting the value of the highest bit position, which was set to gne, of
he queue-time unit from 21 (this applies only in those cases where the bit position is equal to qr less
han 21). If no adjustment is required, the QTUF valug shall be ‘00000’b.

Queueing Time Unit (QTU): Bits 5-15 shall contaifr the 11-bit queueing time unit accumulated py the
i-byte control unit timer. The bit significance of the time unit shall be specified by the QTUF.

[able 16 describes the relationship betweéen the values of QTUF and the bit-significance of QT.

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.

0 14 15 2526 31

0000006000060 0—000T+00+t0—0+t00—+Ht+1+—1+000
Control unit 32-bit timer

0 4 5 15

00110(100100100 14

Queue-time parameter

0 14 15 2526 31
0000 0000 0OOOO 0OOO|1 OO10 0100 1100 0OOOO

Channel 32-bit time value

Figure 33 — Queue-Time Parameter Example

A queue time of zero shall be indicated by setting the QTUF to ‘00000’b and the queueing-time unit tq
‘0000p000000’D.

A confrol unit that performs queueing shall-have a queue-timing facility which is capable of measuring
a timg interval of up to its expected maximum queueing time, not exceeding 4,294.967295 seconds.

When a control unit converts from a'4=byte timer value to a queue-time unit, if any of the bits of the 4
byte timer value are lost while shifting, the least significant bits shall be discarded (truncated).

Wherlever the queue-time=unit factor is value ‘00001°b - “11111’b and the queue-time unit is zero, theg
resulfant value of the (queue-time parameter (e.g., the values hex’0800, hex’1000’, hex’4000
hex’8D00, hex’C00Q, ete). shall be not meaningful. This provides for usage of these values to indicatg
unique conditions recognized by the control unit. In particular, the value hex’8000’ (the QTUF is set tq
‘1000P’b and theQTU is set to ‘00000000000°b), and the queueing-information-valid code in the flag
field qode shallindicate the control unit is not capable of presenting meaningful queue-time as a resul
of either alqueue-timing-facility failure or an overflow condition.

Ifaq Nas occurred, the control ar Nall send a status DB with ar 2
status 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 interval at a minimum by disconnecting from the link.

‘3.10.3.6 Defer-Time Parameter

/Vhen the defer-time function is provided by the control unit, bytes 2 and 3 of word 1 contain the defer-
ime parameter (DTP) (see figure 34). Device-defer time shall be accumulated by)the contr¢l unit
whenever ongoing channel program execution needs to be temporarily delayed because a dgvice-
lependent action needs to be performed. This condition typically occurs whenever the contrpl unit
equires the device to access the physical medium for the purpose of reading or writing data. However,
because of the device-dependent nature of the action, other conditions may also be recognized py the
control unit creating the need for a temporary delay of channel program(execution. In all cases, dpvice-
jefer time shall continue to be accumulated with each successive temporary delay until sucl time
Wwhen either the control unit forces a disconnection from the channel or execution of the channel
brogram has been completed. If the control unit disconneets from the channel, the prevjously
hccumulated defer-time value shall be presented as the device-defer-time parameter along with gtatus
containing channel-end without device end (this status may or may not include command retry sfatus).
/Vhen the temporary delay of channel program execution is no longer required, the connection fto the
channel shall be reestablished and device-end status shall be accepted from the control unit. Device-
jefer time shall not be accumulated during the time'interval of a disconnection from the channe|. If no
jisconnection from the channel occurs during execution of the channel program, the prevjously
hccumulated device-defer time shall be presented as the device-defer-time parameter along with
status of channel end, signaling completion of channel program execution at the channel (status of
jevice end may also be included with thie channel-end status). In all cases, the control unit shalljretain
he defer time information until it regards the status as accepted. When this has occurrgd, all
breviously-stored or accumulated defer-time values shall be zeroed at the control unit and

bccumulation, if any, begins anew. The defer-time parameter shall be obtained in the following mianner
with the format specified in figure 34.
0 3
Control Unit Timer 1
0 . . &V . L. 0|1 x x X X X X X X X X[X X .o . 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

(this shall apply only in those cases where the bit position is equal to or less than 21). If no adjustment
was r:qnirnd, the DTUFE value shall be ‘00000°b

Defen Time Unit (DTU): Bits 5-15 shall contain the 11-bit defer-time unit accumulated by the contro
unit timer. The bit-significance of the time unit shall be specified by the DTUF.

Table[17 describes the relationship between the values of DTUF and the bit-significance 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
10101 2,097,152 microseconds

In thg example given in figure 35, the control unit timer has accumulated a defer time of 9,464
micropeconds (hex'24E8’))and calculated the defer-time parameter. When received by the channel, &
shift gf the most significant bit of the DTU to bit-position 18 of the channel 4-byte-time-value, and bi
15 of the DTP represents a value of 8 microseconds. The low-order 3-bit positions are set to zeros
See 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
0oooo0oo0oo00O0OO0OOOOOOOOOOITOOTOO #4911 11]00](0

Channel 32-bit time value

Figure 35 — Defer-Time Parameter Example

A\ control unit that performs the defer function shall haye a defer-timing facility which is capaple of
measuring a time interval of up to its expected maximum defer time, not exceeding 4,294.967295
Eeconds.

/Vhen a control unit converts from a 4-bytetimer value to a defer-time unit value, if any of the pits of
he 4-byte timer value are lost while shifting, the least significant bits shall be discarded (truncated).

/Vhenever the defer-time-unit factor is'value ‘00000’b and the defer-time unit is ‘00000000000°b, [either
no accumulation shall have occuired, the defer-time function is not supported, a failure of the defer-
iming facility shall have been-recognized, or an overflow condition shall have been recognized

f a defer-timing facility failure has occurred, the control unit shall send a status DIB with unit check
btatus and sense infermation describing the failure to allow device-dependent program recovety. If a
Hefer-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 hag been
bresented and accepted, the control unit shall continue with execution of subsequent chiannel
brograms-as.before; however, it shall present an indication of meaningless defer-time values by detting
he DTUE-and DTU fields to zeros (in this case, unit-check status shall not be presented after thg initial
ndication of defer-timing information not meaningful).

NOTE 32— The preferred implementation 10r control units that periorm the deter-uming juncuon and have
detected a defer-timing-facility-failure condition is to continue with channel program execution, when
appropriate, and present the indication of meaningless defer time as described previously.

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.

The sppplemental-status field shall be valid when the ES bit, bit 4 of the information-unit.identifier, ig
set tojone for a status DIB. Up to 32 bytes of sense information may be sent in the supplemental-status
field. [The contents and exact number of bytes in the supplemental-status field arexmodel dependen
(see 8.10.4.2).

Whern sense data is sent as supplemental status, it shall be sent in aseending order starting with
sensd-data byte 0 as the first byte of the supplemental-status field; it(Shall be sent in a single status
DIB 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,The number of bytes of sense datz
beyord one is model dependent.

Supplemental status shall not be used to report sense data associated with a resetting-even
indicdtion (see 9.6).

Supplemental status shall be sent in a single statusDIB.
8.10.4.2 Sense Information

The data that is transferred during a basic sense operation or that is contained in the supplemental
statug field of a status DIB when unit'check is indicated, shall provide information concerning unusua
condifions detected in a previous /O operation and concerning the actual state of the device. Sense
information shall provide more detailed information than the status byte and may describe reasons fo
the unit-check indication. lt.may also indicate that the device is in the not-ready state or that a drive id
in 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

he control DIB structure is used in all FC-SB-6.control 1Us except for control IUs that specify the
ransport-confirm function (see 8.17). The control"DIB structure and associated control functions$ shall
not be used on a transport exchange.

A control DIB shall be sent only in a control IU by either a channel or control unit. It shall be uged to
ransfer control information necessaryAfor the execution of a CCW 1I/O operation or for devicg-level
ecovery. The structure of the controtlU and its DIB is shown in figure 16. The control DIB consjsts of
h 12-byte control header, a 4-byte LRC, and, for the purge-path-response function if errorrcode
ransfer is supported, a contrel'payload and associated CRC field.

8.11.2 Control Header
8.11.2.1 Control Header Format

The control.header shall be the first 12 bytes of a control DIB. The control header shall contain
nformatienXindicating the control function to be performed and, for some functions, the parameters
needed to’perform the specified function. The control header shall consist of a one-byte cgntrol-
unction*field, a three-byte control-parameters field, U count field, a 2-byte control payload byte|count
ield,/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

d' aafhite N A aftha cantral fiinction finld 1o chonvan in tahla 10 A~ 2 2 2 far A Anfiniti~an ~f thA it
coding-of-bits-0-4-ofthe-control-functionficld-is-shownintable10-See-3-3-3fora-definition-of the-bit

numbgring 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 |Selective‘reset

0|1]|1]|1] 0 |Requeststatus

110 0| 0| 0)Device-level exception

1]10]|1N0-| 0 |Status accepted

110%™ | 1|0 |Device-level acknowledgment

7 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 1U that initiates a connection shall be sent as an unsolicited control information categpry. A
control U that does not initiate a connection shall be sent as a solicited control information,cat¢gory.
[able 20 gives a summary of the control functions, and the sections following table 20 describg each
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
AlE|T|T|T C|E|N 0] Parameter
Control Function S|{S|3|2|1|E H|E|P M |F,M,orL| Field
i
C0||1trolend z|z|z|1|z|0|1|1|z|z|z|z|1|z|z|z|CH M z
Cofnmand 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 arL z
Cancel z|z|z|1|z|0|1|1|z|z|z|z|z|z|z|z|CH] \E or L z
Sysgtem reset z|z|z|0|z|0|1|1|z|z|z|z|z|z|z|z|EH F z
Selective reset z|z|z|1|z|0|1|1|z|z|z|z|z{2{2|z|CH| ForlL *
Request status z|z|z|1]|z|0|1|1|z|z|z|2|z|z|z|z|CH F z
Deyice-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|0|1]1|z|z|z|x|z|z|z|z|CH| FxL or L z
Deyice-level acknowledgment zlz|zx%z|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:
*In¢ludes modifier bits.in-control-parameter field
$Intludes exception-or-error code in control-parameter field
FStart new exchange’pair. (First IU of exchange pair)
MMiddle 1U of.exchange. (Exchange pair remains)
LLgst IU of a pre-existing exchange (Exchange pair removed)
FxUIU opens and closes an exchange.
CH[Channel sends IU to control unit
CULaentrol unit sends 1U to channel
xBit is set to one or zero as appropriate for conditions
zBit or field shall always be set to zero by the sender and is ignored by the recipient
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
[ itier—the-transfer-of-the-eemmeand-update-for-datachainirg-was-sduppressed-atthe-ehanngl, and
or a write operation, no more data is being sent for the current operation. A control-end IU sentpy the
channel shall require a status response from the control unit. The sending of additional 1Us by the
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 device
Lintil the conditions for ending an I/O operation are met and then it shall transfer-status to the channel.
he status DIB shall carry the residual count for the current CCW being executed when the control-
end [U was received.

A\ control-end IU shall require both a valid CCW number and valid token. The CCW number used shall
be the value the channel would have sent in the command updaté€ had it been able to perform the¢ data
chain. The token assigned is model dependent.

A\ control-end IU shall be sent as a solicited control FC-2,information category. It shall be sent @s the
middle sequence of an exchange.

B.11.2.4 Command Response

A\ control unit shall use a command-response function to indicate that execution of the first command
bf a CCW channel program has started as a non-immediate operation, or, a command IU contpining
both the CRR and CH bits set to one.and the DU bit set to either zero or one, has become current. A
control 1U indicating command response is referred to as a command-response [U.

A\ command-response IU shall'be sent only by a control unit. A command-response U shall bg¢ sent
bnly under the following conditions:

a) when the first.command of the channel program is to be executed as a non-immediate
command, or

b) when.execution has started for a command IU, that is command-chained or data-chained, and
for which the CRR bit in the command header is set to one.

he sending of a command-response U shall not be contingent on sending or receiving any pf the
jata-associated with the command IU for which it is sent.

A command-response IU shall always require a valid CCW number and token, which shall be the CCW
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
status is presented as the response to a command IU, or until the status information is cleared or

withdrawr—A-centroH-ndicating-stack—status-isreferredtoasastackstatus t————————————————

A stagk-status IU shall be sent only by the channel. When a stack-status IU is received at a timg wher
the inpound exchange has been closed with a data IU containing a status DIB, no response-shall be
sent; ptherwise the response sent shall be a DACK |U.

The AS bit may be set to either one or zero in a stack-status IU. The setting of the AS'bit in the stack
statug IU shall be the same as the setting of the AS bit in the data IU containing a.status DIB for which
the stpck-status IU is sent in response; otherwise, a device-level protocol error'shall be detected.

A stagk-status IU shall require a valid token but shall not require a vaid(€CW number. The CCW
numbgr field shall be meaningless for a stack-status IU. The token field for a stack-status IU shall no
be checked by the recipient.

A stagk-status U shall be sent as a solicited control FC-2 information category. A stack-status IU shal
be sept as the first and last sequence of an exchange if it is&ént in response to an unsolicited data IU
It sha|l be sent as the last sequence if it is sent in responseé to a solicited data IU.

8.11.2.6 Cancel IU

The channel shall use the cancel function to cause the control unit to terminate the current CCW 1/C
operation, if any, for the specified device (s€e 9.4.3). A control IU indicating cancel is referred to as 2
cancql IU.

A carjcel IU shall be sent only by-the channel. When the cancel IU is received on the outbound
exchgnge of an exchange pairat a time when the inbound exchange of the exchange pair has beer
closed, no response shall be sent; otherwise the response sent shall be a DACK IU.

A carfcel 1U shall require a valid token. A cancel IU shall not require a valid CCW number and thg
contrgl unit shall ignore.the CCW number. The acknowledgment sent in response to a cancel U shal
contajn the CCWsnumber and token associated with the current command for which the cance
functipn was performed and for which ending status is to be presented later.

A cancel, IU sent during a connection shall be sent as a solicited control FC-2 information category
and shalkbe sent as the last sequence of the exchange, thus closing the outbound exchange. A cance
IU thatInftiates a connection shall be sent as an unsolicited control FC-2 Information category, shat
be 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 |U shall require a valid token but shall not require a valid CCW number. The CCW

b fiold £ o ovctara oot 11 b oll b maanibadaca Tha talkan fiald for o cvictam rac 1 h ”
TOTToCT CTO 10T O Sy St To ST T o Stial oCThoartm TgroSST TG tURCTT MCTO O a Sy SteTiT 1o ST g sha

not be checked by the recipient. The token value received in the system-reset IU, shall be returhed in
he DACK response.

A\ system-reset |U shall always initiate a connection, shall be sent as an unsolicited’ control| FC-2
nformation category, shall be sent as the first sequence of the exchange, and shall leaye the
bxchange open. The outbound exchange shall be closed when the channel-sends the LACK in
esponse to the DACK.

B.11.2.8 Selective Reset
he channel shall use the selective-reset function to cause the(cControl unit to end execution pf the
current CCW 1/O operation, if any, for the specified device,'and, depending on the bits withjn the
control-parameter field, to perform one of the following functions (see 9.4.5 and 9.5.3):
a) selective reset;

b) channel-initiated retry; or

¢) channel-initiated unit check.

A\ control IU indicating selective reset.igreferred to as a selective-reset IU.

A\ selective-reset |U shall be sent-only by the channel. When the channel establishes initiafive to
berform a selective reset to a Jogical path and device and the channel has an open transport exchange
vith that device, the chanpelperforms the transport-mode ABTS function (see 9.4.12) prior to sgnding
h selective-reset 1U to the device.
/Vhen the selective-reset U is received on the outbound exchange of an exchange pair at a time|jwhen
he inbound exchange of the exchange pair has been closed, no response shall be sent; otherwige the
esponse sent-shall be a DACK IU. When a selective reset IU which initiates a connection is recpived,
he response sent shall be either a DACK IU or a data IU containing a status DIB (see 9.4.5 for

hdditional-ihformation).

e control-parameter field for a selective-reset IU shall have the format shown in figure 37:

RC| 0| 0 |IRU|IRO Reserved
0 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 1/0 operation.
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retry is either not requested or requested and not performed, a channel-initiated unit check shall\bg
performed, if possible; if channel-initiated unit check is not performed, a selective reset shall‘be
perfolmed.

A selgctive-reset 1U shall require a valid token and, depending on conditions at the channel and thg
setting of the RC, RU, and RO bits, a valid CCW number may or may not be required.If the RC, RU
or RQ bit is set to one and the channel is requesting one of these functions to_be performed for 2
specific CCW, then a valid CCW number shall be required. If the RC, RU, or RO’bit is set to one bu
the channel is requesting that one of these functions be performed for the carrent CCW, a valid CCW
numbgr shall not be required and the value in the CCW number field shallbe set to zero (see 9.5.3)
If the RC, RU, and RO bits are all set to zero, a valid CCW number shall not be required. In this casq
the CCW number field shall be meaningless. If a selective-reset IU-iS sent after the control unit has
disconnected and the token and CCW numbers have been reinitialized at the channel, a valid CCW
numbgr shall not be required and the CCW number field shalf contain the value zero. The token fielg
for a gelective-reset IU shall not be checked by the recipient.

The DACK IU sent in response to a selective-reset lU*shall contain the token and CCW numbe
assodiated with the current command at the control, unit which was terminated by the selective-rese
functipn. If status is returned in a data IU as a resultof performing either the request for retry or reques
for urit check functions, the token and CCW.number associated with the command for which theg
functipn is being performed shall be used?ZIf a disconnection occurs as a result of an abnorma|
condifion and a selective reset is received as a result of recovery actions at the channel, the CCW
numbgr and token being maintained atithe time of the disconnection shall be returned in the DACK. If]
as a fesult of a normal disconneetion from the channel, CCW numbers and tokens have beer
discafded, the DACK sent shallcontain the token and CCW number received in the selective-reset IU

Request Command Retry (RC): The RC bit, bit 0, when set to one, shall indicate that the channel is
requelsting the device to perform command retry on behalf of the channel.

If the RC bit is setto\one, the device shall perform command retry if possible; if command retry is no
able tp be perfermeéed, the RU and RO bits shall determine the action to be taken. If the RC bit is set tq
zero, the RU and RO bits shall determine the action to be taken.

Request Umt Check (RU) Bit 3 when set to one, shall |nd|cate that the channel is requestmg the
device 10 prese R mmand T o)A

operation shall be terminated and e|ther 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
it choecle ctatiic awnth tha cancn daota Dot ooy bha racincind
urit-checkstatus-with-the-sense-data—Retryr-may-berequested:
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 |U that initiates a connection shall be sent as an unsalicited 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 tq zero.
t shall be sent as a solicited control FC-2 information category and as the last sequence pf the
bxchange, closing the outbound exchange.
8.11.2.9 Request Status

lhe channel shall use the request-status function to indicate that the channel is prepared tq have
btatus information presented for the addreSsed device for which status is pending (see 9.4.p and
D.4.6). A control IU indicating request status is referred to as a request-status IU.
A\ request-status 1U shall be sent only by the channel.

[he AS bit shall be set to one-in-a request-status |U.

-or a request-status IU the ' CCW number and token assigned by the channel are model depengflent.

A\ request-status _IU shall always initiate a connection; it shall be sent as an unsolicited control FC-2
nformation category as the first sequence of the exchange.

B.11.2.10~-Device-Level Exception

A\ contnol unit shall use the device-level-exception function to indicate that an abnormal condition was
ecognized in the IU received for which the sending of status is inappropriate or not permitted. The
bnormal condition shall be indicated Dy the exception code present in the first byte of the control-
parameter field. A control IU indicating device-level exception is referred to as a device-level-exception
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.

Bits OF—shal-speeify-the-abrermal-cendition-detectednthetdferwhich-this-devicelevel-exeeption
IU is the response. Table 22 shows code assignments for the exception codes. See 3.3.3 for g
definifion of the bit-numbering convention used in the table.

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

If a reperved exception code is used, a device:level protocol error shall be detected by the recipient of
the device-level-exception |U.

A devjce-level-exception IU shall use the’token and CCW number from the IU to which it is being sen
in response.

Address Exception: Address exception shall indicate that the IU received contained the device
addrelss of an uninstalled«device or a device that is offline with respect to the logical path. A device
level-exception IU for ah address exception shall be sent only in response to certain IUs containing
devicg-level information’(see 9.5.4 for a description of the use of this exception code). A control IU
indicdting addresstexception is referred to as an address-exception IU.

An address-exception |U shall use the token, CCW number and device address from the IU to which
it is bging sent in response.

An a . e p P - = . ra raY & = = . ra .
sent as 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 zero,

daopnandina o Aot e ot th o b oAl (o Q.4 0\
o POy U COTOTaoUTT S at e orarmoT (ST T I U)T

he AS bit may be set to either one or zero. The setting of the AS bit in the status-accepted’IU shall
be the same as the setting of the AS bit in the data IU containing a status DIB for which/the gtatus-
hccepted U is sent in response; otherwise, a device-level protocol error shall be detected.

he ES bit may be set to either one or zero in a status-accepted |U. The ES bit'shall be set tofa one
o indicate that the channel has accepted the supplemental status received in a status DIB with the ES
Dit set to a one. If the channel has not accepted the supplemental status.received, or there was no
supplemental status presented in the status DIB, the ES bit shall be sét to zero (see 9.2.3.2).

he status-accepted U shall require a valid token but does nat require a valid CCW numbef. The
oken value used in the status-accepted IU is model dependent:-The CCW number field and tokeh field
or a status-accepted IU shall not be checked.

A\ status-accepted IU shall be sent as a solicited control\FC-2 information category. It shall be sgnt as
he first and last, or last sequence of the outbound exchange, depending on whether there]is an
butbound exchange already open for that device ‘or'logical path.

B.11.2.12 Device-Level Acknowledgment (DACK)

he device-level acknowledgment (DACK) function shall indicate acceptance of a stack-statps U,
cancel |U, system-reset IU, selective*reset 1U, request-status 1U, or status-accepted IU and that the
equested function was or is to be performed. A control IU indicating a device-level ACK is referfred to
hs a DACK IU.

A\ device-level acknowledgment shall be sent only by a control unit.

he AS bit may belset to either one or zero. The setting of the AS bit in the DACK IU shall be the|same
bs the setting of the AS bit in the IU for which the DACK is sent in response; otherwise, a devicg-level
protocol errofishall be detected.

Except.for‘a response to a cancel or selective-reset IlU, a DACK IU shall use the token and|CCW
humber from the IU to which it is being sent in response. When a DACK U is sent in responsg to a
cancel or selective-reset 1U, the token and CCW number used shall depend on whether or npt the
cancel IU nitiated a connection, conditions at the control unit and, 10r a selective-reset 10, 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 U 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 CECW
numbgr field for a purge-path U 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 1U shall be sent as the first sequence of an outbound exchange as an unsaligited contro

FC-2

The cpntrol-parameters field for the purge-path IU shall have the format shownhirt figure 39:

nformation category.

Figure 39 — Control-parameter Field for'the Purge-Path IU

Error
Code

Model-dependent Data

23
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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 exehange

OF Host storage error

10 Software termination of exchange due to
halt request

11 Software termination of exchange due to
clear request

12 Interrogateroperation error

13 Transport operation error

14 Transport error

15 REC error
16-FF * {Reserved

/Vhen an error code of zero'is indicated in the purge-path IU, indicating that error-code transfer|is not
supported, bits 8-23«0f the control parameters field shall be reserved. When a nonzero error cpde is
ndicated in the purge-path IU, bits 8-23 of the control parameters field may contain model-depgndent
ata to be transferred to the control unit.

8.11.2.14-Purge Path Response

A control unit shall use the purge-path-response function to indicate receipt and recognition pf the
burge-path function; if error-code transfer is supported, the purge-path-response function shall ajso be
USed to transier an error code to the channel. A control 1U Indicating the purge path response is
referred to as a purge-path-response IU.

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
format of the control payload is shown in figure 40:

Nelghbor-F_Port |Control-Unit-N_Port| Error Model-dependent Data
LESB LESB Code
0 24 48 49 25

(max

Figure 40 — Control Payload Format for the Purge-Path-Response IU

If the [control unit is attached to an F_Port and has successfully obtained(the LESB of the attacheq
F_Port, the neighbor-F_Port LESB field, bytes 0-23 of the control payload, shall contain the link erro
statug block (LESB) of the attached F_Port; if the control unit is dirfectly attached to the N_Port of 2
channel or is unable to obtain the LESB of the attached F_Port, then the neighbor F_Port-LESB fielg
shall be set to zero.

The dontrol-unit-N_Port LESB field, bytes 24-47 of the“control payload, contains the LESB of thg
N_Port of the control unit.

The grror code field, byte 48 of the control payload;’contains an 8-bit code indicating the error which
the control unit has recognized for the logical\path and device indicated in the purge-path IU. The
codeg and their meanings shall be as showrvin table 24.
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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 Logical-path-timeout 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

Hata transferred.

8.11.3 Control Payload

control payload shall be a~variable length field with a minimum length of 49 bytes, and a maxji
U sent in response to'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 tqa

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;

© ISO/IEC 2020 - All rights reserved

Bytes 49-255 of the purge-path-response |IU may be used to transfer up to 207 bytes of nmodel-
Hependent 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-depgndent

Support for the control payload-field is model-dependent. When a control payload is supported, the

mum

ength of 256 bytes. The control payload, if supported, shall be present only in a purge-path-response

nsfer

-C<SB-6 link-level information. A control IU containing a link-control DIB is referred to as a link-gontrol
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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

8.12.2.1 Link Header Format

The link header shall be generated by the channel or control unit and shall appear immediately afte
the 1Y header of either a solicited or unsolicited control IU. The link header shall contain informatiorn
indicdting the link-control function to be performed and, for some functions, the parameters needed tq
perform the specified function. The link header shall consist of a one-byte link-control-function field, ¢
two-byte link-control-information field, a two-byte CTC counter field, a one-byte 1U countsa 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 of word 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 get to zero by the sender and ignored by the(recipient.

8.12.2.2 Link Control

The link-control field, byte 1 of word 0%shall contain the link-header format bits, bits 5-7, and the link
contrgl function bits, bits 0-4. The link-control field shall have the format shown in figure 42.

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-contro
functipn.,See' 6.4 for the link-control functions and their assigned codes. All other values of bits 5-7
shall pbeteserved. If a value of other than ‘001’b is specified, a link-level protocol error shall be
recoghized:

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 assomated with the LPR and LRJ link- control functions shall be contamed in the first
epntrol
nformat|on field, byte 3 of word 0, shall always be set to zero by the sender and ignored by the
ecipient.

Fhe parameters associated with the ELP and LPE link-control functions shall be contained in both
pytes of the link-control information field, bytes 2 and 3 of word 0.

he parameters associated with the TIN and TIR link-control IUs shall be ¢ontained in bit 7 of byte 0
bnd in byte 1 of the link-control information field. When bit 7 of byte 0 is zero for the TIN U, the TIN
unction is specified; when bit 7 of byte 0 is one, the TINC function is specified. When bit 7 of byfe 0 is
rero for the TIR IU, the TIR function is specified; when bit 7 of byte0ris one, the TINCR func}ion is
bpecified. Bits 0-6 of byte 0 of the link-control information field are reserved.

8.12.2.4 Channel-to-Channel (CTC) Counter
'he CTC counter field, bytes 0 and 1 of word 1, is onlyfneaningful when ELP is the link-control fuhction
specified, and bit 15 of the link-control information field is set to one. The CTC counter specifigs the
humber of CTC connections for which the channel'sending the ELP IU is providing emulated gontrol
init functionality at the time when the ELP U, is sent.

8.12.3 Link Payload

he link payload shall be a variable length field with a maximum length of 8156 bytes. The link pgyload
ield shall be present only for the<FHR link-control function (see 6.4.8).

B.13 Transport CommandU
8.13.1 Transport Command Overview
A transport-command U shall be sent as an unsolicited command IU and shall be sent only by the

channel. ThewlU' is used to initiate an operation with a device and to transfer information assotiated
with the curfent TCW to the control unit.

he transport-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 |

operations, a 4-byte bldlrectlonal read data- transfer length (BRDL).
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The structure of the transport-command IU is shown in figure 43.

The c
referr

8.13.2

The H
to ide

8.13.3

8.13.3

The tjansport command header (TCH) contains 4 bytes and immediately follows the FC-SB-6 heade
ansport-cemmand 1U. The TCH contains information about the TCCB and the associated devicg
operations. The-format of the TCH is shown in Figure 44.

inatr

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 Read Data Length (BRDL)

(only present for bidirectional opgrations)

bmbination of the TCAH, TCA, LRC, DL and, forbidirectional operations, the BRDL together arg
bd to as the transport-command-control block(TCCB).

FC-SB-6 Header

C-SB-6 header is as defined in 8.4 The FC-SB-6 header provides FC-4 addressing informatior
ntify the logical path and the device for the transport-command 1U.

Transport Command Header

.1 Transport Command Header Format

31
Figure 43 — Transport-Command IU

hex’00 00 00’ L1 R (W

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.
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8.13.3.2 1

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.

L orcaontealnita that ciinnort bhaidliea i Aol naratiana—th total oot AFf Aot teo o fore H th
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ransport-command U shall be equal to the L1 field plus 8 (that is, the L1 field plus the 2-word. FC-SB-
b header, the 1-word TCH, the 4-word TCAH and the 1-word DL) or the L1 field plus 9 (that,is, the L1
ield 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 tranpport-
command U integrity error due to a data count error.

f a transport-command U integrity error is not recognized, the location of the LRC in the TJCB is
ocated based on the L1 field and the LRC check can be performed (see 8.13.6).

NOTE 36 — see the definition of the L2 field (8.13.4.3) for further.information on the L1 field apd the
relationship to the L2 field in the TCAH.

8.13.3.3 Read (R)

he R bit, bit 30, when set to one, indicates that the TGA contains one or more commands that transfer
ead data. When the bit is set to zero, the TCA does not contain any commands that transfer read data.
/Vhen the R bit is one and the W bit (bit 31) is zero,"the operation is referred to as a read operagtion.

/Vhen both the R and W bits are set to zerg;»the TCA shall not contain any commands that transfer
ead or write data indicating that the I/O. operation does not perform data transfer. When both|the R
hnd W bits are set to one, the TCA may’contain commands that transfer both read and write datg, and
he operation is referred to as a bidirectional operation. The device shall recognize a TCH contenf error
Hue to a read-write conflict if a bidirectional operation is specified and the control unit does not s{yipport
bidirectional operations, or the control unit supports bidirectional operations but the trangport-
command |U does not contain the BRDL field.

/Vhen the R bit is zere.and the device encounters a command in the TCA that attempts to transfer read
Jata, the device shall recognize a TCCB content error due to an invalid read attempt.

8.13.3.4 Write (W)

he WL bit;"bit 31, when set to one, indicates the TCA includes one or more commands that transfer
vritel data. When the bit is set to zero, the TCA does not include any commands that transfer write
jatas When the W bit is one and the R bit (bit 30) is zero, the operation is referred to as g write
peration.

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.

0 Format Control hex ‘00’ Reserved
1 Reserved L2
2 Service Action Code Reserved 1/O Priority
3 Reserved
0 8 13 16 24 31

Figure 45 — TCA Header Format

Byte 1 of word 0 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 resenved and ignored by thg
contrgl unit.

8.13.4.2 Format Control

Byte 0 of word 0 contains the format control field and shall be equal to hex’7F’; otherwise, a TCCH
content error shall be recognized by the control unit.

8.13.4.3 L2

Byte 8 of word 1 is the L2 field and contains an unsigned binary integer that shall specify the length
in bytes, of the TCA plus words 2 and 3 of the TCA header, plus the 4-byte LRC field that directly
followfs the TCA. The L2 field shall be a nonzero multiple of 4 that is between 20 and 252, inclusive.

Bits 6|and 7 of the L2 field shall be zero; otherwise a TCCB content error shall be recognized by theg
contrgl unit. Additionally, the L2 field-shall specify a length that is 8 bytes greater than the length
specified by the L1 field in the \JTCH (see 8.13.3.2); otherwise, a TCCB content error shall be
recoghized by the control unit.

NOTE 37 — The definition of L1 length field is based on the FCP-3 and SPC-4 definition of a command U and
command-descriptor block (CDB) which defines the L1 location in the command IU to contain the “additional
CDB length”. The CDB 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 (€., 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 thd
command IU to specify a different “additional CDB length”. This additional CDB length is defined to begin af
word 5 of the command TU (i.e., beginning with the service action code field) and extends through the TCAand
LRC. Since the length specified by L2 begins at word 5 of the command IU and the length specified by L1
begins at word 7 of the command IU, L2 always exceeds L1 by exactly 8 bytes.

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 /O priority number. The number is an unsigned binary

ntacar that conanifica e laval that 1o o eliad ot th caontealait daiciaa A an b ~f o TCW
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channel program. I/O priority provides a means for specifying an end-to-end priority. The usage|of I/O
briority is beyond the scope of this standard.

he specified control-unit I/O priority number may be any value in the range of 1 t0255. The niimber
| shall designate the lowest priority that may be assigned to the I/O-operations at the control urjit and
he number 255 shall designate the highest priority that may be assigned. The-number 0 shall[mean
hat no priority is assigned to the associated 1/0O operations. The handling, of 1/0O-operations, |n this
case, shall depend upon the control unit model.

Depending upon the model, fewer than 255 priority levels may be ‘Supported by the control init in
Wwhich case, the control unit shall round the specified priority to the equivalent level of priority [that it
upports. For example, if the control unit supported 127 levels-of priority, then a specification ¢f 254
would result in an equivalent priority of 127. Also depending:upon the model, the control unit may not
support the function of 1/0 priority, in which case, byte 3/of word 2 shall be ignored.

NOTE 39 — A control unit should implement a model-dependent fairness algorithm which ensures thatfno 1/0
operation is permanently prevented from completing.because it is setting the 1/O priority to a lowel| 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.

0 DCW
1

2 DCW or
Control Data for Previous DCW

DCW or
Control Data for Previous DCW

DCW or
Control Data for Previous DCW

Figure 46 — Transport-Command Area (TCA) (Where N>0 and N<=59)

The lgngth of the TCA is an integral number of'4-byte words. When sufficient space exists in the TCA
for the entire DCW, a DCW begins on the word boundary that follows the previous DCW or the contro
data gssociated with the previous DCW. When the last DCW in the TCA specifies control data that ig
not anp integral number of words, the subsequent LRC word begins on the word boundary that follows
the cgntrol data.

8.13.5.2 DCW Format

The OCW is an 8-byte _control block that is designated on an word boundary. The format of the DCW
is degcribed in Figure'47.

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|O0O|O0O]|O0T1l0
Transport' Ol1[M|M|O|QfO|O
Reserved 1 1T I M|{M|Qy0|0]O0
Sense M| M| M| MO0 |1 0|0
Reserved MM MM/ 1 o|01|O0
Reserved? MMy M| M|{1]1]|0]|0
Write M MMM 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:
T These:¢eodes are reserved for commands used to manage transport-mode op-
erations.
2n command mode, these codes are used for the read backward commands -
read backward commands are not supported in transport mode.

'he command field may contain any value that is not reserved. If a reserved command code is gent in
h-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.

Transport: A transport command specifies a device support function associated with transport-mode

oper ions. It mav contain control data and mav perform a read or write data transfer
7 J ™

Therg are some commands (particular combinations of eight bits in the command field) which shallbe

execyted by all devices. Table 26 indicates these required commands.

Table 26 — 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 OffsetBlock+(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 can.be
accommodated in the TCA.

3 Support for the TCOB and/or TeCOB command is not required butrecommended when
intermediate CRC is used in transport mode write data.

n command mode, transport command codes are defined as reserved and result in unit check gtatus
see 8.7.2.2). The transport commands are defined in the following clauses.

8.13.5.2.1.1 Interrogate Command

[he interrogate command is used to determine  the state of a TCW I/O operation at a devicg. The
command does not initiate an operation at.thie device, does not affect the state of the device and does
not reset allegiances associated with the device and logical path. See 9.3.3.2 for details pf the
nterrogate operation.

he incorrect-length condition is*not recognized for the interrogate command regardless of whether
he 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 Commands

'he Transfer CRC\Offset Block (TCOB) or Transfer Extended CRC Offset Block (TeCOB) command
ransfers a CRC\Offset Block or an Extended CRC Offset Block respectively, to a control unit and,
vhen used,.shall be the first DCW of the TCA. The location of the COB or eCOB is determined by the
control-datai.count and may be provided in either the first write transport-data IU of an I/O opgration
br as control data following the TCOB or TeCOB DCW of an I/O operation. If the control-data cqunt is
non-zero then the COB or eCOB shall be provided as control data following the TCOB or TeCOB
DCYV. If the control-data count is zero, then the COB or eCOB shall be provided in the firs{ write

data count shall include a byte count of the COB or eCOB intermediate-CRC-offset fields but shall not
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
1 Intermediate CRC 1 offset
N Intermediate CRC N offset
0 or 1 word of pad (if the COB is in a transport-data.lU)
CRC word (if the COB is in a transport-data. i)

Figure 48 — CRC Offset Block

The Bxtended CRC Offset Block (eCOB) specifies the location of‘intermediate CRC words within the
transport 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 transpori
data for a write data transfer, and bits 30 to 31 shall_eontain 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 cgntain the TeCOB command, then an eCOB(is"not provided.

The Bxtended 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)
CTRCT word (if the eCOB 1s In a transport-data 10)

0 29 30 31
Figure 49 — Extended CRC Offset Block

156

© ISO/IEC 2020 - All rights reserved


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

ISO/IEC 14165-226:2020(E)

INCITS 544-2018

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.

ackhintaroaadiata ODO ~ffot 1ot COR aoralOR 1nd $ 1 ralativs aat fraona tha fieot .t f
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Jata in the transport-data IU. If the COB or eCOB is provided in a transport-data 1U, the first bhyte of
Hata for the write transfer is either the first byte following the COB or eCOB CRC if a TCAX(s,not|being
brovided or the first byte following the TCAX CRC if a TCAX is being provided (see 8.13.512.1.3)| If the
COB or eCOB is provided in the TCA as DCW control data, the first byte of data for'the write transfer
s either the first byte in the transport-data |U if a TCAX is not being provided or the first byte follpwing
he TCAX CRC if a TCAX is being provided.

f the control unit determines that one or more entries in the COB or eCOB indicate that an intermgdiate
CRC is not at a location that is appropriate for the device and/or command being executed, then jt may
bresent program check status. If program check status for this condition is presented it shall inflicate
/O Exception Reason Code 9.

he incorrect-length condition is not recognized for theXtransfer-CRC-offset-block or trapsfer-
bxtended-CRC-offset-block command regardless of whether the DCW-incorrect-length facllity is
supported by the channel and control unit.

NOTE 40 — The presence of a TCOB DCW or Te€OB DCW or TTE DCW does not affect DCW chaining
requirements of a device. For the purpose of enforcing device DCW chaining rules, the DCW following the
TCOB or TeCOB or, if present, the DCW followifag the TTE, shall be considered the first in the chain.

8.13.5.2.1.3 Transfer TCA Extension’(TTE)

he Transfer TCA Extension (T TE)Y command transfers a TCA extension to a control unit. The TCAX
s considered a logical extension of the TCA. When neither a TCOB DCW nor a TeCOB DCW is
bresent in the TCA, the TFE\DCW shall be the first DCW in the TCA. When a TCOB DCW or TeCOB
DCW is present in the TCA; the TTE DCW shall be the second DCW in the TCA. The TTE DCVW data
count specifies the length of the TCAX and shall be an integral multiple of four bytes. The TTE|DCW
control-data count'shall be zero and the chain-command flag shall be set to one. The DCW data|count
Shall not include'the TCAX CRC or TCAX pad bytes.

se of the~.-TE command is required to be able to transfer more DCWs and control data than dan be
pccommodated in the TCA provided in the transport-command IU. The TCAX contains addjtional
DCW:s or both additional DCWSs and control data for the TCW I/O operation. A device indicates s{yipport
or the TTE command using model dependent configuration commands. A TTE command shall pot be
Sent 1o a device that does not indicate supportior the T TE command and shall only be sent when there
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.

0 DCW

2 DCW or
Control Data for Previous DCW

DCW or
Controt Data for Previous DCW

DCW or
Control Data for Previous DCW

0 or 1 word of Pad
CRC Word
0 31
Figure 50 — Transport-Command Area Extended (FCAX) plus Pad Bytes and CRC

DCWE and control data in the TCAX are processedvas defined for the TCA (see 9.3.3, “TCA
Procgssing”). The maximum length of the TCA plus,the TCAX shall be less than 64K bytes.

The TICAX shall be followed by either zero pad.bytes or one word of pad, followed by one word of CRC
One word of pad is provided if the size of the;TCAX is an even multiple of 4 bytes; otherwise no pag
bytes|are provided. The total size of the FCAX plus the word of pad, if provided, plus the one worg
CRC phall be an even multiple of 4 bytes The TCAX CRC covers the entire TCAX and the pad word
if proyided. The CRC shall be generated as described in 8.6.5.

The incorrect-length condition is"hot recognized for the transfer-TCA-extension command regardless
of whether the DCW-incorrect-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
offs¢t field provided in the transport-response IU (see 8.15.6.4).

8.13.5.2.2 Control Flags

Byte 1 ofword 0 is the control-flags field for the DCW. The format of the field is as shown in figure 51
Bits 0and—3-7are reserved and shall be Setto Zero by the channel and fgnored by the controt unit.

r CC | SLI reserved
0 1 2 3 7
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 IU 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 DCW
or-ifthe DC\. data count-doss-not-match-the-amount-of data-available-at the deviceforatread DCW.
/Vhen the DCW-incorrect-length facility is not supported by the channel and control unif; bjt 2 is
eserved and shall be set to zero by the channel and ignored by the control unit.

/Vhen the SLI flag is one and an incorrect-length condition exists for the current@EW, command
Chaining, if indicated, shall be permitted. If the SLI flag is zero and an incorrect-length condition fexists
or a DCW, command chaining, if indicated, shall not be permitted and, if no abnarmal conditions are
Hetected, ending status with the DCW offset and DCW residual count for the.current DCW anf with
he incorrect-length flag (see 8.15.4.11) set to one shall be transferred to'the channel.

/Vhen an incorrect-length condition exists for a DCW and the SLI flaglin the DCW is equal to one and
no unusual conditions exist for the current DCW, data transfer shall be performed as follows;
btherwise, the operation shall be terminated and an abnormal ‘termination condition shall be reported
or the operation (see 9.3.4). When an incorrect-length condition exists for a DCW and the SLI flag in
he DCW is equal to zero, data transfer shall be performéd as specified in 8.15.4.11 in the descfiption
bf the incorrect-length flag.

Data transfer for a read DCW shall be performed-as follows when an incorrect-length condition fexists
bnd 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 command,
then:

1) If the CC flag is one, the data available at the device shall be transferred to the channgl 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 pytes,
shall be includedin 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 channel
and either no additional data shall be transferred or pad bytes shall be transferred so that
thetamount of data transferred for the DCW is equal to the data count. Pad bytes shall be
set to zero. The data transferred plus any pad bytes shall be included in the computation of
€RC required for the operation. It is model dependent whether pad bytes are transferied for
this case.

b)_IT the data count IS less than the amount of data available at the device jor the command, only
an amount of data equal to the data count shall be transferred to the channel for the DCW.
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

compitation-of CRC reanirad-fortha-opnaration
SO pPTtTtoOT- O oo TrequTreCTo T c-Operaton:

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 date
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 integer. that shall specify the
numbgr of control data bytes that immediately follow this DCW in the TCA,

If the command-code specifies a command that requires control data’and byte 3 of word 0 containg
zeros| a TCCB content error shall be recognized.

If the|CD count contains a value that specifies control data’past the end of the TCA or the valug
specifies data past the end of the TCAX, a TCCB content efror shall be recognized.

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 niimber of bytes to be transferred between the channel and control unit during execution of the
DCW]/ not including any pad and CRC bytes:
8.13.¢ Longitudinal Redundancy Check
The Iongitudinal-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 thg
originptor and recipient using a seed of hex’A5 5A A5 5A’ that is exclusive or'ed on a word by worg
basis [over the following(fields:

a) [The FC-SB-6:header;

b) |The TCH;"TCAH and TCA;

c) [Fhe 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 binary

niacaor at oo fiac t aabarr-aof bvwviac ta ba tranacfaread b, channal o th anteal it f r th
MCYCT at SPCtmCS o Tt UT 0y tC S tO ot trarnSTCTTCU Oy - orar o (O e~ CUTTrOT OTie 1 e

bperation and includes all intermediate and final pad and CRC bytes, and ifa COB or eCOB s ingluded
n the first transport-data IU of the write operation, it also includes the COB or eCOB, any,€OB pad
bytes or eCOB pad bytes and the COB CRC or eCOB CRC bytes. If a TTE DCW is presentin thg TCA,
he DL field also includes the TCAX, any TCAX pad bytes and TCAX CRC bytes.

8.13.8 Bidirectional Read Data Length

-or a bidirectional operation, the bidirectional-read-data-length (BRDL)field shall contain a 4-byte
insigned binary integer that specifies the number of bytes to be transferred by the control unitjto the
channel for the operation and includes any pad bytes required to.round to a word boundary]if not
blready on a word boundary plus 4 bytes for CRC.

-or operations that are not bidirectional operations, the device shall recognize a TCH content error
Jue to a read-write conflict if the transport-command IUontains the BRDL field.

B.14 Transport Data IU
8.14.1 Transport Data IU Overview

A\ transport-data U shall be sent only in a\solicited data IU by either the channel or control unit. When
he transport-data IU is sent by the channel, sequence initiative for the exchange shall be transferred
o the recipient. When the transport:data 1U is sent by the control unit, sequence initiative fpr the
bxchange shall be held by the control unit.

-or a write or bidirectional operation, the channel shall send one or more transport-data IUs ffo the
control unit to transfer the”write data for the operation. When first-transfer-ready is disablefd, the
channel shall send-al\transport-data IU immediately following the transport-command IU. For all
ransport-data IUsfrom the channel after the first transport-data IU and for all transport-data IlU$ from
he channel when-first-transfer-ready is not disabled, the channel shall send a write transport-data-1U
bnly after receiving a transfer-ready IU. The channel shall send a transport-data U after each transfer-
eady U is feceived until all write data specified by the TCCB is transferred or a transport-response
U is received. (See 8.14.2 and 9.3.2.2 for additional information on write data transfer).

-oria read or bidirectional operation, the control unit shall send at least one transport-data IU fto the
channel 10 transier the read data speciiied for the operation. (See 8.14.2 and 9.3.2.3 for additional
information on read data transfer).

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
of bytes allowed except for the last transport-data IU.

For afread or bidirectional operation, the maximum number of bytes allowed in a transport-data IU_ig
4 gigabytes minus 4. For read operations, the control unit shall not transfer an amount of data,tha
excegds the amount specified by the DL field in the transport-command IU. For bidirectiona
operations, the control unit shall not transfer an amount of data that exceeds the amount specified by
the BRDL field in the transport-command IU.

When the transport-data IU containing the last data byte for the current TCCB caentains an amount o
data hetween the maximum-allowable amount of data for the IU minus 3 and the maximum-allowable
amout of data for the IU, the CRC field shall not be included in the transportcdata IU and shall be sen
in a gubsequent transport-data IU by itself. The transport-data IU contaibing the last data with ar
amoupt of data up to the maximum amount of data minus 3 bytes up 6 the maximum amount of datz
shall have pad bytes added, if necessary, and the CRC value sent‘imthe subsequent transport-data
IU shall cover both the data and the pad bytes.

8.14.3 Pad Bytes

Pad Hytes, if present, are contained in the last word of-a'data area for which CRC is to be calculateq
and shall be used to pad the data area to the next word boundary when the data area to be covereg
is not|an integral number of data words. This applies to data areas to be covered by COB or eCOB
intermediate and final CRC.

The vplue used for a pad byte is model dependent.

8.14.4 Cyclic-Redundancy-Check

8.14.4.1 Final CRC

The fipal CRC field is included in a transport-data IU when the transport-data IU is the last transport
data U sent by the,chahnel or control unit for the TCW 1/O operation. The final-cyclic-redundancy
checK (CRC) field:shall contain a word-aligned 32-bit redundancy-check code.

8.14.4.2 Intermediate CRC

One gr«more intermediate CRC words may be present in a transport-data IU sent by the channel. The
intermediate CRCT Words provide CRC Checking of data areas prior 1o transmission of the entire datz

area 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

eCOB CRC is present in a transport-data IU sent by the channel when an eCOB is being transferred
in the transport- data U (see Figure 49). The eCOB CRC follows the eCOB intermediate-CRC-offset

aldaond aCOD nodina f ~rocant
eSS anmu C o oD padutiTy;, T PTro STt

8.14.5 CRC Generation and Checking

-or a write or bidirectional operation, when intermediate CRC has not been sent by the channgl, the
channel shall generate final CRC on all data sent by the channel for the operation. |If COB, eCQB, or
ntermediate CRC has been provided in a transport-data U, the final CRC shallibe-generated only over
he data transferred after the last intermediate CRC field. If a read or bidirectional operation completes
ithout:

a) device status containing unit check; or
b) a non-zero transport response exception code,
hen the control unit shall generate CRC for all data sent bythe control unit.

he recipient shall generate CRC on the data received and compare the value calculated to thg CRC
contained in the 1U. If the value of the CRC contained in the IU equals the value calculated by the
ecipient, a valid CRC check shall be recognized; otherwise, an FC-SB-6 CRC error shpll be
ecognized.

he processing of CRC, in terms of geferation and checking, shall follow the equations in Annex A of
-C-FS-4; however, the coefficientsof the polynomial representing the transport-data field afe not
chosen according to bit transmission order specified in Annex A. The coefficient of the highest|order
erm of F(x), which is the polynomial representing the transport-data field, shall represent the |most-
bignificant bit of the transport:data field; lower-order coefficients of the polynomial F(x) corresppnd to
ess-significant bits of thetransport-data field in sequential order. The 32-bit CRC shall be the 32
coefficients of the frame check sequence (FCS) polynomial in Annex A, equation (1). Thel most
Bignificant bit of the CRC shall be the coefficient of the highest order term of the FCS polynpmial;
equentially less-significant bits shall be the coefficients of sequentially lower order terms of the¢ FCS
bolynomial,-The CRC is transmitted on the link in the same bit-transmission order as all other jvords
bf the transport-data field. Additional information may be found in Annex B of Reference[8].

he initialized value of the CRC generator shall be hexX FFFFFFFF’.

815 Transport Response U

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
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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 IU has
been received by sending the transport-response U such that it does not close the exchange and

transf ro cootianon initintina ta tha channal
IeTro—StouCroC Tty CtotrC—CrarTicr

The cpntrol unit shall request status confirmation when the transport-response 1U contains a resgtting
event|notification (see 9.6) or when the device status contains control-unit-busy status (see 94.10)
otheryvise, a device-level protocol shall be recognized.

NOTE 42 — For performance reasons, the preferred implementation for a transport-responsé_1U that containg
CE and DE-only or CE-only device status is that the IU close the transport exchange.

8.15.2 Transport Response IU Structure

A transport-response U shall consist of an FC-SB-6 header followed by a 20-byte status field, a 4-bytg
statug LRC, and an optional extended-status field containing from‘32 to 64 bytes. When extendeq
statuq is provided, a 4-byte extended-status LRC field is provided as the last word of the transport
respohse IU. Pad bytes are added to the extended status to/round to the next word boundary if thg
numbgr of extended-status bytes is not on a word boundary.\Fhe structure of the transport-responss
IU is $hown in Figure 52.

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 in
Figure 53.

0 Status Flags1 Max CU Exchanges Response Flags Response Codé
Parameter

1 DL Residual Count

(for bidirectional operations, contains the write DL residual codnt)
2 MFTBC Response tength
3 Bidirectional Read DL Residual Count

(for non-bidirectional operations, this field is reserved)
4 hex ‘7F’ Status Flags2 Status Flags3 Device Status
0 8 16 24 31

Figure 53 — Transport Response U Status Area Format

Vhen word 3 does not contain a bidirectional read ‘BL-residual count, the word shall be set to|zeros
by the control unit and ignored by the channel.

8.15.4.2 Status Flags1
Byte 0 of word O contains the statusZflags1 field. The control unit shall use this field to pjovide

nformation about the associated TCW 1/O operation. Bits 1-3 shall be set to zeros by the contrpl unit
hnd shall be ignored by the chantel. The format of the status flags1 shall be as shown in Figurg 54.

IL reserved Exception Code
0 1 3 4 7

Figure 54 — Transport Response Status Flags1

ncorrect Length (IL): When the DCW-incorrect-length facility is supported by the channgl and
control upity*bit 0 is the IL flag and, when set to one, shall indicate that the TCW 1/O operatioh was
ermimated due to an incorrect-length condition for the DCW indicated by the DCW pffset
see'8/15.6.4). The IL flag is set to one only when the SLI flag is zero and when the device status
ncludes 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
eheeking-shal-have-beenperfermed-en-the-data—The-centrol-unit-shallrequest-write-datg

for DCWs that follow the incorrect-length DCW as necessary to obtain the CRC required. g
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 datz
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 on‘the data. The contro
unit shall request write data for DCWs that follow the incorrect-length DCW as necessary tq
obtain the CRC required to perform the CRC checking.

2) If read DCWs preceded the incorrect-length write DCW%in the TCA and, if present, the
TCAX, and CRC for the read data has not yet been sent.to the channel, a transport-data I
shall be sent to the channel that contains CRC for all read data transferred to the channe
during the TCW 1/O operation.

Exception Code: bits 4-7 contains an exception codexThe code shall be set by the control unit tg
repor{ an abnormal condition detected during a TCW¢/O operation. The control unit shall set this codsg
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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

?hoe‘:((; Meaning

0 No exception condition detected by the control unit.

1 Device-level exception due to an address-exception condition (see 9.5.4.2).

2 Link-level reject due to a logical-path-not-established condition (see 6.4.9).

3 Resetting event notification - a resetting event (see 9.6) has occurred on the Jogidal path and
device associated with the transport-command IU. When this code is set in thetrangport-response
IU, the control unit shall request status confirmation for the status. If status confirmation is
received, the resetting event condition is reset at the device for the logical path; otherwise, the
resetting-event condition remains pending.

4 Device-detected program check/IFCC - the control unit has detec¢ted a condition that may result
in a program check or IFCC to be reported. Errors that fall intothis category inclugle errors that
indicate the transport-command IU arrived in a corrupted-state, invalid CRC detegted for write
data, and receipt of a second I/O operation for a logical path and device address fhat is not an
interrogate operation.

5 Device-detected program check - the control unit‘hias detected an error in the content of the TCH
(see 10.9.3) or TCCB (see 10.9.4).

6-F Reserved

8.15.4.3 Maximum CU Exchanges Parameter

Byte 1 of word 0 shall contain the maximum-CU-exchanges parameter. The parameter, |when
nonzero, contains an unsigned binary integer that, when added to one and multiplied by 16] shall
5pecify the maximum number of transport exchanges the channel can have open at the contrql unit.
/Vhen the parameter is zero, the maximum number of exchanges is not updated and remains jat the
current value for the maximum®*niumber of transport exchanges supported by the channel fpr the
control unit. The default valuefor the maximum number of transport exchanges supported by the
channel for the control unitis'64.

8.15.4.4 Response-Flags
Byte 2 of word, 0'shall contain the response flags and shall be set to hex’02’.
B.15.4.5 Response Status Code

Byte(3 of word 0 shall contain the response-status code and shall be set to hex’00’ by the contro] unit.

315.4% Data Eengtli Residual Count

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 MFTBC 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

|nd|C tac tha paasvim o e AF firot tranofar hiffare ocrinnartad by tha ~onteal dinit fFar o Iy the
ot e aXTt o Tt T T O ottt I oTe T P U T CTo oSU P P oOtC ooy tHC—Comtror ot oo ooy —tr1g

channel.

When the MFTBYV bit is zero, the MFTBC shall be set to zero by the control unit and shall be ignoreg
by thg channel.

8.15.4.8 Response Length

Bits 16-31 of Word 2 shall contain the response length (RL). The RL is a 16-bit unsigned binary intege
that shall specify the number of bytes provided in the transport-response IU starting with word 6 unti
the end of the transport-response IU. The value includes any extended\status and extended-status
LRC that is provided in the transport-response IU. The RL shall havea minimum of hex’08’ and &
maximum of hex’4C’.

8.15.4.9 Bidirectional Read DL Residual Count
For bidirectional operations when the DLRCYV bit in the status-flags2 field is one, word 3 shall contair
the BRDL-residual count. For bidirectional operations,the BRDL-residual count is a 32-bit, unsigned

binary integer that specifies the difference between,the BRDL field in the transport-command IU ang
the number of bytes actually sent to the channel:

For operations that are not bidirectional opefations or for bidirectional operations when the DLRCV bi
in the|status-flags2 field is zero, this field is reserved.

8.15.4.10 Sense Type Code

Byte 0 of word 4 shall contain the sense-type code and shall be set to hex’7F’.
8.15.4.11 Status Flags2

Byte [ of word 4_shall contain the status-flags2 field. The control unit shall use the field to providg

additipnal informafion about the associated TCW I/O operation. Reserved bits shall be set to zeros by
the cantrol unit-and shall be ignored by the channel. The format of the Status-flags2 field is shown in

Figure 55/
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.

| ogable Event (LE): the LE bit, bit 2, shall be set to one to request that the channel stor& vendor
specific log information associated with the operation when the control unit detects @n“tunusual

condition that may require manual intervention. The method by which the log information/s stdred is
endor specific.

Maximum First Transfer Buffer Credit Valid (MFTBV): When the use of first-ttansfer-buffer gredits
see 9.3.2.2.2) is in effect, the MFTBV bit, bit 3, shall be set to one to indicate\that the maximun-first-
ransfer-buffer credit (MFTBC) field in the status area contains a valid METBC. When bit 3 is|set to
rero, the MFTBC field does not contain a valid MFTBC. If the use of fifst-transfer-buffer credits|is not
n effect, bit 3 shall be set to zero by the control unit and shall be igaared by the channel.

B.15.4.12 Status Flags3

Byte 2 of word 4 shall contain the Status-flags3 field. The control unit shall use this field to pfovide

hdditional information about the associated transport-mode operation. The format of the Status-flags3
ield is shown in figure 56.

Reserved TCRR Code | ESS
Bit O 4 5 6 7

Figure 56 — Status Flags3

Bits 0-4 shall be sét fo zeros by the control unit and shall be ignored by the channel.

Transport Mode Command Retry Reason (TCRR): When transport-command retry is requesjed by
he contrehunit (see 9.5.2.2), bits 5-6 shall contain a 2-bit code that provides information regardipg the
eason.ferthe transport-command retry. When transport-command retry is not being requested py the
controlyunit, bits 5-6 shall be set to zeros by the control unit and shall be ignored by the channe].

hie 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
protocol error is recognized.

8.15.4.13 Device Status

Byte 8 of word 4 shall contain the device-status. The device status byte indicates device and contro
unit sfatus and shall have the format shown in table 15.

The device status shall be set to zero by the control unit in a transport-response’that contains
interrpgate status and shall be ignored by the channel.

If the|channel receives a transport-response 1U for the completion of an, I/O, operation that has nq
excegtion condition indicated and the device status is equal to zero, thé<hannel shall recognize g
devicg-level protocol error. A device-level protocol error may also be récognized if the combination of
statug is not appropriate for the existing conditions. When an exception condition is indicated, device
statuq shall be set to zero by the control unit and shall be ignored<by the channel.

8.15.5 Status LRC

The gtatus LRC is 4 bytes and immediately follows.the status in a transport-response U (see
Figurg¢ 52). The LRC shall be generated by the originator and recipient using a seed of hex’A5 5A A§
5A’ thiat is exclusive or'ed on a word by word basis-over the following fields in the transport-response
U:

a) [FC-SB-6 header

b) [Status (words 2-6)
If the value of the status LRC.contained in the IU equals the value generated by the recipient, a valig
LRC shall be recognized; etherwise, an invalid LRC shall be recognized. If a valid LRC is recognized
the content of the transport-response U shall be considered valid; otherwise, the content of the
transport-response |Usshall be considered invalid and a transport-response status LRC error shall be

recoghized.

See Annex CHor a description of the LRC procedure and an example of an LRC calculation.

8.15.(f Extended Status

8.15.6.1 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 binary
nteger that shall indicate, in bytes, the amount of data in the extended status. The field shall cpntain
b minimum value of 32 and a maximum value of 64. The extended-status LRC is not included|in the
ES length.

$.15.6.3 Extended Status Flags
Byte 1 of word 0 shall contain the extended-status (ES) flags. The flags contain validity indigators,

nformation about the 1/0 operation and specifies the type of extended status being provided. The
ormat of the ES flags is shown in Figure 58

DOV | RCV{¢'CM | 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-offsgt 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 t¢ one,
bhalllindicate that the DCW-residual-count field contains a valid DCW-residual count for the|DCW
bpecified by the DCW-offset field. When the DOV bit is zero, the RCV bit is meaningless. This bit shall
€ SEL 10 one when channel end status Is provided without unit check status and no exception condition
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 I\/Innnmg

D Reserved.

operation.

NJ

transport-mode |/O operation due to an exception condition.

J Interrogate status - the extended-status area contains status for an“interrogate operatiq

-7 Reserved.

( I/O status - the extended-status area contains valid ending status for the transport-mode 1/10

I/O Exception - the extended-status area contains information regarding-termination of fthe

n.

8.15.6.4 DCW Offset

When
size @
that w
is gre
TCAI
the cq
mean

When
the D
TCAj
point

When

to ong, indicates that the DCW-residual count contains a valid residual count for the DCW specifieg

by theg

8.15.6.5 DCW-Residual Count

When
binary

the DOV bit in the extended-status flags is one, the value in'bytes 2-3 of word 0, if less than thg
f the TCA, shall be the byte offset, from the beginning of the TCA, of the last DCW in the TCA
as attempted at the control unit. When the DOV bit\is one and the value in bytes 2-3 of word (
bter than or equal to the size of the TCA, the value'in bytes 2-3 of word 0 minus the size of thg
5 the offset, from the beginning of the TCAX of the last DCW in the TCAX that was attempted a
ntrol unit. When the DOV bit in the extended-status flags is zero, bytes 2-3 of word 0 are no
ngful.

all DCWs in the TCA and, if present, in the TCAX are executed without abnormal conditions
DV bit shall be set to one and the-DCW offset shall be set for the last DCW in the TCA. Wher
rocessing cannot be completed-due to an abnormal condition, the DCW offset field indicates thd
it which DCW processing-was terminated.

the DOV bit is one,«the residual-count-valid (RCV) bit in the extended status is valid and, if se

DCW offset.

the(DOV and RCV flags in the ES-flags are both one, word 1 shall contain a 32-bit unsigneg
number that specifies the difference between the DCW data count for the DCW specified by thg

DCW

ortset 1eld and the actual numper or Dytes elither written to a device oOr read 1rom a aevice an

sent to 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 a
valid residual count in a transport-response |U.

a) If a unit check condition prevents determining the exact amount of data either read\frpm or
written to a device, a valid residual count shall not be calculated. In this case, the RCVbit shall
be set to zero in the transport-response IU. Unit-check status shall be indicated’along with
channel-end status;

b) If an abnormal condition as indicated by the exception code in the transport-response IU (see
table 28) prevents determining the exact amount either read from or written to a device, then a
valid residual count shall not be calculated. In this case, the RCV bit shall be set to zerojand a
non-zero exception code shall be set in the transport-response. IU; or

c) If during a read operation, a unit check condition prevents)ydetermining the exact amopnt of
data transferred to the channel for a DCW, then a valid‘ré€sidual count shall not be calcylated.
In this case, the RCV bit shall be set to zero and unit check along with channel-end status shall
be indicated.

8.15.6.6 1/0 Status Extended Status Format

/Vhen the ES-type code in the ES flags specifies the 1/0-status type code, the format of the ext¢nded
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)

O N O 0 b~ 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 *®. The sum of the defer time, queue time, de-
vice-busy time and device-active-only time shall not exceed the device time.

When the device time is zero, either no accumulation shall have occurred, a failure of the timing facility
shall lhave 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 uni
check status and sense information describing the failure to allow device-dependent progran
recovery. If a device-time overflow condition has been recognized, unit check status shall not bg
presented to the channel. When a timing facility failure has been recognized and after unit-chech
statug has been presented, the control unit shall continue with execution of subsequent TCW channe
programs as before; however, it shall present a device time of zero. In this case; unit-check status shal
not bg presented after the initial indication of a timing facility failure.

Wher| the TV bit in the ES flags is zero, word 2 does not contain devite time information. When unit
checH status is provided as the result of a timing-facility failure, the TV bit shall be set to zero in the
ES fl4gs.

8.15.6.6.2 Defer Time

When the TV bit in the ES flags is one and the defer-time function is provided by the control unit, worg
4 confains a 32-bit binary unsigned integer that indicates the defer time for the TCW I/O operation. The
resolytion of bit 31 of the defer time is one microsecond. The frequency offset to nominal frequency o
the ogcillator used to calculate the time interval shall not exceed 150 x 10 6.

Defer|time shall be accumulated by the’control unit whenever the TCW 1/O operation needs to bg
temporarily delayed because a device-dependent action needs to be performed. This condition
typicdlly occurs whenever the gontrol unit requires the device to access the physical medium for theg
purpose of reading or writing-data. However, because of the device-dependent nature of the action
other conditions may alsobe€\recognized by the control unit creating the need for a temporary delay o
the TCW 1/O operation/{In all cases, device-defer time shall continue to be accumulated with each
succgssive temporary\delay until execution of the TCW 1/O operation has been completed.

When the defertime is zero, either no accumulation shall have occurred, the defer-time function is no
suppqrted, a‘faiture of the defer-timing facility shall have been recognized, or an overflow condition
shall have been recognized.

If a defer-timing Taciity fafiure has occurred, the controt unit shaltsend a transport-response 10 wit
unit 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 ad

Queue time represents the time the I/O operation is queued at the control unit. When contidl unit
ueueing is provided, DCWs specified by the TCCB shall be executed up to a point where the I/O
esources are unavailable to execute a DCW in that TCCB (such resources would typically be |n use
bxecuting 1/0O operations specified in other channel programs). Depending upon)the contr¢l unit
jesign, queueing of a DCW may occur after receipt of the transport-commandAU or durirjg the
brocessing of the TCCB. I/O operations executed up to and including the DCW to be queued may
nvolve data transfer as a normal course of DCW execution. In all cases, queueing of a DCW for the
bperation shall not affect ongoing operations or cause the sequential order of DCW execution|to be
bltered.

/Vhen the queue time is zero, either no accumulation shall have 6¢curred, queueing is not supported,
h failure of the queue-time facility shall have been recognized, oran overflow condition shall havg been
ecognized.

f a queue-time facility failure has occurred, the controlyunit shall send a transport-response 1 with
init check status and sense information describing(the failure to allow device-dependent prgogram
ecovery. If a queue-time overflow condition has-been recognized, unit check status shall not be
bresented to the channel. When a queue-time 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

b) continue queueing the subsequent 1/O operations and present a value of zero in the queue-
time field.

Vhen the TV bit in the ES flags is zero, word 4 does not contain queue time information. Whef unit-
Check status is provided as the result of a timing-facility failure, the TV bit shall be set to zero in the ES
lags.

NOTE 43'< The preferred implementation for control units that perform queueing and have detefted a
queueing-timing-facility-failure condition is to continue queueing subsequent 1/0 operations and present a
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
recovery. If a device-busy-time overflow condition has been recognized, unit check status shall not be

tad to tha channal \Alhan A timainea fanilifvg failiirn hao hann rannaniond AnA Aftar init AlhAn]
presepted-to-the-ehannel—Whena-timing-fasility-failure-has—been-recognized-and-afterunit-chee

statug has been presented, the control unit shall continue with execution of subsequent channe
programs as before; however, it shall present a device-busy time of zero (in this case, unit<chech
statug shall not be presented after the initial indication of a timing facility failure).

Wher| the TV bit in the ES flags is zero, word 5 does not contain device-busy time. When unit-check
statuq is provided as the result of a timing-facility failure, the TV bit shall be set to zero'in the ES flags

8.15.6.6.5 Device-Active-Only Time

When TV bit in the ES flags is one, word 7 contains a 32-bit binary unsignedrinteger that indicates the
devicg-active-only time for the TCW I/O operation. The resolution of bity31 of the device-active-only
time i$ 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 device-active-only time represents the time that the transmission of the transport-response 1U was
delayed at the control unit while waiting for final DE status from the device after final CE status wag
recoghized by the control unit for a TCW I/O operation.\This value is only provided when the devics
statug contains both CE and DE status. When CE is presented without DE status, word 6 is set to zero

Wher| the device-active-only time is zero, either no accumulation shall have occurred, a failure of thg
timind facility shall have been recognized,-oan overflow condition shall have been recognized.

If a timing facility failure has occurred,:the control unit shall send a transport-response 1U with uni
check status and sense information describing the failure to allow device-dependent progran
recovery. If a device-active-only-time overflow condition has been recognized, unit check status shal
not b¢ presented to the channel. When a timing facility failure has been recognized and after unit
checH{ status has been presented, the control unit shall continue with execution of subsequent channe
programs as before; however, it shall present a device-active-only time of zero (in this case, unit-chech
statug shall not be presented after the initial indication of a timing facility failure).

Wher the TV bitiinthe ES flags is zero, word 6 does not contain device-active-only time. When unit
checH status is-provided as the result of a timing-facility failure, the TV bit shall be set to zero in the
ES fl4gs,

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.

AMlbhaon nit obhao P -0 TRV-SR PN -V~ ST~V IRP- P9~ BT~ 1 davie atatiua onng
Vhertnit-cheek—status—isretincluded-in-the-device—status—any-additionsa

lependent.

P .
aprovaea+s—qevice

B.15.6.7 1/0 Exception Extended Status Format

Vhen the ES-type code in the ES flags indicates the 1/O-exception type code, the format pf the
bxtended-status shall be as shown in figure 60.

0 ES Length ES Flags DCW 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 — 1/0-Exception Extended Status Format

NVords 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 bejan 8-
bit unsigned‘integer code that indicates the reason for the exception. The meaning of each rgason
code is definéd in table 30. The reason-code qualifier in the extended status contain may copntain
hdditional-ihformation for each reason code.
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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.

Invalid CRC detected: invalid CRC was detected on received data. The reason-code-qualifier

OJ

104255

(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 additional
information. This reason code shall be provided only when exception code 5)is‘indicatgd in the
status-flags1 field.

TCAH specification error: the reason-code-qualifier (RCQ) field contains additional information.
This reason code shall be provided only when exception code 5 is indicated in the statis-flags1
field.

DCW specification error: there is an error with the DCW desighated by the DCW-offset field in the
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 field.

Transfer-direction specification error: the command specified by the DCW designated by the
DCW-offset field in the extended status specifies’a direction of data transfer that disagiees with
the transfer direction specified in the TCH orboeth the R and W bits are set to one in the [TCH and
bidirectional data transfer is not supported\by the control unit. The reason-code qualifigr (RCQ)
field contains additional information. This.reason code shall be provided only when exgeption
code 5 is indicated in the status-flags®;field.

Transport-count specification errar: the reason-code-qualifier (RCQ) field contains additional
information. This reason code@hall be provided only when exception code 5 is indicatgd in the
status-flags1 field.

Two I/O operations activerWhile an 1/O operation is active at the device a second non-interrogate
TCCB has been transported to the device for execution. The RCQ field has no meaning.This
reason code shall be provided only when exception code 4 is indicated in the status-flags1 field.

One or more.entries in the CRC-offset block indicate that an intermediate CRC is not at @ location
that is appropriate for the device and/or command being executed. The reason-code-qqalifier
(RCQ) field contains additional information.This reason code shall be provided only when
exception code 5 is indicated in the status-flags1 field.

Reserved.

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

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.

/Vhen the RC field contains 2, only words 0-1 of the RCQ field have meaning as defined table 3

Table 32 — RCQ for Output Data CRC,Error

2.

Word |Meaning
0 Word 0 contains the 32-bit unsigned integer offset; relative to the first byte of data r¢ceived for this
TCCB, of the first output-data byte in the block.of.data for which the invalid CRC vas detected.
1 Word 1 contains the 32-bit unsigned integef offset, relative to the first byte of data r¢ceived for this
TCCB, of the last output-data byte in thé block of data for which the invalid CRC was detected.
2-3 Reserved.

/Vhen 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 additional.information.
1 The L2:field does not specify a number of bytes that is 8 bytes greater than the nymber 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.

5 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.

1 Reserved-field specification error: A reserved field in the DCW that is required to contain zeros
contains a non-zero value.

2 Flags-field command-chaining specification error: Any of the following are true:

* The chain-command flag is one and the next DCW location is within the TCA but the 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-a|l of the 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 withinthe TCAX but 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 bytésrémain in the| TCA.

3 Control-data count specification error: A DCW in the TCA specifies control data ppst the end of
the TCA or a DCW in the TCAX specified control data past the end of the TCAX.

4 TCOB DCW or TeCOB DCW location error: The first T€COB or TeCOB DCW is not the first DCW
in the TCA.

5 TCOB DCW or TeCOB DCW duplication error: Moere than one TCOB or TeCOB DQW is specified
in the TCA and TCAX.

6 TCOB DCW or TeCOB DCW multiple-count specification error: Both the control data count and
the data count are either zero or non-zere:

7 TCOB DCW or TeCOB DCW directionerror: A TCOB or TeCOB DCW is specified |n the TCA and
the W bit in the TCH is zero.

8 TCOB DCW or TeCOB DCW-chaining error: The chain-command flag in the TCOB or TeCOB
DCW is zero.

9 TCOB or TeCOB count=specification error: A TCOB or TeCOB DCW has a nonzefo control data
count or a data count‘that is not a multiple of 4.

10 TTE DCW location error: Neither a TCOB DCW nor a TeCOB DCW was specified and a TTE
DCW was encountered that was not the first DCW in the TCA ora TCOB DCW o TeCOB DCW
was specified and the first TTE DCW encountered was not the second DCW in the TCA.

11 TTE(DCW duplication error: More than one TTE DCW is specified in the TCA ang TCAX.

12 TITE DCW CD-count specification error: The control-data count in the TTE DCW specifies a value
that is not zero.

13 TTE DCW data-count specification error: The data count in the TTE DCW specifi¢s a value that
is less than 8 or a value that is not a multiple of 4.

14 TTE DCW direction error: A TTE DCW is specified and the W bit in the TCH is zefo.

15 TTE DCW chaining error: The chain-command flag in the TTE DCW is zero.

16 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.
17-255 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.

D Write-direction specification error: The DCW specifies an output operation and the W-bjit in the
TCH is zero. Note - A DCW specification is recognized when a TCOB, TeCOB, or.TTTE[DCW is
specified and the W bit in the TCH is zero (see table 35).

B Read-Write conflict: Both the R and W bits in the TCH are one and the control-unit doeg not
support bidirectional operations or the control unit supports bidirectional operations butthe
transport-command IU did not contain the BRDL field, or both the R and-W bits are not|one and
the transport-command IU contains the BRDL field.

4-255 Reserved.
Wher| the RC field contains 7, only byte 0 of the RCQ field has meaningyas defined in table 37.
Table 37 — RCQ for Transport-Count Specification Error
Vdlue |Meaning

D No additional information.

L Read-count specification error: for read:eperations, the DL field in the TCCB specifies a palue 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 specificationgrror: The DL field in the TCCB specifies a value that is not gquivalent
to the total count of data bytes specified by the write DCWs in the TCA plus intermediate pad
bytes, intermediate"CRC, final pad bytes and final CRC bytes, and if a COB or eCOB ig included
in the first transport-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 i the TCA,
the count also includes the TCAX and TCAX CRC bytes.

3-255 Reserved:

Wher| the RCxfield contains 9, only words 0-1 of the RCQ field have meaning as defined table 38.

Table 38 — RCQ for COB Error

Word __[Veaning
0 Word 0 contains the 32-bit unsigned integer byte offset, relative to 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.
182

© ISO/IEC 2020 - All rights rese

rved



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

8.15.6.7.1 1/0 Exception Additional Data

ISO/IEC 14165-226:2020(E)

INCITS 544-2018

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

Albaon tha O & o | H ik

ECQ _floaa indl

th

bxtended status is as shown in Figure 61.
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DCW Residual Count

Reserved

Format

Flags

CU State

Device State

Operation State

Reserved

State Dependent Information

Device Level Identifier
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Device Dependent, Information
(when ES Eength > 36)

$.15.6.8.1 Format

btatus are meaningless.

8.15.6.8.2-Flags

8

Nords 0-2 are as defined in 8.15:6:1

16

Figure 61 — Interrogate Extended Status Format

31

Byte 0 of word 3 shall.contain the format. The format is an 8-bit unsigned integer that defines the |ayout
bf the interrogate. TSA. If the value of this field is not one, the contents of the interrogate ext¢nded

Byte( 1)of word 3 shall contain interrogate flags. The flags contain information about the interfogate
[SA~Bits 3-7 shall be set to zero by the control unit. The meaning of each bit is defined in Figurl'e 62.

CSv

DSV

osv

reserved

0

1

2

3

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
the 1/0 device. The meaning of each value is defined in table 39.

Table 39 — Interrogate CU State

Vdlue

Meaning

D

NJ

3-127
1281255

Busy - the control unit is busy and the device-dependent-data field may contain additio
information about the busy state.

Recovery - the control unit is performing a recovery process and the deviee-dependent
may contain additional information about the recovery state.

Interrogate maximum - the control unit is executing the maximum number of interrogate¢

operations that it supports.
Reserved.

Device-dependent meanings

hal

Hata field

8.15.§.8.4 Device State (DS)

Byte 3 of word 3 contains an 8-bit unsigned integer thatlindicates the state of the 1/0 device when thg
interrpgate was performed. The meaning of each value is defined in table 40.

Table 40 — Interrogate Device State

VAdlue

Meaning

D

NJ

1284255

Path-group identification «the state-dependent-information field contains information ide
path group.

Long busy - the device is in a long-busy state. The meaning of long busy is device deper
the device-dependent field may contain additional information about the long-busy stat

Recovery:he'device is performing a recovery process and the device-dependent-data
contain additional information about the recovery state.

Resérved.

Device-dependent meanings

ntifying a

dent and

=)

c.

field may
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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

0 No I/O operation is present.

A Lo b H n ] 'y
I AT IO UPTTAUUIT 15 PITCOCTIL Al TATUULITTY.

2 An I/O operation is present and waiting for completion of an 1/0 operation that wak initiated by
another configuration.

3 An 1/O operation is present and waiting for completion of an I/O operation that was |nitiated for the
same device extent.

4 An I/O operation is present and waiting to perform a device-dep€ndent operation
3-127 Reserved.

128-255 | Device-dependent meanings

$.15.6.8.6 State-Dependent Information

Nords 5-7 contain state-dependent information. Whether this field has meaning is designated by the
CS, DS, and OS fields.

he contents of this field are device dependent, When the size of the range of meaningful information
n this field is less than the field size, the range of meaningful information is left justified.

8.15.6.8.7 Device-Level Identifier
Vord 8 contains a device dependernittoken that identifies the implementation level of the devicg.
B.15.6.8.8 Device-Dependentinformation
he device-dependent-information area for the Interrogation-type code may contain up to 28 bytes of
hdditional data. If the ES length is greater than 36 then additional data has been provided and the
hmount is equal toithe ES Length minus 36.
/Vhen additional data is provided, it contains device-dependent information that is defined by the
contents of.CS, DS and OS fields. When the size of the range of meaningful information in this field is

ess than the field size, the range of meaningful information is left justified.

8:15.6.9 Extended Status LRC

Extended-status LRC shall be provided when extended status is provided. The extended-status LRC,
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.

See Annex C for a description of the procedure and an example of the LRC calculation.
8.16 | Transfer Ready IU
8.16.1 Transfer Ready Structure Overview

A trarjsfer-ready IU shall be sent as a data descriptor FC-FS-4 information category and only by th¢
contrgl unit. It shall be used to request write data during a TCW /O operationThe transfer-ready IU
contalns a 4-byte relative-offset field, a 4-byte maximum-burst-length field, and a 4-byte reserved fielg
as shpwn in Figure 17.

A traﬂ\esfer-ready IU shall be sent on an open exchange. The IU-Keeps the exchange open ang
transfers sequence initiative.

A transfer-ready IU shall be sent by the control unit only during write operations. It shall be sent in
respohse to a transport-command IU that initiates a write operation when first-transfer-ready is no
disabled. Otherwise, it shall be sent in a response to a transport-data IU that did not exhaust the write
data hyte count for the operation and only when an abnormal condition does not exist for the operation.

8.16.2 Relative Offset

The relative-offset field contains a value~specifying the relative offset for the first data byte of the
requested data. The field shall have a value that is a multiple of 4 such that all data transfer shall begir
on a word boundary.

The channel shall recognize a dévice-level protocol error if the relative offset received in a transfer
ready|IU does not correspond to the relative offset maintained by the channel for the write operation

8.16.3 Burst Length

The burst-length field contains a value indicating the maximum amount of data that can be transferreg
by thg channel'in the next transport-data IU on this transport exchange.The value in the field shall no
excedd the amount of data remaining to be transferred for the write operation, shall not exceed the
value|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

9.1.1 Overview of Device-Level Operations

Aitaten-of-anHO-eperationthe-transferef- data—and-the-ending-ofant/O-operation-are-devieg-level
bperations which rely on FC-SB-6 device-level functions and protocols. The device-level-fuhftions
iscussed in this section have all been defined in clause 8. This section describes how thesSe fungtions
bre used in order to perform device-level operations.

An I/O operation that is performed using the command and command information providefl in a
channel-command word (CCW) is referred to as a CCW 1/O operation. An-l/O operation that is
berformed using the TCCB identified by a transport-control word (TCW) is,referred to as a TC\W 1/O
bperation. A TCW used to perform an I/O operation may identify an interrogate TCW that can bg used
o perform an interrogate operation for the TCW 1/O operation (see 9,3.3:2).

A\ CCW channel program consists of either a single CCW or(multiple CCWs that are perfgrmed
equentially in order, a process referred to as CCW chaining. /AJTCW channel program consis{s of a
5ingle TCW.

D.1.2 Channel Program Execution

A\ channel may concurrently execute one or more channel programs on the same or different Ipgical
baths. Each CCW channel program executed by a channel shall be for a different logical path and
Hevice and shall require a different exchangepair to be used. Each TCW channel program shallbe for
h different logical path and device and shall require a different transport exchange to be used.

A\n interrogate operation may be performed for a logical path and device when a TCW /O opgration
s in progress at that logical path*and device. An interrogate transport-command IU specifies a single
DCW containing the interrogate:command code (see 9.3.3.2). The interrogate transport-command U
s not considered part of anew or existing channel program but rather as a separate operation that is
ised to determine the state of a device and that does not initiate new activity at the devicg. The
nterrogate transport=command IU is sent on a new transport exchange.

'he number of channel programs that may be concurrently executed by a channel or control unit is
model deperident.

D.2 CCWI/O operations

D:2¢1” Initiating a CCW I/O Operation

A CCW 1/O operation shall be initiated with a device when the channel transfers the command from
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 shal
specify a device that is installed and ready;

¢) [For command chaining, the device address shall designate the same device ‘that wag
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 tg
one for all subsequent commands of the channel program;

e) [For those devices that provide commands executed as immediate<operations, the commang
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 commang
header.

At legst the following conditions shall be satisfied in orderfor the control unit to return busy status tq
the channel.

a) [The status DIB indicating device busy or. eontrol unit busy (status modifier and busy) may bg
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 U be checked. Ng
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 othe
device-level checking\shall be required.

When the command is.the first command of the CCW channel program, the channel shall consider &
connection to existwhen the command response or status is received. The control unit shall conside
a conpection tp-exist when the command response or status is sent.

For the first command of a CCW channel program, the channel shall send the command in a commang
IU with-either a command DIB or command-data DIB. If the command is for a write operation and thq
CCW our nonzZero, d ommand-data DIB ontaining ootr e ommand and data 10r tha
command 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.
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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
response to the channel. If the operation is a read, data may be sent by the control unit after the
command-response U is sent. If the operation is a write with a nonzero CCW count, data shall be sent

containing a status DIB containing channel-end status without busy status. Command |Us with the
5YR bit set to zero and data IUs received subsequent to the command |U containing the first command
bf the CCW channel program, shall be discarded. If device-end status is notjincluded with the channel-
bnd 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 indicated,the CH bit shall be set tp zero
bn acceptance of the status. Execution of the command shall b¢ ‘permitted when the command is
hccepted.

/Vhen device-end status is included with the channel-end’ status for an immediate operatiop, the
esponse from the channel indicating status is accepted depends on whether or not chaining ig to be
ndicated by the channel. If chaining is not to be indiCated, the channel shall send a status-acdepted
U with the CH bit set to zero. If chaining is to bé'indicated by the channel, then the channe| shall
ndicate status is accepted by sending the next command in a command IU with the CH and SY|R bits
set to one.

/WVhen the status DIB received by the @hannel in response to the first command of a CCW cHannel
brogram indicates that supplemental status is available, the status may be accepted as prevjously
jescribed, and acceptance of the.supplemental status shall be indicated by the ES bit (see 9.2|3.2).

/Vhen the status received by:the channel in response to the first command of a CCW channel pr¢gram
equests that command.retry be performed, the channel shall indicate acceptance of status gnd its
ntent to perform the.retry by sending either a status-accepted IU or a command IU, depending on
whether device-end status is present in the status DIB and on whether the channel intends to pgrform
he 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 stafus by
sending a status-accepted IU. If command retry is to be performed, the CH bit shall also|set to
one in the status-accepted IU. From the time when the status-accepted IU is sent, the channel
shall consider the rules for command chaining to be in effect (see 9.5.2). Conversgly, if

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
exists:

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).

The following protocols shall be used for commands which are not executed as the first command of
a CC\V channel program.

a) [When the command is handled by the control unit as a nonimmediate operation, acceptancg
and execution of the command may occur immediately. If the CRR(flag is set to one for thg
command, a command response shall be sent to the channglupon acceptance of theg
command. If the CRR flag is set to zero for the command, a command response shall not bg
sent to the channel upon acceptance of the command. If the ‘eperation is a read, data transfe
may proceed immediately after sending the command-response IU, if required. If the operatior
is a write, the data associated with the command contained‘in the command-data DIB and dat3
DIBs received may immediately be transferred to the{device.

The control unit shall consider the 1/O 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 ang
execution of the command may occur immediately. If the CRR flag is set to one for theg
command, a command response shall be sent to the channel (see 8.7.2.3). If the CRR flag ig
set to zero for the command, a.eommand response shall not be sent to the channel upor
acceptance of the command:'At the completion of execution of the command, status may o
may not be sent to the channel depending on the conditions previously described. If status ig
sent, and the CCW countfor this command is non-zero, the control unit shall indicate that i
was executed as an.immediate operation by setting the LRI bit in the status flags field to a ong
and the residual count to the value of the CCW count.

9.2.2| Command:Mode Data-Transfer Protocol
9.2.2.1 Command Mode Data-Transfer Protocol Overview

Data [s\transferred between the channel and the control unit as part of the execution of a CCW 1/Q
operation. The transier of data from the channel to the control Unit1S a Write operation. The transfer o
data from 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 for the

oo and th o Aot o Ao oA by canteal it
PO arTa e odata 1S arsSCari Tt oy tC-COTTItr OT Ot

/Vhen, for a command other than the first command of a CCW channel program with a nonzero|CCW
count, the data record length at the control unit is zero, a command-response IU is sent {oithe cHannel
bnly if the CRR flag is set to one for the command. If conditions require the sending of status to the
Channel, status is sent. In the case in which a command response is required and conditions require
he sending of status, the status is sent after the command response is sent. When status is senpt, the
esidual counts and data transfer rules for the first command of a CCW c¢channel program apply. If
conditions do not require the sending of status and chaining is to take place at the control unit, pnly a
command response, if requested is sent; otherwise, nothing is sent tolthe channel.

Data is transferred from the channel to the control unit in a comnmand-data DIB sent in a commgnd U
br 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 command
neader. For a write operation, the CCW count is used to determine the quantity of data to expegt from
he channel. For a read operation, the CCW count\is used to determine the quantity of data thgt may
be sent to the channel. For both a read and write operation the CCW count is used to determifpe the
esidual count to be returned to the channel;if status is to be presented, and it is used in conjupction
ith the CCW control flags and command, flags, to determine if chaining is to occur.

D.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 gs part
bf the execution of a command that has bit 7 set to one.

For a write operation.with a nonzero CCW count, the channel shall send the command and th¢ data
or the command.in @ command-data DIB. If the quantity of data specified by the count for the current
CCW exceeds,the-maximum allowable DIB size, the remaining data shall be sent in data DIBs until all
bf the data specified by the CCW count is sent (see 8.8 and 8.9). If all of the data specified by the] CCW
count is sent, the E bit shall be set to one in the last IU sent containing the CRC field. If all of th¢ data
specified by the CCW count is not sent, the EE bit shall be set to one in the last IU sent containing the
CRG field.

VWhen, during a write operation, the channel Is able 10 send some but not all of the data for a CCW,
the EE bit shall be set to one in the last IlU sent. The channel, for the affected channel program, shall
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.

When, at the end of a write operation which is not the first command of a CCW channel program

exeCLI’nA ac an mmandiata Aanaratian otatiic inalidina sahannal and 1o cant tn tha channal tha racidii~
tC oo oo oot C- op ot oSttt o T oot g Cro T e Cro TS STt tothHe- oo theTooTrouy

count|calculated shall be included in the status DIB. If the quantity of data required by the device.is
greater than the CCW count, the LRI and RV status flag bits shall be set to one and the residual codn
set to|zero to indicate that the device would have used more data had it been provided.

When the quantity of data received by the control unit for a write operation is less thanithe quantity
specified by the CCW count and the EE bit is set to one in the last IU received, the I/O.operation shal
be exgcuted and the data received, if any, shall be used by the device. If the quantity of data requireg
by thg device is exactly equal to the quantity of data received, the E bit shall be set'to one for the status
DIB sent. If the quantity of data required by the device is either less than or{greater than the quantity
of dath received, the E bit shall not be set to one for the status DIB sent; if aValid CRC value is receiveqg
and JRC checking is provided, CRC shall be checked on the entire amount of data received.

9.2.2.3 Command Mode Read Operation

A reafl operation in command mode is the transfer of data ffom the control unit to the channel as par
of the]execution of a command that has bit 7 set to zero.

For a|read operation the channel shall send the command to the control unit in a command DIB in &
comnmand IU. The CCW count and CCW conirolflags for the command shall be included in the
commjand header.

When, for a read operation, the quantity of data sent to the channel exactly equals the count for the
curremt 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 curren
CCW] the resulting residual count shall be the difference between the quantity of data sent to the
channel and the CCW count. The E bit shall be set to zero and the EE bit shall be set to one in the las
data IJ sent for that CCW.Ifmore data would have been transferred to the channel had a larger coun
been provided or data chaining indicated, the resulting residual count shall be zero and the E bit shal
be sef to one in the Jast.data IU sent for that CCW.

When, at the end of a read operation which is not the first command of a CCW channel progran
execyted as an-immediate operation, status including channel end is sent to the channel, the residua
count|calculated shall be included in the status DIB. If the quantity of data sent to the channel by the
devicé s exactly equal to the CCW count but the device would have sent more data had a larger CCW
count been provided, the LRI and RV Status flag bits shalt be Setto one and the residuarl count 1S 5e
to 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.

he device shall ensure that data chaining is occurring at the proper times by recognizing.a|data-
Chaining condition. The data-chaining condition shall be recognized for each device and shall’bg used
o verify that successive CCWs are being executed by the channel. The data-chaining. condition shall
be set whenever the device accepts a command IU and the chain-data bit is_set-to one |n the
command-flag field and when all other conditions for data chaining are satisfied., The data-chpining
condition shall be reset whenever a control |U is received and system reset, selective reset, carlcel or
btack status is performed. The data-chaining condition shall also be reset whenever a command U is
eceived and the chain-data bit is set to one and an end-of record condition.is recognized or when the
Chain-data bit is set to zero, or status containing channel end, with of without device end, hag been
hccepted by the channel.

f a command IU is received with the DU flag bit and the CH bit-set to ones, and if the last byte df data
nas been transferred for the current CCW, then the command flags, CCW number, token, and|count
rom the command IU just received shall be accepted and become current as the new CCW asqumes
control of the I/O operation.

he chain-data bit in the CCW-flag field of the command IU shall indicate that there is a subsgquent
count and command-flag update for the device.that is to immediately follow the execution of the current
command U, provided that no abnormal cofiditions are encountered.

n some cases while data chaining, thezchannel may request the transfer of status when the last{CCW
bf a data chain is executed. The channel shall do this by setting the SSS bit to one signalling the dontrol
Linit to provide ending status in an-1U containing a status DIB when the I/O operation has ended. In
his case, if command chaining was set to one in the last CCW of the data chain, then nprmal
command chaining would-ogeur after the channel received the U containing the status DIB. If data
Chaining is ended and no further chaining is specified, ending status shall be sent to the channgl.

/Vhen data-chaining occurs at the channel during a write operation, a command U with a com
jata DIB containing the CCW number, the CCW count and required flags for the next CCW,

€ quantity of data sent for € it sha esetto
one in the last IU sent for the CCW For this case, data chaining, if |nd|cated for the CCW, shall not be
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.

When-atthe-ehanrneHeraread-eperation-data-chainingistrdicated-nthe-eurrert CEW—a-commans
IU with a command DIB containing the CCW number, the CCW count and required flags for the nex
CCW] and a valid token shall be sent to the control unit. The channel shall continue to do this, provideg
sufficlent IU pacing credit is available, for each CCW for which data chaining was specified-until thg
comnjand IUs for all of the CCWs for data chaining have been sent (see 9.2.2.5). For a read operation
the sénding of the command IUs indicating data chaining does not constitute execution of the
comnjand or CCWs; the operation and data chaining shall only be considered to hayé-been initiated
Therd is an indefinite period of time from the initiation of a read operation with data'chaining and wher
data for that operation arrives at the channel. When a data IU is received by the ‘channel, the CCW
number 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 CC\W¥shall be considered to be
occurfing. As each successive data IU is received for a read operation, the channel shall ensure tha
the CLCW number specified corresponds to the appropriate CCW. The quantity of data received for &
CCW]|shall exactly equal the CCW count for that CCW in order. for data chaining to occur at the
channel. If, before all of the data for a CCW is received, the next data IU received from the control uni
specifies a different CCW than the current CCW for the readyoperation, a device-level protocol erro
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.

When, 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 IU\currently being executed, the E bit shall be set to one
in thellast data IU sent for the CCW and if the;data chaining condition is set, data chaining shall occu
at the|control unit when the next commana [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
occurp at the control unit, the next €CW received shall become current and go into effect for the reag
operdtion. It should be noted that conditions may exist precluding data chaining from occurring
howeyer, this shall not prevent control of the I/O operation from being transferred to the next CCW ag
it becpbmes current. The remaining data shall be sent in data IUs under the control of the new CCW
The GCW number from(the current command IU shall be used in each data DIB sent, and the CCW
count|shall determine the maximum quantity of data that may be sent. For any status that is generated
including status sentin situations where no data DIBs have been sent for the current CCW, the CCW
numbgr and the-status shall pertain to the current CCW.

When all,conditions for data chaining are satisfied, data chaining shall continue at the control unit unti
all of theddata is transferred for the read operation or at the completion of the current CCW, the dats
chain condftion IS ot Set. If the quantity of data transferred 1S equat to the CCVWcount and i aitof th

data 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 IU.

chaining bit (CH bit) or the data-chaining-update flag (DU flag) set to zero, then a device-level\pr

vice-
ining

h command IU is received with either the DU flag set to one or the CH bit set to one,.then a d
evel protocol error shall be detected. The CH bit and DU flag shall be tested before the‘data-ch
condition is changed to conform to the new value of the chain-data bit in the command-flag field.

f the data-chaining condition is set, the control unit shall ensure that the path to the device remains
bvailable when the current count is exhausted, until the next command IU"is recognized or urtil the
ata-chaining condition is reset.

A\ channel may minimize the number of data chain updates for sugcessive data chain CCWs. This is
hccomplished by adding the counts from successive CCWs, 'and presenting only the sum of |these
counts to the control unit in a single command IU. When_this is done, the original integrity pf the
Channel program shall be maintained by ensuring that P€l and command chaining conditions odcur at
he appropriate points within the channel program.

D.2.2.5 IU Pacing

Each channel provides an U pacing credit which is initialized at either the start of each CCW cHannel
brogram or reconnection to continue execution of a CCW channel program. The IU pacing credifis the
maximum number of IUs that a channelimay send on a given outbound exchange before it recejves a
command-response U, which was sent because the CRR bit was set to one, on the existing inbound
bxchange.

A\ channel may operate in‘the default IU pacing mode or in the persistent IU pacing mode. A cHannel
bperates in persistent IlU pacing mode on each logical path for which both the channel and contrpl unit
ndicate support for the\persistent IU pacing optional feature and on logical paths for which bath the
channel and contr@l unit have indicated support for the concurrent enablement of persistent U gacing
unction. On any'ogical path for which persistent IU pacing mode is not supported, a channel op¢rates
n the default'td pacing mode. See 6.4.2 for additional information about optional features and §.3.9.2
or additienal information about the concurrent enablement of persistent IU pacing function. When a
channelis-operating in default IU pacing mode, the IU pacing credit in effect at the start of a cHannel
brogtam shall be set to a model-dependent value no greater than the default value of 16. When a
Chabnel is operating in persistent IU pacing mode, the IU pacing credit is initialized with the current
acing 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
response sent in response to the first command of a channel program or any status sent with the

r d Al caornt valid ID\I\ bhit cat tao zaora Aand tha narcictant III r\t\f\ Ad nﬁrt\mt\l-r\v- valid bit cat o oana
esidyal-eount-valid-R\)-bit-set-to-zero-and-the-persistenttd-pacing-parametervalid-bit-set-to-ene

See §.11.2.4 and 8.10.3.4 for a description of how the control unit provides the IU pacing parameten

A corjtrol unit may increase, decrease, or reset the pacing credit to the default value..A pacing
paranpeter value of zero shall have the effect of resetting the credit to the default value ofr16-In orde
to avoid resetting the pacing count to the default, the control unit shall retain its desjred setting ang
include this value in the pacing parameter for all Command Response IUs and Status-{Us in which theg
pacing parameter is valid. This shall be done for all device operations on the same\logical path.

If the [control unit sets the 1U pacing parameter to a value less than or equal to the default value, the
channel shall not increase the IU pacing credit above the default value. ifthe control unit sets the IU
pacing parameter to a value greater than the default value, then the channel may increase the IU
pacing credit by any amount up to the value indicated by the 1U pacing parameter.

At the start of a CCW channel program or at each reconnection, the channel shall send a mode
dependent number of IUs to the control unit. The number af 1Us sent shall not exceed the IU pacing
credit|value. Prior to or at the last command IU sent, the ehannel shall request a command response
to be|returned by setting the CRR bit in a command\er command-data DIB. The selection of the
command or command-data DIB for the setting of the CRR bit shall be such that the remaining IU
pacing credit (that is, the number of additional IUsthe channel is allowed to send before it receives g
comnjand-response IU) does not prevent the transmission of all of the IUs for a CCW. For example, i
the channel has not set the CRR bit sinceithe command or command-data DIB for which the las

remaining IU pacing cred|t to a value equal to the IU pacing credlt 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. IlU pacing is not intended to be a means of flow control.

= f =0T i fmitatt ol unit
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 is
not required for control unit to channel transmissions because resources are already allocated in the channel
prior to execution of the channel program.

NOTE 49 — A preferred channel implementation makes use of the IU pacing parametetprovided by the gontrol
unit.

NOTE 50 — A preferred control unit implementation provides a means by which\the IU pacing parametgr may
be modified based on operating conditions.

D.2.2.6 Zero CCW Count

/Vhen a CCW is fetched containing a count field of zeros, the CCW count field of the command IU is
ikewise set to zeros.

/Vhen a command with a CCW count of zero is executed, the type of response sent to the charnel, if
hny, and whether or not command chaining, if indicated, occurs depend on how the command is
bxecuted and the flag bits in the command header.

f the first command of a CCW channelprogram is executed as an immediate operation, a data 1U
containing a status DIB shall be sentZThe LRI and RV bits shall be set to zero. The E-bit shall be
gnored for this case. Command chaining, if indicated, shall be initiated by the channel when dgvice-
bnd status is received and the conditions for command chaining at the channel are satisfied.

f the first command of a €CW channel program is executed as a nonimmediate operat|on, a
command-response U shall be sent. Execution of the command may proceed after the command has
been accepted and the\command response sent; chaining to the next CCW may proceed if all [of the
conditions for chaining are satisfied (see 9.2.4).

f other than.the first command of a CCW channel program is executed, the CRR bit and SS§ bit in
he command header are both set to zero, and all of the conditions for chaining are satisfied} then
bxecution-of the command may proceed, no response shall be sent, and chaining to the next|CCW
may (occur.

fother than the first command of a CCVW channel program Is executed and the CRR bit and the SSS
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
zero been provided, the LRI status flag bit shall be set to one and the residual count shall be set to

Zero Command-chaininaif indicatad chall ha initiatad hy tha channal vahan dovion and ofatiic o
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receied and the conditions for command chaining at the channel are satisfied (see 9.2.4).

The presence of a zero count in the command IU shall not be used to determine whether a commang
should be executed as an immediate operation, executed as a nonimmediate operation{ Or'rejected
by returning unit-check status. For example, when a command-response IU would be returned for thg
first command of the channel program if the CCW count were nonzero, a command response shal
also He returned when the count is zero. This is to ensure that compatibility is maintained among the
Fibre [Channel interface, SBCON and the parallel-I/O interface.

9.2.3| Ending a CCW I/O Operation

9.2.3.1 General Rules for ending a CCW I/O Operation
The epding of a CCW I/O operation is either channel initiated or,control-unit initiated. The channel may
initiat¢ the ending of an 1/O operation as the result of an abhormal condition or a non-error condition
The cpntrol unit may initiate the ending of a CCW 1/O operation as the result of the completion of the
execytion of the command or the transfer of all data associated with the command or as the result o

an abpormal condition detected during the execution of the command.

When the channel initiates the ending of a CCW I/O operation, it shall send a control IU indicating one
of the|following control functions:

a) [cancel, (see 9.4.3),

b) |selective reset, (see 9.4.5),°0r

c) [system reset (see 9:4:4).
When conditions reguire the ending of a CCW 1/O operation with the channel, status in a status DIBE
shall be sent and.allkcommand IUs with the SYR bit set to zero and data IUs received subsequent tq

the current commiand shall be discarded.

Whern conditions permit the ending of a CCW 1/O operation without the transfer of status to the
channel;chaining shall occur with the start of execution of the next command (see 8.10).

In 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 exegcutjon of
he current command, including the transfer of data, and conditions require status to be transferred to
he channel, a status DIB indicating channel end with or without device end shall be sent alonfg with
he appropriate status flags and residual count. If the operation is ended because)of an abnormal
condition, the appropriate status for this condition is included. If device-end status is included, the
bperation shall be considered ended by the device when this status is accepted by the channel. If
jevice-end status is not included, the 1/0O operation shall be considered ended by the device when the
control unit later transfers device-end status and receives acknowledgment that the status hag been
hccepted by the channel. If unit-check status is included, the control junit may optionally present
supplemental status along with this status, and indicate this by setfing the ES bit to one in the IU
neader.

f the control unit is connected when it is ready to transfer status in order to initiate the ending [of the
/O operation with the channel, a status DIB with channgl end with or without device-end statug shall
be sent (see 8.2.2 for information on when the inbound ‘exchange is closed with the sending pof the
Status DIB).

f the control unit is not connected when it is ready to transfer status in order to complete the gnding
bf the I/O operation with the channel, a data\lU containing a status DIB indicating device-end ptatus
Ehall be sent. The inbound exchange shall be left open.

D.2.3.2 CCW Supplemental Status

Supplemental status provides-sense information in a status DIB to describe conditions at the gontrol
Linit or device for which status information containing unit check is being provided.

he control unit may«optionally transfer supplemental status along with unit-check status (but nat retry
status). The presence of the supplemental status shall be indicated by the ES bit being set to a pne in
he IU header of the status DIB containing unit-check status. The channel shall indicate it has acdepted
he suppleméntal status along with the status by setting the ES bit to a one in the status-acceptgd 1U.
f the channel has accepted the status but not accepted the supplemental status, the ES bit shall be
bet to a.zero in the status-accepted IU. In this case, the supplemental status shall be held by the device
Lintil retrieved by the channel with sense information by the appropriate sense command, or cldared.

he ability 10 accept supplemental status Is determined by conditions present at the channel and the
design of the channel. Whether or not supplemental status is included in a status DIB sent to the
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,
but never more data than specified by the CCW count. If the channel transfers all of the data specified

command. If a write command with a nonzero CCW count is executed as an immediate |/Q
ion, the residual count shall be equal to the CCW count.

for th
opera

When, for a write operation, the device requires less data than specified by the CCW)ceunt, the
residdal count shall be equal to the difference between the CCW count and the actual number of bytes
of dafa used. Alternatively, if the device requires more data than specified by the;CCW count, the
residyal count shall be zero for this command.

For tHe case where, for a write operation, the channel transfers less data than specified by the CCW
counfl (see 8.11.2.3 and 9.2.2.2), the residual count shall still be determined by calculating the
differgnce between the CCW count and the actual number of bytes used'‘by the device.

For afread operation only a quantity of data equal to or less than.the CCW count shall be transferreg
to thg channel. The residual count shall be the difference hetween the CCW count and the actua
numbgr of bytes sent. If all of the data specified by the CCW)count is transferred, the residual coun
shall be equal to zero for this command. If a read command with a nonzero CCW count is executeg
as an|immediate 1/O operation, the residual count shalkbe equal to the CCW count.

When, for a read operation, less data than specified by the CCW count is transferred to the channel
the ressidual count shall be equal to the difference between the CCW count and the actual number o
bytes|sent. If, for the read operation, all of the data specified by the CCW count is sent but more datg
would have been sent to the channel had~a larger count been specified, the residual count shall bg
equallto zero.

Note that there are only three cases in which the residual count is greater than zero:
a) |when the record length.is 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 bitin the last IU sent; and

c) |when.acommand with a non-zero CCW count is executed as an immediate operation.
Table| 14shows the valid combinations for the LRI and RV bits, the residual count, and channel-eng

statusAISo, note that for alt cases I wWhich a valld Tesidual count 1S presented, channel-end statls
shall also be presented.

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)tatus
DIB with the channel-end status bit set to one, the unit-check status bit set to zere;”and the
residual count valid bit set to zero, a device-level protocol error shall be recognjzed; or

d) If during a read operation, an abnormal condition prevents determining the exact amopnt of
data transferred to the channel, then a valid residual count shall not be calculated. In this|case,
the RV bit shall be set to zero and unit check along with channel-end status is indigated.
Command retry may also be requested.

/Vhen, during data chaining, the next CCW takes effect, a new residdal count shall be started for the
Hata transfer associated with this CCW. If status is generated and‘sent to the channel, the regidual
count shall be included, provided that a valid residual count is ‘calculated.

D.2.4 CCW Command Chaining

/Vhen there are successive I/0 operations to be executed by a channel and a control unit for a single
channel program, the execution of these successive 1/O operations is referred to as command
chaining. When an |/O operation is initiated by, the channel, it shall use a command IU to transfer the
command, CCW control flags, CCW count;and command flags associated with the current CCW to
he control unit. In this manner, the control unit is informed whether or not command chairfing is
specified for the current CCW. When-amil/O operation is completed and the chain-command flag is set
o one and the chain-data flag is_set to zero, command chaining shall be permitted, provided no
hbnormal conditions are detected and all other conditions for chaining are satisfied. When command
Chaining takes place, the next-command and associated flags and count shall become current apd the
next 1/0 operation shall be-considered to have started. The next command and associated flags and
count shall be found in thenext command IU received which shall have the chaining bit (CH bit)|set to
bne and the data-chaining-update flag (DU command flag) set to zero.

['he control unit shall ensure that command chaining is occurring at the proper times by recogniging a
command-chiaining condition. The command-chaining condition shall be recognized for each device.
he command-chaining condition shall be set as a result of command chaining or as a result of
command-retry. During command chaining, the command chaining condition shall be set whengver a
command with the CC flag set to one and the CD flag set to zero in the CCW-flag field of a command
U.is/accepted. The command-chaining condition shall be set for command retry when the CH bit is

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
condition is recognized and a control IlU with a device-level-exception indication is sent, or (6) the

Chanr alaccante o vualid ctatiic NIR aath tha AQ hit oot tn ana and tha ctatiic ~aantaine tinit Al anle (A ~aan
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when|command retry is requested and the retry requested is to be honored by the channel),-4ni
exceqltion, busy, attention, status modifier without any other bits set, or control-unit end, provided it is
not control-unit end alone. A valid status DIB for which the AS bit set to zero shall not.suppress
commjand chaining.

Command chaining shall occur whenever the command-chaining condition is set at-the device, ang
the CH bit and the DU bit are set to one and zero, respectively.

If the Fommand-chaining condition is set at the device, the control unit shall énsure that the path to thg
device remains available when device-end status is presented until the next command is recognized
or unfil the command-chaining condition is reset. If the command-chaining condition is set at thg
devicé and if acommand IU is recognized with the CH bit set to zero.6rthe DU flag set to one, a device
level protocol error shall be detected. If the command-chaining and the data-chaining conditions arg
both njot set and if a command IU is recognized with the CH bjt set'to one, then a device-level protoco
error shall be detected.

9.2.5| Priority

If support for the use of Priority is indicated (i.e. both’'the receiving F_Port and N_Port indicate Priority
in the login service parameters) (see FC-FSs4) and Priority is in use, FC-SB-6 has the following
requirements on the setting of the Priority field for command mode operations:

a) The channel shall set the same Priority value in all frames of command-mode IUs sent to &
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 continug
execution of a channelprogram

b) All frames of @ny IU sent by a control unit on an inbound exchange that is opened in
response to'an IU sent by the channel shall either reflect back the Priority value used by the
channelinithe request (i.e., in the first frame of the outbound exchange of the exchangq
pair),ershall not use Priority.

c) ,A device that has disconnected from a logical path during the execution of a chain o
commands, and reconnects to continue the execution of the chain of commands shall eithe
USe the same Priority value on the reconnection that was In Use on the inbound exchang
prior to the disconnection or shall not use Periority. 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 I/O operation

A_TCI\ALLIO naratian—aball b mabiatad s a—davie whan channal trancfara tha teo oo rt_
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command-control block (TCCB) and associated control information for the current TCW to that device.
'he TCCB shall be transferred in a transport-command IU (see 8.13). TCW I/O operations are glways
berformed in transport mode.

Execution of a TCCB shall require acceptance of the transport-command U at the, control unit. When
b transport-command |U is accepted, the TCCB in the IU shall be considered curtent at the contrpl unit
intil execution of the TCCB at the control unit is considered completed. When'the transport-command
U is not accepted because of an error condition, a transport-response |U.is returned to the channel
vith the initial status flag set to one to indicate that the error occurred ptior to initiating execution|of the
CCB at the device. The control unit shall provide error informationiin the status and I/0 ext¢nded
status in the transport-response U to identify the transport-command U error.

f a control unit that supports process login receives a transport-command IU from a channel but the
control unit does not have a process login in effect with’the’ channel or has a process login in|effect
ith the channel but does not support transport mode) the control unit shall recognize a trapsport
bperation error (see 10.8).

he following conditions shall be satisfied in order for the transport-command IU to be accepted|at the
control unit:

1) The transport-command U shallsatisfy the following integrity checks (see 10.9.2):

a) For control units that de not support bidirectional operations, the L1 field in the TCH plus 8
shall specify an ampunt of data that is equal to the amount of data received by the gontrol
unit for the transport-command U, otherwise, a transport-command IU integrity error ¢lue to
a data count error shall be recognized;

b) For contrfolunits that support bidirectional operations, the L1 field in the TCH plus either 8
or 9 shall specify an amount of data that is equal to the amount of data received by the
control unit for the transport-command IU, otherwise, a transport-command IU integrity
effor 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 error
due to invalid LRC error shall be recognized.

2) The specified logical path shall be established, otherwise a logical-path-not-established error
(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) If the R and W bits are both set to zero, the data-length (DL) field shall,be.zero; and

6) [If another TCW 1I/O operation is in progress for the logical path and dévice address specified in
the transport-command IU, the service-action code shall specify hexA1FFF’ and the commang
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).

A response of control-unit busy shall require that a transport-ecommand IU integrity error has not beer
recoghized and that the specified logical path be an established logical path. No TCH or TCCB conten
checHing is required.

A response of device busy shall require that a transport-command IU integrity error has not beer
recoghized, that the specified logical path be anéstablished logical path and that the device address
specily a device that is installed and ready. No\TCH or TCCB content checking is required.

The channel shall consider a connection te exist when the transport-command IU is sent. The contro
unit shall consider a connection to exist-when the transport-command IU is accepted.

The channel is not aware of whether the control unit has accepted the TCCB or of the progress of the
I/O operation at the device until'the I/O operation is terminated by the control unit with a transport
respopse IU. If the channel'does not receive a transport-response IU within TC_TOV, the channe
recoghizes a transport. command timeout (see 10.2.6).

9.3.2| Transport‘Mode Data Transfer
9.3.21 Transport Mode Data Transfer Overview

Data |s\transferred between the channel and the control unit as part of the execution of a TCW 1I/Q
operation that Speclifies a read, Write or bidIfectionar operation. The transier of data from the channe
to 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).

Lo bidic fioanal anarati Aot Dl _fiald o tha TOOCD cnanif th ana mb-of data ta ba teano rr d
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or the write data transfer portion of the operation and the BRDL field specifies the amount.of data to
be transferred for the read data transfer portion of the operation. The amounts include all requirdd pad
bnd CRC bytes (see 8.13.7 and 8.13.8).

D.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 exefution
bf a TCW 1/O operation that has the W bit set to one in the TCH. The amount of data to be transferred
s specified by the DL field in the TCCB. Data is transferred in one or(more transport-data |Us [to the
control unit on the transport exchange associated with the TCW I/Q.@peration.

Except for the first write transport-data IU of an operation, the-channel shall require a transfer{ready
U from the control unit prior to sending each transport-data IJ. The amount of data sent in a transport-
Hata U is specified by the maximum-burst length specified”in the preceding transfer-ready U] After
eceiving a transfer-ready U, the channel shall send aésingle transport-data IU with the amount df data
specified in the preceding transfer-ready IU. The conirol unit shall request additional data by sgnding
hdditional transfer-ready 1Us until it has requested-all the data specified by the DL field for thg write
bperation. The sum of the maximum-burst lengthand the relative offset in a transfer-ready 1U shgll not
bxceed the value of the DL field. The maximum-burst length specified in a transfer-ready IU shall not
he zero.

For the first write transport-data |U~of an operation, the channel shall send the transport-data 1U
ithout receiving a transfer-ready-U if the channel is operating with first-transfer-ready disabled in
pffect for the operation.

First-transfer-ready disabled is in effect for an operation when both the channel and contr¢l unit
ndicated support forfirst-transfer-ready disabled during process login (see 6.3.14) and first-trapsfer-
eady disabled has not been inhibited for the operation (see 9.3.2.2.1). If either the channel or gontrol
Iinit indicated they do not support first-transfer-ready disabled or if first-transfer-ready disabled has
been inhibited-for the operation, first-transfer-ready disabled is not in effect for the operation.

-irst-transfer-buffer credits is in effect for an operation when both the channel and contrgl unit
ndicated support for first-transfer-buffer credits during process login (see 6.3.14 on page 47). Ifleither
hechannel or control unit indicated they do not support first-transfer-buffer credits, first-transfer-juffer
Credits IS not In effect for an operation.

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.

If more than one transport-data IU is used to transfer the data, the relative offset in each transfer-ready

IU Sh Sl bha coaiantial aond ~antinALichy tnaraacina
g o ST quC oo o SOt oou STy TS oao g

If the channel transfers a first transport-data IU when first-transfer-ready disabled is in effect ofif\thg
contrgl unit requests a transport-data IU from the channel by sending a transfer-ready IU, the.data sen
by thg channel in the transport-data IU may be for one or more write DCWs in the TCA of\TCAX tha
have hot yet become current (see 9.3.3) at the control unit.

It is npodel dependent whether or not a write DCW is executed by the control unit.prior to receiving
CRC that covers the write data for the write DCW.

For a|write operation, the next IU sent by the control unit following completion of the data transfe
specified by the DL field in the TCCB shall be a transport-response IJ."For a bidirectional operation
the negxt IU sent by the control unit following completion of the data‘“transfer specified by the DL fielg
in the| TCCB shall be a transport-data IU or a transport-response {U.

If the [channel is unable to send all the data specified by the\DL field due to a storage error or othe
condifion, the channel performs the transport-mode ABTS¢function (see 9.4.12).

9.3.2.R2.1 First Transfer Ready Disabled Inhibited

When first-transfer-ready disabled is supported\by both the channel and control unit, a transport-mode
operation may be performed with first-transfer-ready-disabled inhibited. When first-transfer-ready
disabled is inhibited for an operation, the~¢hannel transfers sequence initiative (see Table 9 ) to the
contrgl unit when it sends a transport-ecommand U regardless of whether first-transfer-ready disableg
is sugported by the channel and control unit, and only sends data after receiving a transfer-ready U
The QU must have indicated support for either transport-mode-command retry or first-transfer-buffe
creditp for the channel to perform an operation with first-transfer-ready-disabled inhibited.

A trarjsport-mode operation is performed with first-transfer-ready-disabled inhibited under any of thg
following conditions;

a) If the-use of first-transfer-buffer credits is in effect and the number of first-transfer-buffe
credits is not sufficient to send all of the data the channel intends to send in the firs
transport data 1U (see 9.3.2.2.2); or

by 1T the channel performs certain transport-command Tetres (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 both
he channel and control unit, the channel sets the FTBC to the default maximum FTBC ©f, 16 [puffer
Credits and sets the FTBS equal to the first-transfer-buffer size specified by the control.unitin thq PRLI
hccept response.

'he maximum FTBC for a channel may be modified by the control unit when.it sends a transport-
esponse U to the channel by setting the MFTBYV flag to one and by providing-a different value for the
maximum FTBC in the MFTBC field (see 8.15.4.11).The MFTBC providedby the control unit replaces
he maximum FTBC maintained at the channel and, if the FTBC is greater than the new maxXimum
-TBC, the FTBC is set equal to the new maximum FTBC.

/Vhen the channel sends a first transport-data IU to the contrel-anit when first-transfer-ready digabled
s in effect, it decrements the FTBC by the number of buffersirequired to contain all of the data gent in
he transport-data IU. The channel shall not send an amount of data in a first transport-data IJ that
bxceeds the amount of buffer space available at contrOl'unit for the channel as indicated by the FTBC
maintained at the channel. When the transport-response IU is received for the operation ¢r the
bperation is otherwise terminated, the channel inerements the FTBC by the number of credifs that
were subtracted from the FTBC to perform the.operation. If the resultant FTBC exceeds the maximum
-TBC, the FTBC is set to the maximum FTBEC:

'he number of data bytes sent in the fifst transport-data IU is limited by the smaller of FTBC*FTBS*4K
hnd the Data Length for the operation. The channel may send data up to this amount or may jnhibit
irst-transfer-ready disabled for«thle operation. If the channel does not inhibit first-transferfeady
isabled for the operation, the-amount of data sent in a first transport data IU that does not contgain all
bf the write data for the egperation 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 channel
s zero or indicates that'the first-transfer buffer space available at the control is not sufficient to cpntain
bl of the write datalthe channel intends to send in a first transport-data 1U, the channel may inhiblt first-
ransfer-ready disabled for the operation.

D.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 exefution
bf.a TCW I/O operation that has the R bit set to one in the TCH. The amount of data to be transferred
S specified by the DL field in the TCCB for read operations and 1S speciiied by the BRDL tield for
bidirectional operations. Data is transferred in one or more transport-data IUs to the channel on the
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-
level protocol error if the residual count provided by the control unit in the transport response |U does

descrfbed in 9.3.2.2 and read data transfer is performed as described in 9.3.2.3. Except for the firs
transport-data IU when first-transfer-ready disabled is in effect, the transfer of ‘data between the
channel and control unit is controlled by the control unit by either sending a read‘transport-data IU o
by sepding a transfer-ready IU to request a write transport-data IU.

The drder in which data that has been received in a transport-data (U)\is stored to host storage in
relatipn to the order in which data is fetched from host storage.te”send in a transport-data U ig
unpredictable for a bidirectional operation.

When the channel transfers a first transport-data 1U whendirst-transfer-ready disabled is in effect o
when|the control unit requests a transport-data IU from the channel by sending a transfer-ready U
the data sent by the channel in the transport-data Itl\may be for write DCWs that are executeq
subsdquent to the execution of read DCWs in the TCA.

9.3.3| TCA Processing
9.3.3.1 Device Command Words

The TICA consists of one or more device command words (DCW), each of which specifies an operatior
to be performed at the device or control unit. When the TCCB has been accepted, processing of the
TCA i initiated. A TCAX mayalso be provided in a transport-data IU sent by the channel that contains
one of more DCWs. The TCAX is considered a logical extension of the TCA.

When a TCCB is accepted by the control unit, the first DCW in the TCA becomes current and is
perfofmed by the device. The command code in the DCW indicates whether the command is a read
write,| or transpott command and the data count in the DCW specifies the amount of data to bg
transferred,.if\any, for the operation. All DCWs in the TCA and TCAX that transfer data shall contair
aread or, write command that matches the R and W bits in the TCH. For bidirectional operations, both
read arnd write commands may be specified.

During 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
ZEero;

A TCOR NDC\AL Ilal 0O DO\AL o P~ nateradinavhbickh baoth th aim) mat-and data oo tare
TV TOUD DOUVY Ul TCOoOUD DOV Y 1o CroouTtCTCU T winoiT oot O oo oouT it arlragata ooo

non-zero;

ATCOB DCW or TeCOB DCW is encountered in which the CD count is zero and the data cqunt is
not a multiple of 4;

ATCOB DCW or TeCOB DCW is encountered in which the data count is zero-and the CD cqunt is
not a multiple of 4;

A TCOB DCW or TeCOB DCW is not specified and the first TTE DCW encountered is not tHe first
DCW in the TCA or a TCOB DCW or TeCOB DCW is spegified and the first TTE [DCW
encountered is not the second DCW in the TCA;

A second TTE DCW is encountered in the TCA or TCAX;

A TTE 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;

ATTE DCW is encountered in which the(©D count is non-zero;

ATTE DCW is encountered in whicghsthe data count is zero or is not a multiple of 4;
ATTE 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.

A DCW in the-PCA contains a command that requires control data and the CD count field i$ zero
or containsgia value that specifies data past the end of the TCA.

A DCW-in the TCAX contains a command that requires control data and the CD count field is zero
or(contains 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

‘—He-hrext-DGWHeeation-is-within-theTGAX-but-thelocation-stessthan-8-bytesHrom-the-ens

he-ocation-islessthan-S-bytes
of the TCAX.

¢ For a read or bidirectional operation, when a read DCW in the TCA or TCAX becomes current, the
sum of the data counts for all previous read DCWs and the current DCW plus all pad ‘and CRC
bytés exceeds the DL field in the TCCB or, for bidirectional operations, exceeds the BRDL field in
the|TCCB;

e For a read or bidirectional operation, when the last DCW in the TCA or TGAX becomes current
the[sum of the data counts for all read DCWSs 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 BRDLAield in the TCCB;

e Fof a write or bidirectional operation, when a DCW in the TCA or'T€CAX becomes current, the sun
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’transport-data 1U, the COB, COB pad
and COB CRC bytes, or eCOB, eCOB pad and eCOB_CRC bytes, and if a TCAX is present, thq
TCAX, TCAX pad, and TCAX CRC bytes, exceeds the'DL field in the TCCB; or

e Fof a write operation or bidirectional operation, when the last DCW in the TCA or TCAX becomes
curfent, the sum of the data counts for all write:DCWs plus all pad and CRC bytes (including al
intdrmediate pad and CRC bytes), and if a OB or eCOB is included in the transport-data 1U, thq
COB, COB pad and COB CRC bytes, oreCOB, eCOB pad and eCOB CRC bytes, and if a TCAX ig
pregent, the TCAX, TCAX pad, and TCAX 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 detecteq
during the operation, the completion of the current DCW causes the next DCW to become the curren
DCW/|and to be executed by. the device. The next DCW location within the TCA is determined by
adding eight plus the valuelin the CD-count field to the location of the current DCW and rounding tq
the ngxt word boundary if not on a word boundary. When a TCAX is specified, command chaining alsg
occurg between the JastDCW in the TCA and first DCW in the TCAX, and between DCWs in the TCAX
by copsidering thesFCAX a logical extension of the TCA.

An ingorrect length is detected by the control unit if the DCW data count does not match the amoun
of data required by the device for a write DCW or if the DCW data count does not match the amoun
of datgravailable at the device for a read DCW.

If 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.
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