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1)

INFORMATION TECHNOLOGY -
FIBRE CHANNEL -

Part 372: Fibre channel methodologies for interconnects-2 (FC-MI-2)

FOREWORD

ISO (International Organization for Standardization) and IEC (International Electrotechnical Co
form the specialized system for worldwide standardization. National bodies that are members of |

mmission)
SO or IEC

2)

3)

4)

5)

6)

7)

8)

9)

10)

pdarticipate 1n the aevelopimnent Or Imternational stafndards. Thneir preparaton Is entrusied t
committees; any ISO and IEC member body interested in the subject dealt with may pasticip|
preparatory work. International governmental and non-governmental organizations liaising with 1S
also participate in this preparation.

In the field of information technology, ISO and IEC have established a joint technical'cemmittee, IS
1. Draft International Standards adopted by the joint technical committee are circutated to national
voting. Publication as an International Standard requires approval by at least'?5 % of the natio
casting a vote.

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

technical
ate in this
O and IEC

D/IEC JTC
bodies for
hal bodies

bssible, an

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

representation from all interested IEC and ISO member bodies.

IEC, ISO and ISO/IEC publications have the form of recommendations for international use and arg
by IEC and ISO member bodies in that sense. Whileall-reasonable efforts are made to ensu
technical content of IEC, ISO and ISO/IEC publications'is accurate, IEC or ISO cannot be held resp
the way in which they are used or for any misinterpretation by any end user.

In order to promote international uniformity, fEC and ISO member bodies undertake to apply 1EQ
ISO/IEC publications transparently to the maximum extent possible in their national and regional pu
Any divergence between any ISO/IECpublication and the corresponding national or regional
should be clearly indicated in the latter:

ISO and IEC provide no marking\procedure to indicate their approval and cannot be rendered resp
any equipment declared to be.jn conformity with an ISO/IEC publication.

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

No liability shall-attach to IEC or ISO or its directors, employees, servants or agents including
experts and members of their technical committees and IEC or ISO member bodies for any pers
property damage or other damage of any nature whatsoever, whether direct or indirect, or for costs
legal fees)yand expenses arising out of the publication of, use of, or reliance upon, this ISO/IEC pu
any other IEC, ISO or ISO/IEC publications.

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

b accepted
e that the
onsible for

, ISO and
blications.
ublication

lonsible for

individual

bnal injury,

(including
blication or

ications is

Attention is drawn to the possibility that some of the elements of this International Standard

ay be the

subject of patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.

ISO/IEC 14165-372, which is a technical report, has been prepared by subcommittee 25: Interconnection
of information technology equipment, of ISO/IEC joint technical committee 1: Information technology.
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The list of all currently available parts of the ISO/IEC 14165 series, under the general title Information
technology — Fibre Channel, can be found on the IEC web site.

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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INTRODUCTION

This technical report specifies common methodologies for both Arbitrated Loop and Switched environ-
ments. The goal of this technical report is to facilitate interoperability between devices whether they are con-
nected in a loop or Fabric topology.
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INFORMATION TECHNOLOGY -
FIBRE CHANNEL -

Part 372: Fibre channel methodologies for interconnects-2 (FC-MI-2)

1 Scope

This part

of ISO/IEC 14165 is intended to document interoperability behavior for Fabric elements (i.e.,

E_Port, F_Port, FL_Port). This Technical Report includes a wide range of issues such as link initialization,
error detection, error recovery, Fabric operation, management capabilities, and zoning.

lihood of

teroperability between conforming implementations. This Technical Report prohibits or requires

This TeCVFical Report serves as an implementation guide, whose primary objective is to maximize the like-

some fea

A second

ures that are in the referenced documents.

objective of this Technical Report is to simplify implementations and their associated documenta-

tion, testipg, and support requirements. As a result there may be some optional features of theé referenced

documen
tion. Feat

s that are not mutually exclusive, but are prohibited or required for the purpose, df.this simplifica-
Lres that some but not all of the referenced documents require for compliancermay be optional in

this repor]. Each specification of such an optional feature in this report identifies the‘teferenced document

for which

Internal ¢
porates fq

the feature is required.

naracteristics of conformant implementations are not defined by this\Fechnical Report, but it incor-
atures from the documents cited in clause 2.

2 Normative references

The follow
erences,
documen

The provi
in this cla
within this
the refere
ISO/IEC 1
ISO/IEC 1
ISO/IEC
(FC-SW-{
T11/Proje
INCITST

ing referenced documents are indispensable for thefapplication of this document. For dated ref-
bnly the edition cited applies. For undated references, the latest edition of the of the referenced
(including any amendments) applies.

sion of the referenced specification other than ISO/IEC, IEC, ISO and ITU documents, as identified
use, are valid within the context of this lechnical Report. The reference of such a specification
Technical Report does not give it any{further status within ISO/IEC. In particular, it does not give
nced specification the status of an_International Standard.

4165-115, Information technoloegy — Fibre channel — Part 115: Physical Interfaces (FC-PI) 2
4165-122, Information techinology — Fibre Channel — Part 122: Arbitrated loop-2 (FC-AL-2) 3
4165-133, Informatiofn technology — Fibre channel — Part 133: Fibre Channel Switch Fabric-3
) 4

ct 1620D, Fibre Channel - Link Services (FC-LS) 5

R-36-2003) Fibre Channel - Device Attach (FC-DA) 6

AN

SIMANAOITO 269 ONND _ Libea Ohaonnal Dl L Llntarfanaa (DO _DIJ)

oA W

VAR
OT IMINOT T O JIZ-Z2 U0 1T 10T OT1arini1ct T 11y STCarmmecrTacCo (1T O T 1)

. ANSI INCITS 332-1999, Fibre Channel - Arbitrated Loop (FC-AL-2)
. ANSI INCITS 384-2004, Fibre Channel - Switch Fabric - 3 (FC-SW-3)
. ISO/IEC 14165-261, Information technology — Fibre Channel — Part 261: Link services (FC-LS)

(under consideration)
6. ISO/IEC 14165-341, Information technology — Fibre Channel — Part 341: Device attach (FC-DA)
(under consideration)
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ISO/IEC 14165-414, Information technology — Fibre Channel — Part 414: Generic services-4 (FC-GS-4) 7
ISO/IEC 14165-431, Information technology — Fibre Channel — Part 431: Security Protocols (FC-SP)

(to be published) 8
Internet Engineering Task Force RFC 791, Internet Protocol, September 1981

Internet Engineering Task Force RFC 2373, IP Version 6 Addressing Architecture, July 1998

Internet Engineering Task Force RFC 2460, Internet Protocol, Version 6 (IPv6) Specification, December

1998

Internet Engineering Task Force RFC 3410, Introduction and Applicability Statements for Internet Stan-

—ALEPA

Internet Engineering Task Force RFC 4044, Fibre Channel Management MIB, May 2005

3 Terms, definitions, abbreviations and other conventions

3.1 Overview

For the purpose of this document the following definitions, conventions, abbreviations, acronyms,

bols apply.
3.2 Terms and definitions

3.21
address identifier
address value used to identify source (S_ID) or destination (D_ID) of a frame

3.2.2
AL_PA bit map
bit map that shows which ports are present on<an ‘Arbitrated Loop

NOTE See FC-AL-2.

3.23

AL_PA position map

map that shows port ordering on an‘Arbitrated Loop
NOTE See FC-AL-2.

3.24

Arbitrated Loop timeut value
AL_Time

time interval definedby FC-AL-2

3.25
Application
entity that makes requests of a Service

32.6
Arbitrated Loop Physical Address

one-byte address value
NOTE See FC-AL-2.

7. ANSI INCITS 387-2004, Fibre Channel - Generic Services - 4 (FC-GS-4)
8. T11/Project 1570D, Fibre Channel - Security Protocols (FC-SP)

and sym-


https://iecnorm.com/api/?name=d5f03da84c5c9fdb450eaf990b02825f

-10 - TR 14165-372 © ISO/IEC:2011(E)

3.2.7

ARO

special AR (see 3.2.9) containing only the switch backbone network, that in general may consist of
point-to-point links, broadcast links, and switching devices

NOTE See FC-AL-2.

3.2.8

Area ldentifier

second or middle level of the three-level addressing hierarchy, found in bits 15 through 8 of an address iden-
tifier

NOTE (see 3.2.1) and FC-SW-3.

3.29
Autonomous Region
AR
one or mgre Fibre Channel address domains consisting of switches that all run a common routing protocol

NOTE See|FC-SW-3.

3.2.10
B_Port
Interconngct_Port used to connect bridge devices with E_Ports on a switch
NOTE See|FC-SW-3.

3.2.1
Domain Identifier

highest lejel of the three-level addressing hierarchy, found in bits 23 threugh 16 of an address identifier (see
3.2.1)

NOTE See|FC-SW-3.

3.2.12
E_Port
Fabric Expansion port that attaches to another Interconnect_Port to create an Inter-Switch Link
NOTE See|FC-SW-3.

3.213
Entry Switch
role that g switch assumes with respect to.a_distributed service request

NOTE The|switch that is attached to an Nx_Port\making a service request assumes the role of an entry switch with respect to that
request. Se¢ FC-SW-3.

3.2.14
Error_Detect_Timeout value
E_D_TOY
time interyal defined in RC-FS-2

3.215
F_Port
port through/which non-loop N_Ports are attached to a Fabric, and it does not include FL_Ports

3.2.16

Fabric

Fibre Channel frame transport infrastructure that includes switches and interconnects various Nx_Ports at-
tached to it
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3.2.17

Fabric F_Port

entity at the well-known address FFFFFEh
NOTE See FC-SW-3.

3.2.18
Fabric_Name
identifier associated with a Fibre Channel Fabric

NOTE See FC-FS-2.

3.2.19

—Fabric-Shortest PathFirst

FSPF
link state protocol used for Path Selection

NOTE See FC-SW-3.

3.2.20
FC_Port
port transmitting or receiving Fibre Channel frames

NOTE FC_Port includes any port type defined in the Fibre Channel family of standards (e.g.,'N, Port, F_Port, FL_Port, B

3.2.21

FL_Port

L_Port that is able to perform the function of an F_Port, attachedVia a link to one or more NL_P
Arbitrated Loop topology (see FC-AL -2)

NOTE The AL_PA of an FL_Port is 00h. In this Technical Report, an FL *Port is assumed to always refer to a port to whi
are attached to a Fabric; it does not include F_Ports.

3.2.22
Fx_Port
Switch Port (see 3.2.52) capable of operating as.an F_Port or FL_Port

3.2.23
Gateway/Bridge
any device that interfaces FC to some other interface (see FC-FS-2)

NOTE The definition of such a device is outside the scope of this report.

3.2.24
Hub
interconnect element used with Arbitrated Loops

NOTE A Hub may be @ stand-alone enclosure, or part of an integrated system (e.g., such as the connection point with
Typically a Hub is transparent to any connected Fibre Channel devices.

3.2.25
Interconnect_Port
E_Port-of.a B_Port

3.2.26
lkoop Fabric Address

|_Port).

orts in an

h NL_Ports

n a JBOD).

LEA

=T 7Y

address identifier used to address an FL_Port (see FC-SW-3) for the purpose of loop management

NOTE See 6.4 and FC-LS.

3.2.27
L_Port
port that contains Arbitrated Loop functions associated with the Arbitrated Loop topology
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NOTE See FC-AL-2.

3.2.28
Managed Hub
Hub (see 3.2.24) that provides either in-band or out-of-band management functions

3.2.29

Name Server

Server (see 3.2.48) that allows registration and reporting of various objects
NOTE See FC-GS-4.

3.2.30

N_Port
direct Fabjric-attached port that does not include NL_Ports
NOTE See|FC-FS-2.

3.2.31
N_Port Identifier

1 Fabric binique address identifier by which an N_Port is known

NOTE The jdentifier is used in the S_ID and D_ID fields of a frame (see FC-FS-2).

2 Name [Server object (see FC-GS-4) containing the Fibre Channel address identifier assigned to an
N_Port onNL_Port

3.2.32
NL_Port
L_Port that is able to perform the function of an N_Port, attached to one 6rmore NL_Ports and zero or more
FL_Ports|in an Arbitrated Loop topology

NOTE In tHis technical report, an NL_Port is assumed to always refer to a loop<attached port including both Private NL_Ports and
Public NL_Horts, and does not include N_Ports.

3.2.33
Node_Name
identifierjassociated with a Fibre Channel node
NOTE See|FC-FS-2.

3.2.34
Non-Partjcipating mode

operationgl mode of an L_Port that does not have an AL_PA, but is enabled into the Loop
NOTE See[FC-AL-2.

3.2.35
Nx_Port
port operating as an N_Port\or NL_Port

3.2.36

OLD-PORT

state on 3 set of-ports where two devices operate in a point-to-point mode utilizing FC-FS-2 protocols in-
stead of HC-AL-2 protocols

NOTE See|FC-AL-2 and FC-FS-2.

3.2.37
OPEN_INIT
state in the LPSM as defined in FC-AL-2
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3.2.38

N_Port_Name

identifier associated with an FC_Port
NOTE See FC-FS-2.

3.2.39
Partial Response
response from a Distributed Service that may not have a complete set of data

NOTE See FC-SW-3.

3.2.40

operational mode of an L_Port that has an AL_PA and is enabled into the Loop
NOTE See FC-AL-2.

3.2.41
Platform
association of one or more nodes for the purpose of discovery and management

3.2.42

Port

N_Port, NL_Port, F_Port, FL_Port, B_Port, or E_Port, used in a context'where the distinction bety
cific port types is clarified by other text or not significant

3.2.43

Port Identifier

lowest level of the three-level addressing hierarchy, foupdhin bits 7 through 0 of an address ident
(see 3.2.1)

NOTE See FC-SW-3.

3.2.44
Private NL_Port
NL_Port that is observing the rules of private loop behavior

NOTE See FC-AL-2 and FC-DA.

3.2.45
Public NL_Port
NL_Port that attempts a fabric login and may transfer frames through the FL_Port

NOTE A Public NL_Port obséryes the rules of public loop behavior and/or private loop behavior. See FC-AL-2 and FC-D
3.2.46

Receiver_Transmitter_Timeout value

R_T_TOV

time interval defined in FC-FS-2

3.2.47

Resource_Allocation_Timeout value

R_A_TOV

been spe-

fier

Fion mntarval dafinad i~ CO CQ 9
e e Tvar OGeTmieca 1T o T O &

3.2.48

Server

entity that accepts CT requests and provides CT responses

NOTE 1 A Server is accessed via a Service (e.g., the Name Server is accessed using the Directory Service).
NOTE 2 See FC-GS-4.
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3.2.49

Service

service provided by a node, accessible via an N_Port that is addressed by a Well-Known Address (e.g., the
Directory Service and the Alias Service)

NOTE A Service provides access to one or more Servers, see FC-GS-4.

3.2.50

Speed Negotiation

process that allows an FC_Port capable of multiple operating speeds and connected to another FC_Port
that may or may not have the same capability to arrive at the optimum speed of operation

NOTE See FC-FS-2.

3.2.51
Switch
element that makes up the switching portion of the Fabric

NOTE See|FC-SW-3.

3.2.52
Switch Pprt
E_Port, Bl Port, F_Port, or FL_Port

3.2.53
Symboli¢ Name
user-defined name for an object, up to 255 characters in length

NOTE The Pirectory Service (see FC-GS-4) does not guarantee uniqueness of its value.

3.2.54
Well-Kngwn Address
WKA
address idlentifier defined to access a Service

NOTE See[FC-FS-2.

3.2.55
Zone
group of Zone Members

NOTE Menijbers of a Zone are made aware of each other, but not made aware of Zone Members outside the Zone. See FC-GS-4 and
FC-SW-3.

3.2.56
Zone Member

specificat|on of a device to be included in a Zone
NOTE See|FC-GS-4 and FC-SW-8.

3.2.57
Zone Set
set of Zorjes that are used in combination

NOTE See|FC-GS-4.and FC-SW-3.

3.3 Editiorial conventions

In FC-MI-2, a number of conditions, mechanisms, sequences, parameters, events, states, or similar terms
are printed with the first letter of each word in uppercase and the rest lowercase (e.g., Exchange, Class).
Any lowercase uses of these words have the normal technical English meanings.
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Lists sequenced by letters (e.g., a-red, b-blue, c-green) show no ordering relationship between
items. Numbered lists (e.g., 1-red, 2-blue, 3-green) show a ordering between the listed items.

the listed

The ISO/IEC convention of numbering is used (i.e., the thousands and higher multiples are separated by a

space and a comma is used as the decimal point.) A comparison of the American and ISO co
are shown in table 1.

Table 1 — ISO/IEC and American Conventions

nventions

ISO/IEC American
0.6 0.6
1000 1,000
1323 462,9 1,323,462.9

In case of any conflict between figure, table, and text, the text, then tables, and finally figures ta
dence. Exceptions to this convention are indicated in the appropriate clauses.

ke prece-

In all of the figures, tables, and text of this document, the most significant bit of a binary quantity|is shown

on the left side. Exceptions to this convention are indicated in the approptiate clauses.

When the value of the bit or field is not relevant, x or xx appears ifplace of a specific value.
Numbers that are not immediately followed by lower-case b-or-h are decimal values.

Numbers immediately followed by lower-case b (xxb),arebinary values.

Numbers or upper case letters immediately followedby lower-case h (xxh) are hexadecimal valu
3.4 Abbreviations and acronyms

Abbreviations and acronyms applicable‘to this Technical Report are listed. Definitions of severa
items are included in 3.2.

ABTS Abort Sequence
ACC Accept
ADISC Discover Address

AL_PA Arbitrated.Loop Physical Address, see FC-AL-2
AL_PD Arbitrated Loop Destination Address, see FC-AL-2
AL_Time  Arbitrated Loop Time out value, see FC-AL-2

114
@

| of these

AR Autonomous Region, see FC-SW-3

CLS Close Primitive Signal, see FC-AL-2

CT Common Transport, see FC-GS-4

CT_IU Common Transport Information Unit, see FC-GS-4
D/ID Destination address identifier

E_D_TOV  Error_Detect Timeout value

EEP Fynhnngn Eabric Dnrnmn'fnrc7 see EC-S\\/-3

ELP Exchange Link Parameters, see FC-SW-3

ELS Extended Link Service, see FC-SW-3

FAN Fabric Address Notification Extended Link Service
FLOGI F_Port Login

FSPF Fabric Shortest Path First, see FC-SW-3

GS Fibre Channel Generic Service
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HBA Host Bus Adapter

IDLE Idle Word

IP Internet Protocol, see RFC 791, RFC 2373, and RFC 2460

ISL Inter-Switch Link, see FC-SW-3

U Information Unit

LFA Loop Fabric Address

LIFA Loop Initialization Fabric Assigned, see FC-AL-2

LINIT Loop Initialization Request, see FC-LS

LIP Loop Initialization Primitive Sequence, see FC-AL-2

LIRR Link Incident Report Registration, see FC-LS

LISM Loop Initialization Select Master, see FC-AL-2

LS_ACC Link Service Accept

LSTS Loop Status, see FC-LS

LOGO Logout

LPSM Loop Port State Machine, see FC-AL-2

LP_TOV Loop Time out Value, see FC-AL-2

LS_RJT Link Service Reject

NPIV N_Port_ID Virtualization, see FC-LS

OPN Open Primitive Signal, see FC-AL-2

PLOGI N_Port Login

RLIR Registered Link-Incident Record

RLS Read Link Error Status Block

RNID Request Node Identification Data Extended Link Service

RPS Read Port Status block

RSCN Registered State Change Notification

R_T_TOV Receiver_Transmitter_Timeout value

S_ID Source address identifier

SAN Storage Area Network

SNMP Simple Network Management Protocol, see RFC 3410

SW_ILS Switch Internal Link Service, see FC-SW-3

UbDP User Datagram Protocol, see RFC 768

ULP Upper Level Protocol

WAN Wide Area Network

WKA Well-Known Address

3.5 Synjbols

Unless inglicated otherwise, the following symbol has the listed meaning.
|| concatenation

3.6 Keywords

expected

A keyword used to describe the behavior of the hardware or software in the design models assumed by this

technical feport. Other hardware and software design models may also be implemented.

ignored

A keyword used to describe an unused bit, byte, word, field or code value. The content- or value of an ig-

nored bit,
any value

byte, word, field or code value shall not be examined by the receiving device and may be set to
by the transmitting device.
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invalid
A keyword used to describe an illegal or unsupported bit, byte, word, field or code value. Receip
valid bit, byte, word, field or code value shall be reported as an error.

mandatory
A keyword indicating an item that is required to be implemented as defined in this report.

may

t of an in-

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

may not

A keyword that indicates flexibility of choice with no implied preference (equivalent to “may or mg

obsolete
A keyword indicating that an item was defined in prior Fibre Channel standards but has been rem
a subsequent Fibre Channel standard.

optional
A keyword that describes features that are not required to be implemented by the referenced

y not”).

pved from

standard.

However, if any optional feature is implemented, then it shall be implemented as defined in the r¢ferenced

standard.

reserved

A keyword referring to bits, bytes, words, fields and code values-that are set aside for future stands
A reserved bit, byte, word or field shall be set to zero, or in @ecordance with a future extension. R
are not required to check reserved bits, bytes, words or fields for zero values. In defined fields,
reserved code values shall be reported as an error.

restricted

A keyword referring to bits, bytes, words, and fields that are set aside for use in other standards. A
bit, byte, word, or field shall be treated as a reserved bit, byte, word or field for the purposes of th
ments defined in this Technical Report.

shall

rdization.
ecipients
receipt of

restricted
e require-

A keyword indicating a mandatory, requirement. Designers are required to implement all such npandatory

requirements to ensure interoperability with other products that conform to this report.

should
A keyword indicating flexibility of choice with a strongly preferred alternative; equivalent to the pH
strongly recommended”.

rase “it is
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3.7 Applicability and use of this Technical Report

This Technical Report specifies which features shall be used (i.e., required) and which features shall not be

used (i.e.,

optional (i

prohibited) by interoperating compliant Fibre Channel implementations. Use of some features is
.e., allowed). The use of such functions is either negotiated in a fixed and standard manner or the

availability of the functions for use shall be determined in a standard manner.

The relationship between use as specified in this Technical Report and support as implemented by a prod-
uct is subtle. If this Technical Report specifies that a feature shall be used, then a compliant implementation
shall support it. In some cases, this Technical Report is asymmetric: to ensure interoperability when an op-

tional feat

ure is used, this Technical Report requires support for the infrastructure required to use the feature

without sf

The requi
nical Rep
prevent in
port does
priate bas
prohibited
relevant s

3.8 Fea
3.8.1 Oy
Features

whether t
port; or w

Features

In several
notes are

ecifying that the feature be used to conform to this Technical Report.

rements of this Technical Report are a proper subset of the various relevant standards. This Tech-
brt prohibits use of many features and options in these standards. Use of prohibited features, may
teroperability with Fibre Channel devices complying to this Technical Report. This Technical Re-
not prohibit implementation of features, only their use. Functions that are mandatory<n:the appro-
e standard are assumed to be implemented. Implementations may support featureswhose use is

by this Technical Report and such prohibited features may be required for compliance with the
tandards or other Technical Reports.

ure Set table terms, definitions, and abbreviations

jerview

n this Technical Report are summarized in the form of Feature Set tables. These tables indicate
ne feature is Required, Prohibited, Invocable, or Allowed for compliance with this Technical Re-
nether a parameter is Required to be a particular valug-for compliance with this Technical Report.

br parameters that are not listed do not affect interoperability.

tables within this Technical Report, there are references to notes associated with the table. These
normative and are mandatory requirements-0f this Technical Report.



https://iecnorm.com/api/?name=d5f03da84c5c9fdb450eaf990b02825f

TR 14165-372 © ISO/IEC:2011(E) -19-

3.8.2 Feature Set table terms and definitions

Terms and definitions are used to define usage of reference features or options provided by the applicable
standards are described in table 2.

Table 2 — Feature Set table terms and definitions

Term Definition

A feature that shall not be used between Fibre Channel devices compliant with this Technical Report.
An implementation may use the feature to communicate with non-compliant implementations. This
Prohibited Technical Report does not prohibit the implementation of features, only their use between Fibre

ol ol s [T R RSN SUP MRS I -\ | £ [T I S
CanmeT aeVICES COMpPant WitiT trS— T SCHear NePOTrt OSTe O a promoieareataremay preven

interoperability with Fibre Channel devices complying to this Technical Report.

A feature or parameter value that shall be used between all Fibre Channel devices compliant with this
Technical Report. Fibre Channel devices compliant with this Technical Report arergquired to
Required implement the feature. An implementation may use the feature to communicate’with’non-compgliant
implementations. If a Fibre Channel device does not implement a required feature that device may
not be interoperable with Fibre Channel devices complying to this Technjcal"Report.

A feature or parameter value that may be used between Fibre Channel devices compliant with| this
Technical Report. Fibre Channel devices compliant with this Technical Report are not required to
Allowed implement the feature, but if they do, the feature shall be impleniehted as described in the appligable
standard. The potential user of a feature may determine if the\recipient supports that feature via a
Required discovery process or a minimal response by the recipient.

A feature or parameter that is required to be implementedby a device to which a request may be[sent,

Invocable but it is not required to be used by a requesting device.

3.8.3 Feature Set table abbreviations

Table 3 contains the key of table abbreviations used/within this Technical Report.

Table 3 — Feature'Set table key abbreviations

Key Definition
P Prohibited
R Required
A Allowed
| InVocable
X This parameter has no required value; any value is allowed.
- This parameter is ignored or this feature is not applicable.
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3.9 Feature testing compliance

While not a compliance vehicle in itself, this Technical Report should be used as the basis for compliance
testing. As such, the relationship for the definitions of prohibited, required, allowed, and invocable (see 3.8)
to compliance testing is described in table 4.

Table 4 — Feature testing compliance relationship to definitions

Term Definition

A feature that is not allowed to be used in a compliant implementation. A compliance test shall only

Prohibited verify that the prohibited feature is not requested by a device. A compliance test shall not generate a

TEqUEST Tor the PronibIted Teature, sINCE I It JOES SO, tE FESPONSE IS OUTSIAE the SCOpE of this
Technical Report.

A feature that is required to be implemented by a compliant device. A compliance test is allowed to
Required verify that the feature is correctly requested, and responded to as specified in this Technical Report
or other referenced standards and technical reports.

If a device claims to implement the feature, the feature may be tested. If tested, the feature“shall
conform to the discovery mechanism and function as specified in this Technical Repont.and other

Allowed referenced standards and technical reports. If a device claims to not implement a feature, the feature
shall not be tested.
A feature that is required to be implemented by a device to which a request may be directed, but it is
ihvocable not required to be used by a requesting device. A compliance test is allowgd to verify that the request

is correctly responded to as specified in this Technical Report or otherreferenced standards and
technical reports.

3.10 Timing constraints

All timing$ defined in this Technical Report are meant to limit thexamount of time a device takes to accom-
plish a tagk. These timings shall be measured on an unloaded.system. A heavily loaded system may exhibit
timings in|excess of those specified. The term unloaded means that system activity is induced only in direct
invocation of the feature under test.
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4 Structure and concepts

This Technical Report defines an interoperability environment in which a compliant device adher

es to cer-

tain sets of behavior (FC_Port Behavior) that allow for interoperability across a wide variety of topologies

and management methods. This environment encompasses three areas.

a) Management Behavior: The set of behaviors required to create an interoperable management envi-

ronment.

b) Loop Behavior: The set of behaviors required to create an interoperable Arbitrated Loof
ment.

c) Fabric Behavior: The set of behaviors required to create an interoperable Fabric €nvironmg
FC_Port Behavior is defined as Loop Behavior, Fabric Behavior, and ManagementBehavior taken

All behaviors are interrelated (e.g., a Fabric may be required not only to meet|Fabric Behavior but
Management Behavior as well, or an adapter may be required to meet both Loop and Manageme

environ-

nt.
together.

Loop and
nt Behav-

ior). The level of behavior support in any particular device depends on the supported Management, Loop,

FC_Port and Fabric functions.

A device may be non-compliant with this Technical Report, andstil be compliant with the various re¢ferenced

Fibre Channel Standards. However, devices not compliant@with this Technical Report may not b
erable.

5 Loop behaviors

5.1 Loop Initialization

5.1.1 Power On Behavior

During power on, after the transmitter has been enabled and 200 Us of valid Fibre Channel si
above FC-PI minimum amplitude-levels has been driven by the transmitter, an FL_Port that is not
Speed Negotiation shall not distupt the operation of the loop for more than 95 ms and shall begin fi

transmission words or begintinitialization within 95 ms.

NOTE 1 - The delay of 200 s of enforcement of limits on disruption recognizes that many HBAs

e interop-

gnal at or
executing
brwarding

and

devices by design disrupt during power-on, and that most hubs isolate an attached device or HBA until it

has presented at least 200 s of an FC-Pl-compliant signal. The expectation is that any disruption ca

by a deviee or HBA at power-on is harmless until after it has presented 200 s of valid signal, becd
untilthen it is isolated from the loop by its hub.

FC-ES=2 specifies the disruption of a loop that may result from attaching to it an FL_Port configu
ecute Speed Negotiation. An FL_Port that is executing Speed Negotiation disrupts up to three tim
period not exceeding t_disrupt2. No period of disruption exceeds t_disrupt1. See FC-FS-2 for d

sed
use

red to ex-
es over a
efinitions

ana derivations ot t_disruptl and t_disruptZ.

5.1.2 Loop failure

An FL_Port shall not issue a LIP for loop failure based on loss of synchronization before the loss of synchro-

nization exceeds R_T_TOV.
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5.1.3 Initialization at power on

FL_Ports

shall request only one loop initialization at power on, unless the FL_Port attempts to enter

OLD-PORT state, after which only one additional loop initialization may be requested.

An FL_Port that is executing Speed Negotiation may disrupt the loop causing the loop to initialize more than
once, however, having completed Speed Negotiation as evidenced by the FL_Port originating or passing

through L

ISM frames, such an FL_Port is subject to the limits of this subclause.

5.1.4 FL_Port time-out during initialization

It may be
quest initi

a) iflo
b) the

c) the

necessary for an FL_Port to request loop initialization multiple times. An FC-AL FL_Port may re-
blization again using the following rules:

Dp initialization has not completed within 2 s;
second time the device shall increase the initialization completion timeout to greater thian 24 s;

third and subsequent times the device shall increase the initialization completion timeout to

greqter than 128 s.

FC-AL-2 |
running o

5.1.5 LI

An FL_Pg

FL_Ports shall follow the FC-AL-2 initialization timeout requirements. If there is an upper level timer
h the initialization process the upper level shall follow the rules above’for FC-AL FL_Ports.

P generation

rt requesting loop initialization shall generate a minimum of12 LIPs.

5.1.6 Response to LIP

An FL_P
OPEN_IN

An FL_Pq
receives,
ing throug

brt shall recognize and forward 12 of the LIPS received within 5 ms, unless it is already in
IT and ignoring LIPs for AL_Time.

rt that is executing Speed Negotiation-may issue continuous LIPs of type unrelated to the type it
however, having completed Speed Negotiation as evidenced by the FL_Port originating or pass-
h LISM frames, such an FL_Port(is subject to the limits of this subclause.

5.1.7 Origination of LISM Frames

An FL_Pq
5 ms bety
LISMs.

5.1.8 Fa

rt that has not received a higher priority LISM shall originate LISM frames with a maximum of
veen LISM frames."FC-AL FL_Ports may source IDLEs for 15 ms before they begin sourcing

rwardingof-LISM frames

An FL_Pq
last LISM

rt that,has received a higher priority LISM than what it is currently transmitting shall forward the
réeognized, provided only higher priority LISMs are received, with a delay of no more than the

maximum-efeither

a) 25ms, or

b) 2 times the delay between received LISM frames.
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Subsequent LISM frames shall be forwarded, provided only higher priority LISMs are received, with a delay

of no more than the maximum of either
a) 5ms,or
b) 2 times the delay between received LISM frames.

5.1.9 Address selection

After any of the following, the FL_Port shall attempt to take address 00h during the LIFA phase, as follows:

a) a power cycle or equivalent reset of the FL_Port;
b) receipt of any LIP, or
¢) when the FL_Port transitions from Non-Participating to Participating.
5.1.10 Multi-port initialization
In order to minimize disruptions, a multi-port FL_Port device has the following initialization requir
a) aLlIP onone FL_Port shall not cause a LIP on any of the other FL_Ports, and
b) initialization on one FL_Port shall not cause any other/FL, Port to lose any frames, state,
wise impact traffic on its loop, except data being transferred from the initializing FL_Port t
FL_Port.
5.1.11 AL_PA position map support
AL_PA position map support has the followingrules:

a) AL_PA position map support shall.be-provided by all FC-AL-2 FL_Ports;

b) devices that do not support the;AL_PA position map may be present on the loop, therefore
shall not rely on AL_PA position map support for functionality; and

c) if all devices on a logp-support AL_PA position map, then AL_PA position map shall be ug
termine what devices-are available. Attempting to open devices that were not in the last AL
tion map is prohibited.

5.1.12 Availability after LIP
For FL_Peorts, the following shall apply after a LIP:

a)an FL_Port that has taken an address during a loop initialization shall be capable of proc
supported Fabric services upon completion of loop initialization; and

ements:

or other-
b another

FL_Ports

ed to de-
| PA posi-

essing all

b aftar oan Ll Dot baao taolcan on o Al laca it NaonPartiol
T TC

R

shall take

PSR T=Y o £4 o matinoafor-anviraacot—
o) arntcrarrr T orcrias ancrarr atUrtSS, oSS 1t gOT S TVUOT araorpatnyg 1o arty TCaSUTTH It

an address in all subsequent loop initializations.
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5.2 Post initialization

5.2.1 LIP generation

5.2.1.1 Proper LIP generation

Once an FL_Port has initialized, an FL_Port should minimize the generation of LIPs. Situations where it is

permitted,

a) una

but not required for an FL_Port to generate a LIP are the following:

ble to win arbitration for greater than LP_TOV;

b) loss

c) losg

of word-cvne foraraatarthan R T TO\/:
O WOoOra- Sy o greater gt — oS

of signal is detected;

d) a CLS in response to CLS has not been received within LP_TOV; or

e) an

5.2.1.2 Ir
An FL_Pq

a) link

b) CR

FL_Port receives an OPN that it sent to an NL_Port.

hproper LIP generation

rt shall not generate a LIP in response to the following:
error counter overrun;

C error detection;

c) recgption of an unexpected frame;

d) recgption of a CLS in response to an OPN; and

€e) no
5.2.2 FL

The FL_H
frames, a
may ente

Once the
one desti
with a deg
FL Ports
the FL_P
access se

NOT
reles

R_RDY or CLS received in response to an OPN.
_Port Unfair behavior and Transfer behavior

ort delivers frames by arbitrating for\the loop, opening the destination NL_Port, transmitting the
nd closing the loop. As allowed by FC-AL-2, the FL_Port may arbitrate unfairly (i.e., the FL_Port
the ARBITRATING state at any time without regard to access fairness).

FL_Port has acquired control of the loop, it may retain that control to deliver frames to more than
pation NL_Port by usihg the TRANSFER state. When the FL_Port transmits and receives a CLS
tination NL_Port, it may maintain control of the loop and open another destination NL_Port. The
hould weigh this.control against starvation of other ports on the loop. In the case of the FAN ELS,
brt is required.fo ‘deliver frames to all attached Public NL_Ports using the TRANSFER state with
t true.

E 2 # One possible arbitration strategy is to retain control of the loop until an NL_Port arbitrates, then
se the'loop after completing the current loop tenancy.

5.2.3 Responses to OPN

If an FL_Port sends an OPN, and receives that same OPN, the NL_Port addressed by the OPN is no longer

participati

ng on the loop. The FL_Port shall perform an implicit logout of the NL_Port. The FL_Port may per-

form a Loop Initialization.
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The reception of a CLS in response to an OPN is an indication that an NL_Port is busy. This is not an error
condition, and shall not cause error recovery to occur. If the FL_Port is operating with an NL_Port with a
Login BB_Credit of zero, the NL_Port may be busy, and the FL_Port shall forward the CLS, and retry the
OPN. Because the busy condition is handled by the procedure in this subclause, the FL_Port shall not orig-
inate a LIP to clear this condition. The normal frame timeout limits shall be observed if the NL_Port is busy
for sufficient time to cause a frame timeout to occur. If the busy condition persists for greater than LP_TQOV,
the FL_Port may originate a LIP to initialize the loop.

5.2.4 No response to OPN

The lack of any response to an OPN can indicate a number of failures (e.g., the OPN was corrupted on the

loop, or the R_RDY or CLS from the device was corrupted). The proper response to this conditiojl is for the
originator of the OPN to originate a CLS and after the CLS is received by the originator, when the arbitration
window is again available arbitrate and attempt to OPN this device. Because this error condition |s cleared
by this procedure, the originator of the OPN shall not originate a LIP to clear this condition.
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Table 5 lists features and parameters for FLOGI ACC with usage defined by this Technical Report.

Table 5 — FLOGI ACC features and parameters for Fx_Ports

Feature/Parameter

Fx_Port Responder

FLOGIACC S_ID

N_Port FFFFFEh
NL_Port FFFFFEh
FLOGI ACC D_ID
N_Port ddaaxx@
NL_Port ddaal|AL_PAP
'\ -
Class of service for FLOGI® C
)
Class 2 A
Class 3 R
. X
Supported Classes of Service » (@)
Class 1 P
Class 2 A
Class 3 R
Class 4 and up P

aa.

the D_ID.

The fabric shall assign the N_Port_ID according to the rules in
FC-LS. Multiple N_Perts may be assigned addresses with the same

The fabric shall’'build the assigned ID by using the requestor’s
Port_ID (AL _‘PA) for the low order byte (i.e., the AL_PA was received
in the FLOGI request as the low order byte of the S_ID). The fabric
shall assign the Domain_ID (dd) and Area_ID (aa) to a valid value
(see F€-SW-3). The value of ‘ddaa’ shall be the same for all Public
NE-~Ports on a given loop. The fabric shall return the value of the low
order byte of the S_ID of the FLOGI request in the low order byte of

FLOGI ACC shall be returned in the same class of service in which
the FLOGI was received, if that class of service is supported by the

fabric. If the class of service of the request is not supported, an
LS_RJT shall be returned in the class of service of the request.

6.1.2 Nx_Port PLOGI

Fabric services in a switch shall respond to PLOGIs as specified in FC-DA.
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6.1.3 Fx_Port Common Service Parameters (FLOGI ACC)

Table 6 lists Fx_Port Common Service Parameters for FLOGI ACC with usage defined by this Technical
Report. The parameters are valid for both Class 2 and Class 3 delivery service.

Table 6 — Fx_Port Common Service Parameters (FLOGI ACC) (part 1 of 2)

Fx_Port
Common Service Parameter responder
FC-LS
oDl ——— o a
Buffer-to-Buffer Credit (minimum for FL_Port) ob
Buffer-to-Buffer Credit (minimum for F_Port) 1
Common features ¢ 9_)\

Valid Vendor Version Level 0
N_Port/F_Port 1
BB_Credit Management XC
Buffer-to-Buffer Receive Data Field Size (minimum) 256 bytes
Clean Address bit xd
Multiple N_Port_ID Assignment X9
E_D_TOV Resolution 0®
Multicast supported by Fabric X
Broadcast supported by Fabric xh
Hunt Group routing supported by Fabric X
Query Data Buffer conditions 0

@ Although FC-LS has obsoleted the version numbers, this field shall be set as specified.
An FL_Port isrequired to support a value of zero or greater for this parameter.

C For FL_Ports“operating in loop mode this value shall be one, for F_Ports this value shall
be zero.

d The ‘Clean Address bit functionality shall be supported.

€ These shall be used as default values. A compliant implementation may change thesg
values, but it is up to the implementor to ensure interoperability.

' These values may need to be modified when used in a WAN environment.

9 The Multiple N_Port_ID Assignment bit shall be set as defined in FC-LS.

h' For Fabrics that support RFC 2625 and/or RFC 3831, this bit shall be set to one.

If the payload bit is set to one in a FLOGI request an FC-MI-2 compliant device may
respond with the payload bit set to one or reject the request. FC-DA compliant devices
do not set the payload bit to one.

I BB_Credit Recovery is supported, then BB_SC_N shall be set to 8. If BB_Credit
Recovery is not supported, then BB_SC_N shall be set to zero.
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Table 6 — Fx_Port Common Service Parameters (FLOGI ACC) (part 2 of 2)

Fx_Port
Common Service Parameter responder
Security bit (See FC-SP) X
Virtual Fabrics bit X
Clock Synchronization Primitive Capable X
R_T_TOV Value 0
Dynamic Half Duplex Supported X
Payload bit Xi
BB_SC_N X
_A_TOV 10 000 ms$:.
_p_Tov 2000 ms® f

oo S (© B

Although FC-LS has obsoleted the version numbers, this field shall be set’as specified.
An FL_Port is required to support a value of zero or greater for this parameter.
For FL_Ports operating in loop mode this value shall be one, for E<Ports this value shall

be zero.

The Clean Address bit functionality shall be supported.

These shall be used as default values. A compliant implementation may change these
values, but it is up to the implementor to ensure interoperability.

These values may need to be modified when used’inva WAN environment.
The Multiple N_Port_ID Assignment bit shall beset as defined in FC-LS.
For Fabrics that support RFC 2625 and/or RFC 3831, this bit shall be set to one.

If the payload bit is set to one in a FLOGHKrequest an FC-MI-2 compliant device may
respond with the payload bit set to onetor reject the request. FC-DA compliant devices

do not set the payload bit to one.

If BB_Credit Recovery is supperied, then BB_SC_N shall be set to 8. If BB_Credit
Recovery is not supported, then BB_SC_N shall be set to zero.
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6.1.4 Fx_Port Class 2 Service Parameters (FLOGI ACC)

If Class 2 is supported, Table 7 lists Class 2 Service Parameters for FLOGI ACC response with usage de-
fined by this Technical Report.

Table 7 — Class 2 Service Parameters (FLOGI ACC) (part 1 of 2)

Class 2 Service Parameter Value

Class validity 1

Service options

Intermix Mode -

Stacked Connect Requests -

Sequential Delivery 1

Dedicated Simplex -

Camp-On @ -

Buffered Class 1 -

Priority xP
Preference xb
DiffServ QoS 0
\ v
Initiator control Q
yaN

X_ID reassignment -

Initial Responder Process_Associator -

ACK_0 capable -

ACK_N capable @ i

ACK generation assistance -

Data compréssion capable @ -

Data compression History buffer size @ -

Data encryption capable 2 -

Clock synchronization capable 0

Recipient Control

ACK_0 capable -

ACK_N capable @ -

X_ID interlock -

@ This feature has been obsoleted in FC-LS, and may be reclaimed for use in
a future standard.

b This bit shall only be set to one if the entire fabric supports the feature.
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Table 7 — Class 2 Service Parameters (FLOGI ACC) (part 2 of 2)

Class 2 Service Parameter Value

Error Policy Supported -

Categories per Sequence -

Data compression capable @ -

Data compression History buffer size @ -

Data decryption capable @ -

Clock synchronization capable A

Reserved - Fabric specific 0

Receive data field size (minimum) -

Concurrent Sequences (minimum) -

N_Port End-to-end Credit (minimum) -

Open Sequences per Exchange (minimum) -

@ This feature has been obsoleted in FC-LS, and may be recldifed for use in
a future standard.

b This bit shall only be set to one if the entire fabric supports the feature.

6.1.5 FX_Port Class 3 Service Parameters (FLOGI ACC)

Table 8 li
Report.

5ts Class 3 Service Parameters for FLOGI ACC:response with usage defined by this Technical

Table 8 — Class 3 Service Parameters (FLOGI ACC) (part 1 of 2)

Class 3 Service/Parameter Value
Class validity 1
Service Options . o
P ~0

Intermix Mode -

Stacked Connect Requests -

Sequential Delivery 1

Dedicated Simplex -

ACK_N capable @ i

Buffered Class 1 -

Priority xP

@ This feature has been obsoleted in FC-LS, and may be reclaimed for use
in a future standard.

b This bit shall only be set to one if the entire fabric supports the feature.
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Table 8 — Class 3 Service Parameters (FLOGI ACC) (part 2 of 2)

Class 3 Service Parameter

Value

Preference

xb

DiffServ QoS

0

Initiator Control

X_ID reassignment

Initial Responder Process_Associator

ACK_0 capable

ACK_N capable 2

ACK generation assistance

Data compression capable @

Data compression History buffer size @

Data decryption capable @

Clock synchronization capable

Recipient control

N

ACK_0 capable

ACK_N capable @

X_ID interlock

Error Policy Supported

Categories per Sequence

Data compression capable 2

Data compression, History buffer size @

Data decryption capable @

Clock synchronization capable

Reserved - Fabric specific

Receive data field size (minimum)

Concurrent Sequences (minimum)

N_Port End-to-end Credit

Open Sequences per Exchange (minimum)

@ This feature has been obsoleted in FC-LS, and may be reclaimed for use

in a future standard.

b This bit shall only be set to one if the entire fabric supports the feature.
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6.2 Link services

6.2.1 Basic Link Services

Fabric services in a switch shall support Basic Link Services as specified in FC-DA.
6.2.2 ELS requirements for well-known addresses

See FC-DA for N_Port well-known address responder requirements.

If Zoning is active in the fabric, an ELS response from a well-known address shall only include data relating

to Nx_Poits that are in the same Zone(s) as the requesting Nx_Port.

6.2.3 Extended Link Service Replies

Table 9 specifies the support required by this Technical Report for Extended Link Service RepliescLhis table

only applles to those supported Extended Link Service requests that have valid replies asjindicated in
FC-DA.

Table 9 — Extended Link Service Replies

Originator Responder
Name Abbr OpCode Support Support
Accept LS_ACC - - R

Link Service Reject LS_RJT - - R
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6.3 FC-AL-2 features for FL_Ports

Table 10 lists Fibre Channel Arbitrated Loop features for FL_Ports with usage defined by this Technical Re-
port. In table 10, the FL_Port Originator column refers to an FL_Port sending an FC-AL feature to an
NL_Port, and the FL_Port Responder column refers to an FL_Port receiving an FC-AL feature from an
NL_Port.

Table 10 — FC-AL features for FL_Ports (part 1 of 3)

FL_Port FL_Port
Feature Originator Responder
Open Full Duplex R R
Open Half Duplex P R
Send frames from multiple S_IDs in a single Loop Tenancy | i
Receive frames to multiple D_IDs in a single Loop Tenancy N R
Unfairness | ]
Transfer mode (use of TRANSFER loop state) Ra i

@ Required uses of Transfer mode are described in 5.2.2.
Alternate BB_Credit management is mandatory in FC-AL<2"

C FL_Ports shall interoperate with NL_Ports that support-any Login_BB_Credit. A recipient|of
frames may login with Login_BB_Credit greater thanzero, but the originator of frames is [not
required to take advantage of the non- zero Login BB_Credit.

NL_Ports may use Broadcast Replicate (OPNfr) or Selective Replicate (OPNyr) to
communicate on a Local Loop. As required by FC-AL-2, the FL_Port shall not receive frames
associated with OPNfr or OPNyr. Therefore, frames originated on a Local Loop by an NL| Port
using OPNfr or OPNyr shall not propagate beyond the Local Loop.

€ The only method allowed by thigTechnical Report for delivering broadcast from the FL_Pprt to
the attached NL_Ports is via.anh OPNfr sent by the FL_Port. The FL_Port is not required {o
perform a discovery process’to determine whether the attached NL_Ports are able to recgive
broadcast frames via OPNfr. Use of broadcast, and the number of frames that may be sgnt
following OPNfr, are beth specific to the ULP.

An NL_Port with.bfoadcast or multicast frames intended for Remote Ports shall open the
FL_Port via ORNyx or OPNyy or be opened by the FL_Port via OPNyx, and send the framies to
the FL_Port for forwarding by the fabric (see FC-AL-2). This causes broadcast frames to|be

delivered.fo*the Local Loop and multicast frames if any NL_Ports on the Local Loop are pgart of
the multieast group.

9 LREfxallows resetting the bypass circuits of NL_Ports that have been bypassed and have lost
their AL_PAs due to a LIP and therefore are not enabled using an addressed LPEyx.

This LIP may be issued by an FL_Port to request an AL_PA if it is non-participating, or for any
of the reasons listed in 5.2.1.1. The FL_Port response to a LIP is described in 5.1.6.

I This LIP may be issued by an FL_Port which detects a Link Failure (see FC-FS-2).

I An NL_Port or FL_Port may invoke this form of LIP to reset an NL_Port in a ULP-specific
manner. An FL_Port shall respond to this form of LIP in the same manner as LIP(F7, AL_PS).

K" An FL_Port that receives MRK shall attempt to forward the MRK. An FL_Port may remove a
MRK if necessary for clock skew management (see FC-AL-2).
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Table 10 — FC-AL features for FL_Ports (part 2 of 3)

FL_Port FL_Port
Feature Originator Responder

Alternate BB_Credit modelP R R
Login_BB_Credit equal to 0° | R
Login_BB_Credit greater than 0¢ A A
Broadcast and Multicast via Broadcast Replicate (OPNfr)

Transmit to NL_Ports on the Local Loope"f A -

Redeive from NL_Ports on the Local Loopd’ f - P
Broadcpst and Multicast via Selective Replicate (OPNyr)

Trahsmit to NL_Ports on the Local Loop® P -

Redeive from NL_Ports on the Local Loopd P

@ Required uses of Transfer mode are described in 5.2.2.
b Alternate BB_Credit management is mandatory in FC-AL-2.

¢ FL_Ports shall interoperate with NL_Ports that support any Login_BB_Credit)A recipient of
frames may login with Login_BB_Credit greater than zero, but the originator, of frames is not
rgquired to take advantage of the non- zero Login_BB_Credit.

d NL_Ports may use Broadcast Replicate (OPNfr) or Selective Replicate(OPNyr) to

mmunicate on a Local Loop. As required by FC-AL-2, the FL_Port shall not receive frames
associated with OPNfr or OPNyr. Therefore, frames originated ‘en-a Local Loop by an NL_Port
using OPNfr or OPNyr shall not propagate beyond the Local-toeop.

€ The only method allowed by this Technical Report for delivering broadcast from the FL_Port to
the attached NL_Ports is via an OPNfr sent by the Flk)Pert. The FL_Port is not required to
perform a discovery process to determine whetherithe attached NL_Ports are able to receive
btoadcast frames via OPNfr. Use of broadcast, and'the number of frames that may be sent
fdllowing OPNfr, are both specific to the ULP.

Ah NL_Port with broadcast or multicast frames intended for Remote Ports shall open the
FL_Port via OPNyx or OPNyy or be opeped by the FL_Port via OPNyx, and send the frames to
the FL_Port for forwarding by the fabric'(see FC-AL-2). This causes broadcast frames to be
delivered to the Local Loop and multicast frames if any NL_Ports on the Local Loop are part of
thHe multicast group.

9 LIPEfx allows resetting the bypass circuits of NL_Ports that have been bypassed and have lost
their AL_PAs due to a LIP and therefore are not enabled using an addressed LPEyx.

This LIP may be issued-by an FL_Port to request an AL_PA if it is non-participating, or for any
of the reasons listed in 5.2.1.1. The FL_Port response to a LIP is described in 5.1.6.

I This LIP may betlissued by an FL_Port which detects a Link Failure (see FC-FS-2).

I A NL_PorterFL_Port may invoke this form of LIP to reset an NL_Port in a ULP-specific
anner,_An-FL_Port shall respond to this form of LIP in the same manner as LIP(F7, AL_PS).

KA EL\ Port that receives MRK shall attempt to forward the MRK. An FL_Port may remove a
RK.if necessary for clock skew management (see FC-AL-2).
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Table 10 — FC-AL features for FL_Ports (part 3 of 3)

FL_Port FL_Port
Feature Originator Responder

LPEyx, LPByx, or LPEfx9 | P
LIP

(F7, F7) and (F7, AL_PS) [initializing]" | R

(F8, F7) and (F8, AL_PS) [loop failure]i | R

(AL_PD, AL_PS) [selective hard reset] | R
MRKE P A

@ Required uses of Transfer mode are described in 5.2.2.

Alternate BB_Credit management is mandatory in FC-AL-2.

FL_Ports shall interoperate with NL_Ports that support any Login_BB_Credit..A recipient
frames may login with Login_BB_Credit greater than zero, but the originater of frames is
required to take advantage of the non- zero Login_BB_Credit.

NL_Ports may use Broadcast Replicate (OPNfr) or Selective Replicateé (OPNyr) to
communicate on a Local Loop. As required by FC-AL-2, the FL /ARort shall not receive fra
associated with OPNfr or OPNyr. Therefore, frames originated'en a Local Loop by an NL|
using OPNfr or OPNyr shall not propagate beyond the Local l.oop.

The only method allowed by this Technical Report for delivering broadcast from the FL_P
the attached NL_Ports is via an OPNfr sent by the EL\.Port. The FL_Port is not required {
perform a discovery process to determine whetherthe attached NL_Ports are able to rec
broadcast frames via OPNfr. Use of broadcast, and the number of frames that may be sq
following OPNfr, are both specific to the ULP:

An NL_Port with broadcast or multicast frames intended for Remote Ports shall open the
FL_Port via OPNyx or OPNyy or be opened by the FL_Port via OPNyx, and send the fram
the FL_Port for forwarding by the fabtie (see FC-AL-2). This causes broadcast frames to
delivered to the Local Loop and multicast frames if any NL_Ports on the Local Loop are p
the multicast group.

LPEfx allows resetting the bypass circuits of NL_Ports that have been bypassed and hav
their AL_PAs due to a LIP2and therefore are not enabled using an addressed LPEyx.

This LIP may be issuedby an FL_Port to request an AL_PA if it is non-participating, or fo
of the reasons listed'in 5.2.1.1. The FL_Port response to a LIP is described in 5.1.6.

This LIP may be jissued by an FL_Port which detects a Link Failure (see FC-FS-2).
An NL_Portor FL_Port may invoke this form of LIP to reset an NL_Port in a ULP-specifig

manner,An FL_Port shall respond to this form of LIP in the same manner as LIP(F7, AL |

An FL_Port that receives MRK shall attempt to forward the MRK. An FL_Port may remoV
MRK"if necessary for clock skew management (see FC-AL-2).
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6.4

Jhe Loop Fabric Address is used as the destination ID (D ID) in the LINIT and LSTS ELS Re

koop Fabric Address

quest Se-

quences, and is used as the source ID (S_ID) in the Reply Sequences. No other Sequences shall be direct-
ed to a Loop Fabric Address. Devices compliant with FC-DA are prohibited from sending LINIT to the Loop
Fabric Address. As such, devices compliant with this Technical Report are only required to support LSTS
sent to the Loop Fabric Address.
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7 Fabric behaviors

7.1 Overview

This clause defines the interoperability requirements for a Fabric. A Fabric consists of a Fabric containing
a single Switch, or containing two or more Switches connected via E_Ports. The purpose of this clause is
to define the minimum functionality that needs to be supported in order to deploy a Fabric.

This clause defines the following two aspects of Fabrics:

a) required Switch-to-Switch (E_Port) behaviors. These are based primarily on functions defined in

FC{SW-3; and

b) reqtired Fabric services provided to an attached Nx_Port. These are based primarily on functions
defined in FC-GS-4.
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7.2 Switch-to-Switch Requirements

7.2.1 Overview

Table 11 summarizes support requirements for features defined in FC-SW-3. A compliant device shall im-
plement all features as specified in table 11. FC-SW-3 clauses that are descriptive are not included in table

1.

Table 11 — FC-SW-3 Fabric support summary (part 1 of 3)

Description ‘ Support

Structure and concepts

: N
Fabric Addressing R

MR 4
Switch Ports /\q/
For specific Port Type support, see table 12.
Class F Service R
Switch Int | Link Servi N
witch Internal Link Services
o™

SW_ACC R
Switch Reject (SW_RJT) R
Exchange Link Parameters (ELP) (see 7.2.3) R2
Exchange Fabric Parameters (EFP) R Y
Domain_ID Assigned (DIA) R2
Request Domain_ID (RDI) Ra
Hello (HLO) RC

@ The ELP, EFP, RDI, DIA, and BF SW_ILS frames shall not be used except as part of the
initialization and Principal’'Switch selection state machines as specified in FC-SW-3.

b The Multicast_ID_List fields of the EFP shall not be used.

C FSPF SW_ILS frames shall not be used except as part of the FSPF state machines ap

specified in FC<SW-3.
d Only the Switch Link Record (i.e., LSR Type 01h) is required in LSU and LSA SW_ILS
frames;

A Fabric is prohibited from autonomously generating an RCF, but an outside
administrative function may request a switch to generate an RCF. Such an
administrative function is outside the scope of this Technical Report.

™ The ESC SW_ILS is allowed here for vendor-specific reasons. The ESC SW_ILS sha
not be used to indicate FSPF-Backbone.

9 All switches in the Fabric shall use ARO.

" The MR SW_ILS is required for Basic Zoning and allowed for Enhanced Zoning.

Switches adhering to FC-SW-2 respond unpredictably if an Enhanced Zoning MR is
received.

' The DRLIR SW_ILS is required for FC-SB-3 support and allowed in other environments.
See 7.2.4 for details of Principal Switch Selection requirements.
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Table 11 — FC-SW-3 Fabric support summary (part 2 of 3)

Description Support

Link State Update (LSU) Rd. ¢
Link State Acknowledgement (LSA) Rd ¢
Build Fabric (BF) Ra
Reconfigure Fabric (RCF) AC
Disconnect Class 1 (DSCN) P
Exghange Switch Capabilities (ESC) Af
Exg¢hange Switch Support (ESS) |
Mefge Request (MR)! RN

Mefge Request Resource Allocation (MRRA) |

Acquire Change Authorization Request (ACA) R
Release Change Authorization Request (RCA) R
Stage Fabric Configuration Request (SFC) R
Upglate Fabric Configuration Request (UFC) R
Disfributed Registered Link Incident Records (DRLIR) R
Intgr-Switch Registered State Change Notifications (SW_RSCN) R

q The ELP, EFP, RDI, DIA, and BF SW_ILS frames.shall not be used except as part of the
initialization and Principal Switch selection state)machines as specified in FC-SW-3.

Y The Multicast_ID_List fields of the EFP shallnot be used.

FSPF SW_ILS frames shall not be used except as part of the FSPF state machines as
specified in FC-SW-3.

g Only the Switch Link Record (i.e., LSR Type 01h) is required in LSU and LSA SW_ILS
frames.

A Fabric is prohibited from.autonomously generating an RCF, but an outside
administrative function may request a switch to generate an RCF. Such an
administrative function is outside the scope of this Technical Report.

fl The ESC SW_ILS'is allowed here for vendor-specific reasons. The ESC SW_ILS shall
not be used tolindicate FSPF-Backbone.

9 All switches:in'the Fabric shall use ARO.
The MR'SW_ILS is required for Basic Zoning and allowed for Enhanced Zoning.

Switches adhering to FC-SW-2 respond unpredictably if an Enhanced Zoning MR is
réceived.

J = AL VA Lo - : (v o Qn q - (EBT 1 41 . -
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See 7.2.4 for details of Principal Switch Selection requirements.
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Table 11 — FC-SW-3 Fabric support summary (part 3 of 3)

Description ‘ Support
Fabric configuration
Switch Port Initialization R
Principal Switch Selection RX
Address Distribution R
E_port and Fabric Isolation R
B_Port Operation A
Routing Protocols ,.oq>)
Fabric Shortest Path First (FSPF) R
FSPF-Backbone Routing Protocol [=1¢]
Distributed Services (see 7.2.6) '\b"\
Switch Zone Exchange and Merge (see 7.2.7) KQ. )
Distributed Event Notification (see 7.2.8) ) (' ) b

@ The ELP, EFP, RDI, DIA, and BF SW_ILS frames shallniot be used except as part of the
initialization and Principal Switch selection state machines as specified in FC-SW-3.

The Multicast_ID_List fields of the EFP shall not'be used.
FSPF SW_ILS frames shall not be used except as part of the FSPF state machines a
specified in FC-SW-3.

Only the Switch Link Record (i.e., LSR*Type 01h) is required in LSU and LSA SW_IL$
frames.

A Fabric is prohibited from autonomously generating an RCF, but an outside
administrative function may, request a switch to generate an RCF. Such an
administrative function is-outside the scope of this Technical Report.

The ESC SW_ILS is allowed here for vendor-specific reasons. The ESC SW_ILS sha
not be used to indicate FSPF-Backbone.

All switches in_the Fabric shall use ARO.
The MR SW_ILS is required for Basic Zoning and allowed for Enhanced Zoning.

Switches.adhering to FC-SW-2 respond unpredictably if an Enhanced Zoning MR is
recejved.

I The.DRLIR SW_ILS is required for FC-SB-3 support and allowed in other environmens.
K See 7.2.4 for details of Principal Switch Selection requirements.

b

Cc

U7
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7.2.2 Switch Port Types

Switch Port Type usage is shown in table 12.

Table 12 — Switch Port Type Usage

Switch Port Type Support
F_Port A
FL_Port A
E—Port R
B_Port A

Switch Pqrts have the following requirements.

a) A Switch may have a mix of different Switch Port types. Not all Switch Ports on a Switeh!are required
to sppport the same Switch Port types.

b) A s|ngle Switch Port may support more than one Switch Port type. If a single€ Switch Port supports
multiple Switch Port types, the Switch Port type shall be discovered as specified in FC-SW-3.

c) A Spwitch shall support E_Port functionality on at least one Switch Port;

d) A
F

witch shall support at least one of F_Port, or FL_Port operation. A switch may support both
ort and FL_Port.

uu B0}

7.2.3 Exchange Link Parameters (ELP)

The ELP BW _ILS as defined in FC-SW-3 shall be used with*'the parameters specified in table 13.

Table 13 — ELP SW_ILS(Parameters (part 1 of 2)

Item Value
Revision 3
Flags 0@
BB_SC_N Oor8

a8 B_Port functionality is allowed, but its use is outside the scope
of(this Technical Report.

Support of Class F for an E_Port is required as specified by
FC-SW-3.

€ Use of Class 1 is Prohibited by this Technical Report.
d This value shall be used in FLOGI ACC.

b

Tl ball l <l aaf. Iy l A L +

ITICOoT ol'ldIT VT UoTU do UTTaull valutTo. A CUITIPIAarit
implementation may change these values, but it is up to the
implementor to ensure interoperability.

These values may need to be modified when used in a WAN
environment.
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Table 13 — ELP SW_ILS Parameters (part 2 of 2)

Item Value
R_A_TOV 10 000 msd- &
E D _TOV 2000ms 4 & f
Class F Params Class Valid 1b
X_ID Interlock 0
Receive Data Field Size 2 112 bytes
Concurrent Sequences 1
End-to-End Credit 1
Open Sequences per Exchange 1
Class 1 Params o°¢
Class 2 Params Class Valid X
Sequential Delivery 1
Receive Data Field Size 2 112 bytes
Class 3 Params Class Valid 1
Sequential Delivery 1
Receive Data Field Size 2 112 bytes
ISL Flow Control Mode 2
Flow Control Parameter Length 20 bytes
Flow Control Parameters (see table 14)
@ B_Port functionality is allowed, but its use is outside the scope
of this Technical Report.
b Support of Class F for an E_Port is required as specified by
FE-SW-3.
€ “Yse of Class 1 is Prohibited by this Technical Report.
d' This value shall be used in FLOGI ACC.
€ These shall be used as default values. A compliant
implementation may change these values, but it is up to the
implementor to ensure interoperability.
' These values may need to be modified when used in a WAN
environment.

To ensure consistent support of Classes of Service over the entire Fabric, the ELP SW_ILS shall be accept-
ed by the responding Switch only if the two Switches support the same Classes of Service, otherwise it shall
be rejected with a SW_RJT Reason Code “Logical Error” and SW_RJT Reason Code Explanation “Class
N Service Parameter error”, and the involved E_Ports shall isolate.
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To ensure consistent timeout values over the entire Fabric, the ELP SW_ILS shall be accepted by the re-
sponding Switch only if the two Switches have the same value for R_A_TOV and the same value for
E_D_TOV, otherwise it shall be rejected with a SW_RJT Reason Code “Logical Error” and SW_RJT Reason
Code Explanation “R_A _TOV or E_D_TOV mismatch”, and the involved E_Ports shall isolate.

Required values for the Flow Control Parameters field of the ELP are shown in table 14. These values only
apply to the ISL Flow Control Mode value as specified in table 13. The parameter values and format for any

other ISL [Flow Control Modes are outside the scope of this Technical Report.

Table 14 — Flow Control Parameters

Size
Item (Bytes) Value
BB_Credit 4 xa
Compatibility Parameter 1 4 2112b
Compatibility Parameter 2 4 10 000
Compatibility Parameter 3 4 2 000P.
Compatibility Parameter 4 4 02

@ BB_Credit may be set to any value supported by
the Originating E_Port. This BB_Credit value
shall be used only after the ELB'and LR have
been completed. Before that;the BB_Credit shall
be one as specified by FC=SW-3.

b These values are requited for backward
compatibility and intereperability reasons.

7.2.4 Prjincipal Switch selection

Each Swiich in the Fabric shall supportPrincipal Switch selection as specified in FC-SW-3 except as mod-
ified by the following requirements:

a) at g minimum, each Switeh*shall support origination of an EFP with a Principal Switch Priority of FFh.
Thig implies that each\Switch is required to participate in the Principal Switch selection process but is
not |required to be,capable of becoming the Principal Switch; and

b) a Switch may-support origination of an EFP with a Principal Switch Priority of 01h to FEh. Supporting
a Principal-Switch Priority of FEh means that the Switch is capable of becoming a Principal Switch.

7.2.5 Fdbric’'Shortest Path First (FSPF)

Each Switch in the Fabric shall support FSPF as specified in FC-SW-3. The following requirements apply
to FSPF implementation:

a) each Switch in a Fabric shall use only ARO (i.e., the AR Number field of the FSPF Header as speci-
fied in FC-SW-3 shall be set to zero);
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b) the LSR Type field in the Link State Header shall be set to 01h indicating Switch Link Record; and
c) the Link Type field in the Link Descriptor shall be set to 01h indicating Point-to-Point Link.
7.2.6 Distributed Services

7.2.6.1 Overview

Distributed services as defined in FC-SW-3 allow Switches in a Fabric to share information required for
support of the CT based well-known services. Switch-to-Switch support requirements for these Services
are defined in 7.2.6.

7.2.6.2 Distributed Name Server

7.2.6.2.1 Switch-to-Switch Name Server requests

Switch-to-Switch Name Server requests shall be supported as shown in table 15, table 16, and table 17.

Table 15 — FC-SW-3 defined Name Server requests

Feature Support

Get Entry based on Port Identifier (GE_ID) |

Get Entry based on Port Name (GE_PN) |

Get Entry based on Node Name (GE_NN) |

Get Entries based on IP Address - Node (GE_IR) P

Get Entries based on FC-4 TYPEs (GEFT) |

Get Entries based on Port Type (GE_PT) |

Get Entries based on Zone Member (GE_ZM) P

Get Entries based on Zone Name (GE_ZN) P

Get Entries based’on IP Address - Port (GE_IPP) |

Get Entries(based on FC-4 Feature (GE_FF) |

Get-Entries based on Fabric Port_Name (GE_FPN) P

Remove All (RA) P

Table 16 — FC-GS-4 defined Name Server requests (part 1 of 3)

Feature Support

Get All Next (GA_NXT) |

Get Identifiers - Scope (GID_A) P

Cat-Dact N oRMN_ID.
oetTT T 1~

L ) "
\=2 oftTvame o7 T

Get Node Name (GNN_ID) |

Get Class of Service (GCS_ID) |

Get FC-4 Types (GFT_ID) |
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Table 16 — FC-GS-4 defined Name Server requests (part 2 of 3)

Feature Support
Get Symbolic Port Name (GSPN_ID) |
Get Port Type (GPT_ID) |
Get IP address (GIPP_ID) P
Get Fabric Port Name (GFPN_ID) |
Get Hard Address (GHA_ID) P
Get FC-4 Descriptors (GFD_ID) P
Get FC-4 Features (GFF_ID) |
Get Port Identifier (GID_PN) |
Get IP Address (GIPP_PN) P
Get Port Identifiers (GID_NN) |
Get Port Names (GPN_NN) l
Get IP Address - Node Name (GIP_NN) P
Get Initial Process Associator (GIPA_NN) P
Get Symbolic Node Name (GSNN_NN) |
Get Node Name (GNN_IP) p
Get Initial Process Associator (GIPA_IP) P
Get Port Identifiers (GID_FT) |
Get Port Names (GPN_FT) |
Get Node Names (GNN_FT) |
Get Port Identifiers (GID_PT,) |
Get Port Identifier (GID.\PP) P
Get Port Name (GPN_IPP) P
Get Port Identifiers (GID_FF) |
Get Port.Identifiers - Fabric Port Name (GID_FPN) |
Get Permanent Port Name - Port Identifier (GPPN_ID) |
Register Port Name (RPN_ID) P
Register Node Name (RNN [D) P
Register Class of Service (RCS_ID) P
Register FC-4 Types (RFT_ID) P
Register Symbolic Port Name (RSPN_ID) P
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Table 16 — FC-GS-4 defined Name Server requests (part 3 of 3)

Feature Support
Register Port Type (RPT_ID) P
Register IP Address - Port (RIPP_ID) P
Register Hard Address (RHA_ID) P
Register FC-4 Descriptor (RFD_ID) P
Register FC-4 Features (RFF_ID) P
Register IP Address - Node (RIP_NN) P
Register Initial Process Associator (RIPA_NN) P
Register Symbolic Node Name (RSNN_NN) |
Deregister All (DA_ID) P

Table 17 — FC-GS-4 Common Requests

Feature Support

Get More Information (GMI) A

The requests in table 15, table 16, and table 17 have the felldwing requirements.

a) The requests specified in table 15 are defined in FC-SW-3 for the special purpose of
Switch-to-Switch exchange of Name Serverdata. The response payload of these requestg contains
the Name Server Object defined in FC-SW=3. The Name Server Object shall be used as specified in
7.2.6.2.2.

b) The requests specified in table 16:and table 17 are defined in FC-GS-4 and allowed within [FC-SW-3
for Switch-to-Switch Name Server requests. These requests and their responses shall bg sent ac-
cording to the rules defined indC-SW-3.

c) Switch-to-Switch Name“Server requests shall be processed independent of Zoning. All filtering of
Name Server data.te-support zoning shall be done at the Entry Switch. GE_ZM and GE_2N are ex-
ceptions to this requirement since they may be required to perform zoning operations on a|respond-
ing Switch.

7.2.6.2.2 Name Server Object Usage

For all GE_XXX (i.e., 4yyh) Name Server to Name Server requests, as defined in FC-SW-3, the Name
Server @bject used in the response shall be as follows.

null FC-4 Descriptor, and a null FC-4 Features, then the Name Server Entry Object with an Entry Ob-

a)\ If the responder has either a non-null Port Symbolic Name or a non-null Node Symbolic NaFe, and a
jnrt Eaormat Indicator of Q0h shall be used hy the rnepnndn

b) If the responder has a null Port Symbolic Name, a null Node Symbolic Name, a null FC-4 Descriptor,
and a null FC-4 Features, then the Name Server Entry Object with an Entry Object Format Indicator
of 01h shall be used by the responder.
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e responder has either a non-null Port Symbolic Name or a non-null Node Symbolic Name, and

either a non-null FC-4 Descriptor or non-null FC-4 Features, then the Name Server Entry Object with
an Entry Object Format Indicator of 02h shall be used by the responder.

d) If the responder has a null Port Symbolic Name and a null Node Symbolic Name and either a

non

-null FC-4 Descriptor or non-null FC-4 Features, then the Name Server Entry Object with an En-

try Object Format Indicator of 03h shall be used by the responder.

The rules

for Name Server Object usage are summarized in table 18.

Table 18 — Name Server Object Usage summary

Null FC-4 Features non-Null FC-4 Features
and and/or
Null FC-4 Descriptor non-Null FC-4 Descriptor
mon-Null Symbolic Node_Name 00h 02h
and/or

npn-Null Symbolic N_Port_Name

Null Symbolic Node_Name 01h 03h

and
Null Symbolic N_Port_Name

7.2.6.2.3
The follov

a) arg
NX |

b) are
A)
B)

c) the
and

d) arg
swq

Distributed Name Server response

ing rules shall apply to responses to Distributed Name Server réquests:

ject of a 1-to-1 switch request, as specified by FC-SW-3,-shall result in a reject of the original
Port request;

ject of a 1-to-many or 1-to-all request, as specified by FC-SW-3, shall result in either
b reject of the original Nx_Port request, or

b Partial Response to the original requesting Nx_Port. If a Partial Response is sent, the Partial
Response bit in the CT Header shall:besset to one;

original request shall be rejected‘with a Reject CT_IU if there is no response to a 1-to-all request;

sponse shall be generated for an original request if there is an answer, even if it is a partial an-
r, to a 1-to-all request.

7.2.6.3 Dlistributed Management Server

Switch-to

Switch Mahagement Server requests shall be supported as shown in table 19 and table 20.

Table 19 — FC-SW-3 Defined Management Server requests

Feature Support

Get Management Server Capabilities (GCAP) R
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Table 20 — FC-GS-4 Defined Management Server requests (part 1 of 2)

Feature Support
Get Topology Information (GTIN) P
Get Interconnect Element List (GIEL)? P
Get Interconnect Element Type (GIET)? P
Get Domain Identifier (GDID)? p

Get Management Identifier (GMID) |

Get Fabric Name (GFN) P

Get Interconnect Element Logical Name (GIELN) |

Get Interconnect Element Management Address List (GMAL) ]

Get Interconnect Element Information List (GIEIL) |

Get Port List (GPL) |

Get Port Type (GPT) |

Get Physical Port Number (GPPN) |

Get Attached Port Name List (GAPNL) |

Get Port State (GPS) |

Get Attached Topology Information (GATIN) P

Get Platform Node Name List (GPLNL) |

Get Platform Type (GPLT) |

Get Platform Management Address List (GPLML) |

Get Platform Name - Node Name (GNPL) |

Get Platform List(GPNL) |

Get Node.ldentification Data - Node Name (GNID) P

Get Port Speed Capabilities (GPSC) |

Get Switch Enforcement Status (GSES) |

Get Platform Attribute Block (GPAB) |

Get Platform FCP Type (GPFCP) |

Get Platform OS LUN Mappings (GPLI) |

Register Interconnect Element Logical Name (RIELN) RP

Register Platform (RPL) RP

@ This only applies to Interconnect Elements of type Switch.

b This is required to allow local data copies to be maintained on remote
switches as specified in FC-SW-3.
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Table 20 — FC-GS-4 Defined Management Server requests (part 2 of 2)

7.2.7 Zd

7.2.71 N

Zoning, a
vendor-sf

Feature Support

Register Platform Node Name (RPLN) RP
Register Platform Type (RPLT) RP
Register Platform Management Address (RPLM) RP
Register Platform Attribute Block (RPAB) RP
Register Platform FCP Type (RPFCP) RP
Register Platform OS LUN Mappings (RPLI) RP
Deregister Platform (DPL) RP
Deregister Platform Node Name (DPLN) RP
Deregister Platform Management Address List (DPLML) RP
Deregister Platform Management Address (DPLM) RP
Deregister Platform OS LUN Mappings (DPLI) RP
Deregister Platform Attribute Block (DPAB) RP

@ This only applies to Interconnect Elements of type Switch.

b This is required to allow local data copies to be maintained on remote

switches as specified in FC-SW-3.

hing

inimum Zoning configuration rules

5 defined in FC-SW-3, shall be supported’as shown in table 21. Administration of Zones may be
ecific and is therefore outside the scopeiof this Technical Report.

Table 21 — Zoning support

Item Support

Zoning Manaqe&e‘?t Support
Basic Zoning*Management R
Enhanced zoning Management A
ﬁ?ng Enforcement
Soft Zoning Enforcement R
Hard Zoning Enforcement A
Broadcast Zoning Enforcement A
Zoning Data Structures Support

@ Alias Name zone member type support is Prohibited in

Basic Zoning.
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Table 21 — Zoning support

Item Support

Active Zone Set R
Zone Set Database A
Zone Object support
Zone Set Object A
Zone Object R
Zone Alias Object A
Zone Reference Object A
Zone Attribute Object A
Vendor-Specific Object P
Zone Member Types support P\b‘\
N_Port_Name R
Domain_ID & Physical Port P
N_Port_ID A
Alias Name A2
Node_Name A
F_Port_Name A
Vendor-Specific P
Zone Attribute Types\\g\w
Protocol A
Broadcast Zone A
Hard Zone A
Vendor Specific P

@ Alias Name zone member type support is Prohibited in

Basic Zoning.

7.2.7.2-Zone Objects

ForZone Objects and Zone Members as defined in FC-SW-3, the following applies:

a) Protocol field of the Zone Object shall be set to zero; and

b) Flag field of the Zone Member shall be set to zero.
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stributed Event Notification

7.2.8.1 Switch-to-Switch Registered State Change Notifications (SW_RSCN)

A Fabric detected SW_RSCN shall be generated under the conditions specified in 7.3.5.4 with the exception
that an SW_RSCN shall not be generated for Fabric reconfiguration that is detectable by each switch in the
Fabric (i.e., Zone and FSPF database changes).

7.2.8.2 Distribute Registered Link Incident Records (DRLIR)
Each Switch in the Fabric shall support the DRLIR request as defined in FC-SW-3.

7.2.9 Additional Switch requirements

A Switch
plications

a) Fra
the

b) AS
fran

c) Theg
SCO

d) If th

s required to support sequential delivery. Sequential delivery within a Switch has the following)im-
mes between a single entry Switch Port and exit Switch Port pair of a Fabric shall be.delivered at
exit Switch Port in the same order they were received on the entry Switch Port.

witch is not responsible for maintaining sequence or frame order relative t@ other sequences or
hes if an Nx_Port retransmits a sequence or frame due to error recovery.policy.

method by which a Switch implements sequential delivery betweefyiis own ports is outside the
be of this Technical Report.

ere is more than one Switch in a Fabric, then sequential delivery shall be maintained by using the

sanpje path for frames between any pair of ports on the Fabyic,\on a per class basis.

e) Fra
f) Cla

g) Ifa
ed.

NO7
tially
late
plie
ereq

mes are only required to be delivered sequentially within a single class of service.
5s F frames sent on inter-switch links are not required to be delivered sequentially.

path disappears or is introduced into a Rabric, sequential delivery may be temporarily suspend-

'E 1 — An example of why sequential delivery may be suspended as described in g) is a frame that has par-
traversed a path to a destination/may be rerouted due to a change in the routing table causing it to arrive
than a frame transmitted at a {atéer time to the same destination. It is for this reason that R_A_TOV is ap-
| to frames in a Fabric. Aftet R_A_TOV, any frames still traveling non-existent paths will have been deliv-
, or discarded.
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7.3 Fabric Service requirements
7.3.1 Overview

Table 22 specifies support requirements for features defined in FC-GS-4. A compliant device shall imple-
ment all features as specified in table 22. FC-GS-4 features that are not included in table 22 are Prohibited.

Table 22 — FC-GS-4 Fabric support

Description Support

Common Transport for Generic Services (CT) Ra
Directory Service
Name Server RP
Management Service
Fabric Configuration Server R
Unzoned Name Server R
Fabric Zone Server R

@ Synchronous mode only.

b For supported Name Server Objects, see specific

requests supported in table 23(

7.3.2 Name Server

7.3.2.1 Name Server Request support

Nx_Port originated Name Server requests shall be supported by each switch element in a Fabric ps shown
in table 23 and table 24. All other requests-are Prohibited.

Table 23 —-Name Server request support (part 1 of 3)

Feature Support
Get All Next(GA_NXT) R
Get\dentifiers - Scope (GID_A) P
Get Port Name (GPN_ID) R
Get Node Name (GNN_ID) R
Get Class of Service (GCS_ID) R
Get FC-4 Types (GFT_ID) R
Get Symbolic Port Name (GSPN_ID) R
@ A Fabric shall implicitly register the N_Port_Name and
Node_Name of an Nx_Port based on FLOGI payload.
b FC_Port type information shall be implicitly provided by the
Fabric.
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Table 23 — Name Server request support (part 2 of 3)

Feature Support

Get Port Type (GPT_ID) R
Get IP address (GIPP_ID) P
Get Fabric Port Name (GFPN_ID) R
Get Hard Address (GHA_ID) P
Get FC-4 Descriptors (GFD_ID) A
Get FC-4 Features (GFF_ID) R
Get Port Identifier (GID_PN) R
Get IP Address (GIPP_PN) P
Get Port Identifiers (GID_NN) R
Get Port Names (GPN_NN) R
Get IP Address - Node Name (GIP_NN) P
Get Initial Process Associator (GIPA_NN) P
Get Symbolic Node Name (GSNN_NN) R
Get Node Name (GNN_IP) P
Get Initial Process Associator (GIPA_IP) P
Get Port Identifiers (GID_FT) R
Get Port Names (GPN_FT) R
Get Node Names (GNN_FT) R
Get Port Identifiers (GID_PT) R
Get Port Identifier (GID_IPR) P
Get Port Name (GPN_.IRP) P
Get Port Identifiers (GID_FF) R
Get Port Identifiers - Fabric Port Name (GID_FPN) R
Get Rermanent Port Name - Port Identifier (GPPN_ID) R
Get Port Identifier (Domain/Port) (GID_DP) A
Register Port Name (RPN_ID) pa
Register Node Name (RNN D) pa

@ A Fabric shall implicitly register the N_Port_Name and

Node_Name of an Nx_Port based on FLOGI payload.
b FC_Port type information shall be implicitly provided by the
Fabric.
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Table 23 — Name Server request support (part 3 of 3)

Feature Support
Register Class of Service (RCS_ID) R
Register FC-4 Types (RFT_ID) R
Register Symbolic Port Name (RSPN_ID) R
Register Port Type (RPT_ID) pb
Register IP Address - Port (RIPP_ID) R
Register Hard Address (RHA_ID) P
Register FC-4 Descriptor (RFD_ID) A
Register FC-4 Features (RFF_ID) R
Register IP Address - Node (RIP_NN) P
Register Initial Process Associator (RIPA_NN) P
Register Symbolic Node Name (RSNN_NN) R
De-register All (DA_ID) R

Fabric.

@ A Fabric shall implicitly register the N\.Port_Name and
Node_Name of an Nx_Port based ‘en’/FLOGI payload.

b FC_Port type information shall be implicitly provided by the

Table 24 — Common request support

Feature Support
Get More Inforfmation (GMI) R
Server Séssion Begin (SSB) R
Serier Session End (SSE) R

7.3.2.2 Name Server Object registration

7.3.2.2.1 Required'Name Server Object registration

The following'Name Server Objects shall be implicitly registered by the Switch.

a) Node_Name and N_Port_Name objects of an Nx_Port. This registration is performed bas

FLOGI or FDISC payload.

b) Class of service supported by an Nx_Port. This registration is performed based on the

ed on the

FLOGI or

FDTSC payload:

c) FC_Port type of an Nx_Port based on results of Switch Port initialization. FC_Port type registration

shall be performed as follows:
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f the Switch Port is operating as an FL_Port, then any attached Nx_Port shall be registered as an

NL_Port in the Name Server; or

B) i

f the Switch Port is operating as an F_Port, then the attached Nx_Port shall be registered as an

N_Port in the Name Server.

7.3.2.2.2

Prohibited Name Server Object registration

A Switch shall not perform implicit Name Server Object registration for the following:

a) Switch Ports (see 3.2.52); or

b) FCH Type based on registration of FC-4 Features or FC-4 Descriptors.

7.3.2.3 N
7.3.2.31

ame Server Object removal

Full removal

If any of the following is true, the Name Server shall remove the affected Port Identifier and(all-objects as-
sociated ith the Port Identifier from the Name Server Database and send an SW_RSEN'SW_ILS to all
other swifches in the fabric:

a) an IN_Port attached to an F_Port goes to the OFFLINE state or LINK FAILURE state;

b) an OPN sent from an FL_Port to an NL_Port returns to the FL_Port. This‘includes the OPN for send-

ing

c) anl
AL |

f) alL

NOT
not

7.3.2.3.2

When a R
registered
7.3.2.21
Fabric F_|

A FAN after initialization;

NL_Port is no longer present at the end of a loop initialization: This may be detected by using the
PA bit map, item b) in this subclause, or the AL_PA position map;

A_ID is received for the Nx_Port;
DGO ELS is sent to FFFFFEh and the fabric supports NPIV; or

'E 2 — When a Fabric supporting NP1V receives a LOGO ELS to D_ID FFFFFEh from a source Port Identifi-

if logs out the source Port |dentifier from the-Fabric. See FC-LS.

DGO ELS sent to D_ID FFFFFEh-is accepted by the Fabric F_Port.

[E 3 — A switch that does nat support NPIV may not accept a LOGO ELS to D_ID FFFFFEh and thus does
emove the affected port identifier from the Name Server Database.

Partial removal

LOGI is received in which either the Port Name or Node Name is different from what is currently
for the Poftildentifier, all Name Server objects are removed and implicit registration as defined in
s performed. All objects associated with all other Port Identifiers assigned to the N_Port by the
Port are also removed.

When a F

LOGLis received in which the Port Name and Node Name are the same as what is mlrrnnﬂy reg-

istered for the Port Identifier, the Port Identifier and its objects shall not be removed. All objects associated
with all other Port Identifiers assigned to the N_Port by the Fabric F_Port are removed.

7.3.24 N

ame Server resource utilization

The name server shall generate an explicit LOGO if it logs a Nx_Port out due to resource limitations.
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7.3.3 Fabric Configuration Server

As specified in table 22, support of the Fabric Configuration Server is required. Nx_Port originated Fabric
Configuration Server requests shall be supported as shown in table 25.

Table 25 — Fabric Configuration Server Request Support (part 1 of 2)

Item Support
Get Topology Information (GTIN) P
Get Interconnect Element List (GIEL) R
Get Interconnect Element Type (GIET) R
Get Interconnect Element Domain Identifier (GDID) R
Get Interconnect Element Management Identifier (GMID) R
Get Interconnect Element Fabric Name (GFN) R
Get Interconnect Element Logical Name (GIELN) R
Get Interconnect Element Management Address List (GMAL) R
Get Interconnect Element Information List (GIEIL) R
Get Port List (GPL) R
Get Port Type (GPT) R
Get Physical Port Number (GPPN) R
Get Attached Port Name List (GAPNL) R
Get Port State (GPS) R
Get Attached Topology Information (GATIN) P
Get Platform Node NameList (GPLNL) R
Get Platform Type, (GPLT) R
Get Platform NManagement Address List (GPLML) R
Get Platformm Name - Node Name (GNPL) R
Get'Platform Name List (GPNL) R
Get Node Identification Data - Node Name (GNID) P
Get Port Speed Capabilities (GPSC) R
Get Switch Enforcement Status (GSES) R
Get Platform Attribute Block (GPAB) R
Get Platform FCP Type (GPFCP) R
Get Platform OS LUN Mappings (GPLI) R
Register Interconnect Element Logical Name (RIELN) R
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Table 25 — Fabric Configuration Server Request Support (part 2 of 2)

Item Support
Register Platform (RPL) R
Register Platform Node Name (RPLN) R
Register Platform Type (RPLT) R
Register Platform Management Address (RPLM) R
Register Platform Attribute Block (RPAB) R
Register Platform FCP Type (RPFCP) R
Register Platform OS LUN Mappings (RPLI) R
Deregister Platform (DPL) R
Deregister Platform Node Name (DPLN) R
Deregister Platform Management Address List (DPLML) R
Deregister Platform Management Address (DPLML) R
Deregister Platform OS LUN Mappings (DPLI) R
Deregister Platform Attribute Block (DPAB) R

7.3.4 Fdbric Zone Server

As specified in table 22 support of the Fabric Zone Server is required. Nx_Port originated Fabric Zone Serv-
er Basic 4oning requests shall be supported as shown in table 26.

Table 26 — Fabric Zone Server Basic Zoning request support (part 1 of 2)

Item Support
Get Capabilities (GZC) R
Get Enforcement State’(GEST) R
Get Zone Set'List (GZSN) A
Get Zone List (GZD) A
Get Zone Member List (GZM) A
Get Active Zone Set (GAZS) R
Get Zone Set (GZS) A
Add Zone Set (ADZS) A2
Activate-Zone-SetDirecttAZSHBY R2
Activate Zone Set (AZS) A

@ Use of the Node_Name Zone Member Identifier

type (04h) is prohibited.
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Table 26 — Fabric Zone Server Basic Zoning request support (part 2 of 2)

Item Support
Deactivate Zone Set (DZS) R
Add Zone Members (AZM) A2
Add Zone (AZD) A
Remove Zone Members (RZM) A2
Remove Zone (RZD) A
Remove Zone Set (RZS) A

@ Use of the Node_Name Zone Member Identifier

type (04h) is prohibited.

If the Fabric Zone Server supports Enhanced Zoning, Nx_Port originated Fabric"Zone Server
Zoning requests shall be supported as shown in table 27.

Table 27 — Fabric Zone Server Enhanced Zoning request support (part 1 of 2)

Fnhanced

Item | Support
Control Zoning Management requests O\\v
Get Fabric Enhanced Zoning Support (GFEZ) R
Set Fabric Enhanced Zoning Support{SFEZ) R
Zoning Session requests . Q\)
Server Session Begin (SSB) R
Server Session End (SSE) R
Commit Zone Changes (CMIT) R
Enhances (Z{Jﬁ?g requests
Get Activation Results (GAR) R
Get Zone Attribute Object Name (GZA) R
Get Zone Attribute Block (GZAB) R
Get Zone Set List - Enhanced (GZSE) R
Get Zone List - Enhanced (GZDE) R
Get Zone Member List - Enhanced (GZME) R
Get Zone Attribute Object List (GZAL) R
Get Alias List (GAL) R
Get Alias Member List (GAM) R
Set Zone Attribute Object Name (SZA) R
Set Zone Attribute Block (SZAB) R
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