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INFORMATION TECHNOLOGY -
FIBRE CHANNEL -
Part 243: Fibre channel backbone-3 (FC-BB-3)

FOREWORD

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

in the development of International Standards. Their preparation is entrusted to technical committees; pny ISO
and IEC member body interested in the subject dealt with may participate in this preparatory work./Int€ifnational
governmental and non-governmental organizations liaising with ISO and IEC also participate in this_preppration.

In the field of information technology, ISO and IEC have established a joint technical committeg, ISO/IEC JTC 1.
Draft International Standards adopted by the joint technical committee are circulated to pational bodies fgr voting.
Publication as an International Standard requires approval by at least 75 % of the national bodies casting a vote.

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

IEC, 1ISO and ISO/IEC publications have the form of recommendations-for international use and are accgpted by
IEC and ISO member bodies in that sense. While all reasonablg efforts are made to ensure that the technical
content of IEC, ISO and ISO/IEC publications is accurate, IEC gr,]ISO cannot be held responsible for the way in
which they are used or for any misinterpretation by any end dser.

In order to promote international uniformity, IEC and ISO{member bodies undertake to apply IEC, ISO gnd ISO/
IEC publications transparently to the maximum extent.possible in their national and regional publicatigns. Any
divergence between any ISO/IEC publication and thé corresponding national or regional publication should be
clearly indicated in the latter.

ISO and IEC provide no marking proceduré-to indicate their approval and cannot be rendered responsibl¢ for any
equipment declared to be in conformity with an ISO/IEC publication.

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

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

Attention_iS«drawn to the normative references cited in this publication. Use of the referenced publicgtions is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this International Standard may be the spbject of
atént rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.

International Standard ISO/IEC 14165-243 was prepared by subcommittee 25: Interconnection of informa-
tion technology equipment, of ISO/IEC joint technical committee 1: Information technology.

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

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

This International Standard specifies mechanisms that allow extension of Fibre Channel links and/or
switched networks across Wide Area Networks. FC-BB-3 defines four distinct Fibre Channel backbone map-
pings: FC over ATM, FC over SONET, FC over TCP/IP, and FC over GFPT.
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INFORMATION TECHNOLOGY -
FIBRE CHANNEL -
Part 243: Fibre channel backbone-3 (FC-BB-3)

1 Scope

This part of ISO/IEC 14165-243 consists of four distinct Fibre Channel mappings resulting in the following four

models

FC-BB-3_ATM (FC over ATM backbone network)

Figure

standa
and arg

, figure 2, and figure 3 illustrate the scope and the major components of the REG:BB-3 models
relationship to the FCIP standard and the ATM Forum/ITU-T standards. Table 1 shows’the organizatio
d. FC-BB-3_IP, FC-BB-3_ATM, FC-BB-3_SONET, and FC-BB-3_GFPT do/not interoperate in 3

independent models.

FC-BB-3_SONET (FC over SONET backbone network)
FIC-BB-3_IP (FC over TCP/IP backbone network)

Table 1 — FC-BB-3 Organization

FC-BB-3_GFPT (FC over SONET/SDH/OTN/PDH backbone network using GFPT adaptation)

Model type Applicable Clauses and
Annexes
FC-BB-3_ATM, FC-BB-3_SONET, FC-BB-3 R
FC-BB-3_GFPT
FC-BB-3_ATM, FC-BB-3_SONET 56
FC-BB-3_ATM 7, Annexes A, B, C
FC-BB-3_SONET 8, Annexes A, C
FC-BB-3_IP 9, Annex A
FC-BB-3_GFPT 10

and its
h of this
ny way
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~

B_Port Interface

Native FC over ATM and

I
I
I
I
-BR- L SONET
SRISFCFiow Contror—— T C-BB=3-ATM

I
I
I
| | SONET Encapsulation
[
I
I
I

I
I
I
R

ATM Forum / ITU-T
ATM / SONET Protocols

ATM / SONET WAN Links

Figure 1 — Scope and components-of FC-BB-3_ATM/SONET models

||B_PortInterface | |E/F_Port Interface I

I [ | I

! FC Entity SW Element CSM |

'l B_Access Routing P,\CA(KA””' L
I || FC Entity || PV I -
| VE Port Discovery |

- SNTP

I SNMP I

| Security |

- ) = - - - 4 - - - — __— 4 L —

FCIP (IETF)
FCIP Entity

Encapsulate FC frame
Security (IPSec)

TCP / IP Protocol

IP Network

Figure 2 — Scope and components of FC-BB-3_IP model
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N_IF_/E_Port

FC Physical Interface
(FC-0, FC-1, FC Flow Control)

Handling & Forwarding
GFPT_WAN Primitive Signal Generation & Termination

GFPT_WAN Flow Control

|
|
|
|
| FC Frame, Primitive Signal, Primitive Sequence
|
|
|

FC-BB-3_GFPT

ITU-T

Asynch GFPT

SONET/SDH/OTN/PDH
Protocols

SONET/SDH/OTN/PDH WAN Links

Figure 3 — Scope and components of FC-BB-3_GFPT model



https://iecnorm.com/api/?name=72b3d1e3a1ac48edb8d53f4e00e91fc7

2 No

-12 - 14165-243 © ISO/IEC:2012(E)

rmative references

The following documents, in whole or in part, are normatively referenced in this document and are indispens-
able for its application. For dated references, only the edition cited applies. For undated references, the latest
edition of the referenced document, including any amendments, applies.

ISO/IEC 3309:1993, Information technology - Telecommunications and information exchange between sys-
tems - High-level Data Link Control (HDLC) Procedures - Frame structure (withdrawn)

ISO/IEC 13239:1997(E), Information technology - Telecommunications and information exchange between
systems - High-level data link control (HDLC) procedures

INCITS
(s

ANSI T
tu

For ele

INCITS
INCITS
INCITS
Copies
at http:
ITU-T R
ITU-T R

ITU-T
(0

Cij

ITU-T ¢
S
C

ITU-T ¢
S
C

ITU-T R
ITU-T R
ITU-T R
ITU-T R

426-2007, Information technology - Fibre Channel Security Protocols (FC-SP) 1
lanned as ISO/IEC 14165-431)

1.105-2001, Synchronous Optical Network (SONET) - Basic Description Including-Multiple
res, Rates, and Formats

ctronic copies of references under development by INCITS T11, see www.t11.0rg

418-2006, Fibre Channel - Switch Fabric - 4 (FC-SW-4)

424-2007, Fibre Channel - Framing and Signaling -2 (FC-FS-2)

433-2007, Fibre Channel - Link Services (FC-LS)

of the following approved ITU-T standards may be obtained through the ITU-T Publications dep
/www.itu.int

Rec. 1.356 (2000), B-ISDN ATM layer cell transfer performance

Rec. 1.363.5 (1996), B-ISDN ATM Adaptation Layer.specification: Type 5 AAL

Struc-

Artment

.25-1997, Interface between Data terminal Equipment (DTE) and Data Circuit-terminating Eqiiipment

CE) for terminals operating in the packetimode and connected to public data networks by de
rcuit, X.25-1997

D.2931 (1995), Broadband Integrated Services Digital Network (B-ISDN) Digital Subscriber S
stem No. 2 (DSS2); User-Network Interface (UNI) Layer 3 Specification for Basic Call/Con
bntrol

D.2971 (1995), Broadband Integrated Services Digital Network (B-ISDN) Digital Subscriber S
stem No. 2 (DSS2); User-Network Interface (UNI) Layer 3 Specification for Point-fo-Multipo
bnnection Control

Rec. G.707/Y.1322, Network/Node Interface for the Synchronous Digital Hierarchy (SDH), 2003
Rec. G.709/X 43831, Interfaces for the Optical Transport Network (OTN), 2004

Rec. G.7041/Y.1303, (2003), Generic Framing Procedure (GFP)

Rec. 'GJ7042/Y.1305 (2004), Link capacity adjustment scheme (LCAS) for virtual concatenated

dicated

gnaling
hection

gnaling
nt Call/

signals

ITU-T

ITU-T Rec.

Re6—GF043NA343- 2004 Virtual-concatenationof- PDH-signals

ITU-T Rec. G.798, (2002), Characteristics of optical transport network hierarchy equipment functional
ITU-T Rec. G.8040/Y.1340, (2003), GFP Frame Mapping into Plesiochronous Digital Hierarchy (PDH)

ITU-T Rec.

ality

G.783, (2000), Characteristics of synchronous digital hierarchy (SDH) equipment functional blocks

blocks

G.806, Characteristics of Transport Equipment - Description Methodology and Generic Function-

Copies of the following approved IETF standards may be obtained through the Internet Engineering Task

Force (

IETF) at www.ietf.org.

RFC 1619, PPP over SONET/SDH, May 1994

1. T11/Project 1570D/Rev. 1.6
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RFC 1661, The Point-to-Point Protocol (PPP), July 1994

RFC 1662, PPP in HDLC-like Framing, July 1994

RFC 2030, Simple Network Time Protocol (SNTP) Version 4 for IPv4, IPv6 and OSI, October 1996
RFC 3643, Fibre Channel (FC) Frame Encapsulation, December 2004

RFC 3821, Fibre Channel Over TCP/IP (FCIP), July 2004

RFC 3822, Finding Fibre Channel over TCP/IP (FCIP) Entities Using Service Location Protocol version 2

(SLPv2), July 2004

Copies of the following approved ATM Forum standards may be obtained through the MFA Forum a

www.mfaforum.org/tech/atm_specs.shtml

ATM Forum (1996), Traffic Management Specification 4.0. AF-TM-0056.000

t http://
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3 Terms, definitions and conventions
3.1 Terms and definitions
For the purposes of this document the following terms and definitions apply.

3141
BBW
refers to either an FC-BB-3_ATM or an FC-BB-3_SONET device

31.2

B_Port
Bridge Port on a device that implements FC-BB-3_ATM, FC-BB-3_SONET or FC-BB-3_IP, and-connects to
an E_Port on an FC switch

313
B_Port Name
name_ldentifier (see 3.1.20) that identifies a B_Port (see 3.1.2) for identification purposes

Note 1 fo entry: The format of the name is specified in FC-SW-4.

314
BSW
generid term for a backbone switch

Note 1 o entry: See FC-SW-4.

3.1.5
codewprd
sequenice of bits of a code corresponding to a symbal

3.1.6
E_Por
Fabric ¢xpansion port that attaches to aniother E_Port to create an Inter-Switch Link

Note 1 o entry: See FC-SW-4.

31.7
E_Portl Name
Name_|dentifier (see 3(1.20) that identifies an E_Port (see 3.1.6)

3.1.8
Fabric| Name
Name_|dentifier (see 3.1.20) associated with a Fabric

Note 1 ko-ertrr—SeeFG-SW4-

3.1.9
F_Port
port by which non-loop N_Ports are attached to a Fabric

Note 1 to entry: This port does not include FL_Ports.
Note 2 to entry: See FC-SW-4 and FC-FS-2.
3.1.10

F_Port_Name
Name_ldentifier (see 3.1.20) that identifies an F_Port (see 3.1.9)


https://iecnorm.com/api/?name=72b3d1e3a1ac48edb8d53f4e00e91fc7

14165-243 © ISO/IEC:2012(E) -15 -

3.1.11
Fabric

Initialization

process for configuring and building a Fabric

Note 1 to entry: See FC-SW-4.

3.1.12

FC-BB-3_ATM
model defining equipment that interfaces with a Fibre Channel switched network on one side and an ATM
network on the other side

3.1.13

FC-BB
equipn
physicg

EXAMH
Note 1

3.1.14
FC-BB
model
networ

3.1.15
FC-BB
model

3_GFPT
ent model defining gateway functionality for the interconnection of two non-Arbitfated L
| ports across a GFPT WAN infrastructure

LE SONET, SDH, OTN, PDH

fo entry:  Supports both arbitrary-rate WAN transport and distance extension of\buffer-to-buffer flow cor
3_IP
Hefining equipment that interfaces with a Fibre Channel switched network on one side an

on the other side

3_SONET
efining equipment that interfaces with a Fibre Channel switched network on one side and a §

SDH n¢twork on the other side

3.1.16

FC_Po
port ge
and Pri

Note 1
3.1.17
Fibre C
Transp
devices

Note 1

Note 2

rt
herating/terminating and/or forwarding FC frames, and generating/terminating FC Primitive
Mitive Sequences

to entry: FC_Ports include:\’ Ports, F_Ports, E_Ports, B_Ports, VE_Ports, and B_Access.
hannel Backbong link

brt Trail or equivalent network channel connection used for communications between two F

fo entry:\_This encompasses FC-BBW_ATM, FC-BBW_SONET, FC-BB-3_IP, and GFPT_WA

todentry: Note that a Fibre Channel Backbone link may, in some cases, be comprised of mqg

pop FC

trol.

H an IP

ONET/

Signals

C-BB-3

N links.

re than

one ph

wcieal or laaieal connaction
SToTH-O1og1eat-GoHe 6o

3.1.18

Generic Framing Procedure

GFP

procedure for adaptation of data (i.e., PDUs or 8B/10B encoded characters) to octet-synchronous (i.e.,
SONET, SDH, OTN) and bit-synchronous (i.e., PDH) Wide Area Network transport infrastructures, specified

by ITU-

T

Note 1 to entry: Wide Area Network transport infrastructures is specified by ITU-T.

Note 2 to entry: See ITU-T Rec. G.7041/Y.1303.
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keep alive timeout value
K_A_TOV
timer that is used by the Link Keep Alive (LKA) ELS as a trigger for issuing LKA

Note 1

3.1.20

to entry: For LKA ELS see FC-LS.

Name_ldentifier
64-bit identifier, with a 60-bit value preceded with a 4-bit Network_Address_Authority Identifier, used to

identify

entities in Fibre Channel (e.q.. N _Port, node, F_Port, or Fabric) (see FC-FS-2)

3.1.21
Node_
Name_|

3.1.22
N_Port
device

3.1.23
N_Port
name_

3.1.24

Ordered Set

See FQ

3.1.25

outstanding poll condition

conditig

yet recgived a response message with the F bit((see 5.5.4.7) set to one (see 6.3.5)

3.1.26
Simple
SFC

flow co
ATM/S

3.1.27

Select‘ine Retransmission flow control

SR flo
sliding
devices

Name
dentifier (see 3.1.20) associated with a node (see FC-FS-2)

bort that generates/terminates FC-4 channel traffic

| Name
dentifier (see 3.1.20) that identifies an N_Port (see 3.1.22)

-FS-2.

n where the BBW has sent a command message with the P bit (see 5.5.4.7) set to one and

Flow Control

htrol protocol that may be-applied between two FC-BB-3_ATM or FC-BB-3_SONET devices 4
DNET WAN

control
window. flow control protocol that may be applied between two FC-BB-3_ATM or FC-BB-3__
across.a ATM/SONET WAN

Note 1

has not

CIross a

SONET

o-antns SP flowcontrolnrovidaes for-bhoth-flowcontroland-errorrecovernys
ety O T oW SO tr o provic eSO POt oW GO tTror o error—¢ ery-

3.1.28

Switch_Name

Name_

Identifier (see 3.1.20) that identifies a Switch or a Bridge device

Note 1 to entry: The format of the name is specified in FC-FS-2. Each Switch and Bridge device shall provide

a uniqu

3.1.29

e Switch_Name within the Fabric.

WAN interface
interface that connects to a Wide Area Network

Note 1 to entry: A WAN interface may be physical (e.g., ATM, SONET) or logical (e.g., GFPT_WAN)
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3.2 FC-BB-3_ATM definitions

3.21

AAL

ATM Adaptation Layer

collection of standardized protocols that adapt user traffic to 48-octet payloads that may be placed in a
cell-formatted stream

Note 1 to entry: The AAL is subdivided into the Convergence Sublayer (CS) and the Segmentation and
Reassembly (SAR) sublayer. There are currently four types of AALs (i.e., AAL1, AAL2, AAL3/4, and AAL5) to
support the various service categories.

3.2.2
AAL Seérvice Categories
the ATM Forum has defined five Traffic Service Categories supported by the AALs: Constant Bjt'Rate|(CBR),
Variable Bit Rate-Real Time (VBR-RT), Variable Bit Rate-Non Real Time (VBR-NRT), Available Bit Rate
(ABR), jand Unspecified Bit Rate (UBR)

3.23
AAL Type 5
AAL5
protocdl standard that is used in FC-BB-3_ATM

Note 1|to entry: AALS5 was originally intended for variable bit rate traffic not requiring source-des}ination
timing relation.

Note 2| to entry: AALS5 is now also used with applications that have constant bit rate trafficlwhere
source{destination timing relation is important.

3.24
ATM
Asynchronous Transfer Mode

Note 1 o entry: Broadband-ISDN standards defined by ITU-T and the ATM Forum.

3.25
ATM QoS parameters
set of performance characteristics of the contracted ATM connection

Note 1[to entry:  Six ATM/QoS parameters are currently defined: Peak-to-peak Cell Delay Variation|(CDV),
Maximyim Cell Transfer-Delay (maxCTD), Cell Loss Ratio (CLR), Cell Error Ratio (CER), Severely Errored
Cell Blgck Ratio (SECBR), and Cell Misinsertion Rate (CMR).

3.2.6
ATM Traffic Descriptor
ttraffic ¢hardcteristics of an ATM connection

Note 1 to entry: A Connection Traffic Descriptor includes a Source Traffic Descriptor, CDV Tolerance
(CDVT), and a Conformance definition. A Source Traffic Descriptor is described by the following parameters:
Peak Cell Rate (PCR), Sustainable Cell Rate (SCR), Maximum Burst Size (MBS), and a Minimum Cell Rate
(MCR).

3.27

Cell Loss Priority

CLP

one-bit field in the ATM cell header specifying whether the cell is more (i.e., CLP=1) or less (i.e., CLP=0) likely
to be discarded by an ATM network experiencing congestion
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Cell Loss Ratio

CLR

QoS parameter that gives the ratio of lost cells to the total number of transmitted cells

3.2.9

Connection Admission Control

CAC

actions taken by the ATM network to accept or reject a connection request based on its QoS and traffic
parameter requirements and then route this connection across the network

3.2.10
Conve
PDU u
Segme

place (see 3.2.1)

3.2.11

GCRA

method applied at the network side of the UNI (see 3.2.19) to test the conformance of an ATM cell to it
contragt

3.2.12

Operatjons, Administration, And Maintenance

OAM

manageément framework defined by the ITU

Note 1[to entry: OAM cells are special purpose ATM cells exchanged between an ATM end-system
ATM switch and between ATM switches. OAM cells areused for network fault and performance mana
and analysis.

3.213

Permanent Virtual Circuit

PVC

preconfigured logical connection between two ATM devices

3.214

Permanent Virtual Connection

PVC

ATM tefm for a Permanent Virtual Circuit (see 3.2.13) between ATM devices

Note 1 to entry: _The terms may be used interchangeably.

r'gence Sublayer Protocol Data Unit

5ed at the Convergence Sublayer (CS) for passing information between the higher layers and the

htation and Reassembly (SAR) sublayer that is located below the CS where the cell'conversio

3.2.16
Switch
logical ATM connection established via signaling

n takes

s traffic

and an
gement

ed Virtual Circuit

3.2.17)

Note 1 to entry: End systems transmit a UNI 3.1/4.0 signaling request via the Q.2931 Signaling Protocol.

3.217
Switch
SVC
ATM te

ed Virtual Connection

rm for Switched Virtual Circuit (see 3.2.16)
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3.2.18

Usage Parameter Control

UPC

set of policing mechanisms implemented by the network at the UNI (see 3.2.19) to monitor and control traffic
submitted by each end user

3.219

User-network Interface

UNI

interface, defined as a set of protocols and traffic characteristics, between the customer premises equipment
and the ATM networks

3.2.20
Virtual|Channel
one of $everal logical connections defined within one Virtual Path (see 3.2.23) between twa'ATM deviges

3.2.21
Virtual|Channel Connection
VCC
concatg¢nation of Virtual Channel Links

Note 1 [to entry: Switching cells within an ATM switch for a given VCC-is\based on the VPI/VCI (see|3.2.25)
value indicated on the cell header.

3.2.22
Virtual|Circuit
VvC
connedtion that is set up across the network between.a source and a destination where a fixed foute is
chosen|for the entire session and bandwidth and ID dynamically allocated to the user

3.2.23
Virtual|Path
VP
logical gonnection between two ATM devices (e.g., CPEs, switches)

Note 1 o entry: A Virtual Path consists of a set of Virtual Channels (see 3.2.20).

3.2.24
Virtual|Path Connection
VPC
concatenation of Virtual‘Path Links (VPLs)

Note 1 fo entry:\_Switching cells within an ATM switch for a given VPC is based on the VPI value indicpted on
the cell{header.

3.2.25
Virtual Path Identifier/Virtual Channel Identifier

VPI/VCI

combination of two numbers, namely the VPI and the VCI, used to identify a Virtual Connection (VC) and
switch cells in an ATM network

3.3 FC-BB-3_SONET definitions

3.31

Administrative Unit

AU

SDH-specific information structure, consisting of an STS SPE (see 3.3.14) and its associated set of STS
pointer/pointer action bytes
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3.3.2

Concatenated Synchronous Transport Signal Level N

STS-Nc

STS-N Line layer signal in which the STS Envelope Capacities from the N STS-1s have been combined to
carry an STS-Nc Synchronous Payload Envelope (SPE) (see 3.3.14) that is transported not as several
separate signals but as a single entity

Note 1 to entry: The equivalent SDH term for an STS-3c SPE is a VC-4.
3.3.3

container
SDH term that is equivalent to the payload capacity of a Synchronous Payload Envelope (SPE) (seg)3.3.14)

3.34
Operatjons, Administration, and Maintenance
OAM
managgément framework defined by the ITU

Note 1[to entry: OAM cells are special purpose ATM cells exchanged between ain ATM end-system|and an
ATM switch and between ATM switches.

Note 2 fo entry: OAM cells are used for network fault and performance-management and analysis.

3.3.5
Optica| Carrier Level N
OC-N
optical pignal that results from an optical conversion of an STS-N signal

Note 1[to entry: SDH does not make the distinction between a logical signal (e.g., STS-1 in SONET|) and a
physical signal (e.g., OC-1 in SONET). The equivalent SDH term for both logical and physical signals is
Synchrpnous Transport Module Level M (STM-M),"where M = (N/3). There are equivalent STM-M signgls only
for values of N = 3, 12, 48, and 192.

3.3.6
Optica| Transport Network
OTN
framewlork of ITU standards for optical signal multiplexing and transport

3.3.7
Path
logical jconnection between the point at which a standard frame format for the signal at the given| rate is
assembled, and the-point at which the standard frame format for the signal is disassembled

Note 1 o entry:  The equivalent SDH term is also Path.

3.3.8
Payload Pointer
pointer that indicates the location of the beginning of the Synchronous Payload Envelope (see 3.3.14)

Note 1 to entry: The equivalent SDH term is pointer.

3.3.9

Plesiochronous Digital Hierarchy

PDH

bit-oriented telecommunications multiplexing and transport protocols (e.g., DS-3, E3)

3.3.10
SONET
acronym for Synchronous Optical NETwork
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Note 1 to entry: SONET is a term in general usage, that refers to the rates and formats specified in ANSI
T1.105.

3.3.11

STS Path Terminating Equipment

STS PTE

network elements that multiplex/demultiplex the STS payload

Note 1 to entry: STS PTEs may originate, access, modify, or terminate the STS Path Overhead necessary
to transport the STS payload, or may perform any combination of these actions.

3.3.12
super-fate signals
signal that has to be carried by a Concatenated Synchronous Transport Signal level Nc (STS-Nc)

Note 1fo entry:  There is no equivalent SDH term.

3.3.13
Synchfonous Digital Hierarchy
SDH
family qf ITU-T standards whose technical contents closely resemble that found for the SONET family pf ANSI
standards

3.3.14
STS Synchronous Payload Envelope

STS SRE

125-mig¢rosecond frame structure composed of STS Path Overhead and bandwidth for payload

Note 1[to entry:  The term generically refers to STS*I“SPEs and STS-Nc SPEs. The equivalent SOJH term
for ST$-1 SPE is Virtual Container level 3 (VC-3)Y’The equivalent SDH term for STS-3c SPE is|Virtual
Container level 4 (VC-4). The equivalent SDH.term for STS-Nc SPE (N>3) is Virtual Container leviel 4-Xc
(VC-4-Xc), where X=(N/3).

3.3.15
Synchronous Transport Module Level M
STM-M
transpdrt signals for the Synchroneus Digital Hierarchy (SDH) (see 3.3.13)

Note 1 o entry: Defined Signals exist at rates of M times 155.52 Mbit/s, where M = 1, 4, 16, or 64 .
Note 2 to entry: These are equivalent to SONET OC-N signals, where N = 3M.

3.3.16
Synchronous Transport Signal Level N
STS-N

H | hiainad byv hyuta intarlaavuina N STS 41 cianale tnaanthar
signal obtained-by-byte-intedeavingN-STFS—1-signals-tegether

J

Note 1 to entry: The rate of the STS-N is N times 51.840 Mbit/s.

Note 2 to entry: SDH does not make the distinction between a logical signal (e.g. STS-N in SONET) and a
physical signal (e.g. OC-N in SONET).

Note 3 to entry: The equivalent SDH term for both logical and physical signals is Synchronous Transport
Module Level M (STM-M), where M = (N/3). There are equivalent STM-M signals only for values of N = 3, 12,
48, and 192.

3.3.17

Tributary Unit

TU

SDH term for SONET Virtual Tributary (see 3.3.19)
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3.3.18

Virtual Container

VvC

SDH term for either an STS or VT SPE

3.3.19

Virtual Tributary

VT

structure designed for transport and switching of sub-STS-1 payloads

Note 1 {o entry: There are currently four sizes of VT. The equivalent SDH term is Tributary Unit (see 3.3.17).

3.4 FC-BB-3_IP definitions

3.41
B_Acc’rss
componment of the FC Entity (see 3.4.8) that interfaces with the FCIP_LEP (see 3.4.20) component of the FCIP
Entity (see 3.4.15) on one side and the B_Port on the other side

3.4.2
B_Access_Name
Name_|dentifier (see 3.1.20) of B_Access portal

343
B_Access Virtual ISL
Virtual [SL (see 3.4.27) that connects two B_Access portals

344
contro| and service module
CSM
control component of the FC-BB-3_IP interface thatmainly handles connection management

Note 1o entry: CSM interfaces with the PMM*(see 3.4.22).

3.4.5
encapgulated FC frame
SOF/EQF delimited FC frame prefixed with a 28-byte FC frame Encapsulation Header (see RFC 3643)

3.4.6
Encapsulated Frame Receiver Portal
TCP adcess point through which an encapsulated FC frame (see 3.4.5) is received from the IP network by an
FCIP_DE (see 3.4.14)

3.4.7
Encapiulated Frame Transmitter Portal

TCP adcess point through which an encapsulated FC frame (see 3.4.5) is transmitted to the IP network by the
FCIP_

= a4 44y
C(see o414

3.4.8

FC Entity

principal interface point to the FC switched network on one side and in combination with the FCIP Entity to the
IP network on the other side.

Note 1 to entry: It is the data forwarding component of the FC-BB-3_IP interface consisting of VE_Port(s)
(see 3.4.24) and/or B_Access (see 3.4.1) portals.

3.4.9
FC Entity Protocol Layer
protocol layer that lies between the Fibre Channel level FC-2 and the FCIP Entity Protocol Layer (see 3.4.16)
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Note 1 to entry: Its primary function is to support one or more Virtual E_Ports (see 3.4.24) or B_Access (see
3.4.1) portals and to communicate with the FCIP Entity (see 3.4.8).

3.4.10

FC Receiver Portal

access point through which an FC frame and timestamp enters an FCIP_DE (see 3.4.14) from the VE_Port/
B_Access (see 3.4.24/3.4.1)

3.4.11

FC Transmitter Portal
access _point through which an FC frame and timestamp leaves an FCIP_DE (see 3.4.14) to the VE Port/
B_Access (see 3.4.24/3.4.1)

3.412
FC-BB13_IP device
device fefined by the FC-BB-3_IP model

3.4.13
FC-BB}3_IP interface
the point that has interfaces to the FC switched network on one side and the (P network on the other gide

Note 1[to entry: FC-BB-3_IP interface consists of a Switching Element, 'FC/FCIP Entity pair(s), the CSM,
and thg PMM.

3.4.14
FCIP Data Engine
FCIP_DE

the datp forwarding component of the FCIP Entity's (see 3.4.15) FCIP_LEP (see 3.4.20) that handles FC
frame ¢ncapsulation, de-encapsulation, and transmission of encapsulated frames through a single TCP
connection

3.4.15

FCIP Entity
data fofwarding component of the FC-BB-3_IP interface consisting of the FCIP_LEP (see 3.4.20) and|it is the
principal interface point to the IP network on one side and in combination with the FC Entity (see 3.4.9) to the
FC swilched network on the other'side

Note 1[to entry: Its primaryifunction is formatting, encapsulating, and forwarding encapsulated FC|frames
(see 3.4..5) across the IP network interface.

3.4.16
FCIP Entity Protocol Layer
protocdl layer that/lies between the FC Entity (see 3.4.8) layer and the TCP layer

3.417
FCIP frame
FCIP term for an encapsulated FC frame (see 3.4.5)

3.4.18
FCIP Link
virtual link that connects an FCIP_LEP (see 3.4.20) in one FC-BB-3_IP device (see 3.4.12) with another

Note 1 to entry: It consists of one or more TCP connections.

3.4.19

FCIP Link Originator and Acceptor

the FC-BB-3_IP FCIP_LEP (see 3.4.20) that originates an FCIP Link is defined as the FCIP Link Originator

Note 1 to entry: The corresponding FCIP_LEP that accepts this link is defined as the FCIP Link Acceptor.
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FCIP Link Endpoint
FCIP_LEP
component of an FCIP Entity (see 3.4.15) that contains one or more FCIP_DEs (see 3.4.14)

3.4.21

FCIP Transit Time

FTT

total transit time of an encapsulated Fibre Channel frame in the IP network

3.4.22

Platfor|
PMM

manag
security

Note 1
3.4.23

Reque
RFC

documents put out by the IETF

3.4.24
Virtual
VE_Po
data fo

Note 1
the cas
FCIP E

3.4.25
VE_Po
Name_|

3.4.26
VE_Po
Virtual

3.4.27
Virtual

m Management Module

ement component of the FC-BB-3_IP interface that handles time synchronization, discove

fo entry: It interfaces with the CSM (see 3.4.4).

5t For Comment

E_Port
rt
'warding component of the FC Entity (see 3.4.8) that’emulates an E_Port (see 3.1.6)

to entry: The term virtual indicates the use of\a’non Fibre Channel link connecting the VE_H

e of the FC-BB-3_IP model, a VE_Port interfaces with the FCIP_LEP component (see 3.4.20
htity (see 3.4.15) on one side and a Fibre Channel Switching Element on the other side.

rt_ Name
dentifier (see 3.1.20) of the VE_Port (see 3.4.24)

rt Virtual ISL
SL (see 3.4.27) thatyconnects two VE_Ports (see 3.4.24)

ISL

ISL tha

3.5 FC-BB-3_GFPT definitions

connectstwo VE_Ports (see 3.4.24) or two B_Access portals (see 3.4.1) across a non-FC lin}

ry, and

orts. In
) of the

3.5.1

ASFC_PAUSE
GFPT_WAN Primitive Signal used to pause flow on a GFPT_WAN link (see 10.3.4)

Note 1

3.5.2

to entry: ASFC_PAUSE is never transmitted to, or expected from, FC_Ports.

ASFC_RESUME

GFPT_

Note 1

3.5.3
ELP

WAN Primitive Signal used to resume flow on a GFPT_WAN link (see 10.3.4)

to entry: ASFC_RESUME is never transmitted to, or expected from, FC_Ports.

Exchange Link Parameters SW_ILS (see FC-SW-4)
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Fabric Login ELS (see FC-LS)

3.5.5

F_BSY
Fabric Busy (see FC-FS-2)

3.5.6

GFP Server

Generi

3.5.7
GFPT
(Async

3.5.8
GFPT

Transp
(see 3.

Note 1

3.5.9

Framing Procedure (see 3.1.18) adaptation/de-adaptation engine

nronous) Transparent Generic Framing Procedure (see 3.1.18)

WAN interface

b.10), and to one Transport Trail (see 3.5.24)

GFPT_WAN link

Transpprt Trail (see 3.5.24) assigned to one GFPT_WAN fagility (see 3.5.10)

3.5.10

GFPT_WAN facility

Transpgort Trail (see 3.5.24), GFP Server (see/35.6), FC-BB-3_GFPT devices, and their resf
GFPT_MWAN interfaces (see 3.5.8), correspondingto one interconnected FC_Port pair

3.5.11

inbound

sent frdgm the FC-BB-3_GFPT device\fo the attached FC_Port

3.5.12
ISL
Inter-S

3.5.13
LEM

vitch Link (see FC£SW-4)

Login Bxchange.Monitor (see 10.3.3)

3.5.14

brt network-side interface, on an FC-BB-3_GFPT device, corresponding t6 one GFPT_WAN

fo entry: May or may not correspond to the full SONET/SDH/OFN/PDH access facility/bandw

LS_A

-4

Link Service Accept frame (see FC-LS)

3.5.15

LS_RJT
Link Service Reject frame (see FC-LS)

3.5.16

outbound
sent from the attached FC_Port to the FC-BB-3_GFPT device

3.5.17
PING

GFPT_WAN Primitive Signal used to initiate latency measurement on a GFPT_WAN link

facility

dth.

ective
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Note 1 to entry: PING is never transmitted to, or expected from, FC_Ports.

3.5.18

PING_ACK
GFPT_WAN Primitive Signal used to reply to a PING and complete round-trip latency measurement on a
GFPT_WAN link

Note 1 to entry: PING_ACK is never transmitted to, or expected from, FC_Ports.

3.5.19

PLOGI

Port Login (see FC-LS)

3.5.20

P_BSY

N_Port|Busy (see FC-FS-2)

3.5.21

RPSC ELS

Report|Port Speed Capabilities ELS (see FC-LS)

3.5.22

SW_ACC

SW Acgept Reply frame (see FC-SW-4)

3.5.23

SW_RJT

SW Relect Reply frame (see FC-SW-4)

3.5.24

Transport Trail

contigToust or virtually-concatenated signal group (see T1.105-2001) comprised of one or more
standandized SONET/SDH/OTN/PDH synchronous transport signals

3.5.25

WAN Primitive Signal

ASFC _|PAUSE (see 3.5.1), ASFC_RESUME (see 3.5.2), PING (see 3.5.17), or PING_ACK (see B.5.18)
Primitive Signal

Note 1[to entry: These Primitive Signals are always generated and terminated by FC-BB-3_GFPT gevices
and trapsmitted only.between FC-BB-3_GFPT devices.

Note 2 o entry:\_They are never transmitted to nor received from FC_Ports.

3.5.26

WAN_HOLBOF—TFOV

time-out value, spgcific to FC-BB-3_GFPT devices, which defines the period that elapses, following detection/
indication of a GFPT_WAN link failure, before a GFPT_WAN Down condition is declared for the purposes of
the state machine described in 10.3.2

Note 1 to entry: The criteria for such detection are WAN-specific and outside the scope of this standard.

3.6 Editorial conventions

In FC-BB-3, 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, Sequence). Any
lowercase uses of these words have the normal technical English meaning.

Lists sequenced by letters (e.g., a-red, b-blue, c-green) show no ordering relationship between the listed items.

Numbe

red lists (e.g., 1-red, 2-blue, 3-green) show an ordering relationship between the listed items.
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The ISO 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 conventions are shown in

table 2.

Table 2 — ISO and American Conventions

ISO American
0,6 0.6
1000 1,000
1323 462,9 1,323,462.9

In case
Except

In all of
the left

When t

bit in a frame is specified as not meaningful, the entity that receives the frame shall not check that field of

bit.

Numbe

Numbe

Numbe

3.7 List of commonly used acronyms and abbreviations

Abbrev|
cluded

3.71

BB
BB-2
BBW
BSW
EBP
ELP
EOF
ESC
FCIP
FCS
FC-SP

ons to this convention are indicated in the appropriate sections.

the figures, tables, and text of this document, the most significant bit of a binary guantity is sh
side. Exceptions to this convention are indicated in the appropriate sections.

he value of the bit or field is not relevant, x or xx appears in place of a specific.value. If a field or g

I's that are not immediately followed by lower-case b or h are decimal values.
I's immediately followed by lower-case b (xxb) are binary values.

I's or upper case letters immediately followed by lower-case h (xxh) are hexadecimal values.

ations and acronyms applicable to this standard are listed. Definitions of several of these itemg
n clause 3.

General

Backbone

Backbone -2

Backbone (ATM or SONET) WAN
Border Switch
ExchangeB-Access Parameters
Exchange.Ltink Parameters
End.of Frame

Exchange Switch Capabilities
Fibre Channel Over TCP/IP
Frame Check Sequence

Fibre Channel - Security Protocol

of any conflict between figure, table, and text, the text, then tables, and finally figures take precldence.

own on

control
control

are in-

FC-SW-3 Fibre Channel - Switched Fabric - 3

ISL
ITU-T
KAT
LKA
MTU
PDU
SFC
SOF
SR

Inter-switch Link

International Telecomm. Union - Telecommunication Standardization Section
OV Keep Alive Timeout value

Link Keep Alive

Maximum Transfer Unit

Protocol Data Unit

Simple Flow Control

Start of Frame

Selective Retransmission

SW_ACC  Switch Fabric Internal Link Service Accept
SW_CS Switch Fabric Common Services

SW_ILS Switch Fabric Internal Link Services
SW_RJT Switch Fabric Internal Link Service Reject

WAN

Wide Area Network
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3.7.2 FC-BB-3_ATM

AALS
ATM
BER
CLR
CPCS
PVC
QoS

ATM Adaptation Layer 5

Asynchronous Transfer Mode

Bit Error Rate

Cell Loss Ratio (ATM)

Common Part Convergence Sublayer

Permanent Virtual Circuit, Permanent Virtual Connection
Quality of Service

14165-243 © ISO/IEC:2012(E)

SAAL
SvVC
UBR
UNI
VBR-NRT
VvC

Signaling ATM Adaptation Layer

Switched Virtual Circuit, Switched Virtual Connection
Unspecified Bit Rate (ATM)

User Network Interface (ATM)

Variable Bit Rate - Non Real Time (ATM)

Virtual Circuit

3.7.3 FC-BB-3_SONET

HDLC
nm
OC-N
ppm
PPP
PTE
RFC
SDH
SMT
SONET
SPE
STM-M
STS
STS-N
STS-N¢
TU
ULA
ULP
ULP_TPV
VvC
VP
VT

High-level Data Link Control
Nanometer

Optical Carrier Level N

Parts per Million

Point-to-Point Protocol

Path Terminating Equipment

Request for Comment

Synchronous Digital Hierarchy

Station Management (FDDI)
Synchronous Optical Network
Synchronous Payload Envelope
Synchronous Transport Module‘level M
Synchronous Transport Signal
Synchronous Transport\Module level N
Synchronous TransportModule level Nc
Tributary Unit

48-bit UniversahLAN MAC Address
Upper LevelProtocol
Upper_Level”Protocol_Timeout value
Virtual.Centainer

Virtual-Path

Virtual Tributary

3.7.4 FC-BB-3_IP

B_Access
CSM

FCIP
FCIP_DE
FCIP_LEP
IETF

PMM

RFC
VE_Port

B_Access Portals

Control and Service Module

FC over TCP/IP

FCIP Data Engine

FCIP Link Endpoint

IETF Internet Engineering Task Force (www.ietf.org)
Platform Management Module

Request For Comment

Virtual E_Port

3.7.5 FC-BB-3_GFPT

ASFC

Alternate Simple Flow Control
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ELP

Exchange Link Parameters

F_BSY Fabric Busy

FLOGI
GFP
GFPT

Fabric Login
Generic Framing Procedure
(Asynchronous) Transparent Generic Framing Procedure

GFPT_WAN GFPT Wide Area Network

ISL
LEM

Inter-Switch Link
Login Exchange Monitor

LS_ACC Link Service Accept Reply Frame
LS_RJT Link Service Reject Reply Frame
P_BSY N_Port Busy

PLOGI

Port Login

SW_ACC  SW Accept Reply Frame
SW_RJT SW Reject Reply Frame

3.8 S

ymbols

Unlesg indicated otherwise, the following symbol has the listed meaning.
|| concatenation

3.9 Keywords

3.91

standa

3.9.2
ignore

expectpd
keyworF used to describe the behavior of the hardware or software in the design models assumed

d. Other hardware and software design models may also be implemented

)

keyworfd used to describe an unused bit, byte, word; field or code value. The content or value of an
bit, byte, word, field or code value shall not be examined by the receiving device and may be set to arn
by the fransmitting device

3.9.3
invalid

keyword used to describe an illegal*or unsupported bit, byte, word, field or code value. Receipt of an
bit, byte, word, field or code value-shall be reported as an error

3.94
manda

tory

keyworf indicating.aniitem that is required to be implemented as defined in this standard

3.9.5
may

keyworg\that indicates flexibility of choice with no implied preference (equivalent to “may or may not”)

3.9.6

may not

keywor

3.9.7

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

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

3.9.8

reserved
keyword referring to bits, bytes, words, fields and code values that are set aside for future standardization. A
reserved bit, byte, word or field shall be set to zero, or in accordance with a future extension to this standard.

by this

gnored
y value

invalid
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Recipients are not required to check reserved bits, bytes, words or fields for zero values. Receipt of reserved
code values in defined fields shall be reported as an error

3.9.9

shall

keyword indicating a mandatory requirement. Designers are required to implement all such mandatory
requirements to ensure interoperability with other products that conform to this standard

3.9.10

should
keyword indicating flexibility of choice with a strongly preferred alternative: equivalent to the phrase ‘it is
strongly recommended”

3.9.11
X Or XX
the valdie of the bit or field is not relevant
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4 FC-BB-3 structure and concepts
4.1 FC-BB-3 backbone mappings

FC-BB-3 models (i.e., FC-BB-3_ATM, FC-BB-3_SONET, FC-BB-3_IP, and FC-BB-3_GFPT), specified in this
standard, define equipment capable of extending Fibre Channel switched networks and/or links over Wide
Area Network infrastructures and over distance (i.e., over non-negligible link latencies). One important distinc-
tion among the models discussed in this standard is the emphasis placed on the backbone (i.e., WAN) type.
The FC-BB-3_ATM and FC-BB-3_SONET models assume ATM and SONET transport network technologies.
The FC-BB-3_IP models assume the use of TCP connections over IP networks. The FC-BB-3_GFPT model
makes f the Asynchron Transparen neric Framing Pr I EPT ITU-T Rec. G.7041/
Y.1303). GFPT may be used for adaptation to different transport facilities including SONET, SDH;O[IN and
PDH. Oetails regarding the mapping of GFPT-adapted traffic to such transport facilities are elaberated|in vari-
ous ITY-T standards (see clause 2).

A secopd important distinction among the mappings discussed in this standard relates to sUpported afchitec-
tures (ife., network and/or link topologies) and the place of the defined devices within them. FC-BB-3_AJTM and
FC-BB{3_SONET define a fabric bridge device that interconnects the E_Ports of external FC switches. The
switch-facing interfaces resident on these bridges are called B_Ports. B_Ports have selected fabric fynctions
(see FC-SW-4). B_Ports are fabric ports, and FC-BB-3_ATM and FC-BB-3_SONET devices are components
of an FC fabric. FC-BB-3_IP also defines support for FC bridge devices with fabric-facing B_Ports. Hpwever,
FC-BB{3_IP also supports functional integration within an FC Switch. Thus FC-BB-3_|IP devices may al$o have
E_Ports and F_Ports. FC-BB-3_GFPT defines a device that is not aaemponent of a fabric, and supports no
fabric f;r‘nctionality. Instead, it interconnects two Fibre Channel physical ports (i.e., attached FC_Ports), appear-
ing architecturally as a wire to those ports.

NOTE 1 - Future extension of FC-BB-3_ATM and FC-BB23 'SONET models to include support for resident
E| Ports and F_Ports is not precluded.

4.2 FC-BB-3 reference models

FC-BB{3 defines four reference models, corresponding to the FC-BB-3_ATM, FC-BB-3_SONET, FC-BB-3_IP,
and FQ-BB-3_GFPT models. These reference’ models are shown in figure 4, figure 5, figure 6, and flgure 7,
respecilively. In figure 4 and figure 5 (i.e,, FC-BB-3_ATM and FC-BB-3_SONET, respectively), frames destined
for a rgmote FC network enter a B_Port"and are forwarded on the backbone network to their destingtion. In
figure q (i.e., FC-BB-3_IP), frames.destined for a remote FC network enter a B_Port, an E_Port, or an F_Port,
and arg forwarded on the backbone network to their destination. In figure 7 (i.e., FC-BB-3_GFPT), FC ghysical
signals|(i.e., relevant 8B/10Bcodewords) enter an FC physical port on an FC-BB-3_GFPT device, and|are for-
warded on the backbone petwork to their destination.

The FG-BB-3_ATM and.FC-BB-3_SONET models support the attachment of FC switches (i.e., E_Parts) via
one or more B_Ports:\The FC-BB-3_IP model supports the attachment of FC switches (i.e., E_Ports) |via one
ormorg B_Ports.erE~ Ports and the attachment of N_Ports via one or more F_Ports. The FC-BB-3_GFHRT mod-
el supports thexattachment of N_Ports, F_Ports, and E_Ports, and the following Fibre Channel port intercon-

b) N_Portto F_Port; and
c) E_Portto E_Port.

Table 3 summarizes the resident FC_Port types for the four different FC-BB-3 models.

Table 3 — Models and resident FC_Port types

Reference Model

FC-BB-3_ATM FC-BB-3_SONET FC-BB-3_IP FC-BB-3_GFPT

Resident
FC_Port B_Port B_Port B_Port, E_Port, F_Port
Type(s)

None (FC Physical
Interface)
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FC-BB-3 ATM FC-BB-3_ATM
ATM
B_Porf(s) Network B_Port(s)
FC y FC
Network Netwo rk
— FE-BB-3-AT <
ot B_Port(s)
-
Indicates independent
Communicating pairs

Figure 4 — FC-BB-3_ATM reference model

FC-BB-3_SONET FCBB-3_SONET
SONET
B_Port(s) Network B_Port(s)
FC-BB-3_SONET
ote: B_Porf(s)
<

Indicates independent
Communicating pairs

Figure 5 — FC-BB-3_SONET reference model
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FC-BB-3 IP FC-BB-3_IP
B/E/F_Port(s) 11 hs o B/E/F_Port(s)
F y F
Network Network
o= FCBB-3_IP N
= B/E/F_Port(s)
A
Indicates independent
Communicating pairs
Figure 6 — FC-BB-3_IP reference model
FC-BB-3 GFPT FC-BB-3_GFPT
FC Physical A SONET/SDH/OTN/PDH FC Physical
Interface(s) | NSObrk Interface(s)

N_/F_/E_Port(s)

N_/F_/E_Port(s)

FC-BB-3_GFPT FC
FC
Device FC Physical Device
Interface(s)

ote: I I

- _ N_/F_/E_Port(s)

Indicates independent

Commuhicating pairs FC

Device

Figure 7 — FC-BB-3_GFPT reference model

4.3 FC-BB-3 models overview

4.3.1 FC-BB-3_ATM

The FC-BB-3_ATM model defines the means by which Fibre Channel networks interface with and connect
across a wide-area ATM network. FC-BB-3_ATM defines the frame mapping, encapsulation, and any signaling
required by the ATM protocols. FC-BB-3_ATM also defines the frame handling, call handling, addressing, flow
control protocol, and error recovery required to support the Fibre Channel mapping over ATM. FC-BB-3_ATM
makes use of the ATM Adaptation Layer 5 for payload transport.

FC-BB-3_ATM messages are formed by encapsulating byte-encoded Class 2, 3, 4, or F Fibre Channel frames
into a suitable format for carriage over the WAN. Clause 5 describes the FC-BB-3_ATM message in detail.

SR and SFC are two flow control protocols that may be used over ATM networks. The SR protocol provides a
reliable transport of frames between two FC-BB-3_ATM devices. Use of the SR protocol is optional. The SR
protocol is an efficient sliding window link-layer full-duplex protocol that supports data transport with flow control
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and error recovery functions. SR has been adopted from ITU’s Link Access Protocol B (LAPB), that is derived
from ISO/IEC’s High-level Data Link Control (HDLC) (Balanced Classes). Use of LAPB in SR is limited to a
subset of the synchronous modulo 32768 super sequence numbering service option. Clause 6 describes the
SR protocol in detail. The SFC protocol (see 6.4) provides a mechanism to temporarily pause the transmission
of frames from a remote FC-BB-3_ATM device. Use of the SFC protocol is optional.

4.3.2 FC-BB-3_SONET

The FC-BB-3_SONET model defines the means by which Fibre Channel networks interface with and connect
across a wide-area SONET/SDH network. FC-BB-3_SONET defines the frame mapping, encapsulation, and
any signaling requir h NET pr Is. FC-BB- NET al fines the frame handling. call han-
dling, aldressing, flow control protocol, and error recovery required to support the Fibre Channel mappi
SONET/SDH. FC-BB-3_SONET makes use of either the High-level Data Link Control (HDLC).for
transpdrt (described in detail in this standard), or the relevant Frame Mapped Generic Framing Procedyre (GF-
PF) mapping described in ITU-T Rec. G.7041/Y.1303.

NOTE 2 - The FC over SONET/GFP mappings defined by FC-BB-3_SONET and EC-BB-3_GFPT, afe
fundamentally different from the native FC transport supported by the Synchronous, Full-Rate Transparent
Mapped Generic Framing Procedure defined in ITU-T Rec. G.7041/Y.1303. The latterxmapping constitutes|a
full-rate, fully transparent FC wire extension between two FC_Ports and is not discussed in this standard.

The SR and SFC flow control protocols may be used over SONET networks:
4.3.3 FC-BB-3_IP

The FG-BB-3_IP model defines the means by which Fibre Channel networks interface with and connect across
an IP network. FC-BB-3_IP makes use of the FCIP standard-{see RFC 3821) to define the mapping and control
requirefl by the TCP/IP protocol and the FC frame encapsulation standard (see RFC 3643) to define [the en-
capsulation. FC-BB-3_IP also defines the connection management, addressing, time synchronization, |[discov-
ery, sdcurity, switching, routing, and error recovery required to support Fibre Channel over TCP/IP.
FC-BB{3_IP is agnostic about the underlying physical technology that exists beneath the IP layer. In thid sense,
the IP network could use ATM, SONET, Gigabit-Ethernet, or any other link-level technology below it.

FC-BB{3_IP encapsulates byte-encoded Class 2, 3, 4, or F Fibre Channel frames into a suitable format (i.e.,
encapsulated FC frames) for carriage over the IP network. Subclause 9.6 describes encapsulated FC|frames
in detail. The TCP/IP protocol suite provides a reliable transport of frames over the IP network. TCP provides
flow coptrol and error recovery.

The FQ-BB-3_IP protocol provides mechanisms to create VE_Port or B_Access connectivity as the case may
be, over the IP network(see 9).

4.3.4 FC-BB-3_GFPT

The FQ-BB-3=GFPT model defines the means by which FC physical links may be extended over arfy WAN
transpdrt infrastructure for which GFP mapping is defined. FC-BB-3_GFPT supports the interconnectign of ar-
bitrary, legal, non-Arbitrated Loop FC Port combinations, imposing no requirements, and making no supposi-
tions, regarding the topology, or even the presence of an FC fabric. FC-BB-3_GFPT supports efficient transport
of FC data over transport facilities of arbitrary bandwidths and potentially large distances. FC-BB-3_GFPT sup-
ports Class 2, 3, and F traffic.

FC-BB-3_GFPT devices do not generate FC frames and do not directly participate in port initialization or other
Exchanges. FC-BB-3_GFPT devices are exempt from any requirements regarding FC_Port authentication
(see FC-SP), and they do not impede or interfere with any such processes that may occur between the at-
tached and interconnected FC_Ports. FC-BB-3_GFPT devices have no FC identity or visibility, and adminis-
tratively they may be kept strictly separated and distinct from FC fabrics and ports.

FC_Ports are interconnected pair-wise over SONET/SDH/OTN/PDH networks, via FC-BB-3_GFPT devices, in
a point-to-point fashion. Although multiple FC_Ports may interface with a single FC-BB-3_GFPT device, each
opposing FC_Port pair is connected via a dedicated Transport Trail (e.g., a contiguously or virtually-concate-
nated group). Since trail and access section configurations may differ, FC-BB-3_GFPT devices have both
physical interfaces to the transport network, and individual FC-BB-3_GFPT devices may have more than one


https://iecnorm.com/api/?name=72b3d1e3a1ac48edb8d53f4e00e91fc7

14165-243 © ISO/IEC:2012(E) -35-

such physical interface, as well as logical interfaces associated with individual circuits. Logical interfaces are
referred to as GFPT_WAN interfaces. A GFPT_WAN interface corresponds to a specific Transport Trail, and
always to a single attached FC_Port pair. Governance of the relationship of GFPT_WAN interfaces to physical
SONET/SDH/OTN/PDH interfaces, and of any changes of such relationships (e.g., as may occur during net-
work protection events), is specified in the appropriate ITU-T and ANSI-T1 standards (see clause 2), and is
therefore outside the scope of this standard. Multiple GFPT_WAN links originating on one FC-BB-3_GFPT de-
vice may be terminated on different, and geographically disparate, FC-BB-3_GFPT devices. The routing and
provisioning of network facilities underlying GFPT_WAN links is outside the scope of this standard.

The FC-BB-3_GFPT device interfaces to attached FC_Ports are FC physical interfaces operating at standard
rates. The FC physical interfaces on FC-BB-3 GFPT devices may support link speed negotiation with the at-
tached [FC_Ports.

4.4 FC-BB-3 requirements
4.41 Fibre Channel Class support

Class H shall be supported between FC-BB-3 devices. Class 1 is not supported, and-Class 2, 3 or 4 may be
suppori{ed between FC-BB-3 devices.

4.4.2 Payload transparency

4.4.21| FC-BB-3_ATM, FC-BB-3_SONET, FC-BB-3_IP

Arriving Class 2, 3, 4, and F Fibre Channel frames from an FC network and destined to a remote FC petwork
shall bg encapsulated using the FC-BB-3_ATM/SONET/IP defifed mechanisms and transmitted to thg appro-
priate HC-BB-3_ATM/SONET/IP device.

Arriving encapsulated frames received from remote FC-BB-3_ATM/SONET/IP device shall be de-encapsulat-
ed and|sent to an FC network.

Primitive Signals and Primitive Sequences shall-not be transported between FC-BB-3_ATM/SONET/IF devic-
es.

4.4.2.2| FC-BB-3_GFPT

FC frames inbound from one attached FC_Port shall be delivered to the remote FC_Port in native fofm (i.e.,
without| further encapsulation) acroess the transport network according to the adaptation processes degscribed
in 10.3)8. Frames received from'remote FC-BB-3_GFPT devices shall be forwarded to the attached F{C_Port.
Selectdd ELP, SW_ACC, FLOGI, PLOGI, and LS_ACC frames may be subject to inspection and/or minpr mod-
ificatior]s, in transiting one or the other FC-BB-3_GFPT device, as described in 10.3.4.

Primitive Signals_transmitted by an attached FC_Port may be forwarded across the transport networl for de-
livery tq the remote FC_Port according to the rules described in 10.3.5. When they are forwarded, they/|are for-
warded in native form (i.e., without further encapsulation) according to the adaptation processes described in
10.3.8.

Primitive Sequences transmitted by an attached FC_Port are forwarded across the transport network for deliv-
ery to the remote FC_Port according to the rules described in clause 10. Primitive Sequences are forwarded
in native form (i.e., without further encapsulation) according to the adaptation (including rate adaptation) pro-
cesses described in 10.3.8.

4.4.3 Latency delay and timeout value
FC-BB-3_IP shall ensure that the incoming encapsulated FC frames whose FCIP Transit Time (FTT) exceeds
1/2 E_D_TOV shall be discarded and not admitted into the FC network. Fibre Channel timeout values shall be

administratively set to accommodate the FTT.

FC-BB-3_IP shall allow Class F encapsulated FC frames to be transmitted with a zero timestamp value.
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FC-BB-3_GFPT requires that the inherent latency between two FC-BB-3_GFPT devices be bounded and in-
cluded within one-half of the E_D_TOV and R_T_TOV values of the attached devices, and withinthe R_A_ TOV
values of the attached fabric(s), if any.

4.4.4 QoS and bandwidth

FC-BB-3_ATM shall use the VBR-NRT ATM service. VBR-NRT ATM service provides cell loss and bandwidth
guarantees. It is recommended that FC-BB-3_ATM make use of a single Virtual Circuit (VC). Use of additional
VCs to address special traffic QoS requirements is allowed but not recommended. FC-BB-3_ATM recom-
mends allocating a minimum bandwidth for each FC-BB-3_ATM VC that is used in order to avoid starvation;
however, the service discipline prioritization for the VCs is implementation-specific and beyond the scope of
this stahdard.

FC-BB{3_SONET has no specific SONET service requirements.

FC-BB{3_IP recommends that some form of preferential QoS be used for the FCIP traffi¢ inf the IP network to
minimize latency and packet drops although no particular form of QoS is recommended;ySee RFC 3821.

FC-BB{3_GFPT has no specific transport service requirements.
4.4.5 [n-order delivery

FC-BB{3_ATM shall guarantee in-order delivery of frames within each’ATM VC. No other ordering relationship
among|ATM VCs need be preserved.

FC-BB{3_SONET shall guarantee in-order delivery of frames-within each SONET/SDH provisioned path. No
other ofdering relationship among SONET/PDH provisioned’ paths need be preserved.

FC-BB{3_IP shall guarantee in-order delivery of frames within the scope of any TCP connection.

FC-BB{3_GFPT shall provide in-order delivery within each provisioned Transport Trail for all transmitted data
(i.e., frames, Primitive Signals and Primitive Sequences), as discussed and with the exceptions defpiled in
clause [10.

4.4.6 Flow control
FC-BB{3_ATM or FC-BB-3_SONET devices may use the Selective Retransmission (SR) protocol to provide
igble delivery of framestover the WAN between two devices. In the case of FC-BB-3_ATM, if the BR pro-
tocol is|used, then the flow control is separately applied to each ATM VC.

FC-BB{3_ATM or FC:BB-3_SONET devices may use the Simple Flow Control (SFC) protocol to temporarily
pause fhe transmission of frames from a remote device. In the case of FC-BB-3_ATM, if the SFC prdtocol is
used, then theflow control is separately applied to each ATM VC.

FC-BB{3<P.devices shall ensure that TCP flow control and error recovery acts in proper concert with the Fibre
Chann — i i

Flow control at E_Ports, F_Ports, VE_Ports, and B_Ports shall operate as defined in FC-SW-4.

The Alternate Simple Flow Control (ASFC) mechanism (see 10.3.4) shall be used between FC-BB-3_GFPT
devices. Flow control on FC_Port-facing links is specified in clause 10.

Flow control at FC-BB-3_GFPT physical interfaces to attached FC devices shall operate as defined in
FC-SW-4 or FC-FS-2, as appropriate.

4.5 FC-BB-3 SW_ILS codes

Table 4 shows the SW_ILS codes allocated for FC-BB-3 use.
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Table 4 — FC-BB-3 SW_ILS codes

Encoded Value ...
Description Abbr. Reference
(hex)
28 03 00 00 Authentication Special Frame Request ASF 9.7.2.3.2
28 01 00 00 Exchange B_Access Parameter EBP 7.3.5
Table 5 shows the ELS codes allocated for FC-BB-3 use.
Table 5 — FC-BB-3 ELS codes
Encoded Value o
Description Abbr. Reference
(hex)
80 00 00 00 Link Keep Alive Request LKA FC-LS
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5 FC-BB-3_ATM and FC-BB-3_SONET Messages and Formats

5.1 General

In all text to follow, the term BBW applies to both FC-BB-3_ATM and FC-BB-3_SONET. The structure of a BBW
message is given in table 6. It consists of 3 fields: LLC/SNAP Header, BBW_Header, and the BBW message
payload. The structures of the fields are given in table 7, table 8, table 10, and table 11.

Table 6 —- BBW message structure

. Size
Field (8 N
LLC/SNAP Header 8
BBW message BBW_Header 4
BBW message payload Max: 2148

5.2 LLC/SNAP header format

LLC/SNAP Header (8 bytes): The Logical Link Control (LLC)/Sub Network Access Protocol (SNAP)

consist of a 3-byte LLC field and a 5-byte SNAP sub-field.

LLC (3

Table 7 — LLC/SNAP header

. Encoded Value
Field Word Byte
(hex)
DSAP 0 AA
LLC SSAP 0 1 AA
CTRL 2 03
0 3 00
oul 1 0 00
SNAP 1 1 00
1 2 88
PID
1 3 8D

bytes): The LLC field consists of three 1-byte sub-fields: Destination Service Access Point (

Header

DSAP),

Source|Service Access Point(SSAP), and Control (CTRL). The encoding for LLC given in table 7 indicates that
an IEEE 802.2 SNAP follows.

SNAP

the payfload pretocol type is Fibre Channel.

5.3 BBWZ_Header format

5 bytes): The SNAP field consists of two sub-fields: A 3-byte Organizationally Unique |dentifie
sub-field and a 2-pyte*Protocol Identification (PID) sub-field. The encoding for OUI given in table 7 in
the presence of @anIEEE 802.2 Routed protocol in the payload. The encoding for PID given in table 7 in

r (OUI)
dicates
dicates

The 4-byte BBW_Header (see table 8) consists of three fields: A 1-byte Flow Control Type field, a 2-byte
PAUSE field and a 1-bit Address Bit field. The structure of the Flow Control Type field is given in table 9.

Table 8 —- BBW_Header

Size

<bits 1-7>: Reserved

Word Byte Field Remarks
y (Bytes)
0 Flow Control Type 1
Applicable only when SFC
1-2 PAUSE 2 protocol is specified as the Flow
2 Control Type.

<bit 0>: Address Bit Applicable only when SR
3 1= Command; 0 = Response 1 protocol is specified as the Flow

Control Type.
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Flow Control Type (1 byte): This field defines encodings for Simple Flow Control (SFC) and SR flow control.

Table 9 — Flow control protocol type encodings

Enc(:[c‘):)l(;lgs Flow Control Type
00 SFC
01 SR
OteTs Reserved

PAUSE (2 bytes): The 2-byte PAUSE field is applicable only when the Flow Control Type is SFC. The PAUSE
field defines the number of 512-bit time units to pause transmission. A value of zero indicates’zero pausg trans-
missior] time units. This field is also set to zero value when no flow control is desired with the’Flow Contrjol Type

specifigd as SFC.

Addregs Bit (bit 0: Byte 3): This field is applicable only when the Flow Control)Type is SR flow control. This
bit identifies the SR message as either a command or a response. Messages containing commands ghall set
this bit fo 1. Messages containing responses shall set this bit to 0. This field4s used in conjunction with the Poll
Bit of the SR protocol.

5.4 BBW message payload format for SFC

The geperal structure of the BBW message payload when SFC js'specified as the Flow Control Type [s given
in tablel10. It consists of the following fields: 4-byte SOF, 24-byte FC-Header, FC frame payload, 4-byte CRC,
and 4-Hyte EOF. The SOF and EOF byte encodings are defined in annex A. The FC Header, FC frame payload,
and thg CRC are standard Fibre Channel frame fields that-arrive at the B_Port or the E_Port interface

NPTE 3 - The format also applies when the Flow-Control Type is specified as SFC and the PAUSE field
carries a zero value (i.e., when no flow control is desired).

Table 10 — BBW message payload structure for SFC

Field ( BS;tZ:S)
SOF .
FC Header 24
FC frame payload Min: 0
(includes optional header) Max:2 112
CRC A
EOF 4
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5.5 BBW message payload format for SR

5.5.1

General

The general structure of the BBW message payload when SR is specified as the Flow Control Type is given in
table 11. It consists of a 4-byte SR_Header and the SR_BBW message payload. SR_Header encodings spec-
ify the SR_BBW message type. SR_Header is described in 5.5.2.

Table 11 — BBW message payload structure for SR

Field Field Size
(Bytes)
SR_Header 4
SR_BBW message SR_BBW message Mo 2148
payload )

The SR_BBW message payload format depends on the type of the SR_BBW message and is descfibed in
5.5.5.1]5.5.5.4, and 5.5.5.9.
5.5.2 SR_Header formats
5.5.2.1| Field formats
The SR_Header defines three types of field formats that are used toperform numbered information fransfer
(i.e., I-fprmat), numbered supervisory functions (i.e., S-format), and unAumbered control functions (i.e|, U-for-
mat) (sge table 12). SR makes use of nine different types of messages:
a) Iqfformat (1): SR_I;
b) S-format (3): SR_RR, SR_RNR, SR_REJ; and
c) U-format (5): SR_SM, SR_DISC, SR_FRMR, SR_UA, SR_DM.
Bits 0 gnd 1 of the SR_Header provide-the encodings for the three field formats. Bits 2 and 3 provide|the en-
codingg for the different S-format-messages and are shown in table 13. Bits 2, 3, 5, 6, and 7 provide|the en-
codingg for the different U-format-messages and are shown in table 14.
Table 12 — SR_Header format
Hor- | 3| 3| 2| 2{ 2| 2| 2| 2| 2| 2/ 2| 2| 1|11 1| 1 1 1 1 1 1
mat | 1| 0(«9(.8| 7| 6| 5 4| 3| 2/ 1/ 0] 9| 8/ 7, 6| 5/ 4/ 3| 2/ 1/ 0,9/ 8 7| 6|5|4|3|2|1
I N(R) P N(S) 0
S P
N(R) / Reserved S| S| 0]1
F
U P
Reserved Reserved M M M| /| M M|l 1]1
F
N(S): Transmitter send sequence number; N(R): Transmitter receive sequence number.
SS: Supervisory function bits defined in table 13.
MMMMM: Modifier function bits defined in table 14.
P/F: Poll/Final bit; P Poll bit (1 = Poll).
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Table 13 — SS bits encoding

SS Bits | supervisory
3 | 2 | message
o|l0o]| SRRR

0 1 Reserved
10| SRRNR

1] 1| SR SREJ

Table 14 — MMMMM bit encoding

MMMMM Bits Unnumbered
716l 53] 2 message
1 1 0 0 0 SR_SM
0 1 0 0 0 SR _DISC
1 0 0 0 1 SR_FRMR
0 1 1 0 0 SR_UA
0 0 0 1 1 SR:»DM

5.5.2.2| Information transfer I-format

The I-fgrmat is used to perform an information transfer. The functions of the N(S), N(R), and P fields afe inde-
pendert (i.e., each SR_| message has a N(S), a N(R), that may or may not acknowledge additional SR| | mes-
sages received by the BBWs, and a P bit that may be setto a 0 or 1).

5.5.2.3| Supervisory S-format

The S-format is used to perform data‘link supervisory control functions such as acknowledge SR_| megsages,
reques{ retransmission of SR_| messages, and to request a temporary suspension of transmission pf SR_|
messages. The functions of the N(R) and P/F fields are independent (i.e., each supervisory messagge has a
N(R) that may or may not acknowledge additional SR_| messages received by the BBW, and a P/F bit that may
be set 1o 0 or 1).

5.5.2.4| Unnumbered U-format

The U-format is(used to provide additional data link control functions. This format contains no sequenge num-
bers, but does:include a P/F bit that may be settoa O ora 1.

5.5.3 [SRYBBW messages

A description of the nine different SR_BBW messages appears in table 15. Only the SR_I, SR_SREJ, and
SR_FRMR messages carry a payload, all other messages carry a null payload.
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Table 15 — SR_BBW messages

Command/ Lo
Purpose Message a Description
Response
Information | SR_I Command Carries encapsulated Class 2, 3, 4, or F
transfer frames as payload.

SR_RR Commandor | Indicates Ready to Receive SR _| messages

DRDaocnoncao hoanatoac hiicv conditinn) AnA ~AalenAavuladanc
Respense {regates—busy-eonditionand-ackrewledges
previous SR_| messages; carries no payload.

SR_RNR Commandor | Indicates Receiver Not Ready to accept more

Control Response SR_| messages (busy condition)and ac-

(Superviso- knowledges previous SR_| messages; carries

ry messag- no payload.

es) SR_SREJ Command or | Indicates Selective Retransmission of errored
Response SR_I messages; carries a payload.

SR_SM Command Mode setting'command to set up link and re-
sets all messages counters to 0; carries no
payload.

SR _UA Response Unnumbered response to the SR_SM com-
mand and indicates an acceptance and infor-

Control mation transfer phase; carries no payload

(Unnum- SR_DM Response Unnumbered response to the SR_SM com-

bered mand and indicates a disconnected phase;
carries no payload

messages)

SR_FRMR | Response Unnumbered response to the SR_SM com-
mand and indicates message reject for the
SR_SM message; carries a payload

SR _DISC Command Command indicates the sender is suspending
operation and enters the disconnected mode
after receiving an SR_UA response; carries
no payload

a) Command/Response indicated by the Address Bit in byte 3 of the BBW_Header.
5.5.4 Formatfield parameters
5.5.4.1 General

The following subclauses describe the different format fields and other related aspects of the SR protocol.

5.5.4.2 Modulus of SR

Each SR_I message is sequentially numbered and may have the value 0 through modulus minus 1, where
“‘modulus” is equal to 32 768 (i.e., the maximum value of the sequence numbers). The sequence numbers cycle
through the entire range.

5.5.4.3 Send state variable V(S)

The send state variable V(S) denotes the sequence number of the next-in-sequence SR_| message to be
transmitted. V(S) may take on the values 0 through modulus minus 1. The value of V(S) is incremented by 1
with each successive SR_| message transmission, but cannot exceed the N(R) of the last received SR_| or
supervisory message by more than the maximum number of outstanding SR_| messages k. The value of k is
defined in 6.3.8.4.
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5.5.4.4

Send sequence number N(S)

Only SR_I messages contain N(S), the send sequence number of the transmitted SR_I message. At the time
that an in-sequence SR_| message is designated for transmission, the value of N(S) is set to the value of the

send st

5.5.4.5

ate variable V(S).

Receive state variable V(R)

The receive state variable V(R) denotes the sequence number of the next-in-sequence SR_| message expect-
ed to be received. V(R) may take on the values 0 through modulus minus 1. The value of V(R) is incremented
by 1 by the receipt of an error-free, in-sequence SR_| message whose send sequence number N(S) equals
the receive state variable V(R).

5.5.4.6[ Receive sequence number N(R)

All SR_| messages and supervisory messages, except SR_SREJ messages with the F bit settg 0;shall
N(R), the expected send sequence number of the next received SR_| message. At the time that a mes
the abgve types is designated for transmission, the value of N(R) is set to the current value'of the recei

variabl
numbe

5.5.4.7

All mes
respon

The Po

The Fin
asare

The us

5.5.5

5.5.5.1
The fun

V(R). N(R) indicates that the BBW transmitting the N(R) has correctly received all SR_I m¢g
ed up to and including N(R)-1.

Functions of the Poll/Final bit (P/F)

sages contain P/F, the Poll/Final bit. In command messages, the-R/F bit is referred to as the
be messages it is referred to as the F bit.

| bit set to 1 is used by the BBW to solicit (i.e., poll) a respense from the remote BBW.

al bit set to 1 is used by the BBW to indicate the résponse message transmitted by the remot
bult of the soliciting (i.e., poll) command.

b of the P/F bit is described in 6.3.3.

SR commands and responses

Information (SR_I) command

ction of the information (SR_l).cemmand is to transfer a sequentially numbered message conta

inform
The S

tion field across a data link:

| message command carries the mapped byte-encoded Class 2, 3, 4, or F frames. The followin

are invglved in generating-the'SR_| message:

a) cpnstructing the SR_I message payload by prefixing the proper 32-bit SOF delimiter to the in

-Header, F€-frame payload, and the CRC; and appending the corresponding 32-bit EOF deli

the CRC; and

NOTE@ y The original Fibre Channel frame CRC field remains and the sender does not have to send a va
CRC@nd the receiver does not have to validate the CRC.

contain
sage of
e state
ssages

P bit. In

e BBW,

ning an

g steps

coming
miter to

b) constructing the 4-byte SR_Header and prefixing it to the SR_| message payload.
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Table 16 illustrates the format of the SR_I message information field (i.e., payload). The maximum size of the
BBW message is 2152 bytes corresponding to a maximum size FC frame payload of 2 112 bytes.

Table 16 — SR_I message format

The FQ

N
H

5.5.5.2
The Re

An SR |
transm
messag

5.5.5.3

The Re
inability
are ack
edged

addition to indicating the-status, the SR_RNR command with the P bit set to 1 may be used by a BBW

for the

5.5.5.4
The SR

indicate it is ready to receive an SR_| message; and

Fleld Description Size

(Bytes)

SR_Header .

SOF .

SRZtmessage | FC-Header -

payload FC frame payload Min: 0
(includes optional header) Max:2 112

CRC 4

EOF 4

frame payload uses the SOF and EOF codes defined in annex A.

DTE 5 - SR protocol-generated control messages do not carry the SOF.and the EOF fields nor the H
bader in the payload.

Receive ready (SR_RR) command and response

ceive Ready (SR_RR) supervisory message is used by:the BBW to:

cknowledge previously received SR_| messages numbered up to and including N(R)-1.

ssion of an SR_RNR message by the.same device. In addition to indicating the BBW status, the
e with the P bit set to 1 may be used to ask for the status of the remote BBW.

Receive not ready (SR_RNR).command and response

ceive Not Ready (SR_RNR)-supervisory message is used to indicate a busy condition (i.e., ter
to accept additional incoming SR_| messages). SR_| messages numbered up to and including
howledged. SR_| message N(R) and any subsequent SR_| messages received, if any, are nota
i.e., the acceptance’status of these SR_| messages shall be indicated in subsequent exchan

status of the,remote BBW.

Selective reject (SR_SREJ) response

| _REJsupervisory message shall be used by a BBW to request retransmission of one or more,

C

RR message may be used to indicate the\clearance of a busy condition that was reported by the earlier

SR_RR

hporary
N(R)-1
cknowl-
pes). In
to ask

ot nec-

essarily

contiagtous— SR | maccanac Tha NP\ fiald shall contain-the-caauence-number of tha aarlial
COIgGHo ~—He55ag§e8S—HRerHrvHeG-SHa-66H R e-SeguerceRumhper—oo—tme-earie

st SR_|

oY

message to be retransmitted and the information field (see table 17) shall contain, in ascending order (i.e.,
32 767 is higher than 32 766 and 0 is higher than 32 767 for modulo 32 768), the sequence numbers of addi-
tional SR _| message(s), if any, that needs to be retransmitted.

The payload field shall be encoded such that there is a 2-byte field for each standalone SR_| message in need
of retransmission, and a 4-byte span list for each sequence of two or more contiguously numbered SR_| mes-
sages in need of retransmission, as depicted in table 17. Standalone SR_| messages are identified in the pay-
load field by the appropriate N(R) value preceded by a 0 bit in the 2-byte field used. Span lists are identified in
the payload field by the N(R) value of the first SR_| message in the span list preceded by a 1 bit in the 2-byte
field used, followed by the N(R) value of the last message in the span list preceded by a 1 bit in the 2-byte field

used.
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Table 17 — SR_SREJ payload format example

Bit 1 Value Information Field SIS
(Bytes)
<Bit1>=0 <Bits 2-16> = 1-N(R) of standalone SR_I| message 2
<Bit 1> =1 <Bits 2-16> = N(R) of first SR_| message in span list 2
<Bit1>=1 <Bits 2-16> = N(R) of last SR_| message in span list 2
<Bit1>=0 <Bits 2-16> = N(R) of standalone SR | message 2
<Bit 1> =1 <Bits 2-16> = N(R) of first SR_| message in span list 2
<Bit1>=1 <Bits 2-16> = N(R) of last SR_| message in span list 2

NOTE 6 - The maximum size of the BBW message payload carrying the SR_SREJ message is 2 148 byt¢s
corresponding to a maximum possible encoding of 1 074 standalone SR_I me€ssages or a maximum possible
emcoding of 537 span list sets.

If the PJF bitin an SREJ message is set to 1, then SR_I messages numbered up to N(R)-1 inclusive, N(R) being
the vall,lle in the SR_Header field, shall be considered as acknowledged. If the P/F bit in an SREJ megsage is
set to (, then the N(R) in the SR_Header field of the SREJ message does not indicate acknowledgement of
SR_I messages.

5.5.5.5| Set Mode (SR_SM) command

The prgcedures to be followed on receipt of the Set Mode (SR_SM) command are specified in 6.3.4.
The SH_SM unnumbered command is used to-initialize the BBW device.

No infoymation field shall be permitted with the SR_SM command. The transmission of an SR_SM command
indicatgs the clearance of a busy condition that was reported by the earlier transmission of an SR_RNR mes-
sage by the same BBW device. The. BBW device shall confirm the acceptance of the SR_SM command by the
transmission, at the first opportunity, of an SR_UA response. Upon acceptance of this command, the BBW de-
vice send state variable V(S)and receive state variable V(R) shall be set to 0.

Previodsly transmitted SR 1 messages that are unacknowledged when this message is processed remain un-
acknowledged. It is the.responsibility of a higher layer to recover from the possible loss of the contents pf SR _|
messages that are not acknowledged.

5.5.5.6| Diseconnect (SR_DISC) command

The SR_DISC unnumbered command is used to terminate the link that had been previously set. It is used to
inform the BBW receiving the SR_DISC command that the remote BBW is suspending operafion. No informa-
tion field shall be provided with the SR_DISC command. Prior to actioning the SR_DISC command, the BBW
receiving the SR_DISC command shall confirm the acceptance of the SR_DISC command by the transmission
of an SR_UA response. The BBW sending the SR_DISC command shall enter the disconnected state when it
receives the acknowledging SR_UA response.

Previously transmitted SR_| messages that are unacknowledged when this command is processed shall re-
mains unacknowledged. It is the responsibility of a higher layer to recover from the possible loss of the contents
of such SR_| messages.

5.5.5.7 Unnumbered acknowledgement (SR_UA) response

The SR_UA unnumbered response is used by the BBW device to acknowledge the receipt and acceptance of
the SR_SM command. The received SR_SM command shall not be processed until the SR_UA response is
transmitted. The transmission of an SR_UA response indicates the clearance of a busy condition that was re-
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ported by the earlier transmission of an SR_RNR message by that same BBW device. No information field shall

be prov

5.5.5.8

ided with the SR_UA response.

Disconnected mode (SR_DM) response

The SR_DM unnumbered response is used to indicate that a BBW device is logically disconnected from the
data link and is in the disconnected state. The SR_DM response may be sent to indicate that the BBW has
entered the disconnected state without having received an SR_DISC command. Alternatively, if the SR_DM
response was transmitted in response to the SR_SM command, the SR_DM command informs the remote
BBW that the BBW is still in the disconnected state and cannot execute the SR_SM command. No information
field shall be provided with the SR_DM response.

A BBW,
specifie
receive
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e receipt of a command or response SR_Header sub-field that is~undefined;

e receipt of an invalid N(R); or
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Table 18 — SR_FRMR payload format

Bit . . . Size
Word Field Field Information .
Number (bits)
0 0-31 Rejected SR_Header Field 32
32 Setto 0 1

V(8) is the current send state variable value at the
33-47 V(S) BBW reporting the rejection condition (bit 33= 15
low-order bit)

C/R set to 1 indicates the rejected message was a
response;
C/R set to 0 indicates the rejected message was a
command

48 CIR

V(R) is the current receive state variable value at
49-63 V(R) the BBW reporting the rejection condition (bit 49= 15
low-order bit)

W set to 1 indicates that the SR_Header, field
65 w received and returned in bits 1 through 32 was 1
undefined.

X set to 1 indicates that the SR _Header field
received and returned in bits 1‘through 32 was
considered invalid because‘\the message

66 X contained a payload that was not permitted with 1
this type of messagecor\is a supervisory or
2 unnumbered message(With incorrect length. Bit W
shall be set to 1 inConjunction with this bit.
67 Y Reserved 1
Z set to 1\indicates that the SR_Header field
68 z receivediand returned in bits 1 through 32 1
contained an invalid N(R).
69-72 Set'to 0. 4
73-96 Reserved 24

5.5.6 [Exception condition reporting and recovery

5.5.6.1| Exception conditions

The error recovery procedures, that are available to effect recovery following the detection/occurrende of an
exceptipn condition are desctibed in this subclause. Exception conditions described are those situatigns that
may occur as the result of transmission errors, BBW device malfunction, or operational situations.

5.5.6.2( Busy condition

The bugy conditien fesults when the BBW is temporarily unable to continue to receive SR_| messageg due to
internal constraints (e.g., receive buffering limitations). Upon entering the busy condition, a BBW trangmits an
SR_RNR message. SR_| messages pending transmission may be transmitted from the busy BBW prior to or
following.the SR_RNR message.

An indication that the busy condition has cleared is communicated by the transmission of an SR_UA (i.e., only
in response to an SR_SM command), SR_RR, SR_SREJ, or SR_SM message.

5.5.6.3 N(S) sequence error condition

5.5.6.3.1 General

The information field of all received SR_| messages whose N(S) is not in the range V(R) and V(R)+k-1 inclu-
sive, shall be discarded. The information field of all SR_| messages received by the BBW whose N(S) is in the
range V(R) and V(R) + k -1 inclusive, shall be saved in the receive buffer.

An N(S) sequence error exception condition occurs in the receiver when a received SR_| message contains
an N(S) that is not equal to the receive state variable V(R) at the receiver. The receiver shall not acknowledge
(i.e., increment its receive state variable) the SR_| message causing the sequence error, or any SR _| message
that may follow, until an SR_| message with the correct N(S) is received.
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A BBW device that receives one or more valid SR_| messages having sequence errors or subsequent super-
visory messages (i.e., SR_RR, SR_RNR, or SR_SREJ) shall accept the N(R) field and the P or F bit to perform
data link control functions (e.g., to receive acknowledgement of previously transmitted SR_| messages and to
cause the BBW to respond with the P bit set to 1).

The means specified in 5.5.6.3.2 and 5.5.6.3.3 shall be available for initiating the retransmission of lost or er-
rored SR _| messages following the occurrence of an N(S) sequence error condition.

5.5.6.3.2 SR_SREJ recovery

The SR_SREJ message shall be used to initiate more efficient error recovery by selectively requesting the re-
transmission of one or more, not necessarily contiguous, lost or errored SR_I message(s) following the detec-
tion of dequence errors, rather than requesting the refransmission of all SR_Tmessages. When a BBW rEceives

an out-pf-sequence message, the SR_| message shall be saved in a receive buffer. The SR_I message shall
be deliyered to the upper layer only when all SR_|I messages numbered below N(S) are correctlyrecgived. If
message number N(S)-1 has not been received previously, then an SR_SREJ response message with the F
bit set fo 0 shall be transmitted containing the sequence numbers of the block of consecutive missirjg SR_|
messages ending at N(S)-1. On receiving such an SR_SREJ message the BBW device shall retransmijt all re-
quested SR_| messages. After retransmitting these SR_| messages, the BBW may ‘transmit new SR| | mes-
sages, |f they become available.

When g BBW receives a command message with the P bit set to 1, if there are-out-of-sequence SR_I| messag-
es saved in the receive buffer, it shall transmit an SR_SREJ message, with thé F bit set to 1, containing|a com-
plete ligst of missing sequence numbers. The BBW that receives the SR/SREJ message shall retrarfsmit all
requesied SR_I messages, except those that were transmitted subsequent to the last command messdge with
the P bjt set to 1.

5.5.6.3{3 Time-out recovery

If a BBW, due to a transmission error, does not receiveor receives and discards, a single SR_| message or
the lasf SR_| message in a sequence of SR_| messages, it shall not detect a N(S) sequence error condition
and, therefore, shall not transmit an SR_SREJ message.

The BHW that transmitted the unacknowledged SR _| message(s) shall, following the completion of a|system
specifigd time-out period (see 6.3.5.2 and 6:375.10), send a supervisory command message (i.e., SR_RR or
SR_RNR) with the P bit set to 1. SR_| messages shall be retransmitted on the receipt of an SR_RR response
message with the F bit set to 1 or an-SR”SREJ message.

5.5.6.3/4 Invalid message condition

Any mgssage that is invalid shall be discarded, and no action is taken as the result of that message. An invalid
message is defined as onethat contains:

a) the BBW_Header.defined (see table 8) with an invalid encoding; or

b) the SR_Header defined (see table 12) with an invalid encoding.

5.5.6.3]5 Message rejection condition

A message’rejection condition is established upon the receipt of an error-free message with one of the condi-
tions listed in 5.5.5.9. At the BBW, this message rejection exception condition is reported by an SR_FRMR re-
sponse for an appropriate BBW action. Once a BBW has established an exception condition, no additional
SR_I messages shall be accepted until the condition is reset by the remote BBW, except for examination of the
P bit. The SR_FRMR response may be repeated at each opportunity as described in 6.3.7.3, until recovery is
effected by the remote BBW, or until the BBW initiates its own recovery in case the remote BBW does not re-
spond.
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6 SR

— 49—

and SFC Protocol Procedures

6.1 Applicability

This clause only applies to FC-BB-3_ATM and FC-BB-3_SONET.
The SR protocol is described in 6.2 and 6.3, and the SFC protocol in 6.4.

6.2 SR protocol overview

The Selective Retransmission (SR) protocol is an efficient sliding window link-layer full-duplex protocol that

suppo

s both the flow control and error recovery functions. SR has been adopted from ITU’s Link Acc

ss Pro-

tocol B

(LAPB), that was derived from ISO/IEC’s High-level Data Link Control (HDLC) balanced class

of LAPB in SR is limited to a subset of the synchronous modulo 32 768 super sequence numbering

option.

SR wortks between two BBW devices (see figure 8). SR flow control works by streaming, multiple mg

within g
more m
for reqy

changes are not visible to the SR flow control protocol which sees the BBW messages constructed fi
nes.

FC fran

Some |

n allowed window, bounded by the system parameter k, and awaits acknowledgemehts before §
essages. Acknowledgements indicate which messages were correctly received-and there is a p
esting retransmission of selected messages in the current window. Fibre Channel Sequences

BBW

Protocol

ATM/SONET
Network Interface

Flow Control N T LI Flow Control

BBW

Protocol

ATM/SONET

| Network Interface |

ATM/ SONET

Network

Figure 8 — SR flow control protocol between two BBWs

engefits of the SR protocol are summarized below:

ps. Use
service

ssages
bending
ovision
and Ex-
om the

a) it
b) it

c) it

is used for reliable transport of all Class 2, 3, 4, and F frames between two BBW devices;

synchronizes the BBW Sender and the BBW Receiver at the BBW message level;

optimizes buffer management at the BBW devices;

d) it acts as a congestion avoidance technique to match the capacity of the sender to the capacity of the
network that carries the payload;

e) it

ensures correct delivery of messages (i.e., an error control and recovery function); and

f) it provides a continuous stream of traffic across the WAN thus leading to a higher throughput (i.e., opti-
mizes bandwidth utilization at each BBW device).
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The nine different SR messages listed in table 15 have a correspondence to the LAPB frame types. Note that
only the information transfer SR_I message is flow-controlled while all other messages are control messages
of the protocol.

The SR protocol specifies the maximum number (k) of outstanding messages at any given time. k is a system
parameter that is not negotiated and is fixed in a given implementation. The value of this system parameter
depends on the WAN delay characteristics and the number of buffers available. Typically, the value of k is ex-
pected to be far below the maximum number of 32 767.

The following subclauses describe the SR protocol procedures and reference the different message fields dis-
cussed in clause 5.

6.3 Description of the SR procedure

6.3.1

The SH protocol shall be limited to a subset of the synchronous modulo 32768 super sequenéésnumberjng ser-
vice option operation of the LAPB protocol. See 5.5 for a description of the SR BBW message formgts. The
etting command employed to initialize (i.e., set-up) or reset the protocol is the SR” SM command.

SR mode of operation

SR procedure for the use of the P/F bit

receiving an SR_SM, SR_DISC, supervisory command (i:e., SR_RR, SR_RNR, SR_SREJ), pr SR_|
message with the P bit set to 1 shall set the F bit to 1 in the next response message it transmits.

The regponse message returned by the BBW to an SR_SM.0r'SR_DISC command with the P bit set tq 1 shall
be an §R_UA or SR_DM response with the F bit set to 1

The regponse message returned by the BBW to an SR_| message with the P bit set to 1, received in the infor-
mation transfer state, shall be an SR_RR, SR_SREJ, SR_RNR, or SR_FRMR response with the F bit $et to 1.

The regponse message returned by the BBWoa supervisory command with the P bit set to 1, received in the
informdtion transfer state, shall be an SR_RR, SR_RNR, SR_SREJ or SR_FRMR response with the K bit set
to 1.

The regponse message returned bythe BBW to an SR_| message or supervisory message with the R bit set
to 1, regeived in the disconnected state, shall be an SR_DM response with the F bit set to 1.

The P bit may be used by the:BBW in conjunction with the timer recovery condition (see 6.3.5.10).
6.3.4 [SR procedure for,data link set-up and disconnection
6.3.4.1| Data link set-up

JW shall.indicate to the SR protocol layer that it is able to set up the data link after it has provisigned an

Either B s —Rrig a o - 2 a
disconnection (see 6.3.4.3) for the purpose of ensuring that both BBW devices are in the same state. A BBW
may also transmit an unsolicited SR_DM response to request the remote BBW to initiate data link set-up.

ritiate-d irk-set-up—Priorto-initiation-of-datalink-set-up—either BBW-may-initiate-data link

The BBW shall initiate data link set-up by transmitting an SR_SM command. If, upon correct receipt of the
SR_SM command, the BBW device determines that it may enter the information transfer state, it shall return
an SR_UA response to the sender, reset its send and receive state variables V(S) and V(R) to zero and shall
consider that the link is set up.

If, upon receipt of the SR_SM command, the BBW device determines that it cannot enter the information trans-
fer state, it shall return an SR_DM response as a denial to the link set up initialization and shall consider that
the data link is not set up. In order to avoid misinterpretation of the SR_DM response received, it is suggested
that the BBW always send its SR_SM command with the P bit set to 1. Otherwise, it is not possible to differen-
tiate an SR_DM response intended as a denial to data link set up from an SR_DM response that is issued in
a separate unsolicited sense as a request for a mode-setting command as described in 6.3.4.4.2.
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The BBW device shall initiate link set up by transmitting an SR_SM command and starting its timer T1 in order
to determine when too much time has elapsed waiting for a reply (see 6.3.8.1). Upon reception of an SR_UA
response, the BBW shall reset its send and receive state variables V(S) and V(R) to zero, shall stop its timer
T1, and shall consider that the link is set up. Upon reception of an SR_DM response as a denial to the link
set-up initialization, the BBW shall stop its timer T1 and shall consider that the link is not set up.

The BBW having sent the SR_SM command, shall ignore and discard any messages except an SR_SM, or
SR_DISC command, or an SR_UA or SR_DM response received from the remote BBW. The receipt of an
SR_SM or SR_DISC command results in a collision situation that is resolved per 6.3.4.5. Messages other than
the SR_UA and the SR_DM responses sent in response to a received SR_SM or SM_DISC command shall be
sent only after the link is set up and if no outstanding SR_SM command exists.

After the BBW sends the SR_SM command, if an SR_UA or SR_DM response is not received correctly, timer
T1 shalf run out in the BBW. The BBW shall then resend the SR_SM command and shall restart timer T|1. After
transmission of the SR_SM command N2 times by the BBW, appropriate higher layer recovery action shall be
initiated. The value of N2 is defined in 6.3.8.3.

6.3.4.2| Information transfer state

After having transmitted the SR_UA response to the SR_SM command or having received the SR |UA re-
sponse|to a transmitted SR_SM command, the BBW shall accept and transmitl SR_| messages and supervi-
ssages (i.e., SR_RR, SR_RNR, and SR_SREJ) according to the procedures defined in 6.3.5.

ceiving the SR_SM command while in the information transfer,phase, the BBW shall conform to the
data link resetting procedure described in 6.3.7.

6.3.4.3| Data link disconnection

The BBW shall initiate a disconnect of the link by transmitting’an SR_DISC command. On correctly rgceiving
an SR |DISC command while in the information transfer.state, the BBW shall send an SR_UA respoijse and
enter the disconnected state. On correctly receiving an\SR_DISC command in the disconnected state| the re-
mote BBW shall send an SR_DM response and remain in the disconnected state. In order to avoid njisinter-
pretatidn of the SR_DM response received, it is_suggested that the BBW always send its SR_DISC command
with thg P bit set to 1. Otherwise, it is not possible to differentiate an SR_DM response intended as an indlication
that thg device is already in the disconnected'state from an SR_DM response that is issued in a sepafate un-
solicited sense as a request for a modexsetting command (i.e., SR_SM) as described in 6.3.4.4.2.

shall initiate a disconneetof the data link by transmitting an SR_DISC command and starting its timer
T1 (see 6.3.8.1). Upon reception-of an SR_UA response from the remote BBW, the BBW shall stop ifs timer
T1 and|shall enter the disconnected state. Upon reception of an SR_DM response from the remote BBW as
an indigation that the remote'BBW was already in the disconnected state, the BBW shall stop its timer|{T1 and
shall enter the disconnected state.

The BHW having-sént the SR_DISC command shall ignore and discard any messages except an SRl SM or
SR_DI$C command, or an SR_UA or SR_DM response received from the remote BBW. The receipt of an
SR_SM or SR*DISC command from the remote BBW shall result in a collision situation that is resolyed per

After the BBW sends the SR_DISC command, if an SR_UA or SR_DM response is not received correctly, timer
T1 shall run out in the BBW. The BBW shall then resend the SR_DISC command and shall restart timer T1.
After transmission of the SR_DISC command N2 times by the BBW, appropriate higher layer recovery action
shall be initiated. The value of N2 is defined in 6.3.8.3.

6.3.4.4 Disconnected state

6.3.4.4.1 Procedure 1

After having received an SR_DISC command from the remote BBW and returned an SR_UA response to the
remote BBW, or having received the SR_UA response to a transmitted SR_DISC command, the BBW shall
enter the disconnected state.

In the disconnected state, the BBW may initiate data link set-up. In the disconnected state, the BBW shall react
to the receipt of an SR_SM command as described in 6.3.4.1, and shall transmit an SR_DM response in an-
swer to a received SR_DISC command. When receiving any other command, defined or undefined, with the P
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bit set to 1, the BBW shall transmit an SR_DM response with the F bit set to 1. Other messages received while
in the disconnected state shall be ignored by the BBW.

6.3.4.4.2 Procedure 2

When the BBW enters the disconnected state after detecting error conditions as listed in 6.3.6, or after an in-
ternal malfunction, it may indicate this by sending an SR_DM response rather than an SR_DISC command. In
these cases, the BBW shall transmit an SR_DM response and start its timer T1 (see 6.3.8.1).

If timer T1 runs out before the reception of an SR_SM or SR_DISC command from the remote BBW, the BBW

shall retransmit the SR_DM response and restart timer T1. After retransmission of the SR_DM response N2

times, the BBW shall remain in the disconnected state and appropriate recovery actions shall be initiated. The

value o[ N2 is defined in 6.3.8.3.
a

Alternatively, after an internal malfunction, the BBW may either initiate a data link resetting proceddre (see
6.3.7) gr disconnect the data link (see 6.3.4.3) prior to initiating a data link set-up procedure (see-6.3.4.1).

6.3.4.5| Collision of unnumbered commands

6.3.4.5|1 Procedure 1

If the spnt and received unnumbered commands are the same, the BBWs shall.each send the SR |UA re-
sponse|at the earliest possible opportunity. The BBW shall enter the indicated state either:

a)
b)

after receiving the SR_UA response;
after sending the SR_UA response; or
c) after timing out waiting for the SR_UA response having sent-an SR_UA response.

In the dase of item b) above, the BBW shall accept a subsequent SR_UA response to the mode-setting com-
mand if issued without causing an exception condition if-received within the time-out interval.

6.3.4.5/2 Procedure 2

If the sent and received unnumbered commands are different, the BBWs shall each enter the discopnected
state and issue an SR_DM response at the eatliest possible opportunity.

6.3.4.6( Collision of SR_DM response.with SR_SM or SR_DISC command

When gn SR_DM response is issued;by the BBW as an unsolicited response to request the remote BBW to
issue almode-setting command as described in 6.3.4.4, a collision between an SR_SM or SR_DISC command
and thq unsolicited SR_DM response may occur. In order to avoid misinterpretation of the SR_DM response
received, the remote BBW _ajways sends its SR_SM or SR_DISC command with the P bit set to 1.

6.3.4.7| Collision of SR_DM responses

A contgntion situation 'may occur when both the BBWs issue an SR_DM response. In this case, eithér BBW
may isque an SR)SM command to resolve the contention situation.

6.3.5 Procedures for information transfer using multi-selective reject

6.3.5.1 LProceduresfor-SR—IHmessages

The procedures that apply to the transmission of SR_| messages in each direction during the information trans-
fer phase using multi-selective reject are described below.

6.3.5.2 Sending new SR_| messages

When the BBW has a new SR_| message to transmit (i.e., an SR_| message not already transmitted), it shall
transmit it with a N(S) equal to its current send state variable V(S), and a N(R) equal to its current receive state
variable V(R). At the end of the transmission of the SR_| message, it shall increment its send state variable
V(S) by 1.

If the BBW timer T1 is not running at the time of transmission of the SR_| message, it shall be started.

If the BBW send state variable V(S) is equal to the last value N(R) received plus k, where k is the maximum
number of outstanding SR_I frames (see 6.3.8.4), the BBW shall not transmit any new SR_I frames.

If the remote BBW is busy, the BBW shall not transmit any new SR_| messages.
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When the BBW is in the busy condition, it may still transmit SR_| messages, provided that the remote BBW is
not busy.

6.3.5.3

Receiving an in-sequence SR_I message

When the BBW is not in a busy condition and receives a valid SR_| message whose send sequence number
N(S) is equal to its receive state variable V(R), the BBW shall accept the information field of this message and
increment by one the receive state variable V(R). If the SR_I message, whose N(S) is equal to the incremented
value of V(R), is present in the receive buffer, then the BBW shall remove it from the receive buffer, deliver it
to the upper layer and increment V(R) by one. The BBW shall repeat this procedure until V(R) reaches a value
such that the SR_I message whose N(S) is equal to V(R) is not present in the receive buffer. The BBW shall

then ta

e ane of the followina actions:
~J

if
\
f

a)

b)

—

W
m

6.3.5.4
When t

6.3.5.5

When t
N(S) is
lowing
a) fff
th

b) if
b

1

message with the'F bit set to 1, as specified in 6.3.5.12; or

the BBW is now in the busy condition, it shall transmit an SR_RNR message with N(R).equ3
hlue of the BBW receive variable V(R) (see 6.3.5.9); or

the BBW is still not in a busy condition:
if the P bit is set to 1, then the BBW shall transmit a response message with/the F bit set
specified in 6.3.5.12;

if an SR_| message is available for transmission as specified in 6.3.8.4, the BBW shall act as des
6.3.5.2, sending new SR_I| messages and acknowledging the received SR-1 message by setting N(§
SR_Header field of the next transmitted SR_| message to the value of the”"BBW receive state variable
the BBW shall acknowledge the received SR_I message by transmitting an SR_RR message with {
equal to the value of the BBW receive state variable V(R); or

the BBW shall transmit an SR_RR message with N(R) equal‘\to the value of the BBW receive state
V(R).

hen the BBW is in a busy condition, it may ignore.the information field contained in any receive
pssage.

Reception of invalid messages
he BBW receives an invalid message (see 5.5.6.3.4), it shall discard the message.
Reception of out-of-sequence SR! | messages

he BBW is not in a busy condition*and it receives a valid SR_I message whose send sequence
out-of-sequence, (i.e., not equal to the receive state variable V(R)), then it shall perform one of
bctions:

N(S) is less than V(R)or greater than or equal to V(R) + k, then it shall discard the information
e SR_| message.'If the P bit of the SR_| message is set to 1, then the BBW shall transmit a re

N(S) is greater than V(R) and less than V(R) + k, then it shall save the SR_I message in the
uffer. It.shall then perform one of the following actions:

itthe P bit of the SR_| message is set to 1, then the BBW shall transmit a response messg

| to the

o1, as

ribed in
R) in the
V(R), or
he N(R)

variable

d SR |

humber
the fol-

field of
sponse

receive

ge with

the E bit set to 17 as cpnr\ifinr‘l in635 1’);

2)

receive variable V(R), as specified in 6.3.5.9; or

if the BBW is now in a busy condition, it shall transmit an SR_RNR message with N(R) equal to the value of the

if the SR_| message numbered N(S)-1 has not yet been received, then the BBW shall transmit an SR_SREJ re-
sponse message with the F bit set to 0. The BBW shall create a list of contiguous sequence numbers N(X),
N(X)+1, N(X)+2,..., N(S)-1, where N(X) is greater than or equal to V(R) and none of the SR_I messages N(X) to
N(S)-1 have been received. The N(R) field of the SR_SREJ message shall be set to N(X) and the information
field set to the list N(X)+1,...,N(S)-1. If the list of sequence numbers is too large to fit into the information field of

the SR_SREJ message, then the list shall be truncated to fit in one SR_SREJ message, by including
earliest sequence numbers.

only the

When the BBW is in the busy condition, it may ignore the information field contained in any received SR_| mes-

sage.
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6.3.5.6 Receiving acknowledgement

When correctly receiving an SR_| message or a supervisory message (i.e., SR_RR, SR_RNR, or SR_SREJ
with the F bit set to 1), even in the busy condition, the BBW shall consider the N(R) contained in this message
as an acknowledgement for all the SR_I messages it has transmitted with a N(S) up to and including the re-
ceived N(R)-1. The BBW shall stop the timer T1 if the received supervisory message has the F bit set to 1 or
if there is no outstanding poll condition and the N(R) is higher than the last received N(R), actually acknowl-
edging some SR_| messages.

If timer T1 has been stopped by the receipt of an SR _| message, an SR_RR command message, an SR_RR
response message with the F bit set to 0, or an SR_RNR message, and if there are outstanding SR _| messag-
es still unacknowledged. the BBW shall restart timer T1. If timer T1 has been stopped by the receipt of an
SR_SHEJ message with the F bit set to 1, the BBW shall follow the retransmission procedure spegified in
6.3.5.7]2. If timer T1 has been stopped by the receipt of an SR_RR message with the F bit set te.1; tHe BBW
shall follow the retransmission procedure specified in 6.3.5.11.

6.3.5.7| Receiving an SR_SREJ response message

6.3.5.7]1 Receiving an SR_SREJ response message with the F bit set to 0

When receiving an SR_SREJ response message with the F bit set to 0, the BBW shall retransmit all SR]_| mes-
sages, Wwhose sequence numbers are indicated in the N(R) field and the information field of the SR_SREJ mes-
sage, i the order specified in the SR_SREJ message. Retransmission shall.conform to the following:

a) iflthe BBW is transmitting a supervisory or SR_| message whenlit receives the SR_SREJ mespage, it

hall complete that transmission before commencing transmissjon of the requested SR_| messdges;

n

b) iff the BBW is transmitting an unnumbered command ,or'.response message when it receiyes the

R_SREJ message, it shall ignore the request for retranSmission; or

N =

c) iffthe BBW is not transmitting any message when itreceives the SR_SREJ message, it shall compimence
transmission of the requested SR_| messages immediately.

If therelis no outstanding poll condition, then a poll-shall be sent, either by transmitting an SR_RR command,
or SR_RNR command if the BBW is in the busy condition, with the P bit set to 1 or by setting the P bjt in the
last retfansmitted SR_| message and timer.J1 shall be restarted.

If therelis an outstanding poll condition, then timer T1 shall not be restarted.

6.3.5.7{2 Receiving an SR_SREJ response message with the F bit set to 1

When receiving an SR_SREJ.résponse message with the F bit set to 1, the BBW shall retransmit all SR]_| mes-
sages, Wwhose sequence numbers are indicated in the N(R) field and the information field of the SR_SREJ mes-
sage, ih the order specified in the SR_SREJ message, except those messages that were sent after the
message with the P bit set to 1 was sent. Retransmission shall conform to the following:

a) iffthe BBW-js transmitting a supervisory message or SR_| message when it receives the SH_SREJ
:[essage, it'shall complete that transmission before commencing transmission of the requestgd SR_I
essages;

b)

flthe"BBW is transmitting an unnumbered command or response when it receives the SR_SRHEJ mes-
sage, it shall ignore the request for retransmission; or

c) if the BBW is not transmitting any message when it receives the SR_SREJ message, it shall commence
transmission of the requested SR_| messages immediately.

If any messages are retransmitted, then a poll shall be sent, either by transmitting an SR_RR command, or
SR_RNR command if the BBW is in the busy condition, with the P bit set to 1 or by setting the P bit in the last
retransmitted SR_I message.

timer T1 shall be restarted.

6.3.5.8 Receiving an SR_RNR message

After receiving an SR_RNR message, the BBW shall stop transmission of SR_| messages until an SR_RR or
SR_SREJ message is received.
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The BBW shall start timer T1, if necessary, as specified in 6.3.8.1.

When timer T1 runs out before receipt of a busy clearance indication, the BBW shall transmit a supervisory
message (i.e., SR_RR, SR_RNR), with the P bit set to 1 and shall restart timer T1, in order to determine if there
is any change in the receive status of the remote BBW. The remote BBW shall respond to the P bit set to 1 with
a supervisory response message (i.e., SR_RR, SR_RNR, SR_SREJ) with the F bit set to 1 indicating continu-
ation of the busy condition (i.e., SR_RNR message) or clearance of the busy condition (i.e., SR_RR,
SR_SREJ). Upon receipt of the remote BBW response, timer T1 shall be stopped. The BBW shall process the
supervisory response message as follows:

a) if the response is an SR_RR message, the busy condition shall be assumed to be cleared and the BBW

ay refransmit messages-as cpnnifind in6.3511 New SR | messages-may be transmitted as speci-

fied in 6.3.5.2;

b) if{the response is an SR_SREJ message, the busy condition shall be assumed to be cleared and the
BBW may retransmit messages as specified in 6.3.5.7.2. New SR_| messages may be tfansmijtted as
specified in 6.3.5.2; or

)
~

iflthe response is an SR_RNR message, the busy condition shall be assumed, tastill exist and the BBW,
fter a period of time (e.g., the duration of timer T1), shall repeat the enquiry\ef the remote BBW [receive
atus.

”n Q

If timer|T1 runs out before a status response is received, the enquiry process above shall be repeated. If N2
attempls to get a status response fail, the BBW shall initiate the link resetting procedure as described in 6.3.7.

If, at arly time during the enquiry process, an unsolicited SR_RR ¢r SR_SREJ message is received ffom the
remote|BBW, it shall be considered to be an indication of clearance of the busy condition. Should the linsolic-
ited SR_RR message be a command message with the P bitSet to 1, the appropriate response messdge with
the F bjt set to 1 shall be transmitted (see 6.3.5.12) beforé.thé BBW may resume transmission of SR| | mes-
sages. [The BBW shall not clear the outstanding poll condition. The BBW shall not stop timer T1. If an ynsolic-
ited SR_SREJ message is received, then the BBW shall’'perform retransmissions as specified in 6.3.5.7.1.

6.3.5.9( BBW busy condition

When the BBW enters a busy condition, it shall;transmit an SR_RNR message at the earliest opportunjty. The
SR_RNR message shall be a command frame with the P bit set to 1 if an acknowledged transfer of the busy
conditign indication is required, otherwise-the SR_RNR message may be a command or response mgssage.
While in the busy condition, the BBW-shall accept and process supervisory messages, accept and prodess the
N(R) figld of SR_I, SR_RR, and SR."SREJ messages with the F bit set to 1, and return an SR_RNR response
with thg F bit set to 1 if it receives a supervisory command or SR_| command message with the P bit get to 1.
Received SR_| messages may be discarded or saved as specified in 6.3.5.3 and 6.3.5.5, however, SH_RR or
SR_SREJ messages shall not be transmitted. To clear the busy condition, the BBW shall transmit an BR_RR
message, with the N(R)-field set to the current receive state variable V(R). The SR_RR message shgll be a
command message‘with the P bit set to 1 if an acknowledged transfer of the busy-to-non-busy transitign is re-
quired, [otherwise-the SR_RR message may be either a command or response message.

6.3.5.10 Awaiting acknowledgement

If the timerd 1 runs out while waiting for the acknowledgement of an SR_| message from the remote BBW, the
BBW shall restart timer T1 and transmit an appropriate supervisory command message (i.e., SR_RR,
SR_RNR) with the P bit set to 1. The BBW may transmit new SR_| messages after sending this enquiry mes-
sage.

If the BBW receives an SR_SREJ response message with the F bit set to 1, the BBW shall restart timer T1 and
retransmit SR_| messages as specified in 6.3.5.7.2.

If the BBW receives an SR_SREJ response message with the F bit set to 0, the BBW shall retransmit SR _|
messages as specified in 6.3.5.7.2.

If the BBW receives an SR_RR response message with the F bit set to 1, the BBW shall restart timer T1 and
retransmit SR_| messages as specified in 6.3.5.11.

If the BBW receives an SR_RR response message with the F bit set to 0, or an SR_RR command message or
SR_I| message with the P bit set to 0 or 1, the BBW shall not restart timer T1, but shall use the received N(R)
as an indication of acknowledgement of transmitted SR_I messages up to and including SR_| message num-
bered N(R)-1.
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If timer T1 runs out before a supervisory response message with the F bit set to 1 is received, the BBW shall
retransmit an appropriate supervisory command message (i.e., SR_RR, SR_RNR) with the P bit set to 1. After
N2 such attempts, the BBW shall initiate the link resetting procedure as described in 6.3.7.

6.3.5.11 Receiving an SR_RR response messages with the F bit set to 1

When receiving an SR_RR response message with the F bit set to 1, the BBW shall process the N(R) field as
specified in 6.3.5.6. If there are outstanding SR_| messages that are unacknowledged and no new SR_| mes-
sages have been transmitted subsequent to the last message with the P bit set to 1, then the BBW shall re-
transmit all outstanding SR_I messages except those that were sent after the message with the P bit set to 1
was sent. Retransmission shall conform to the following:

a) ifithe BBW is transmitting a supervisory or SR_| message when it receives the SR_RR message| it shall
cpmplete that transmission before commencing transmission of the requested SR_| messages;

b) if{the BBW is transmitting an unnumbered command or response when it receives the SR_RR mes-
spge, it shall ignore the request for retransmission; or

c) iffthe BBW is not transmitting any message when it receives the SR_RR message, it shall compmence
transmission of the requested SR_| messages immediately.

If any messages are retransmitted, then a poll shall be sent, either by transtitting an SR_RR comniand, or
SR_RNR command if the BBW is in the busy condition, with the P bit set tod-or by setting the P bit in [the last
retransmitted SR_I message.

The timer T1 shall be stopped. If any SR_I messages are outstanding,then timer T1 shall be started.

6.3.5.12 Responding to command messages with the P bit_set to 1

When receiving an SR_RR, SR_RNR, or SR_I command message with the P bit set to 1, the BBW shgll gen-
erate ap appropriate response message as follows:

a) iffthe BBW is in the busy condition, it shall transmit an SR_RNR response message with the F bjit set to
1

b)

iflthere are some out-of-sequence messages in the receive buffer, then it shall transmit an SH_SREJ
nmessage with the F bit set to 1; N(R)-shall be set to the receive state variable V(R) and the infoymation
field set to the sequence numbers.of all missing SR_| messages, except V(R). If the list of seguence
numbers is too large to fit in thetinformation field of the SR_SREJ message, then the list shall be trun-
cpted by including only the-earliest sequence numbers; or

c) iflthere are no out-of-sequence messages in the receive buffer, then an SR_RR response messdge with
the F bit set to 1 shall)be sent.

6.3.6 SR conditions for data link resetting or data link re-initialization

6.3.6.1| Condition 1

When @ BBWreceives, during the information transfer state, a message that is not valid (see 5.5.6.3/4) with
one of fhe.¢onditions listed in 5.5.5.9, the BBW shall request the remote BBW to initiate a data link r¢setting
procedure by transmitting an SR_FRMR response to the remote BBW as described in 6.3.7.3.

6.3.6.2 Condition 2

When the BBW receives, during the information transfer state, an SR_FRMR response from the remote BBW,
the BBW shall either initiate the data link resetting procedures itself as described in 6.3.7.2 or return an SR_DM
response to ask the remote BBW to initiate the data link set-up (i.e., initialization) procedure as described in
6.3.4.1. After transmitting an SR_DM response, the BBW shall enter the disconnected state as described in
6.3.4.4.2.

6.3.6.3 Condition 3

When the BBW receives, during the information transfer state, an SR_UA response, or an unsolicited response
with the F bit set to 1, the BBW may either initiate the data link resetting procedures itself as described in
6.3.7.2, or return an SR_DM response to ask the remote BBW to initiate the data link set-up (i.e., initialization)
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procedure as described in 6.3.4.1. After transmitting an SR_DM response, the BBW shall enter the disconnect-
ed state as described in 6.3.4.4.2.

6.3.6.4 Condition 4

When the BBW receives, during the information transfer state, an SR_DM response from the remote BBW, the
BBW shall either initiate the data link set-up (i.e., initialization) procedure as described in 6.3.4.1, or return an
SR_DM response to ask the remote BBW to initiate the data link set-up (i.e., initialization) procedures as de-
scribed in 6.3.4.1. After transmitting an SR_DM response, the BBW shall enter the disconnected state as de-
scribed in 6.3.4.4.2.

6.3.7 SR procedures for data link resetting

6.3.7.1| Overview

The dafa link resetting procedures are used to initialize both directions of information transfef.| The data link
resetting procedures only apply during the information transfer state.

6.3.7.2| Procedure 1

Either BBW may initiate a data link reset procedure. The data link reset procedure 'indicates a cleararce of a
BBW and/or remote BBW busy condition, if present.

The remote BBW shall initiate a data link resetting by transmitting an SR_SiVieommand to the BBW. |f, upon
correctreceipt of the SR_SM command, the BBW determines that it is able to*Continue in the informatioh trans-
, it shall return an SR_UA response to the remote BBW, shall reset its send and receive state variables
V(S) and V(R) to zero, and shall remain in the information transfer state. If, upon the receipt of the BR_SM
command, the BBW determines that it cannot remain in the information transfer state, it shall return an §R_DM
responge as a denial to the resetting request and shall enter the disconnected state.

The BBW shall initiate a data link resetting by transmitting an SR_SM command to the remote BBW ard start-
ing its fimer T1 (see 6.3.8.1). Upon reception of an SR.UA response from the remote BBW, the BBWW shall
reset it$ send and receive state variables V(S) and V(R) to zero, shall stop its timer T1, and shall remain in the
informgtion transfer state. Upon reception of an SR-DM response from the remote BBW as a denial to the data
link resptting request, the BBW shall stop its timer T1 and shall enter the disconnected state.

, having sent an SR_SM command'shall ignore and discard any messages received from the|remote
BBW except an SR_SM or SR_DISC command, or an SR_UA or SR_DM response. The receipt of an R_SM
_PISC command from the remoteBBW shall result in a collision situation that is resolved per .3.4.5.
Messages other than the SR_UA.of SR_DM response sent in response to a received SR_SM or SR _DISC
command shall be sent only after the data link is reset and if no outstanding SR_SM command exists.

After the BBW sends the SR \SM command, if an SR_UA or SR_DM response is not received correctly, timer
T1 shall run out in the BBW.)The BBW shall then resend the SR_SM command and shall restart timer T|1. After
N2 attempts to reset the.data link, the BBW shall initiate appropriate higher layer recovery action and shall enter
the dis¢onnected state* The value of N2 is defined in 6.3.8.3.

6.3.7.3| Procedure 2

may ask the remote BBW to reset the data link by transmitting an SR_FRMR response (see §.3.6.1).
After transtnitting an SR_FRMR response, the BBW shall enter the message rejection condition.

The message rejection condition is cleared when the BBW receives an SR_SM command, an SR_DISC com-
mand, an SR_FRMR response, or an SR_DM response; or if the BBW transmits an SR_SM command, an
SR_DISC command, or an SR_DM response. Other commands received while in the message rejection con-
dition shall cause the BBW to retransmit the SR_FRMR response with the same information field as originally
transmitted.

The BBW may start timer T1 on transmission of the SR_FRMR response. If timer T1 runs out before the mes-
sage rejection condition is cleared, the BBW may retransmit the SR_FRMR response, and restart T1. After N2
attempts (i.e., time outs) to get the remote BBW to reset the data link, the BBW may reset the data link itself
as described in 6.3.7.2. The value of N2 is defined in 6.3.8.3.

In the message rejection condition, SR_| messages and supervisory messages shall not be transmitted by the
BBW. Also, the BBW shall ignore and discard the N(S) and information fields of any received SR_| messages
and the N(R) fields of any received SR_| messages and supervisory messages. When an additional SR_FRMR
response is transmitted by the BBW as a result of the receipt of a command message while timer T1 is running,
timer T1 shall continue to run. Upon reception of an SR_FRMR response, even during a message rejection
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condition, the BBW shall initiate a resetting procedure by transmitting an SR_SM command as described in
6.3.7.2, or shall transmit an SR_DM response to ask the remote BBW to initiate the data link set-up procedure
as described in 6.3.4.1, and enter the disconnected state.

6.3.8
6.3.8.1

List of SR system parameters

Timer T1

The same value of the timer T1 shall be made known and agreed to by all BBWs.

The period of timer T1, at the end of which retransmission of a message may be initiated (see 6.3.4 and 6.3.5),
shall take into account whether T1 is started at the beginning or the end of the transmission of a message.
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6.3.8.3
The sa

tween transmission of a message (i.e., SR_SM, SR_DISC, SR_|I, or supervisory command; or

FRMR response) and the reception of the corresponding message returned as an answer-to th
e., SR_UA, SR_DM, or acknowledging message). Therefore, the receiver should net delay
or acknowledging message returned to one of the above messages by more than 'a'value T2
system parameter (see 6.3.8.2).

W shall not delay the response or acknowledging message returned to one 'of the above remo
es by more than a period T2.

Parameter T2
me value of the parameter T2 shall be made known and agreed to)by all BBWs.

riod of parameter T2 shall indicate the amount of time available at the BBW before the acknow

parameter T2 < timer T1).

[iod of parameter T2 shall take into account the following timing factors:

e transmission time of the acknowledging mgssage;

e propagation time over the access link;
e stated processing times at the BBWs; and

e time to complete the transmission of the message(s) in the BBW transmit queue that are neit|
aceable nor modifiable in.anerderly manner.

value for timer T1 forthe BBWs, the value of parameter T2 shall be no larger than T1 minus
bagation time overthe access data link, minus the message processing time at the BBW, mi
e processing timejat the remote BBW, and minus the transmission time of the acknowledging m
BBW.

C provides\guidelines for tuning the SR protocol parameters.

Maximum number of attempts to complete a transmission N2

ne.vValue of the N2 system parameter shall be made known and agreed to by the BBWsS.

per operation of the procedure requires that the transmitter’s timer T1 be greater than the /maximum

S5R_DM
At mes-
the re-

where

e BBW

ledging

e shall be initiated in order to ensure its receipt by the remote BBW, prior to timer T1 running olt at the

her dis-

? times
nus the
essage

The value of N2 shall indicate the maximum number of attempts made by the BBW to complete the successful

transmi

6.3.8.4

ssion of a message to the remote BBW.

Maximum number of outstanding SR_I messages k

The same value of the k system parameter shall be made known and agreed to by the BBWs.

The value of k shall indicate the maximum number of sequentially numbered SR_I messages that the BBWs
may have outstanding (i.e., unacknowledged) at any given time. The value of k shall never exceed 32767 for
modulo 32768 operation.

NOTE 7 - Annex C provides guidelines for selecting appropriate values of k and message size to maximize

th

e efficiency of links with long propagation delays.
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6.4 Simple Flow Control (SFC)

Simple Flow Control (SFC) is a mechanism that requests the remote BBW from pausing transmission for a time
period defined by the number of time units in the PAUSE bytes of the BBW_Header. Each time unit corre-
sponds to the transmission time for 512 bits (i.e., 64 bytes). A zero value in the PAUSE bytes indicates that the
remote BBW does not need to pause transmission, the effect is the same as non-use of flow control. If a sub-
sequent message is received with the PAUSE field set to a different value, then the pause time is reset to this
new value.

Use of SFC is optional and may result in the remote BBW in simply ignoring the PAUSE bytes. In this case,
pausing is not accomplished.
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7 FC-BB-3_ATM Structure and Concepts
7.1 Applicability

Clause 4 discusses the FC-BB-3_ATM reference model. Clause 5 describes the required messages and
clause 6 describes the flow control mechanisms applicable to FC-BB-3_ATM. This clause discusses the
FC-BB-3_ATM functional model.

7.2 FC-BB-3_ATM overview

Figure 9 shows a network configuration consisting of three FC-BB-3_ATM devices. FC-BB-3_ATM is a Fibre
Channegl backbone transport protocol that tunnels AALS5 encapsulated FC frames across the ATM network. An
FC-BB{3_ATM device has interfaces to both the ATM and the FC network. The FC network interface sppports
multiplg B_Ports (see figure 11). The model applies equally to both private or public ATM networks.
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Figure 9 — FC-BB-3_ATM network configuration

FC-BB{3_ATM devices that support B_Port do not require FC switching. The FC-BB-3_ATM protocol provides
mechaiisms {oCreate B_Access connectivity over the ATM network.

FC-BB{3 ATM protocol commun|cat|on occurs between pairs of FC BB-3_ATM devices overwrtual comstructs
(i.e., Fd
tween pairs of FC BB-3_ATM devices, a single FC-BB-3_ATM device may communicate with more than one
device at the same time.

NOTE 8 - The current scheme allows a single FC-BB-3_ATM device to independently connect to more than
one FC-BB-3_ATM device, but does not specify a point-to-multipoint connection.

The FC-BB-3_ATM protocol creates BBW messages that consist of an 8-byte LLC/SNAP Header and an
4-byte BBW_Header followed by the BBW message payload. The specific format and content of the BBW mes-
sage payload depends on the type of flow control protocol used. The BBW message payload carries byte-en-
coded SOF/EOF delimited Class 2, 3, 4, or F FC frames.

The BBW messages are encapsulated in ATM Adaptation Layer 5 (AAL5) format for carriage over the ATM
network. The AAL5-encapsulated BBW messages are segmented into ATM cells and routed to the proper des-
tination ATM address. FC-BB-3_ATM does not interpret the data content of the FC frames other than capturing
and retaining their SOF/EOF identities in the encapsulated FC frame. As such, FC Sequences and Exchanges
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are not visible to the FC-BB-3_ATM protocol. All AAL5 encapsulated FC frames are transparently transported
over the ATM network.

The LLC/SNAP Header indicates the payload type as Fibre Channel (see 5.2). The BBW_Header indicates the
type of flow control used (i.e., Selective Retransmission (SR), Simple Flow Control (SFC), or none). The SR
protocol makes the transport of FC frames between two FC-BB-3_ATMs reliable. The SR protocol supports
both flow control and error recovery functions. Use of the SR protocol is optional. When SR flow control is used,
the 4-byte BBW_Header is followed by a 4-byte SR _Header that is inserted at the beginning of the BBW mes-
sage payload. The SFC protocol provides a mechanism to temporarily pause the transmission of frames from
a remote BBW device. Use of the SFC protocol is optional. When SFC is used, the 4-byte BBW_Header is di-
rectly followed by the BBW message payload. No SFC header is prefixed or used. See 5.4 .

In-ordef delivery is guaranteed within the scope of an ATM Virtual Connection (VC) and frames are transmitted
from the FC-BB-3_ATM in the same order as they are received. The FC Entity is expected to speecify apd han-
dle all gther FC frame delivery ordering requirements.

FC-BB{3_ATM devices also exchange SW_ILS control information using Class F FC frames.These FC|frames
are endapsulated and tunneled in the same way as the incoming FC frames.

7.3 FC-BB-3_ATM B_Access functional model
7.31 rotocol layers

Figure [11 shows the B_Access functional model of an FC-BB-3_ATM device that consists of the B_Port FC
interfage, the ATM network interface, and the FC-BB-3_ATM interface.-The protocol layers at these inferfaces
are list¢d below:

a) B Port FC interface: FC-0, FC-1, and FC-2 Levels;
b) ATM network interface: PHY, ATM, and Adaptation Layers (i.e., AAL5 and SAAL); and

c) FC-BB-3_ATM interface: FC Entity and FCATM Entity protocol layers.

Figure [10 illustrates the protocol layers across these interfaces.
7.3.2 B_Port FC interface
The FJ-BB-3_ATM FC interface supports one or more B_Ports thus requires the support of the FC-(Q, FC-1,

and FCf2 levels. The B_Ports in genéral connect to different external FC switches, but connectivity to thHe same
FC swi{ch is also allowed.

B_Port$ are uniquely identified by an 8-byte B_Port_Name.
7.3.3 ATM network interface

The ATIM networksinterface includes the PHY, ATM, and Adaptation Layers. The basic FC-BB-3_ATIM refer-
ence mpdel supports one ATM port using different media types and/or different rates. The ATM Adaptation Lay-
er-5 (AAL5) s used for BBW message transport while SAAL Adaptation is used for ATM sianaling.

FC-BB{3_ATM may use either provisioned Permanent Virtual Circuit (PVC) or Switched Virtual Connection
(SVC) fotransport messages. SVC requires the use of the User Network Interface (UNI) Signaling Rrotocol
specifying the desired Service Category, QoS, and Traffic Parameters. Both Public UNI and Private UNI shall
be supported.

FC-BB-3_ATM uses Variable Bit Rate Non Real Time traffic (VBR-NRT) service. AALS5 is particularly well suit-
ed for carriage of VBR-NRT. VBR-NRT ATM service provides cell loss and bandwidth guarantees.

FC-BB-3_ATM recommends use of a single Virtual Circuit (VC). Use of additional VCs to address special traffic
QoS requirements is allowed but not recommended. If SR or SFC flow control is used, then flow control is sep-
arately applied to each VC.

FC-BB-3_ATM recommends allocating a minimum bandwidth for each VC that is used in order to avoid star-
vation. However, the service discipline prioritization for the VCs is implementation specific and beyond the
scope of this standard.
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FC-BB-3_ATM protocol interface

Major components

The FC-BB-3_ATM protocol interface is a point that has interfaces to the FC network on one side and the ATM
network on the other. In addition to the two network interfaces, it consists of the following major components:

a) F

C and FCATM Entities;

b) Control and Service Module (CSM); and

c) Platform Management Module (PMM).

7.3.4.2

The FQ
the FC
one or
the FC-

The FG
with the
encaps|

The FG

7.3.43

The FQ
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ponent
portal r
missior
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FCATM

There i
of FC f
FCATM

A B_Ag

FC Entity and FCATM Entity

Entity is the principal interface point to the FC network on one side and operates in combinat
ATM Entity to the ATM network on the other side. The primary functions of the FC Entity is to
more B_Access portals and to communicate with the FCATM Entity. The FC Entity layer lies b
2 level and the FCATM Entity layer as shown in figure 10.

ATM Entity is the principal interface point to the ATM network on one side and operates in com

Lulating, and forwarding AALS5 encapsulated FC frames across the ATM-network interface.
FCATM Entity pair interfaces with the CSM and the PMM throughan implementation defined in

FC Entity

FCATM Entity pair consists of one or more B_Access/FCATM_LEP pairs. A B_Access portal is
of the FC Entity that interfaces with the FCATM_LEP component of the FCATM Entity. The B _|
bceives FC frames from the B_Port and sends them to the FCATM_LEP for encapsulation an
on the ATM network. The B_Access portal mayalso exchange Class F control frames with the
ss portal via the FCATM_LEPs. There is a0one-to-one relationship between a B_Access portal
LEP. B_Access portals communicate via B_Access Virtual ISLs (see 7.3.5).

5 no switching and routing required in\the case of the B_Port functional model. However, the fon
rames across the B_Access/FCATM_LEP pair is still required. When multiple FCATM_DEs w
_LEP are in use, the selection of Wwhich FCATM_DE to use is decided by policies in the FCATM

cess portal is uniquely identified by an 8-byte B_Access_Name.
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Within an FC-BB-3_ATM device, each FC/FCATM Entity pair instance is uniquely identified by an 8-byte iden-

tifier called the FC/FCATM identifier. The FC/FCATM identifier uses the Name_Identifier format.

To/From FC switches

:

7344

The FC
AALS €
The FQ

The F(
FCATM
sulated

FC Entity layer

FCATM Entity layer

AALs

ATM

PHY

:

To/From ATM network

FC-0 ?
FC levels FC-1 FC interface
I |
FC-2 +

FCATM Entity — Components

spondi

a)

Receiver Portal: The access point through which an byte-encoded SOF/EOF delimited F(

enters an FCATM'_DE from the B_Access portal;

b)

Transmitter Portal: The access point through which a reconstituted byte-encoded SOF/EOF

Figure 10 — FC-BB-3_.ATM protocol layers

ATM_LEP is a component of the FCATM Entity that formats, encapsulates, flow controls, and fq
ncapsulated FC frames. AAL5 encapsulated FC frames are sent as ATM cells over the ATM n
ATM_LEP receives byte-encoded SOF/EOF delimited FC frames from its B_Access portal.

CATM Data Engine (FCATM}DE) is the data-forwarding component of the FCATM_LE
' DE handles all encapsulation, de-encapsulation, and transmission and reception of the AAL5
FC frames on the FCATM link. The FCATM_LEP contains one or more FCATM_DEs, each corre-
g to an ATM VC. The\FCATM_DE has four interface points:

ited FCframe leaves an FCATM_DE to the B_Access portal;

c)

rwards
etwork.

P. The
encap-

L frame

F delim-

L5 Encapsulated Frame Receiver Portal: The ATM access point through which an AAL5 encapsu-

lated FC frame is received from the ATM Network by the FCATM_DE; and

d) AALS5 Encapsulated Frame Transmitter Portal: The ATM access point through which an AAL5 en-
capsulated FC frame is transmitted to the ATM network by the FCATM_DE.

7.3.4.5

7.3.4.5.

FCATM_DE
1 BBW messages

The FCATM_DE engine creates the 8-byte LLC/SNAP Header and the 4-byte BBW_Header that are prefixed
to the BBW message payload. The specific format and content of the BBW message payload depends on the
type of flow control protocol used. The BBW message payload carries the byte-encoded SOF/EOF delimited
Class 2, 3, 4, or F FC frames.

FCATM_DE does not interpret the data content of the FC frames other than capturing and retaining their SOF/
EOF identities in the encapsulated FC frame. As such, FC Sequences and Exchanges are not visible to the
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FC-BB-3_ATM protocol. When flow control is not used, the FCATM_DE sets the PAUSE field in the
BBW_Header to a zero value and the Flow Control Type to SFC.

NOTE 9 - The setting of Flow Control Type to SFC in combination with a zero value in the PAUSE field
amounts to non-use of any flow control protocol and avoids specifying another Flow Control Type encoding.

When SFC is used, the FCATM_DE sets the PAUSE field to an appropriate value indicating the number of
512-bit-time units to pause transmission.

When SR protocol is used, the FCATM_DE prefixes a 4-byte SR_Header at the beginning of the encapsulated
frame that is mapped into the payload of the SR_| message. The SR_Header indicates the type of SR message

bk L | - -
along withrothercontrotinformation:

NPTE 10 - All SR protocol-generated control messages carry neither the SOF and the EOF fields nor tie
FC frame headers in the payload.

7.3.4.5]2 Encapsulation using AAL5

The FGATM_DE encapsulates the BBW messages using ATM Adaptation Layer 5 (AALS). The BBW messag-
es form| the payload of the AAL5 CPCS-PDU. The AALS layer pads the CPCS-PDU. ifsnecessary, and appends
a trailef at the end. The AALS5 CPCS-PDU along with the trailer is then segmented into 48 bytes to form the
SAR PDUs. A 5-byte ATM cell header is prefixed to each SAR PDU forming an)ATM cell. See 7.5 .

7.3.4.53 ATM QoS

FC-BB{3_ATM recommends use of a single Virtual Circuit (VC). Use aefadditional VCs to address special traffic
QoS repuirements is allowed but not required. The SR protocol is,separately applied to each VC that s used.
In ordef to avoid starvation, a minimum bandwidth allocation is recommended for each FC-BB-3_ATM|VC that
is used| If more than one VC is used, then the service disciplirie prioritization for the VCs is implementatipn-spe-
cific.
In-ordef delivery is guaranteed within the scope of the’ATM Virtual Connection (VC). Frames shall be shipped
from the FC-BB-3_ATM in the same order as they aré received.

7.3.4.5]4 Forwarding

The ATM cell is forwarded to the proper destination using the ATM destination address from a mapping table
that cofresponds to the D_ID address.

7.3.4.6| B_Access Virtual ISL and FCATM Links

The FGQ/FCATM Entity pair provides a data forwarding path between itself and a remote FC/FCATM Entity pair
via virtyal constructs. Two types of virtual constructs are defined:

a) a|B_Access Virtual ISL is a logical construct that is created between two FC Entity B_Access poftals for
e explicit purpose of sending and receiving byte-encoded SOF/EOF delimited FC frames|via the
ATM Entity="Conceptually, communication between two B_Access portals is similar to communica-

tipn between two E_Ports; and

= Q

b) ap FCATM Link is a logical construct that is created between two FCATM Entity LEPs for the|explicit
purpese of sending and receiving AAL5 encapsulated FC frames and AALS5 encapsulated FCATM con-
trol information. Conceptually, communication between two LEPs is similar to the communication be-
tween two instances of an ATM application.

There is a one-to-one mapping between a B_Access Virtual ISL and an FCATM Link.

Each FCATM Link consists of one or more ATM VCs, all between the same two FC-BB-3_ATM devices. Al-
though more than one FCATM Link may be formed between a pair of FC-BB-3_ATM devices, a typical config-
uration may only consist of a single FCATM Link. See figure 15 for some examples of allowed network
topologies. The FC-BB-3_ATM FCATM_LEP that originates an FCATM Link is defined as the FCATM Link
Originator. The corresponding FCATM_LEP that accepts this link is defined as the FCATM Link Acceptor. An
FCATM Link is fully characterized by its FCATM Link Originator and FCATM Link Acceptor identities. An
FCATM Link Originator or FCATM Link Acceptor is fully identified by all of the following:

a) an 8-byte Fabric_Name;
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b) an 8-byte B_Access Name; and

¢) an 8-byte FC/FCATM Entity identifier.

To uniq

uely identify an FCATM link, the following items are required:

a) the 8-byte Fabric_Name of the FCATM Link Originator;
b) the 8-byte B_Access Name of the FCATM Link Originator;

c) the 8-byte FC/FCATM Entity identifier of the FCATM Link Originator; and

d) th

N
a

7.3.4.7

FC-BB-
tual Co
nection

If SVC
tocol tq
FC-BBH
a traffig

requesfed connection is acceptable to the network, then a cennection is set up between the FC-BB-3]

FC-BBH
Virtual
device
tional)
tivity.

7.3.4.8
PMM fi

e 8-byte Fabric_Name of the FCATM Link Acceptor.

ceptor provide additional information about an FCATM Link but are not required to uniquely identify it.

CSM - Signaling

hnections (SVCs) to transport messages. If PVCs are used, then no ATM sighaling is required a
5 are provisioned (i.e., preconfigured).

s used, then the Call Handling Function initiates the ATM User Network Interface (UNI) Signali
set up a Virtual Connection (VC) (see ITU-T Q.2971) andythe VC is torn down after us

contract. The traffic contract establishes the FC-BB-3_ATM defined QoS and traffic parameter
3_ATM shall support UNI 3.1 and higher. A dedicated channel (i.e., Virtual Path Identifier (VPI)

switch). ATM connections allow traffic to flow in"one or both directions (i.e., unidirectional or &
vith the bandwidth the same or different in each direction. FC-BB-3_ATM requires bidirectional q

PMM

nctionality is reserved for future*definition.

DTE 11 - The FCATM Link Acceptor’s 8-byte FC/FCATM Entity identifier and the B_Access_Name of the

3_ATM supports the use of both Provisioned Permanent Virtual Connections.(PVCs) or Switched Vir-

hd con-

hg Pro-
e. The

3_ATM shall use the ATM UNI signaling connection request messages to establish a connectjon and

S. If the
| ATMs.
=0 and

Channel Identifier (VCI) = 5) is reserved for signaling between the end user and the interfacing ATM

i-direc-
onnec-
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Figure 11 — FC-BB-3_ATM B_Access functional model
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B_Access Entity
FCATM_LEP
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‘ Entity
AALS5 CPCS-PDU N
v <>
AALS5 Encapsulated Frame AALS5 Encapsulated\Frame
Transmitter Portal ReceiverPortal
Y ]
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Figure 12 -(FCATM_LEP and FCATM_DE

B_Access Virtual ISL exchanges'— Exchange B_Access Parameters (EBP) SW_ILS

ss Virtual ISL are the EBP"SW_ILS and the LKA ELS (see FC-LS). Figure 13 shows the scop
node frames, B_Aceess frames, B_Access Virtual ISL, FCIP Link and TCP connections.

on the
b of the
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Figure 13 — Scope of B_Access Virtual ISL
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The Exchange B_Access Parameters (EBP) Switch Fabric Internal Link Service (SW_ILS) is sent by a
B_Access portal to a remote B_Access portal in order to establish operating link parameters and port capabil-
ities for the B_Access Virtual ISL formed by the two B_Access portal peers. Successful acceptance of EBP
SW_ILS shall be completed before the B_Ports begin switch port mode initialization.

Protocol: Exchange B_Access Parameters (EBP) request Sequence

Accept

(SW_ACC) reply Sequence

Addressing: For use in switch port configuration, the S_ID field shall be set to FFFFFDh, indicating the Fabric
Controller of the originating B_Access portal. The D_ID field shall be set to FFFFFDh, indicating the Fabric

Control

ler of the destination B_Access portal.

Payloa

Requeg
RAT
EDT
KAT

Class H
is ident

Reply §
Servicq
Signi
Accept
Signi
Accept

Addres
Control

: The format of the EBP request payload is shown in table 19.

Table 19 — EBP request payload

ltem Size

Bytes
28 01 00 00h 4
R_A TOV 4
E_D TOV 4
K_A TOV 4
Requester B_Access_Name 8
Class F Service Parameters 16

ter B_Access_Name: This field shall contain the name o6f the device that originated the EBP re
DV: This field shall be set to the value of R_A_ TQV required by the FC-BB-3_ATM device.
DV: This field shall be set to the value of E_D_TOV required by the FC-BB-3_ATM device.
DV: This field shall be set to the value of KCA TOV required by the FC-BB-3_ATM device.

Service Parameters: This field shall contain the B_Access Class F Service Parameters and itg
cal with its use in the ELP SW_ILS+«(see FC-SW-4).

witch Fabric Internal Link Service'Sequence:
Reject (SW_RJT):

fies the rejection of the EBP command.
(SW_ACC):

fies acceptance of the EBP command.
Payload:

5ing:_Foruse in switch port configuration, the S_ID field shall be set to FFFFFDh indicating the
erofthe originating B_Access. The D_ID field shall be set to FFFFFDh, indicating the Fabric Cq

of the

estination B Access.

quest.

format

Fabric
ntroller
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Payload: The format of the EBP accept payload is shown in table 20.

Table 20 — EBP accept payload

The fie

Respor
to the B

The SV

table 21.

7.3.6

The B_|

Size
Item Byte
s

02 00 00 00h 4

R_A TOV 4

E D TOV 4

K_A TOV 4

Responder B_Access Name 8
Class F Service Parameters 16

ds in table 20 are the same as defined for table 19 except for the Responder B_Access_Name)

Access initialization-state machine is shown in figure 14.

der B_Access_Name: This field shall contain the B_Access_Name of the remote device that re
BP request.
_RJT reply payload format is given in FC-SW-4. The EBP reject reason code explanation is s
Table 21 — EBP reject reason code.explanation
Encoded Value Bescriotion
(Bits 23-16) P

0000 0000 No additional explanation

0000 0001 Class F Servicg’Parameter error

0000 0010 Invalid B_Aceess_Name

0000 0011 K_A. TOV mismatch

0000 0100 E_D_TOV mismatch

0000 0101 R_A_TOV mismatch

others Reserved

B_Access initialization state machine

field.

sponds

nown in
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PO: Exchange B_Access Parameters

* transmit EBP P1: Wait for ACK
P1:PO E_D_TOV expires
—P0:P1 |
and RX_EBP=NO _p1.p2 receive ACK -
_P1:P4 receive EBP B
P2: Wait for Response
E_D_TOV expires
L po-pPo or receive SW_RJT B P3: Wait for EBP
receive SW_ACC E rTOV )
= expires
| pp.pa2nd RXFBPTRO o -P3PO— e SRS
—p2:pg—receive EBP - | pa.pyo_ receive EBP
receive SW_ACC '
| po-p5 and RX_EBP=YES >
P4: Receive EBP
* transmit ACK
and RX_EBP=YES
and transmit response
—P1:p4—P»|—P4:P1 —B>
—P2:p4—=—P4:P2—>
—P3:P4—P»|—P4:P3—P>
Figure 14 — B_Access initialization state machine
State P8 hange-B—Access—Paramete i e B—Access—nitialization.

Activity other than that described within the state machine is suspended until initialization is complete.
Transition P0:P1. The B_Access resets the RX_EBP flag.

State P1: Wait for ACK. In this state the B_Access waits until an ACK for the B_Access’s transmitted EBP is
received.

Transition P1:P0. This transition occurs when the B_Access has not received an ACK within E_D_TOV after
the transmission of an EBP.

Transition P1:P2. This transition occurs when the B_Access receives an ACK before E_D_TOV expires.

Transition P1:P4. This transition occurs when the B_Access receives an EBP while waiting for an ACK.
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State P2: Wait for Response. In this state the B_Access has received an ACK for its EBP and is waiting for
a response.

Transition P2:P0. This transition occurs when the B_Access has not received a response within E_D_TOV
after the transmission of an EBP or receives an SW_RJT.

Transition P2:P3. This transition occurs when the B_Access receives an SW_ACC and has not received an
EBP.

Transition P2:P4. This transition occurs when the B_Access receives an EBP while waiting for a response.

Transifion P2:P5. This transition occurs when the B_Access receives an SW_ACC and has received gn EBP.
State B3: Wait for EBP. In this state the B_Access has received an ACK for its EBP and is waiting for ap EBP.

Transi{ion P3:P0. This transition occurs when the B_Access has not received an EBP within E_D_TOV of the
transmission of an EBP.

Transi{ion P3:P4. This transition occurs when a B_Access receives an EBP while’waiting for a respopse.

State R4: Receive EBP. In this state the B_Access has received an EBP_/The B_Access responds with an
ACK and transmits an SW_ACC or SW_RJT depending upon whether opnot'the received configuration|param-
eters cpntained within the EBP are acceptable. The B_Access sets RX~EBP to indicate an EBP has Heen re-
ceived pnd is accepted.

Transi{ion P4:P1. This transition occurs when a B_Access receives an EBP from its peer yet hasn't received
an ACKH for a previously transmitted EBP.

Transi{ion P4:P2. This transition occurs when a B_Access receives an EBP from its peer yet hasn't received
a respdnse for a previously transmitted EBP.

Transifion P4:P3. This transition should be removed from the diagram as it is termination point of the machine.
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Figure 15 shows some example FC-BB-3_ATM network topologies that exist between three FC-BB-3_ATM

sites.
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As depicted in figure 15:

Figure 15 — FC-BB-3_ATM network topologies

a) FCATM Link 1 connects Sites 1 and 2 and consists of three ATM connections;

b) FCATM Link 2 connects Sites 1 and 2 and consists of two ATM connections. FCATM Link 2, however,
is distinct from Link 1 although it exists between the same two FC/FCATM Entity pairs (i.e., FC/
FCATM_Entity_1 and FC/FCATM_Entity_2);

c) FCATM Link 3 connects Sites 1 and 3 and consists of two ATM connections. FCATM Link 3 exists be-
tween FC/FCATM_Entity_3 and FC/FCATM_Entity_5; and
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d) FCATM Link 4 connects Sites 2 and 3 and consists of one ATM connection. FCATM Link 4 exists be-
tween FC/FCATM_Entity 4 and FC/FCATM_Entity 6.

7.5 Mapping and message encapsulation using AAL5
7.5.1 Overview
BBW messages are transparently transported over the ATM WAN. However, before it may be transported, it

first has to be adapted. This adaptation is done using the ATM Adaptation Layer (AALS5). The AAL5S encapsu-
lated BBW message is then segmented into ATM cells and routed to the proper destination ATM address.

7.5.2

The B message is first mapped to a null AAL5 Service Specific Convergence Sublayer (SSCS)and|then to
a Comimon Part Convergence Sublayer (CPCS) to form the AAL5 CPCS-PDU that has a maximum|size of
2 160/ 164 bytes. See note 12. The AAL5 CPCS-PDU is padded, if necessary up to 47-bytes, and then ap-
pended with an 8-byte CPCS-Trailer. The CPCS-PDU, CPCS-Pad, and CPCS-Trailer is thén segmented into
48 bytds to form the Segmentation and Reassembly PDU (SAR-PDU). A 5-byte ATNI-cell header is aftached
to eachf SAR PDU to form an ATM cell.

CPCS-PDU: The BBW message maps into this field that consists of the LLC/SNAP Header, BBW_Header, and
the BBYV message payload.

CPCS-Pad: A CPCS-Pad ensures an exact mapping of the CPCS4PDU into SAR 48-byte paylgads. A
CPCS+{Pad may range from 0-47 bytes. The maximum pad valuge-of 47 bytes never occurs when the
CPCS-PDU carries the BBW message payload because the payloadhis always a multiple of 4 bytes andfaligned
on a 4-pyte boundary

CPCS-[railer: A CPCS-Trailer is 8 bytes long and consists of'a 1-byte User-to-User (UU) field, a 1-byte Com-
mon Part Indicator (CPI) field, a 2-byte length field, and a4-byte CRC check sum field.

The UY and CPI fields are currently not used. The CRCS-PDU length field indicates the length in bytes of the
CPCS-PDU payload. The length indicates the useful payload size. Therefore, the CPCS-PDU size my vary
with byfe increments. The AAL5 CRC field is sefias defined in the relevant ATM standards (see table 22).
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Table 22 — Mapping of BBW messages to AAL5 CPCS

Field Item Bs;tz:s
LLC/SNAP Header 8
BBW_Header 4
CPCS-PDU
BBW message payload Max:
2 148/2 152
(See Note 12) (See note 13)
CPCS-Pad 0-47
Reserved (CPCS-UU, not used) 1
Reserved (CPI, not used) 1
CPCS-Trailer X
CPCS-PDU Length (in bytes) 2
CPCS-PDU CRC 4

NOTE 12 - If SRis used, then only the SR_I, SR_SREJ, and SR_FRMR carry a non-zero payload.

NPTE 13 - The maximum CPCS-PDU value indicated in the table is based en/the maximum Fibre Channe
frAme size. CPCS-PDU for other non Fibre Channel transport may be much larger and up to 65 535 bytes.
The maximum of 2 148 bytes of BBW message payload is due to a maximum of 2 112 bytes of FC frarle
payload, 4 bytes of SOF, 24 bytes of FC Header, 4 bytes of EOF, 4 bytes of CRC. If SR is used then 4 byt

off SR_Header yields a total maximum of 2 152 bytes.
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Figure 16 illustrates the AAL5 Mapping for an FC frame when SFC is used.
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Figure 17 illustrates the AAL5 mapping for an FC frame when SR is used.
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Figure 17 — AAL5 Mapping of a BBW message with SR
7.6 FC-BB-3_ATM service considerations

7.6.1 ATM service type

Different types of ATM service provide different levels of service features. FC-BB-3_ATM recommends use of
the VBR-NRT ATM service or better. See annex B.
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7.6.2 Latency delay and timeout value

FC-BB-3_ATM and the ATM network introduce latency delays that warrant special considerations with respect
to Fibre Channel E_D _TOV and R_A_TOV values. The total path delay between a source FC-BB-3_ATM and
a destination FC-BB-3_ATM consists of the latency delay components due to the queuing time at the
FC-BB-3_ATM devices and all intermediate ATM switches, cell transmission time, propagation time and SVC
setup time if applicable. It is recommended that this total path delay be less than 1/2 E_D_TOV to conform to
normal Fibre Channel time out values.

NOTE 14 - VBR-NRT does not provide delay guarantees. Delay guarantees are practically realized by
Service Level Agreements (SLAs) with the ATM Service Provider.

7.6.3 Bandwidth sharing and allocation

In ATM, bandwidth sharing is accomplished by multiplexing different upper layer traffic (e.g-,Fibre Channel,
IP). Multiplexing different upper layer protocol traffic may occur in two ways, multiplexing within-a single VC and
multiplgxing using different VCs. The latter method is not recommended.

Multiplgxing within a single VC, also referred to as VC multiplexing, is applicable forall traffic intendeq for the
same destination and when using the same ATM service category. Upper layerunultiplexed protocol|data is
distingyished based on the BBW_Header. The biggest reason to use VC multiplexing is to minimize the humber
of VCCp established especially in a PVC environment. FC-BB-3_ATM recommends using a single VC|to mul-
tiplex all traffic.

Use of more than one VC to the same destination to address special traffic QoS requirements is alloyved but
introduges an increased level of complexity and is therefore ngt reccommended. The SR flow control protocol
is separately applied to each VC in such a case. A minimumbandwidth allocation is recommended fpr each
VC thaf is used in order to avoid starvation. FC-BB-3_ATM.does not specify any particular service digcipline
when njore than one VC is used, but recommends a minimum bandwidth for each VC to protect it from|starva-
tion. THis is illustrated in figure 18. The service discipline prioritization for the VCs is implementation ppecific
and oufside the scope of FC-BB-3.
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\
/‘ Min. Bandwidth D
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7.6.4 Quality of Service (QoS)

FC-BB-3_ATM specifies the use of VBR-NRT service for all VCs. Table 23 shows the QoS parameters and
traffic descriptors specific to VBR-NRT and the guarantees provided by this service.

VBR-NRT service is best suited for non-time-based critical data, that require guarantees for loss and bandwidth
but not delay. This service matches the requirements of FC Classes 2, 3, 4, and F.

QoS is a term used to refer to the set of performance characteristics of the contracted ATM connection. Al-
though, a total of six QoS parameters are defined and available with other ATM Services, VBR-NRT only spec-
ifies a single QoS parameter (i.e., Cell Loss Ratio).

NOTE 15 - Some QoS parameters specified with other ATM Services include: Peak-to-peak Cell Delay
Variation (CDV), Maximum Cell Transfer Delay (maxCTD). maxCTD provides delay guarantees. See annex B
for details.
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ATM Traffic Descriptor is a term used to describe the traffic characteristics of an ATM connection. A Connection
Traffic Descriptor includes a Source Traffic Descriptor, CDV Tolerance (CDVT), and a Conformance definition.
A Source Traffic Descriptor is described by four parameters: Peak Cell Rate (PCR), Sustainable Cell Rate
(SCR), Maximum Burst Size (MBS), and a Minimum Cell Rate (MCR). See annex B for more details. Service
guarantees are realized by these traffic descriptors.

Bandwidth guarantees are achieved by SCR, PCR, and MBR.

7.6.5

FC-BBH
VCsis
entity w
livery. |
until co

N
T
q

-

7.6.6

ATM nd

the end applications are expected to recover from this loss. Recovery from such losses occurs

FC-BBH

agldressed by the SR protacol.

Table 23 — ATM VBR-NRT service specification

VBR-NRT
ATM Fraffic Descriptors—|— Service Remark
Category
QoS Parameters * Cell Loss Ratio; guarantees
CLR Loss
Source Traffic Descriptors: PCR’, Peak Cell Rate,
M CDV Tolerance,
(SCR, PCR, MBS guarantee CDVT, Sustainable Cell Rate,
bandwidth) SCR, Maximum Burst,Size,
MBS Minimum Cell\Rate;
MCR
Conformance Definition GCRA® GenericCell Rate Al'gorithm
(Leaky, Bucket Algorithm)
NOTE 1 * Items are supplied by telco and are negotiablet
NOTE 2 Cell Transfer Delay (CTD) (not in table) a QeS parameter associated with
VBR-RT is also negotiable.

Delivery Order

3_ATM shall guarantee in-order delivery of frames within a VC. No other ordering relationship
hormally preserved or assumed. When the'number of VCs is greater than 1, then the traffic mana
ithin the FC-BB-3_ATM device shall ensure that using separate VCs does not result in out-of-o
h other words, once message transmission begins on a VC, then it shall continue using the s3
Mmpletion of the message.

DTE 16 - The out-of-sequence-delivery problem associated with datagram networks is not present her

ute during the call's duration-"However, the possibility of missing or errored messages still remains and

L oss and Flow(Control
tworks areossy and they may drop cells, typically due to network congestion. When a cell loss

3_ATMdevices using the SR protocol that supports error recovery.

N

his benefit is a consequence/of the strict requirement in ATM that requires all cells to always follow the sanje

among
gement
der de-
me VC

e.

is

occurs,
at the

QOTE 17 The SEC Ir_\rnh'\r‘nl has no error recovery cllppnrf

Use of a flow control protocol (i.e., SFC or SR) at the FC-BB-3_ATM device provides the ability to deal with
speed mismatches between the FC and the ATM interface.
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8 FC-BB-3_SONET Structure and Concepts
8.1 Applicability and related clauses
Clause 4 discusses the FC-BB-3_SONET reference model. Clause 5 describes the required messages and

clause 6 describes the flow control mechanisms applicable to FC-BB-3_SONET. This clause discusses the
FC-BB-3_SONET functional model.

8.2 FC-BB-3_SONET overview

three
the FC
hte and

ol com-

device

NTE 18 - The current scheme allows an FC-BB-3_SONET device to independently connect to more thgn
ome FC-BB-3_SONET device, but does not specify a point-to-multipoint:connection.

No dist|nction is made in this standard regarding the topology of thie ' SONET/SDH network, be it point-fo-point
using path-terminationg equipment pairs, hub networks, or ring architectures. The current model sugports a
configuration of one or more point-to-point connections only;
a M
i o
= m =
Z |- =
2] . | 3§ SONET/SDH 3l . |2
] - gl Networ 5 . 5
(/2] ) |"’° »
= frd ) =
O 2 3
XL ﬂ u
FC-BB-3_SONET
o SVIVITCH. N l SONET Paths are
FCSWITCH provisioned across
network environment
Legend:
—= SONET Physical Link
==mm Fibre Channel Link
-«» |ndependent Communicating Pairs

Figure 19 — FC-BB-3_SONET network configuration

The FC-BB-3_SONET protocol creates BBW messages that consist of an 8-byte LLC/SNAP Header and a
4-byte BBW_Header followed by the BBW message payload. The specific format and content of the BBW mes-
sage payload depends on the type of flow control protocol used. The BBW message payloads carry byte-en-
coded SOF/EOF delimited Class 2, 3, 4, or F FC frames.

The BBW messages are encapsulated in HDLC-like format for carriage over the SONET/SDH network. The
HDLC-encapsulated BBW messages are mapped into SPE/Virtual Containers and finally transmitted to the
destination. HDLC encapsulation is the typical method of preparing frames for transmission over SONET/SDH
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and is described in RFCs 1662 and 2615. FC-BB-3_SONET does not interpret the data content of the FC
frames other than capturing and retaining their SOF/EOF identities in the encapsulated FC frame. As such, FC
Sequences and Exchanges are not visible to the FC-BB-3_SONET protocol. All HDLC encapsulated FC

frames

are transparently transported over the SONET/SDH network.

Prior to an FC-BB-3_SONET transmitting data to a remote FC-BB-3_SONET, the required provisioning of the
SONET/SDH path to the remote BBW needs to be completed. The details of this configuration are dependent

upon th

e network topology and are beyond the scope of this standard.

All FC frames are encapsulated with the All-Stations address a binary sequence 11111111b (hexadecimal
FFh) in the HDLC header therefore there is no requirement for an FC-BB-3_SONET to examine the destination

addres
FC-BB-

The LL
type of
makes
control
4-byte

payloaq
from a

is direc

In-orde
FC-BB-

8.3 F{
8.3.1

Figure

(DD fietdimthe Fibre Chanmet frameheader. Frames are simply forwardedto the 4
3_SONET egress device across the SONET network.

Flow control used, Selective Retransmission (SR), Simple Flow Control (SFC), or nong..The SR
he transport of FC frames between two FC-BB-3_SONETSs reliable. The SR protocadl supports b
and error recovery functions. Use of the SR protocol is optional. When SR flow control is us
BBW_Header is followed by a 4-byte SR_Header which is prefixed at the begin of the BBW m
(see 5.5). The SFC protocol provides a mechanism to temporarily pause\the transmission of|
remote BBW device. Use of the SFC protocol is optional. When SFC is"used, the 4-byte BBW |
ly followed by the BBW message payload (see 5.4). No SFC headelvis prefixed or used.

r delivery is guaranteed for each BBW message and frames shall be transmitted fr
3_SONET in the same order as they are received.

C-BB-3_SONET functional model
Fibre Channel network interface

PO shows a functional model of the FC-BB-3_SONET. The Fibre Channel interface nominal por

assumgd to full-rate, unless otherwise specified.

The FG
and FC
FC swi

FC-BB-
B_Port
eter ne
be set

includin

N
dg

-BB-3_SONET FC interface supports oneor more B_Ports thus requiring the support of the FC-(
-2 levels. The B_Ports in general conngct to different external FC switches, but connectivity to th
ch is also allowed. B_Ports are uniguely identified by an 8-byte B_Port_Name.

3 initialization occurs across thé-B_Port interface facing the FC network. The initialization of any
is described in FC-SW-4. AB-Port indicates, using the ELP/ESC SW_ILS, that it is capable of
jotiation. Since FC-BB-3 does not support Class 1, the Class 1 Port Parameter VAL bit in the EL

tached

C/SNAP Header indicates the payload type as Fibre Channel (see 5.2). The BBW_Header indicites the

rotocol
bth flow
ed, the
essage
frames
Header

bm the

t rate is

,FC-1,
e same

generic
param-
P shall

0 0 (i.e., invalid). An ELP received at a B_Port may be rejected (i.e., SW_RJT) due to many rg¢asons,

g port-mismatch.

OTE 19 - Initialization across the SONET WAN interface may use mechanisms similar to the of
pscribed in 9°4.3.3.2.
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Figure 20 — FC-BB-3:"SONET functional block diagram

8.3.2 [SONET network interface
The SQNET rate is nominally assumed to be STS-3¢/STM-1 at 155.52 Mbit/s or higher. In the case of $TS-3c/
STM-1 the available information bandwidth is 149.760 Mbit/s, which is the STS-3¢c/STM-1 SPE with $ection,
line, and path overhead remaved. This is the same super-rate mapping that is used for ATM and FDDJ. While
the ST$H-3c/STM-1 rate is-specified as the basic rate, the mapping specified within this standard is extended
down t¢ the STS-1 SONEFrate (i.e., 51.84 Mbit/s).

Higher pignal rates shall conform to the SDH STM series, rather than the SONET STS series. The STM series
progregses in powers of 4, instead of 3, and employs fewer steps, which simplifies multiplexing and integration.
For applications ef Fibre Channel over SONET/SDH, it is envisioned that higher rates such as 622.08 Mbit/s
and 2 488.32 Gbit/s may be developed and deployed as indicated in table 24.

Fable24—SONET/SDH-datarates
Fa

SONET SDH Equivalent Basic Rate
STS-3¢-SPE VC-4 155.52 Mbit/s
STS-12¢c-SPE VC-4-4c 622.08 Mbit/s
STS-48¢-SPE VC-4-16¢ 2.4 Gbit/s

STS-192¢-SPE VC-4-64c 9.95 Gbit/s

Mappings for sub-STS-1 rates and rates of STS-192¢/STM-48 or greater require further study and are beyond
the scope of this standard.

The SONET/SDH interface includes the photonic, section/line/path, and HDLC encapsulation layers. The basic
FC-BB-3_SONET reference model supports one SONET port using different rates.

The HDLC layer is used to prepare FC frame payloads for transport in SONET/SDH payload envelopes.
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8.3.3 Mapping and encapsulation

FC-BB-3_SONET creates the 8-byte LLC/SNAP Header and the 4-byte BBW_Header that are prefixed to the
BBW message payload. The specific format and content of the BBW message payload depends on the type
of flow control protocol used. The BBW message payload carries the byte-encoded SOF/EOF delimited Class
2,3,4,orF FC frames.

When flow control is not used, FC-BB-3_SONET sets the PAUSE field in the BBW_Header to a zero value and
the Flow Control Type to SFC.

NOTE

with a zero value in the PAUSE field amounts to
ne he 3 i

20 - This setting of Flow Control Type in combination

When $FC is used, FC-BB-3_SONET sets the PAUSE field to an appropriate value indicating the number of

When $R Protocol is used, FC-BB-3_SONET prefixes a 4-byte SR Header at the beginning,of.an encapsulated
frame that is mapped into the payload of the SR_I message. The SR Header indicates the‘type of SR message
type alpng with other control information. See 6.2 and 6.3.

See 8.3.6 for details on encapsulation using HDLC-like framing.

8.3.4 FC-BB-3_SONET forwarding

FC-BB{3_SONET forwards FC frames that enter its B_Ports to a remote)FC-BB-3_SONET using a npapping
table that contains a list of FC-BB-3_SONET devices corresponding.fo’a list of D_ID addresses.

FC-BB13_SONET provides a point-to-point service for allielasses of FC frames transmitted betwgen two

a) processing the incoming FC frames from the external switch that emerges from the FC-2 level that has
be transported across the WAN. Processing includes tasks such as BBW header and message gen-

sent to the external switéh. Processing includes decoding the SONET SPE containing thg HDLC

8.4.1 Pverview

BBW messagesare transparently transported over the SONET WAN. However, before BBW messages may
be transported, they first have to be adapted. This adaptation is done using the HDLC layer. Similar tp Pack-
et-overtSONET and Frame Relay-over-SONFT the FC-BR-3 SONFT maodel is based on the HDI C-lide fram-
ing used in PPP-over-SONET/SDH, and described in RFC 1662. The BBW messages form the payload of the
HDLC frame that is mapped into SPE/Virtual Containers.

An alternative method for adaptation/mapping of BBW messages to SONET/SDH, also applicable to OTN and
PDH transport infrastructures, that uses the Frame Mapped Generic Framing Procedure, is also available and
is defined in ITU-T Rec. G.7041/Y.1303. Where the Frame Mapped Generic Framing Procedure is used for
BBW adaptation in FC-BB-3_SONET, the HDLC-specific descriptions of this standard shall not apply.

8.4.2 Mapping of BBW messages to HDLC format

Table 25 shows the mapping of the BBW message to HDLC format according to RFC 1662. The contents of
the fields are transmitted from left to right. HDLC framing provides for the delineation of the SONET payloads
using a technique called ‘stuffing/unstuffing.” Each HDLC frame begins and ends with the flag sequence. Dur-
ing transmission, if the flag sequence occurs anywhere within the information field of the HDLC frame, it is
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changed to an escape sequence. At the receiver, the escape sequences are removed and replaced with the
original fields. A 32-bit FCS is calculated across the HDLC frame for error-checking purposes.

The HDLC frames are then mapped byte-synchronously into the SONET SPE / SDH Virtual Container including
any necessary inter-frame byte stuffing. The STS-SPE/SDH Higher-Order VC is then scrambled using the
self-synchronizing x*3+1 scrambler. Since the FC-BB-3_SONET interface is comprised of path terminating
equipment, the SONET section, line, and path layers (i.e., regenerator, multiplex and path layers for SDH) are
required. Any of the many physical interfaces specified for SONET and SDH may be accommodated depend-
ing on the distances required and the WAN service offering being utilized.

Flag sequence: The flag sequence is used to encapsulate and delineate the HDLC frame (i.e.. frame syn-
chronization). Each frame begins and ends with the flag sequence 7Eh. If a frame immediately follawg anoth-
er, onefflag sequence may be treated as the end of the preceding frame and the beginning of the-immegdiately
following frame (i.e., there does not need to be two flags separating the frames). When theré |are ng HDLC
frames|to be transmitted, the flag sequence is to be transmitted continuously in the SONET/SDH enyvelope/
VC. Bapk-to-back flags are considered empty frame indications.

Addresgs: The Address field contains the destination HDLC address. The address FFh-is an All Statipns Ad-
dress /|Broadcast Address. Any station on the link connection shall accept this address. Frames with invalid
addresses are silently ignored.

Contrdl: The Control field identifies the HDLC frame type (i.e., informatiofyy Supervisory, unnumbered). The
Controllfield of 03h is the Unnumbered Information (Ul) command. Unnumbered frames are used for tfansfer-
ring dafa when the location of the data in a sequence of frames is not’to-be checked (i.e., no send or [receive
counts gre utilized).

Protocpl: The Protocol field is as defined in RFC 1661. It is oné-or two octets, and its value identifies the pay-
load encapsulated in the Information field. The field is transmitfed and received most significant octet {irst.

Table 25 — Mapping of BBW messages to HDLC format

Field Encoding Size
(hex) (Bytes) Remarks
Begin Flag 7Eh 1
Address FFh 1 Set to FFh for Broadcast
Control 03h 1 Only Information Type
used
Protocol 2
LLC/SNAP 8
Header
BBW message BBW_Header 4
Max:
BBWarTEZZage 2 148/2 152 Variable Length
pay (See Note 21)
FCS 4
ERd Flag TE T
Fill or Address >=1 Inter-frame fill or next
Address

NOTE 21 - The maximum of 2 148 bytes is due to a maximum of 2 112 bytes of FC frame payload, 4 bytes
of SOF, 24 bytes of FC Header, 4 bytes of EOF, 4 bytes of CRC. If SR is used then 4 bytes of SR_Header
yields a total maximum of 2 152 bytes.

Information: The Information field contains the BBW message.

Frame Check Sequence (FCS): By default, the 32-bit Frame Check Sequence (FCS) field is required as de-
scribed in RFC 1662. The FCS is calculated most-significant byte to least-significant byte and from least-sig-
nificant bit to most-significant bit within each such byte over all bits of the address, control, and information
fields prior to escape conversions. The least significant byte of the result is transmitted first as it contains the
coefficient of the highest term. The FCS is calculated based upon the following polynomial:
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(324,264 .28, 22, 16, 12, A1, 10, 8, 7, 5, 4, 2, .,

Inter-frame fill: A sending FC-BB-3_SONET shall continuously transmit the flag sequence as inter-frame fill
after the FCS field. The inter-frame flag sequences shall be silently discarded by the receiving station. When
an underrun occurs during DMA in the sending FC-BB-3_SONET, it shall abort the frame transfer by continu-
ously transmitting the flag sequence.

Framing and byte stuffing: The framing and byte stuffing for octet-oriented synchronous links are described
in RFC 1662. HDLC frames (i.e., octet streams) are mapped into the SONET STS-SPE/SDH Higher Order VC
with octet boundaries aligned using x43+1 scrambling.

Escape sequences are defined to minimally escape the flag sequence and control escape octet. Prior to send-

ing the [frame; butafterthe FCStomputation, every OCCUITence of the flag Sequence, controt escape gctet, or
Async-Control-Character-Map (ACCM) found within the octets of the payload are converted to a two-eftet se-
quence that includes the control escape octet followed by the original octet exclusive-or'd with 20h) Fof exam-

ple:
F-h is encoded as 7Dh, 5Eh (flag sequence);

Dh is encoded as 7Dh, 5Dh (control escape); and

c) OBhis encoded as 7Dh, 23h (ETX).

ceiving a frame, this conversion shall be reversed prior to FCS computation.

Abort gsequence: A flag sequence inserted into the octet stream betwegn the initial frame flag sequence and
the FC$ constitutes sequence abort. The receiver considers the frame‘invalid until a subsequent flag seguence
is found in the octet stream.

For exdmple, when an underrun condition occurs at the sepding station (e.g., the sending station cannpt com-
plete the data transfer for one reason or another), the sending station transmits a control escape octet fpllowed
immedigtely by the flag sequence, the frame is ignored-and not counted as an FCS error.

8.4.3 apping HDLC frames to SONET/SDH

The mgpping of HDLC framed signals according to ISO/IEC 3309 is performed by aligning the byte sjructure
of every HDLC frame with the byte structure of the SONET SPE / SDH Virtual Container. The HDLC|frames
are located by row within the SPE paylead. Since the HDLC frames are of variable length (i.e., this npapping
does n¢t impose any restrictions on the-maximum length), a frame may cross the SPE/Virtual Containdr frame
bounddry. See figure 21.

The HOLC flag sequence shall'be used for inter-frame fill to buffer out the asynchronous nature of the¢ arrival
of the HDLC framed SONET.;PDUs according to the effective payload of the SPE/Virtual Container used, this
excludgs any fixed stuff-bytes.

The HOLC framed signal plus the inter-frame fill shall be scrambled before they are inserted as payload of the
SPE/Virtual Contaitier used. In the reverse operation, following termination of the SPE/Virtual Containef signal,
the payload shall’be descrambled before it is passed on to the HDLC mapping layer. A self-synchionizing
scrambfler with*generator polynomial x4 (see RFC 1619) shall be used. Scrambling of the HDLC|framed
signal i$ required to provide security against emulation of the SONET/SDH set-reset scrambler pattern gnd rep-
lication 'ofthe-STivi=INframe aiiglllllcllt word:

The x*3 + 1 scrambler shall operate continuously through the bytes of the SPE, bypassing bytes of SONET
Path Overhead. The scrambling state at the beginning of an SPE shall be the state at the end of the previous
SPE. Thus, the scrambler runs continuously and is not reset per frame. An initial seed of the scrambler is un-
specified. Consequently, the first 43 transmitted bits following start-up or a SONET/SDH re-frame operation
shall not be descrambled correctly.

The x*2 + 1 scrambler operates on the input data stream with the most significant bit (MSB) first, consistent
with the bit ordering and transmission ordering defined for SONET in ANSI T1.105.

The above mapping procedure shall be used for the mapping of HDLC framed signals in SONET STS-3c,
STS-12c¢, and STS-48c SPEs and for equivalent SDH Virtual Containers.
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The Path Signal Label (C2) (see figure 22) indicates the.contents of the SPE/Virtual Container. The
h) shall be used to indicate a variable-length HDLC frame with x*
shall not use a Path Signal Label (C2) value>of 207 (CFh) that indicates a variable-length p4
ithout scrambling. The Multi-frame Indicator'(H4) is unused, and shall be zero.
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Figure 21 — SONET SPE HDLC mapping example

+ 1 scrambling enabled. Img

00010110b

16h

Mapping of HDLC framed signal

Table 2

Figure 22 — Path signal label: C2
6 shows the FC-BB-3_SONET protocol stack.

Table 26 — FC-BB-3_SONET protocol ptack

Interface Layer

Functionality

HDLC Mapping

— Frame Delineation

— Link & Mapping Error Checking

SONET/SDH

— Section Inypr

alue of
lemen-
cket or

SONET/SDH

(Section, Line, path)

— Line layer

— Path layer

Photonics

Optical layer
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Figure 23 illustrates the encapsulation of BBW message into HDLC frame using SFC.

- BBW message payload —
SOF FC Header| Optional | Payload CRC EOF
Header
0-(2112-Op.
(4) (24) (0-112) Hdr. Len.) 4) (4)
T~ - /
BBW_Header
(4)
~ - %z ‘
- >~ BBW message > -
LLC/SNAP
Header
(8)
T~ — /
- - _ /
Tt - i
Begin| Address| Control| Protocol| BBW message CRC!| End
Flag (2160 max.) Flag
~ 7
- Z HDLC frame -
~ /
> /
4
N
‘,; _;_ ™~ QTS Pointer indicates where SPE begins
§ FE. A L C P | BBWmessage |
L
N FCS| F | A
£ K
2 fab\\]
b \J
[ N ~ ks
o SN}
A |
Transport Overhead Note: Does not show the Path overhead Bytes
Figure 23 — Encapsulation of BBW message into HDLC frame using SFC
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Figure 24 illustrates the encapsulation of the BBW message into HDLC frame using SR.

- SR_I message payload -

SOF FC Header| Optional | Payload CRC EOF

Header
0-(2112-Op.
(4) (24) (0-112) Hdr. Len.) 4) (4)

~C v

~ /

~ ~ /
~ /

SR_Header

(4)

<« BBW message payload =SR_Imessage —— §»
~ /
~ - /

BBW_Header

- = BBW message >/

LLC/SNAP
Header

(8)

—
—

—
—

—
—
—
—

—
—

Begin| Address| Control|Protocol| BBW message CRC!| End
Flag

(2164 max.) Flag
~ Ve
- HDLC frame »
~ /
~
- .\(\’\‘ , /

/
/
PRl ATC TP | DBWmessage

~ gTs Pointer indicates where SPE begins

Frame 1

FCS| F A

Arame 2

s

| W

Transport Overhead Note: Does not show the Path overhead Bytes

Figure 24 — Encapsulation of BBW message into HDLC frame using SR
8.5 FC-BB-3_SONET service considerations

8.5.1 Latency delay and timeout value
FC-BB-3_SONET and the SONET/SDH network introduce latency delays that warrant special considerations

with respect to Fibre Channel E_D_TOV and R_A_TOV values. The total path delay between a source
FC-BB-3_SONET and a destination FC-BB-3_SONET consists of the latency delay components due to queu-
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ing time at the two FC-BB-3_SONET devices and all intermediate SONET switches, transmission time, and
propagation time. It is recommended that this total path delay be less than 1/2 E_D_TOV to conform to normal
Fibre Channel time out values.

8.5.2 Delivery order

FC-BB-3_SONET shall guarantee in -order delivery of frames.

NOTE 22 - The out-of-sequence delivery problem associated with datagram networks is not present here.
This benefit is a consequence of the use of SONET technology. However, the possibility of missing or errored
messages still remains and is addressed by the SR protocol.

8.5.3 [Loss and flow control

SONET/SDH networks are not lossy but may suffer from occasional loss of frame due to imperfect bit efror rate
(BER). When such a loss occurs, the end application is expected to recover from this loss. Recovery frgm such
losses pccurs at the FC-BB-3_SONET devices using the SR protocol that supports error‘recovery.

NTE 23 - The SFC protocol has no error recovery support.

Use of p flow control protocol (i.e., SFC or SR) at the FC-BB-3 device provides the abiltiy to deal with speed
mismatches between the FC and the SONET/SDH interface.

A typical list of reliability specifications for SONET/SDH networks is as fellows:

a) MTTF (Mean time to frame) = approximately 1.5 packets;

M
b) MTTS (Mean time to synchronization) = same as MTTF;
c) HFF (Probability of false frame) = 232.8E-12;
d) HFS (Probability of false synchronization) $*Same as PFF; and

e) HLF (Probability of loss of frame) = square of the BER multiplied by 500.
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9 FC-BB-3_IP Structure and Concepts

9.1 Applicability

Clause 4 discussed the FC-BB-3_IP reference model. This clause discusses the FC-BB-3_IP functional model.

9.2 FC-BB-3_IP overview

Figure 25 shows a network configuration consisting of three FC-BB-3_IP devices. FC-BB-3_IP is a Fibre Chan-
nel backbone transport protocol that tunnels encapsulated FC frames across the IP network. An FC-BB-3_IP
device has interfaces to both the IP and the FC network. The FC network interface supports multiple E_Ports/
F_Ports (see figure 26) or multiple B_Ports (see figure 30).

3 o
o
o - > . 5
=l | e IP ol . 7
= . o Networ w .
(9] [ ? M T
Pl o & o
s 0 I je— O
= ) T =
5 frd =
(o) =
= 2
—
o FC-BB-3_IP
®
> | ... |
FC SWITCH FC SWITCH

Legend:

—= Physical Link (e.g., Ethernget)

=== Fibre Channel Link

-<«» [ndependent Communicating Pairs over FCIP Link

Figure 25 — FC-BB-3_IP network configuration

Only FC-BB-3_IP devices that support E_Ports or F_Ports require FC switching.

The F(-BB-3_IP protocol prevides mechanisms to create VE_Port or B_Access connectivity over the| IP net-
work. The FC-BB-3_IP proetocol communication occurs between pairs of FC-BB-3_|P devices over virtyial con-
structs [i.e., FCIP Links)-that are described in 9.3.4.2.4. Although the communication occurs between pairs of
FC-BB{3_IP devicesya single FC-BB-3_|IP device may communicate with more than one device at the same
time (s¢e figure38).

NPTE24 "- Although the current scheme allows an FC-BB-3_|P device to independently connect to mofe
thian‘one FC-BB-3_IP device, it does not specify a point-to-multipoint connection.

The FC-BB-3_IP protocol uses encapsulated FC frames created by prefixing a 28-byte FC Encapsulation
Header to the incoming SOF/EOF delimited FC frame (see RFC 3643). FC-BB-3_IP devices are not required
to interpret the data content of the FC frames other than capturing and recording their SOF/EOF identities in
the encapsulated FC frame. As such, FC Sequences and Exchanges are not visible to the FC-BB-3_IP proto-
col. All encapsulated FC frames are transparently transported over the IP network

FC-BB-3_IP devices also exchange SW_ILS control information using Class F FC frames (see figure 28 and
figure 31). These FC frames are encapsulated and tunneled in the same way as the incoming FC frames.

Encapsulated FC frames join the TCP byte stream in order (see figure 34). TCP segments are created from
TCP byte streams without any visibility or regard to encapsulated FC frame boundaries.

TCP flow control between two FC-BB-3_IP devices provides a reliable transport of encapsulated FC frames
across the IP network. The only delivery order guarantee provided by TCP with respect to the FCIP protocol is
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the correctly ordered delivery of encapsulated FC frames within a single TCP connection. The FC Entity is ex-
pected to specify and handle all other FC frame delivery ordering requirements.

9.3 VE_Port functional model

9.3.1 FC-BB-3_IP interface protocol layers

Figure 26 shows the VE_Port functional model of an FC-BB-3_|P device that consists of the E_Port/F_Port FC
interface, the FC-BB-3_IP interface, and the IP network interface. The protocol layers at these interfaces are
listed below:

a) E_Port/F_Port FC interface: FC-0, FC-1, and FC-2 levels;

d) |

Figure P7 illustrates the protocol layers across these interfaces.

9.3.2

The FG-BB-3_IP FC interface supports one or more E_Ports or F_Ports thus\requiring the support of th

FC-1,

the sanpe FC switch is also allowed. The data emerging from the FC-2level is fed into an FC switching ¢

The ini
the ELH

does ngt support Class 1, the Class 1 Port Parameter VAL it in the ELP shall be set to O (i.e., invalid).

receive
An E_F
9.3.3

The FG
proper
larly, th

The SH
9.34

9.3.4.1
The FQ

n FC Switching Element (SE) with FC routing;
-BB-3_IP protocol interface: FC Entity and FCIP Entity protocol layers; and

network interface: TCP and IP layers.

_Port/F_Port FC interface

nd FC-2 levels. The E_Ports in general connect to different external FC switches, but conneg

ialization of any generic E_Port or F_Port is described in FC-SW-4. An E_Port indicates its sup
/ESC parameters using the ELP/ESC SW_ILS that is capable of parameter negotiation. Since F
d at an E_Port may be rejected using SW_RJT for\many reasons (see FC-SW-4).

ort/F_Port is uniquely identified by an 8-byte /£ Port Name/F_Port_Name.

FC Switching Element (SE) with FC routing

Switching Element (SE) switches and routes the incoming FC frames from the E_Port or F_Po

VE_Port (see FC-SW-4). Routing(is accomplished with the support of the FSPF routing protocq
e FC SE switches and routes the data arriving from a VE_Port to the proper E_Port or F_Port.

is uniquely identified by an’8-byte Switch_Name.
FC-BB-3_IP protocolinterface

Major components

-BB-3_IP protocol has interfaces to the FC network on one side and the IP network on the g
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to the two network interfaces, it consists of the following major components:
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c) Platform Management Module (PMM).
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P - (4/16 bytes)
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Note: DE withimeach FCIP_LEP represents an FCIP_DE.
Figure 26 — FC-BB-3_IP VE_Port functional model
FC roufing occlirs’ at a higher level than IP routing. FC/FCIP Entities themselves do not actively partidipate in
FC frame rauting. FC routing uses the FSPF protocol described in FC-SW-4. FSPF routes are mappgd onto
the FCIP\Links interconnecting FC-BB-3_IP devices. An FC frame’s FSPF route decides the selectiop of the

VE_Port/FCIP_LEP pair within a selected FC/FCIP Eniity pair, when multiple pairs are in use. When multiple
DEs within an FCIP_LEP are in use, the selection of which FCIP_DE to use is described in 9.7.3.5.

9.3.4.2 FC and FCIP Entities
9.3.4.2.1 Function

The FC Entity is the principal interface point to the FC network on one side and, in combination with the FCIP
Entity, to the IP network on the other side. The primary functions of the FC Entity are to support one or more
VE_Ports and to communicate with the FCIP Entity. The FC Entity layer lies between the FC-2 FC level and
the FCIP Entity layer as shown in figure 27.

The FCIP Entity is the principal interface point to the IP network on one side, and in combination with the FC
Entity, to the FC network on the other. The primary function of the FCIP Entity is formatting, encapsulating, and
forwarding encapsulated FC frames across the IP network interface.
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The FC/FCIP Entity pair interfaces with the CSM and the PMM through a vendor-specific mechanism.

To/From FC Switches

-

9.3.4.2

The FG
FCIP Ei
faces W
non Fib

The VE
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VE_Po
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N
V

A VE_H
Within
called t

Initializ

FC Levels FC-1 FC Interface

¢ FC-2 ¢

FC Entity Layer A

FC-BB-3_IP Interface
FCIP Entity Layer
4 TCP X
TCP/IP Layers| IP Interface

v IP

s

To/From IP Network

Figure 27 — FC-BB-3_IP Pratocol Layers

2 FC Entity

-BB-3_IP interface may support multiple instanées of the FC/FCIP Entity pair. Each instance of
htity pair consists of one or more VE_Port/FCIP_LEP pairs. A VE_Port emulates an E_Port ar
ith the FCIP_LEP component of the FCIP Entity. The term “Virtual” in VE_Port indicates the U
re Channel link connecting the VE_Ports.

_Port receives FC frames from the FC side and sends them to the FCIP_LEP for encapsulat
ssion on the IP network. The VE Port may also exchange Class F control frames with the
t via the LEPs. There is a .oné-to-one relationship between a VE_Port and an FCIP_LEP. VI
nicate via VE_Port Virtual ISLs (see 9.3.4.2.4).

DTE 25 - The term Virtual ISL when used unqualified refers to both a VE_Port Virtual ISL and a B_Acce
rtual ISL.

ort is uniquelyidentified by an 8-byte VE_Port_Name.

hn FC-BB-3" IP device, each FC/FCIP Entity pair instance is uniquely identified by an 8-byte ig
he FC/FEIP identifier. The FC/FCIP identifier uses the Name_Identifier format.

the FC/
d inter-
se of a

on and
remote
EF Ports

bS

entifier

andard

ption at the FC-BB-3 protocol interface occurs between VE_Ports in a manner identical to s

E P 4 - J - (- O Q.
__FortSanatsgescroeu T I.0 4. 0.

9.3.4.2.

3 FCIP Entity

The FCIP_LEP is a component of the FCIP Entity that formats, encapsulates, and forwards encapsulated FC

frames.

Encapsulated FC frames are sent as TCP segments over the IP network.

The FCIP_LEP receives byte-encoded SOF/EOF delimited FC frames and a timestamp (see 9.3.4.5.2.2) from
its VE_Port. The FCIP Data Engine (FCIP_DE) is the data forwarding component of the FCIP_LEP. The
FCIP_DE handles all encapsulation and de-encapsulation, and transmission and reception of the encapsulated
FC frames on the FCIP Link. The FCIP_LEP contains one or more FCIP_DEs, each corresponding to a TCP
connection.

The FCIP_DE has four interface points (see RFC 3821):

a) FC Receiver Portal: The access point through which a byte-encoded SOF/EOF delimited FC frame

a

nd timestamp enters an FCIP_DE from the VE_Port;
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b) FC Transmitter Portal: The access point through which a reconstituted byte-encoded SOF/EOF delim-
ited FC frame and timestamp leaves an FCIP_DE to the VE_Port;

c) Encapsulated Frame Receiver Portal: The TCP access point through which an encapsulated FC
frame is received from the IP network by the FCIP_DE; and

d) Encapsulated Frame Transmitter Portal: The TCP access point through which an encapsulated FC
frame is transmitted to the IP network by the FCIP_DE.

9.3.4.2

The FQ/FCIPEntity pair provides a data forwarding path betweemn itsetf andaremote FC/FCHPEntity
virtual gonstructs. Two types of virtual constructs are defined:

Q

a)

Q

z
oo

There i
one or

Link may be formed between a pair of FC-BB-3_IP devices, a typical configuration may only consist of

FCIP L

The FQIP_LEP that originates an FCIP Link is defined as the FCIP Link Originator. The corresg
FCIP_LEP that accepts this link is defined as the FCIP Link Acceptor. An FCIP Link is fully characterize

FCIP L

identified by all of the following:

a)

a
b) a

To unig

o

y. Conceptually, communication between two VE_Ports is similar to communication,between B

dally, communication between two LEPs is similar to the communication between two instang

—

.4 VE_Port Virtual ISL and FCIP Link

VE_Port Virtual ISL is a logical construct that is created between two FC Entity VE_Ports for
icit purpose of sending and receiving byte-encoded SOF/EOF delimited FC framesyvia the FC

hd

h FCIP Link is a logical construct that is created between two FCIP Entity LEPs for the explicit f
f sending and receiving encapsulated FC frames and encapsulated FCIP control information.

ICP application.

5 a one-to-one mapping between a VE_Port Virtual ISL and an-FCIP Link. Each FCIP Link con
more TCP connections, all between the same two FC-BB-31\IP devices. Although more than or

nk. See figure 33 for some examples of allowed netwerk topologies.

nk Originator and FCIP Link Acceptor identities. An FCIP Link Originator or FCIP Link Accepto
h 8-byte Switch_Name;

h 8-byte VE_Port_Name; and

h 8-byte FC/FCIP Entity identifier.

uely identify an FCIR.Link, all of the following are required:

e 8-byte Switch{ Name of the FCIP Link Originator;
e 8-byte VE “Port_Name of the FCIP Link Originator;

e 8-byte.FC/FCIP Entity identifier of the FCIP Link Originator; and

pair via

the ex-
P Enti-
| Ports;

urpose
oncep-
es of a

sists of
e FCIP
b single

onding
d by its
[ is fully

e.8-byte Switch_Name of the FCIP Link Acceptor.

The FCIP Link Acceptor’s 8-byte FC/FCIP Entity identifier and its VE_Port_Name provide additional information about an
FCIP Link but are not required to uniquely identify it.
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VE_Port Virtual ISL exchanges — SW_ILS exchanges

VE_Ports exchange SW_ILSs on the VE_Port Virtual ISL. The SW_ILSs that occur on the VE_Port Virtual ISL
are the standard E_Port SW_ILSs (e.g., ELP, ESC, EFP, etc.), and in addition the LKA ELS (see FC-LS). Fig-
ure 28 shows the scope of the VE_Port Virtual ISLs.

Class 2/3/4 frame
FC End Node [ B | FC End Node
¥ li
v Class 2/3/4 frame i
\ ]
FC SW Class 2/3/4 frame |
\ i
ISL \\ Class F, 2/3/4 frame :’
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Class 2/3/4 frame, LKA
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FCIP_LEP - FCIP Link: Encap. FC frame, FSF - FCIP_LEP
TCP Connections: Byte-stream
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- -
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N
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Figure 28 — Scope of VE_Port Virtual ISL
Control and Service Module (CSM)

M is a control component of the FC-BB-3_IP interface that mainly deals with connection manag
M creates the FC/FCIP Entity pair during the2Virtual ISL/FCIP Link setup. The CSM processe
for a link setup via the FCIP-registered TCP Port 3225 or optionally another TCP Port. The C3
requests to add additional TCP connegtions over the same FCIP Link. The CSM is also respon
down existing FCIP Links and TCP-¢onnections and deleting the FC/FCIP Entity pair.

DTE 26 - Some aspects of the €SMfunctions are discussed only in RFC 3821.

Platform Management Module (PMM)

1 Function

M is a management'component of the FC-BB-3_IP interface that handles time synchronization,
1 security. The\PMM is also the intended component for any miscellaneous housekeeping fu
maintenance' of event logs (see 9.8.3.5)

2 Time-synchronization

ement.
5 all re-
M pro-
5ible for

discov-
nctions

2.1 FCIP Transit Time (FTT)

FCIP Transit Time (FTT) is defined as the total transit time of an encapsulated Fibre Channel frame in the IP
network. The FCIP Transit Time is calculated by subtracting the timestamp value in the arriving encapsulated
FC frame from the synchronized time in the FCIP Entity.

9.3.4.5.

2.2 Building outgoing FC frame encapsulation headers

The FC Entity shall establish and maintain a synchronized time value in Simple Network Time Protocol (SNTP)
Version 4 format (see RFC 2030) for use in computing the IP network transit times. The FC Entity shall use
suitable internal clocks and one of the following mechanisms to establish and maintain the synchronized time

value:

a) F

ibre Channel time services; or

b) IP network SNTP server(s).
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Each byte-encoded SOF/EOF delimited FC frame that the FC Entity delivers to the FCIP_DE through the FC
receiver portal shall be accompanied by a timestamp value obtained from the synchronized time service. The
FCIP_DE places the timestamp in the encapsulation header part of the encapsulated FC frame that carries the
FC frame (see RFC 3643). If no synchronized timestamp value is available to accompany an entering Class 2,
3, or 4 FC frame, the frame should not be delivered to the FCIP_DE. However, FC-BB-3_IP shall allow any
class F encapsulated FC frames to be transmitted with a zero timestamp value.

9.3.4.5.2.3 Checking IP network transit times in incoming FC frame encapsulation headers

Each byte-encoded SOF/EOF delimited FC frame delivered to the FC Entity through the FCIP_DE FC trans-
mitter portal is to be accompanied by the timestamp value taken from the encapsulation header of the encap-
sulated i i fdicat [om1 mp was
supplie hall be
discarded. A Class F frame whose timestamp is zero shall be processed as if it met all Fibre Channel timeout
requirements.

When the timestamp is non-zero, the FTT of the arriving encapsulated Fibre Channel frame“shall be compared
to 1/2 B_D_TOV. If the FTT exceeds 1/2 E_D_TOV, then the frame shall be discarded- Otherwise the frame
shall bg processed normally. Fibre Channel timeout values shall be administratively set to accommodate the
FTT.

9.3.4.5/3 Discovery
Discovery of FC-BB-3_IP devices is handled in accordance with the procedures outlined in 9.7.2.2 and|in RFC
3821 apd RFC 3822.

9.3.4.5/4 Security

Security in FC-BB-3_IP is defined at two levels, FC and ECIP. The FC level is secured through FC-SH mech-
anisms|that are extended by FC-BB-3_IP. The FCIP {evel is secured through IPSec mechanisms (s¢e RFC
3821). Figure 29 illustrates the scope of the two security mechanisms.

FC-BB-3 IP Device FC-BB-3_IP Device
FC FCIP TCP/IP IP Network || TCP/IP FC.|P FC.
Entity Entity Entity Entity
A IPSec secures the A
FCIP level

FC-BB-3_IP extends the Fibre Channel level

FC-SP secures the Fibre Channel level

Figure 29 — Security layers

In most cases, the security requirements of an FC/FCIP Entity pair are satisfied outside the scope of this stan-
dard as follows:

a) security for the FC fabric is provided by the FC-SP capabilities (e.g., switch-to-switch authentication,
frame authentication and confidentiality); and

b) security for the TCP connections used to transit the IP network is provided by the security features de-
scribed in FCIP (e.g., IPSec packet authentication and confidentiality).

Depending on the security requirements of a given configuration, any or all of the security capabilities described
in other standards may be enabled or disabled. However, it is important to note that the public IP network is
subject to a large variety of security attacks, meaning that serious consideration should be given to enabling
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the full suite of security features described in RFC 3821 whenever the public IP network is to be used to trans-

mit FCIP frames.

An FC/FCIP entity pair has a potential security vulnerability where interactions may not be fully secured by ei-

ther the FC-SP or FCIP security features. This vulnerability occurs when two or more TCP connections
gregated in a single FCIP Link. The first TCP connection in an FCIP Link and its associated Virtual ISL

are ag-
may be

authenticated using the FC-SP mechanisms. However, no such authentication is defined for subsequent TCP

connections, since to FC they all appear to be part of an already authenticated Virtual ISL.

To prevent attacking entities in the IP network from forging additional invalid TCP connections, the FC-BB-3_IP

mechanism 1 in9.7.2 xten he pr ion of FC-SP hentication ntly-

ed TCP

connections. The extension to FC-SP authentication described in 9.7.2.3.2 is based on the exchange ¢f Class

F requgsts and responses between FC Entities. This mechanism works in concert with the FC-SR Vir
authenfication mechanism, handling the Class F requests and responses over a previously authenticat
connection. In some configurations, this overhead may be unnecessary. However, in cases wWhere fab
ties arg capable of being authenticated without having their behavior fully trusted, the extension to FC
thentication should be used in combination with other FC-SP and FCIP security .mechanisms to
trustworthy formation of FCIP Links and Virtual ISLs.

9.3.5 |P network interface

The FQ-BB-3_IP VE_Port reference model supports one logical IP interface and allows sharing a 4-by
or 16-byte IPv6 address in the following ways:

a) alsingle IP address per FC-BB-3_IP device (i.e., a single IP address shared by all FC/FCIP Entity

b) multiple IP addresses per FC-BB-3_IP device (i.e., a single IP address per FC/FCIP Entity pair)

c) multiple IP addresses per FC/FCIP Entity pair (i.esingle IP address per VE_Port/FCIP_LEP pz
d) npultiple IP Addresses per FCIP Link (i.e., a'sifigle IP address per TCP Port).

Use of fifferent IP address schemes at the two,ends of an FCIP Link is not expected to cause inter op
problems.

As shoyn in figure 27, the IP network interface consists of the TCP and IP layers. The encapsulated F

ual ISL
bd TCP
Fic enti-
SP au-
assure

te IPv4

pairs);

ir); and

brability

C frame

emerging from the FCIP_DE interfacdes with the TCP layer. The IP layer interfaces with the TCP layer @bove it

and thg IP network below it. The TCP layer supports multiple TCP connections, each correspondin
FCIP_DDE. Each client-side TCP connection within an FCIP Link is assigned a unique TCP Port Numbe
the FCIP well-known TCP,Rart 3225 or optionally another TCP Port is used for accepting connection re
These ports interface with~the CSM through a vendor-specific mechanism.

IP routihg occurs inside the IP network. Within the IP network, the route taken by an encapsulated FC f
determined by the\iormal routing procedures of the IP network.

9.4 B| Access functional model

9.4.1 [FC-BB-3 IP interface protocol layers

g to an
. Either
quests.

rame is

Figure 30 shows the functional model of an FC-BB-3_IP device that consists of the B_Port FC interface, the
FC-BB-3_IP protocol interface, and the IP network interface. Figure 27 shows the details of the protocol layers

across these interfaces.

NOTE 27 - Because of the similarity between the E_Port and B_Port functional models this subclause only
describes any unique definitions for the B_Access. Other definitions and descriptions from 9.3 apply equally

well and remain unchanged.

9.4.2 B_Port FC interface

The FC-BB-3_IP FC network interface supports one or more B_Ports thus requiring the support of the FC-O0,
FC-1, and FC-2 levels. B_Ports in general connect to different external FC switches, but connectivity to the

same FC switch is allowed.
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B_Ports are uniquely identified by an 8-byte B_Port_Name.
9.4.3 FC-BB-3_IP protocol interface

9.4.3.1 Major components

The B_Port FC-BB-3_IP interface consists of all the components of the VE_Port functional model (see 9.3.4.1)

except the FC Switching Element with FC routing.
9.4.3.2 FC and FCIP Entities
9.4.3.2.1 Function

The pripary function of the FC Entity is to support one or more B_Access portals and to communicate
FCIP Ehntity.

The furjction of the FCIP Entity is identical to its function in the VE_Port functional model described in 9.
The FQ/FCIP Entity pair interfaces with the CSM and the PMM through a vendor-specific. mechanism.

9.4.3.2]2 FC Entity
The FG-BB-3_IP interface may support multiple instances of the FC/FCIP Entity-pairs. Each instanc

the LERs. There is a one-to-one relationship between a B_Accessportal and an FCIP_LEP. B_Access
communicate via B_Access Virtual ISLs (see 9.4.3.2.4).

There i$ no switching and routing required in the case of the_BPort functional model. However, the fon
of FC fiames across the B_Access/FCIP_LEP pair is stillrequired. When multiple DEs within an FCIP_L
in use, the selection of which FCIP_DE to use is described in 9.7.3.5.

Initializ@tion at the FC-BB-3 protocol interface occurs'with EBP SW_ILS exchanges between B_Access
in a mgnner identical to standard E_Ports and.is\described in 9.4.3.2.4. The B_Access initialization st
chine i described in 9.4.3.3.2.

9.4.3.2{3 FCIP Entity

vith the

3.4.2.3.

p of the
nent of
bceives
the IP
prtal via
portals

varding
L[EP are

portals
te ma-

The FGIP_LEP receives byte-encodéd"'SOF/EOF delimited FC frames and a timestamp from its B_Acceéss por-

tals. All other functions are identical to the functions of the FCIP Entity in the VE_Port functional mod
9.3.4.2]3).

9.4.3.2]4 B_Access Virtual ISL and FCIP Links

A B_Adcess Virtual ISL -is a logical construct that is created between two FC Entity B_Access portals
explicit|purpose of sending and receiving byte-encoded SOF/EOF delimited FC frames via the FCIH
Conceptually,.communication between two B_Access portals is similar to communication betwg
VE_Pofts.

el (see

for the
Entity.
en two

There is‘a‘%ne-to-one mapping between a B_Access Virtual ISL and an FCIP Link.

An FCIP Link Originator or FCIP Link Acceptor is fully identified by all of the following:
a) an 8-byte Fabric_Name;

b) an 8-byte B_Access Name; and
¢) an 8-byte FC/FCIP Entity identifier.

To uniquely identify an FCIP Link, the following items are required:

a) the 8-byte Fabric_Name of the FCIP Link Originator;
b) the 8-byte B_Access_Name of the FCIP Link Originator;

c) the 8-byte FC/FCIP Entity identifier of the FCIP Link Originator; and


https://iecnorm.com/api/?name=72b3d1e3a1ac48edb8d53f4e00e91fc7

-98 - 14165-243 © ISO/IEC:2012(E)

d) the 8-byte Fabric_Name of the FCIP Link Acceptor.

The FCIP Link Acceptor’s 8-byte FC/FCIP Entity identifier and its B_Access_Name provide additional information about an
FCIP Link but are not required to uniquely identify it.

From/To FC Switch E_Ports
FC Network Interface| g po(t || B Port | ---| B_Port - B_Port_Name
A (8 bytes)
Fabric_Name
(8 bytes)
r-rr -\ — — — A
r |_ — |\ — — — A |
|
Platform - v | |
M t
MiZi?: men II;C =< : B_Access_Name
4 n |
(PMM) iEE B_Access o (8 bytes)
-Time Sync || and les :: ER| X
: Control EP |1 -
-Discovery Module FCIP_LEP |, ) ’FCIP |
-Security (CSM) e emn g - || Entity FC/FCIP Identifier
ILDEJ lLD.Ej - - = (8 bytes)
7y A~ -l
1 SN\ |
f |
T One end of FCIP Link
FCIP Ej oy v v 1c® TCP Port
IP Network Well-Kno N D' 0 Ports (2 bytes)
Interface Port D | B |
IP Address
IP - (4116 bytes)
v Note: DE within each FCIP_LEP
From/To IP Network represents an FCIP DE.
Figure 30 — FC-BB-3_IP B_Access functional model
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9.4.3.3

B_Access Virtual ISL exchanges

9.4.3.3.1 Exchange B_Access Parameters (EBP) SW_ILS

B_Access portals exchange SW_ILSs on the B_Access Virtual ISL. The SW_ILSs that occur on the B_Access
Virtual ISL are the EBP SW_ILS and the LKA ELS (see FC-LS). Figure 31 shows the scope of the B_Access

Virtual ISLs.
Class 2/3/4 frame
FC End Node | B | FC End Node
\_Class 2/3/4 frame Class 2/3/4 frame
\ /
FC SW FC SW
\ /
ISL \\ Class F, 2/3/4 frame Class F, 2/3/4 frame ’/ iSL
\ !
B_Port B_Access Virtual ISL: Class F (EBP), B_Port
Class 2/3/4 frame, LKA
B_Access [« B\ B_Access
FCIP_LEP - FCIP Link: encap. FC frame, FSF %’ |~ FCIP_LEP
Top - TCP connechgns: byte-stream - TCP
- '
Figure 31 — Scope of B_Access Virtual ISL
The EXchange B_Access Parameters (EBP) Switch Rabric Internal Link Service (SW_ILS) is se|
B_Accgss portal to a remote B_Access portal in order to establish operating link parameters and port
ities fon the B_Access Virtual ISL formed by the two™B_Access portal peers. Successful acceptance
SW_IL$ shall be completed before the B_Ports.begin switch port mode initialization.
Protocpl:
a) HBxchange B_Access Parameters (EBP) request Sequence; and
b) Reply Switch Fabric Internahbink Service Sequence.

ht by a
apabil-
of EBP

Addregsing: For use in swit¢h port configuration, the S_ID field shall be set to FFFFFDh, indicating the Fabric

Control
Control

Payloa

er of the originating,B_Access portal. The D_ID field shall be set to FFFFFDh, indicating the
er of the destination B_Access portal.

id: The format.of the EBP request payload is shown in table 27.

Table 27 — EBP request payload

Fabric

Item Bsyltzee's Remarks
28 01 00 00h 4
R A TOV 4 Value in milliseconds
E D TOV 4 Value in milliseconds
K_A_ TOV 4 Value in milliseconds
Requester B_Access_Name 8
Class F Service Parameters 16

Requester B_Access_Name: This field shall contain the B_Access_Name of the device that originated the

EBP re

quest.

R_A_TOV: This field shall be set to the value, in milliseconds, of R_A_TOV required by the FC-BB-3_IP device.
E_D_TOV: This field shall be set to the value, in milliseconds, of E_D_TOV required by the FC-BB-3_IP device.
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K_A_TOV: This field shall be set to the value, in milliseconds, of K_A_TOV required by the FC-BB-3_IP device.

Class F Service Parameters: This field shall contain the B_Access Class F Service Parameters and its format
is identical with its use in the ELP SW_ILS (see FC-SW-4).

Reply Switch Fabric Internal Link Service Sequence:

Service

Accept

Reject (SW_RJT)
(SW_ACC)

Accept payload

Payload: The format of the EBP Accept payload is shown in table 28.

Table 28 — EBP accept payload

Item BS;tZ:S Remarks
02 00 00 00h 4
R_A_TOV 4 Value in millideconds
E D TOV 4 Value in milliseconds
K A TOV 4 Valug\in/milliseconds
Responder B_Access Name 8
Class F Service Parameters 16

The fields in table 28 are the same as defined for table 27 exceptfaor the Responder B_Access Name
Respohder B_Access_Name: This field shall contain the B’ Access Name of the remote device
sponds|to the EBP request.
The SW_RJT Reply payload format is given in FC-SW-4. The EBP reject reason code explanation is s
table 29.
Table 29 — EBP>reject reason code explanation
Encoded Value Describtion
(Bits 23-16) P

0000 0000 No additional explanation

0000 0001 Class F Service Parameter error

000070040 Invalid B_Access_Name

0000 0011 K_A_TOV mismatch

0000 0100 E_D_TOV mismatch

0000 0101 R_A_TOV mismatch

others Reserved

9.4.3.32"B_Access initialization state machine

field.

that re-

nown in

The B_Access initialization state machine is shown in figure 32.
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PO: Exchange B_Access Parameters

* transmit EBP P1: Wait for ACK
E_D_TOV expires
—P1:P0
—PO:P1 -
RX_EBP=NO | p.po___receive ACK
P2: Wait for Response p1:p4—receive EBP -

E_D _TOV expires

Frecei P3: Wait for EBP
L po-po or receive SW_RJT
receive SW_ACC E D TOV expires
and RX_EBP=NO —P3:P0 N,
—P2:P3 |

L P2:P4 receive EBP receive EBP

receive SW_ACC
and RX_EBP=YES

—P3:P4

\

—P2:P5

P4: Receive-EBP
* transmit ACK
and.RX EBP=YES
anddransmit response

—P P4 —P{—P4:P1 —B>
=P2:P4—P{—P4:P2—P>
—P3:P4—>

Figure 32 — B_Access initialization state machine

State R0: Exchange B_Access Parameters. This state marks the beginning of the B_Access initialization.
Activity|other than that described within the state machine is suspended until initialization is complete.

Transifion P0:P1.<The B_Access resets the RX_EBP flag.

State H1: Wait for ACK. In this state the B_Access waits until an ACK for the B_Access’s transmitted EBP is

Transition P1:P0. This transition occurs when the B_Access has not received an ACK within E_D_TOV after
the transmission of an EBP.

Transition P1:P2. This transition occurs when the B_Access receives an ACK before E_D_TOV expires.
Transition P1:P4. This transition occurs when the B_Access receives an EBP while waiting for an ACK.

State P2: Wait for Response. In this state the B_Access has received an ACK for its EBP and is waiting for
a response.

Transition P2:P0. This transition occurs when the B_Access has not received a response within E_ D TOV
after the transmission of an EBP or receives an SW_RJT.
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Transition P2:P3. This transition occurs when the B_Access receives an SW_ACC and has not received an

EBP.

Transition P2:P4. This transition occurs when the B_Access receives an EBP while waiting for a response.

Transition P2:P5. This transition occurs when the B_Access receives an SW_ACC and has received an EBP.

State P3: Wait for EBP. In this state the B_Access has received an ACK for its EBP and is waiting for an EBP.

Transition P3:P0. This transition occurs when the B_Access has not received an EBP within E_D_TOV of the

transmi

ssion of an EBP.

Transi

State H
ACK ar
eters c
ceived

Transi{ion P4:P1. This transition occurs when a B_Access receives an EBP from its peer yet hasn't r

an ACH

Transi{ion P4:P2. This transition occurs when a B_Access receives an,EBP from its peer yet hasn't

a respg

9.4.3.4
The B_|
9.4.3.5
The B_|
9.4.4

The B_|
in item
9.5 F(

Figure

-

a)
b)

© =T

inct from(Lihk 1 although it exists between the same two FC/FCIP Entity pairs (i.e., FC/FCIP_E

ion P3:P4. This transition occurs when a B_Access receives an EBP while waiting for a respo

4: Receive EBP. In this state the B_Access has received an EBP. The B_Access résponds
d transmits an SW_ACC or SW_RJT depending upon whether or not the received Configuration
bntained within the EBP are acceptable. The B_Access sets RX_EBP to indicateyan EBP has b
and is accepted.

for a previously transmitted EBP.

nse for a previously transmitted EBP.

B_Port Control and Service Module (CSM)
Port CSM is identical to the E_Port CSM described in 9.3.4.4.

B_Port Platform Management Module (PMM)
Port PMM is identical to the E_Port PMM described in 9.3.4.5.

P Network Interface

Port IP network interface is identical to the E_Port IP network interface described in 9.3.5 with a
c), where a single IP address\is-per B_Access/FCIP_LEP pair.

C-BB-3_IP Network Topologies
B3 shows some example FC-BB-3_IP network topologies that exists between three FC-BB-3_|
CIP Link 1 connects Sites 1 and 2 and consists of three TCP connections;

CIP Link 2{connects Sites 1 and 2 and consists of two TCP connections. FCIP Link 2 howeve

hd FG/FCIP_Entity_2);

NSe.

with an
param-
een re-

pceived

pceived

change

P sites:

ris dis-
Entity 1

c) H
F

AP ink 3 S [ 3 | . ‘ ICP . ECIP Link 3 exists |
C/FCIP_Entity_3 and FC/FCIP_Entity_5; and

etween

d) FCIP Link 4 connects Sites 2 and 3 and consists of one TCP connection. FCIP Link 4 exists between

F

C/FCIP_Entity_4 and FC/FCIP_Entity_6.
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Site 1

f FCIFCIP_Entity 1 FCIFCIP_Entity_3 \
Egtii VE_Port VE_Port B_Access Egtity Legend:

y
First/Last Segment of the Virtual ISL=

One End of FCIP Link= - — -
Eﬁm FCIP| LEP FCI}_LEF Fci Led Eﬁtlrt‘y

Fa
—h

I_H’I1"N_| TCP Connection =
i3] Ll CET [R5 @E Number of TCP Connections/FCIP Link=_ )
7L <L <32
eI O J MM e i
\ / Site 3 L)
% Y| 2° |3
/ N—rEs )
IP Network — -
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y et V215 | |8
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4T A=
Site 2 R ¥ ¥ <
(T W = || oo
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FCIP

A Entity

Entity.

—— | FC FC
VE_Port _Port | | Entity VE_Port | | Entity|

Figure 33 — FC-BB-3_IP network topologies

9.6 Mapping and message encapsulation using TCP/IP
9.6.1 Encapsulated frame structures

9.6.1.1 FC frame encapsulation structure

An encapsulated FC frame is carried in one or more TCP segments as shown in figure 34. Each segment's
format is shown in table 30. The structure of each encapsulated FC frame is shown in table 31 and consists of
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a FC Encapsulation Header and a byte-encoded SOF/EOF delimited Class 2, 3, 4, or F FC frame as described
in RFC 3643.

Table 30 — TCP/IP Segment structure carrying encapsulated FC frame

. . Size
Field Sub-field
(Bytes)
Min:20
IP Header Max-40
TCP Header Min:20
Max:40
one or more portions of encapsulated FC Min:64
TCP payload frames Max:2 176

Table 31 — Encapsulated FC frame structure

Field Size
(Bytes)
FC Encapsulation Header 28
SOF (see Note below) 4
FC-Header 24
FC frame payload Min=0
(includes optional header) Max:2 112
CRC 4
EOF (see Note below) 4

FC frame encapsulation (see RFC 3643) describes the structures of the 4-byte SOF/EOF values fields pnd the
FC Eng¢apsulation Header. The FC Encapsulation Header consists of several fields: Protocol#, \ersion,
pFlags| Flags, Frame Length, Timestamp, and CRC.

Protocpl#: indicates the FCIP protocol.

Version: indicates the version number.

pFlags| defines flag bits FSF and Ch.that distinguish encapsulated FC frames from FCIP originated or pchoed
control fframes.

Flags: fhe CRCYV bit value-indicates if the contents of the CRC field are valid or invalid. For FC-BB-3 |[IP pro-
tocol the CRCV bit shallbezero (i.e., invalid).

Frame Length: centains the length of the entire FC encapsulated frame including the FC Encapsulation Head-
er and the FC frame, including SOF and EOF words.

Timestamp:-contains the tlme at which the FC encapsulated frame was sent as known to the sender. The for-

sion 4 (see RFC 2030) The contents of the tlmestamp mteger and tlmestamp fraction words shall be set as
described in 9.3.4.5.2.

CRC: for FC-BB-3_IP protocol the CRC field shall be set to zero.
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9.6.1.2 Encapsulated FCIP Special Frame (FSF) structure

An encapsulated FCIP Special Frame (FSF) is carried as a TCP segment as shown in table 32. The structure

of an encapsulated FSF is shown in table 33 and consists of an FC Encapsulation Header and an FCIP Special
Frame.
Table 32 — TCP/IP Segment structure carrying encapsulated FSF
. . Size
Field Sub-field (Bytes)
Min:20
|P Header A
Min:20
TCP Header Max:40
TCP payload encapsulated FSF 76
Table 33 — Encapsulated FSF structure
. Size
Field (Bytes)
FC Encapsulation Header 28
FCIP Special Frame (FSF) 48
See 9.9.1.1 for a description of the FC Encapsulation Header structure and format.
The FSJF structure is defined in FCIP (see RFC 3821) and consists of several fields: Source FC Fabric| Name,

Source|FC/FCIP Entity identifier, Connection Nonce, Connection Usage Flags, Connection Usage Cod
tination| FC Fabric_ Name, and K_A TOV.

Sourcg FC Fabric_Name: the identifier for the FC fabric associated with the FC/FCIP Entity pair that
ates th¢ FCIP Special Frame. If the FC fabric is an-F€ switch, then the field contains the Switch_Nam

Sourcq FC/FCIP Entity identifier: a unique identifier for the FC/FCIP Entity pair that generates the F§
value ig assigned by the FC fabric whose name appears in the Source FC Fabric_Name field.

Connegtion Nonce: contains a 64-bitrandom number generated to uniquely identify a single TCP con
quest. iph order to provide sufficient'security for the nonce, the randomness recommendations described
3821 should be followed.

Connegtion Usage Flags:identifies the types of SOF values to be carried on the connection. All or
the bits| corresponding fo Class F, 2, 3, or 4 may be set to one. If all of the bits are zero, then the type
frames|intended to be carried on the connection has no specific relationship to SOF code.

Connegtion Usage Code: contains Fibre Channel defined information regarding the intended usag
ion/The FCIP Entity uses the contents of the Connection Usage Flags and the Connection|

e, Des-

gener-

(1)

5F. The

nect re-
in RFC

hone of
s of FC

b of the
Usage
d apply

ppropriate QoS settings in the shared database of TCP connection information an

............ A o arih ald ara racorvad
©

Destination FC Fabric_Name: may contain the Fibre Channel identifier for the FC fabric associated with the

FC/FCIP Entity pair that echoes, as opposed to generates, the FSF.

K_A_TOV: contains the FC Keep Alive Timeout value to be applied to the new TCP connection.
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9.6.2 TCPI/IP encapsulation

Figure 34 illustrates the TCP/IP encapsulation of an encapsulated FC frame. The TCP/IP encapsulation of an
encapsulated FSF is similar.

FC Header Pay|oad CRC
(includes optional hdr.)
(24) (0-2112) @)

| ——— FCframe ———»|
| |

| T
o)  FC Encapsulation | o)
2 Header |
4) | (7) @)
h N | | -
- Encapsulated FC Frame —
AN N e
-
N 94
% -¢—— Encapsulated FC Frame —{p> é
| [ | | |
| <t TCP Byte-Stream Bl
| I | |
.| |.7cP TCP D
Header ToP Header ToP |
: : (20-40) -€— Payload —p» (20-40) -« Payload - |
| |
| | - TCP Segment —>| - TCP Segment — |
| wam | N | \ | LLLE
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Figure 34 — TCP/IP encapsulation of an encapsulated FC frame

9.7 FC-BB-3_IP Protocol Procedures

9.7.1 Overview

This subclause describes the FC-BB-3_IP protocol procedures for platform management (see 9.7.2), connec-
tion management (see 9.7.3), and error detection and recovery (see 9.7.4). There are no specific procedures
defined for housekeeping functions such as maintenance of error or event logs.

9.7.2 Procedures for platform management
9.7.2.1 Function

Platform management has three main functions, discovery, security, and time synchronization.

9.7.2.2 Procedures for discovery

Device discovery is one of the functions of the Platform Management Module (PMM). Each FC-BB-3_IP device
is statically or dynamically configured with a list of IP addresses and other identifiers (e.g., N_Port_Names) cor-
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responding to participating FC/FCIP Entities. If dynamic discovery of participating FC-BB-3_IP devices is sup-
ported, the function is performed using Service Location Protocol version 2 (see RFC 3822).

FC/FCIP Entities themselves do not actively participate in the discovery of FC source and destination identifi-
ers. Discovery of FC addresses accessible via the FC/FCIP Entity is provided by techniques and protocols with-
in the FC architecture as described in FC-FS-2 and FC-SW-4.

9.7.2.3 Procedures for extending FC-SP security

9.7.2.3.1 Authentication mechanisms

The Platform Management Module (PMM) is responsible for extending security at the FC level.

Entity duthentication occurs at the FCIP and FC levels as illustrated in figure 29. Authentication mechanisms
at the ACIP level are defined in FCIP (see RFC 3821). Authentication mechanisms at the FC level'ar& defined
in FC-SP.

During jnitialization of a Virtual ISL, each switch may authenticate the other switch with FC:SP autherttication
mechamnisms. FC-BB-3_IP provides for extending the protection of FC-SP authentication to,subsequently add-
ed TCRH connections via either the ASF SW_ILS described in 9.7.2.3.2 or vendor-specific configuratign infor-
mation

NOTE 28 - The unqualified use of the term Virtual ISL refers to both VE_PortyVirtual ISL and B_Acces$s
Virtual ISL.

When an FCIP Entity receives a TCP connect request for an additiohal"TCP connection to an existing FCIP
Link to which FC-SP authentication has been applied, the FCIP Enitity:generates a request to the FC Entity to
authenficate the additional TCP connection including at least the fellowing information:

a) (onnection Nonce;
O

estination FC Fabric_Name;
¢) Qonnection Usage Flags; and
d) Qonnection Usage Code.

If FC-SP authentication procedures are hot being applied to the Virtual ISL, the FC Entity shall responf to the
FCIP Entity indicating that the new-TCP is authentic.

NPTE 29 - If the first TCP cannection in a Virtual ISL is not authenticated using the applicable FC-SP proc
ddires, no security is gained*by authenticating other TCP connections.

D
]

NPTE 30 - The preferred security mechanism for the Public Internet IP network is the success or failure pf
am ASF SW_ILS:;

9.7.2.3{2 Authenticate Special Frame (ASF)

The Authenticate Special Frame (ASF) Switch Fabric Internal Link Service (SW_ILS) is used by an FC Entity
to authgntieate additional TCP connections on existing FCIP Links. To authenticate a new TCP connegtion us-
ing the ASF SW_ILS, the FC Entity shall use the information provided by the FCIP Entity to transmit an ASF
request on the Virtual ISL to which the new TCP connection is being added using a TCP connection in the Vir-
tual ISL that has already been authenticated.

The FC Entity shall use the information from the new FSF request to populate the fields in the ASF request.
The fields are the same as defined for FSF (see 9.6.1.2). The format of the ASF request payload is shown in
table 34.

The FC Entity shall transmit the ASF over the previously authenticated TCP connection. This piggybacking
technique authenticates additional TCP connections by riding on top of previously authenticated TCP connec-
tions.

An FC Entity that receives an ASF SW_ILS shall verify that the information in the request payload identifies a
TCP connection initiated by that FC/FCIP Entity pair. If it verifies that this information is sound then the FC En-
tity shall respond with an SW_ACC (see table 35), otherwise it shall respond with an SW_RJT with a reason
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code of “Unable to perform command request” and a reason code explanation of “Class F Service Parameter

error”.

Protocol:

a) Authenticate Special Frame (ASF) request Sequence; and

b) Reply Switch Fabric Internal Link Service Sequence.

Addressing: The S_ID field shall be set to FFFFFDh, indicating the Fabric Controller of the originating FC En-
tity. The D_ID field shall be set to FFFFFDh, indicating the Fabric Controller of the receiving FC Entity.

Payload: The format of the ASF request payload is shown in table 34.

Table 34 — ASF request payload

Item Size

Bytes
28 03 00 00h 4
Destination FC Fabric_Name 8
Connection Nonce 8
Connection Usage Flags 1
Reserved 1
Connection Usage Code 2
Reserved 4

Destination FC Fabric_Name: This field is the Fabric_Name of the destination switch and is the Sol

Fabric |
Conne

Conne

Name from the FSF frame.
ction Nonce: This field is the Connection Non¢efrom the FSF request.

ction Usage Flags: This field is the Conngction Usage Flags from the FSF request and signi

acceptance of these flags.

Conne

ction Usage Code: This field is the\Connection Usage Code from the FSF request and signi

acceptance of these codes.

Reply |
a) §
b) A

Accept

Bwitch Fabric Internal Link Service Sequence:
ervice Reject (SW_RJT);'er
ccept (SW_ACC).

payload.

Payload: The format of the ASF accept payload is shown in table 35.

Table 35 — ASF accept response payload

rce FC

fies the

fies the

9.7.3

9.7.3.1

Item
Bytes
02 00 00 00h 4

Procedures for connection management

Function

The primary function of the Control and Services Module (CSM) is managing connections.

9.7.3.2

Procedures for link setup

In order to realize a Virtual ISL/FCIP Link between two FC-BB-3_IP endpoints, an FC-BB-3_|IP device estab-
lishes TCP connection(s) with its peer FC-BB-3_IP device.

NOTE 31 - A Virtual ISL exists between two VE_Ports or two B_Access portals and an FCIP Link exists
between two FCIP_LEPs. Conceptually, the procedures for establishing these two are identical.
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It may also be useful to assign a pool of connections for transmission of high priority and control frames (e.g.,
Class F) on connections so they do not encounter head-of-line blocking behind Class 2, Class 3, or Class 4
traffic. The use of multiple connections and policies for distributing frames on these connections is described
in 9.7.3.5.

A Virtual ISL/FCIP Link and the two FC-BB-3_IP device endpoints that are involved become operational only
after the first TCP connection is established. The sequence of operations performed in order to establish a Vir-
tual ISL/FCIP Link is as follows:

1) the FC-BB-3_IP device initializes its local resources to enable it to listen to TCP connection requests;

2) the FC-BB-3_IP device discovers the FC-BB-3_IP device endpoints to which it is able to establi
al ISL/FCIP Link. The result of the discovery shall be, at the minimum, the IP address and\the TCP

tu

P

S5 Q0

Q

ti

mo

ng to the methods described in 9.3.4.5.2.2;

prt of the peer endpoint. The discovery process may rely on administrative configuration or.on’s
Lich as SLPv2 as described in 9.7.2.2;

7.2.3 shall be followed;

this point, both endpoints have their respective VE_Port/FCIP_I<EP pairs or B_Access/FC
irs established;

h a Vir-

ervices

the processes defined by FCIP are used to establish TCP connections. FC level authentication of the
st TCP connection is accomplished using the mechanisms and management-¢ontrols descfibed in
FIC-SP. To extend FC-SP authentication to additional TCP connections the miechanisms descfibed in

P_LEP

ter connection establishment, the FC-BB-3_IP device constructs the encapsulated FC frames pccord-

[ this point the Virtual ISL endpoints shall exchange FC virtual port initialization frames to ena

bn shall use FC-SP authentication mechanisms;

h FC-BB-3_IP device operates in E_Port or B_Port mode. When operating in E_Port mode,
SPF messages are exchanged and\the switch port becomes operational. When operating in

hich result in the link becoming-operational;

k costs are implementation-defined;

ble and

igentify port operation. The E_Port port mode initialization state machine is described in FC-SW-4 and
the B_Access portal initialization state machine‘is’described in 9.4.3.3.2. Switch-to-switch auth

entica-

normal
B_Port

ode, it is expected that the exterhal E_Ports may exchange FSPF messages over the Virfual ISL

certain deployments; a single FC-BB-3_IP device may establish Virtual ISLs/FCIP Links with multiple
-BB-3_IP devitejendpoints. In this situation, the FC-BB-3_IP device shall manage TCP opefational
rameters indépendently for each Virtual ISL or FCIP Link. Also, the FC-BB-3_IP device VE_Pprt may
rform theE=Port initialization independently, for each Virtual ISL/FCIP Link. The B_Access also may
rform initialization independently, for each Virtual ISL/FCIP Link; and

9.7.3.3 Procedures for data transfer

The procedures for data transfer are as follows:

meters,
e mod-

a) the sending FC Entity shall deliver FC frames to the correct FCIP_LEP/FCIP_DE in the correct FCIP
Entity;

b) each FC frame delivered to the FCIP_DE shall be accompanied by a time value synchronized with the

Cc

lock maintained by the FC Entity at the other end of the FCIP Link (see 9.3.4.5.2.2); and

c) when FC frames exit FCIP_DE(s) via the FC Transmitter Portal(s), the FC Entity should forward them to
the FC fabric. However, before forwarding the FC frame the FC Entity shall verify the end-to-end transit

i

me as described in 9.3.4.5.2.3.
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9.7.3.4 Procedures for FCIP Link disconnection

The FC Entity may require the FCIP Entity to perform TCP close requests (e.g., to perform a controlled shut-
down of a link or to respond to high link error rates). If the FC Entity requests the closure of all TCP connections
in an FCIP Link, the FCIP Link is disconnected.

When the FCIP Link is disconnected, notification of the disconnection shall be accomplished according to the
procedures in 9.8.3.5.

9.7.3.5 Procedures for multiple connection management

A pair of FC-BB-3_IP device endpoints may establish a number of TCP connections between them. Since a
Virtual ISl potentially maps a 'F::irly large number of EC flows where a flow is defined as a pair of Eibre Channel
S _ID/D| ID addresses, it may not be practical to establish a separate TCP connection for each FC flow. How-
ever, once an FC flow is assigned to an FCIP_DE within the Virtual ISL, all FC frames of that flow shall pe sent
on that{same FCIP_DE. This rule is in place to honor any in-order delivery guarantees that may haye been
made between the two end points of the FC flow.

When @ TCP connect request is received and that request would add a new TCP connection to an gxisting
FCIP_LEP, the procedures described in 9.7.2.3.1 shall be followed.

9.7.4 Procedures for error detection recovery

9.7.4.1| Procedures for handling invalid FC frames

corruptfon detected at the TCP level shall be recovered via TCP data.recovery mechanisms. The recoyery for

Data corruption is detected at two different levels, TCP checksum and\EC frame encapsulation erro:F. Data
FC fra%:e errors is described below. The TCP and FC frame recovery operations are performed independently.

Fibre
marize

hannel frame errors and the expected resolution of thOse errors are described in RFC 3821 and sum-
below:

NPTE 32 - The behavior given below is that of the FCIP Entity.

a) aJl incoming frames on the FC receiver port.are verified for correct header, proper format, valiq length
apd valid CRC. A frame having an incorrect header or CRC shall be discarded or processed ir} accor-
dance with the rules for the particular.type of FC_Port;

b) all frames transmitted by the encapsulated frame tansmitter are valid FC encapsulations of valid FC

frames with correct TCP check-sums on the correct TCP/IP connection;

c) the FC frames contained-in‘incoming encapsulated frames on the encapsulated frame receiver port are
verified for a valid header, proper content, proper SOF and EOF values, and valid length. FC|frames
that are not valid according to those checks are managed according to the following rules:

1) the frame may be discarded; or

2) the frame'may be transmitted in whole or in part by the FC transmitter port and ended with an EOF irjdicating
that-the content of the frame is invalid; and

d)

flthere is any discrepancy between statements in this subclause and RFC 3821, then RFC 3821 shall
prevait:

9.7.4.2 Procedures for error recovery
The FC Entity shall recover from events that the FCIP Entity is unable to handle, such as:
a) loss of synchronization with FCIP frame headers from the encapsulated frame receiver portal requiring
resetting the TCP connection; and

b) recovering from FCIP frames that are discarded as a result of synchronization problems.
The FC Entity may recover from connection failures.
Since FC Primitive Signals and Primitive Sequences are not exchanged between FCIP devices, there may be

times when an FC frame is lost within the IP network. When this event occurs it is the responsibility of the com-
municating FC devices to detect and correct the errors based on the features defined in FC-FS-2.
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In order to facilitate faster detection of loss of link connectivity, FC Entities shall make use of the Link Keep
Alive (LKA) ELS (see FC-LS). The LKA ELS is exchanged across the Virtual ISL as shown in figure 28 (i.e.,
E_Port implementation) or figure 31 (i.e., B_Port implementation). The exact number of lost LKA heartbeats
that forces the FC Entity to mark the link down is a configurable parameter with a default value of 2. Once the
link has been marked down, the FC Entity shall attempt to re-establish the link via the FCIP Entity.

9.7.5 FC-BB-3_IP system parameters

9.7.5.1 FC timers
FC has two important timeouts, E_D_TOV and R_A_TOV.

_TOV determines the life of an individual FC frame in any particular fabric element. The_effects of
_TIOV on the fabric as a whole are typically cumulative since each fabric element contains jts own
TPV timers for any frame received.

mmm
O 00O

Pl

A_TPV determines the life of an individual FC frame in the fabric as a whole. For a fabric/R_A_TOV|implies

at no|particular frame shall remain in, and thus be emitted from, the fabric after the(imer expires.

—
0

K_A _TOV is a timer defined in this standard that is used by the Link Keep Alive'(LKA) ELS (see FC-LIS) as a
trigger for issuing LKA. The LKA should be sent at least every K_A_TOV if no_traffic has been sent and/or re-
ceived pn the connection. The default value for K_A_TOV is 1/2 E_D_TOW,
9.7.5.2| TCP timers

Given the multitude of current and probable TCP implementations, IETF Requests For Comments rejated to
TCP, applications network requirements, etc., it is impossible toprovide even rudimentary guidance in suggest-
ing valyes for the tunable parameters associated with TCR

9.7.5.3| Maximum number of attempts to complete‘an encapsulated FC frame transmission

This is Bn unspecified parameter and is implementation-specific.

9.7.5.4( Maximum number of outstanding-eéncapsulated FC frames

This is Bn unspecified parameter and is.ifiplementation-specific.
9.8 FC-BB-3_IP service considerations
9.8.1 [Latency delay

The time required for a frame to pass from one FC-BB-3_|P device to another across the IP network is yariable
and beyond the direct control of the FC/FCIP Entity pair. However, the IP network transit time affects|the FC
Entity’s|ability to meet FC timeout requirements (e.g., the R_A_TOV requirements of the fabric). Therefpre, the
FC Entjty is required to use facilities provided by the FCIP Entity to compute the IP network transit {ime for
frames| See9:3.4.5.2.

Class Fframes—may-be-excepted-fromtR-networktransit time-checking—however—all-etherelassesoflframes
shall have their IP network transit time computed and checked. If a frame is found to have an IP network transit
time that would cause the frame’s lifetime in the fabric to exceed FC requirements, the FC Entity shall discard
the frame.

9.8.2 Throughput

9.8.2.1 How timeouts affect throughput
Both FC and TCP timeouts affect throughput as follows:
a) small R_A TOV values may cause encapsulated FC frames to be discarded frequently in the FCIP_DE
necessitating FC end-node retransmissions;

b) large TCP timeouts may result in encapsulated FC frames becoming stale in the IP network, leading the
FCIP_DE to discard them again necessitating FC end-node retransmissions; and
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c) discarding encapsulated FC frames due to improper settings of timeout values and errors in the IP net-
work lowers the effective throughput.

The FC/FCIP Entities have little or no control over TCP timeouts. The FC/FCIP Entities never initiate retrans-
missions, that is done either by TCP or by the FC end nodes.

9.8.2.2 How loss affects throughput

TCP retransmissions occur due to loss or corruption of TCP segments. If TCP retransmissions cause the al-
lowed transit time to exceed a threshold, then encapsulated FC frames shall be discarded. Either case is likely
to cause the effective throughput to be reduced.

9.8.2.3( Other factors that affect throughput

Throughput may be affected by a mismatch in the effective rates of data transfer across the FCfand thq IP net-
work inferfaces. This mismatch may occur due to differences in the physical line speeds at the FC netwprk and
the IP network interfaces or due to the fundamental difference in the two flow control me€hanisms.

FC usep BB_Credit flow control and TCP uses a sliding window based flow control. FC-BB-3_IP does not spec-
ify the mechanism that aligns the two flow control schemes, although it is thought‘that performance may be
affected if this aspect is not considered. The FC-BB-3_IP device needs to ensure that the TCP connectipns are
able to|handle the frame arrival rate from the FC fabric. The FC Entity shallwork cooperatively with the FCIP
Entity tp manage flow control problems in either the IP network or FC fabric:

In ordef to achieve better TCP aggregate throughput properties in the face of packet losses, a pair |of peer
FC-BB{3_IP devices may use multiple DEs between them, and use.appropriate policies for mapping FC|frames
to thesg¢ connections.

9.8.3 Reliability

9.8.3.1| Loss of connectivity

The F(J-BB-3_IP device has the capability of detecting loss of connectivity with its remote peer (see 9.7.4.2).
Upon detecting a loss of connectivity, an FC:BB-3_IP device establishes a new connection, or uses an gxisting
TCP cdnnection to the same FC-BB-3_IP.device endpoint. An FC-BB-3_IP device shall not retransmif an en-
capsulated FC frame on the new connection. This is to ensure exactly-once delivery semantics to the FC end-
point.

The FQ Entity may test for fajled, TCP connections. Should such a test detect a failed TCP connection)the FC
Entity ghall disconnect thateonnection following the procedures in 9.7.3.4.

9.8.3.2| Loss of synchronization

The FQ Entity shall’recover from events that the FCIP Entity is unable to handle, such as:

a) lgss of-synchronization with FC-BB-3_IP encapsulated FC frame headers from the Encapsulated Frame
Receiver Portal requiring resetting the TCP connection; and

- £ o noa 1n [ P~ e L 1 mrrel TR 1 - :
b) [ECOVETTTY TTONT T O~BDh=o_1F TIapsuiaieu T o T darmes UTal areuinstdiutu a5 a TEeSUTt Ul SyTTeTmo ||Zat|0n

problems (see RFC 3821).
9.8.3.3 Loss or corruption of TCP segments

TCP flow control and error control has mechanisms to detect lost or corrupted TCP segments. TCP retransmits
the TCP segments that were lost or corrupted.

TCP flow control provides the ability to regulate the flow of data on the IP network interface based on the per-
ceived IP network congestion conditions, potentially avoiding large losses of data.

9.8.3.4 Loss or corruption of FC frames

The FC interface of the FC-BB-3_IP device has no mechanisms to detect lost data but only to detect corrupted
frames. Corrupted frames detected prior to transmission into the IP network, are discarded and not sent over
the IP network.


https://iecnorm.com/api/?name=72b3d1e3a1ac48edb8d53f4e00e91fc7

14165-243 © ISO/IEC:2012(E) -113 -

FC BB_Credit flow control provides the ability to regulate the flow of data on the FC network interface with no
loss.

9.8.3.5 FCIP error reporting

The FC Entity receives notifications from the FCIP Entity due to a number of errors detected by the FCIP Entity.
As a result, the E_Port implementation of the FC Entity shall report those errors to the local FC switch element
via the local VE_Port (see figure 26). Similarly the B_Port implementation shall report the error to the local
B_Access (see figure 30). In addition, the FC Entity may pass these error reports to the local PMM for inclusion
in a local event log.

ink ncident
ee figure

On recegipt of the message from the FC Entity, VE_Port or B_Access shall immediately forward’the RLIR to the
Domain Controller of the Switch.

As a minimum the FC Entity shall accept the following information from the FCIP Entity:

2

gss of FC frame synchronization (see RFC 3821);

O
-
—

gilure to setup TCP connection (see RFC 3821);

o
~
o

uplicate connect request (see RFC 3821) ;

2
—

CP connect request timeout (see RFC 3821) ;

L
(7]

Liccessful completion of FC Entity request to close TCP/connection (see RFC 3821);

—
=

gss of TCP connectivity (see RFC 3821);

kcessive number of dropped datagrams (see RFC 3821);

e
@

2
)

hy confidentiality violations (see RFG3821);

w

A parameter mis-match (see RFC 3821); and
j) LKA timeout notification (see’ FC-LS).

The FQ Entity shall generate;and forward an RLIR to the management server for the following:

a) Igss of FC frame synchronization (see RFC 3821);
b)

=h

qilure to setup-additional TCP connection (see RFC 3821); and

c) afditional duplicate TCP connect request (see RFC 3821).

9.8.4 Quality of Service{QeS)

The FC-BB-3_IP protocol may use TCP/IP QoS features to support FC capabilities.
9.8.5 Delivery order

Each VE_Port/FCIP_LEP pair defines a separate FCIP Link. FCIP_DEs within an FCIP_LEP share the FCIP
Link. Multiple FCIP_DEs between FCIP_LEPs introduce multiple traffic paths (e.g., Class F, Class 2/3/4). The
order in which the FCIP_DEs are serviced on the FCIP Link is not specified. One possibility is providing differ-
ent priority levels to each traffic path changing the overall delivery order.

The only delivery order guarantee provided by TCP is correctly ordered delivery of FC-BB-3_IP encapsulated
FC frames between a pair of FCIP_DEs. The FC Entity is expected to specify and handle all other FC frame
delivery ordering requirements.
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NOTE 33 - The order of the FC frames sent by the encapsulated frame transmitter may not be the same as
the order sent by the source FC end node. This is due to the fact that some types of FC login allow FC frames
to be re-ordered in the FC fabric before reaching the FC receiver port.

9.8.6 IP multicast and broadcast
This standard does not make use of IP multicast and broadcast.
9.8.7 Security and authentication

The IETF security standards referenced by RFC 3821 provide numerous mechanisms for securing TCP con-
nectiong between FC/FCIP Entity pairs (e.g., [Psec packet authentication and confidentiality). Tt is impdrtant to
note that the public Internet IP network is subject to a large variety of security attacks, meaning that/serious
considgration should be given to enabling the full suite of security features described in FCIR<whengver the
public Internet IP network is to be used to transmit FCIP frames.

The TP connection authentication mechanism described in 9.7.2.3.1 provides FC-BB-3 specific authentica-
tion for[the second, third, etc., TCP connections in an FCIP Link and its associated, Virtual ISL as long as the
first TCP connection is authenticated using the mechanisms described in 9.7.2.3 and FC-SP.
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10 FC-BB-3_GFPT Structure and Concepts

10.1 Applicability

Clause 4 discussed the FC-BB-3_GFPT reference model. This clause discusses the FC-BB-3_GFPT function-
al model.

10.2 FC-BB-3_GFPT overview

This clause discusses further aspects of FC-BB-3_GFPT operation, including initialization, flow control, and
procedures for adaptation of FC information for transport using the Asynchronous Transparent Generic Fram-
ing Procedure (GFPT). Mapping FC-BB-3_GFPT into Asynchronous GEPT allows for applications where the
WAN transport rate is less that the FC client data rate.

Figure B5 illustrates the protocol levels and layers involved in FC-BB-3_GFPT processes and deyices

To/From FC_Ports

:

FC-0

FC-1

FC-BB-3_GFPT |

______ _ R\

4 Asynch GFPT Adaptation

clA_Ic_japtatiorrti

and Transpo

La);)ers SONEFEDH/OTN/PDH Transport Interface
* Layers 1/0

To/From Transport Network

Figure 35 — FC-BB-3_GFPT protocol levels and layers

The FJ-BB-3_GEPT level, the functions of which are defined by this standard, produces a stream of BB/10B
codewqrds in either direction. In the FC interface direction, it produces a full FC rate, synchronous codeword
stream| constructed from the FC Ordered Sets (i.e., frames, Primitive Signals and Primitive Sequences) deliv-
ered by-the-GERTadaptationleveland-emulates—a-standard FC-2levelinterfacing-to-a-standard-FC11 level.
In the WAN network direction, the FC-BB-3_GFPT level produces a filtered stream of codewords that includes
all FC frames, selected Primitive Signals and selected Ordered Sets of Primitive Sequences that are forwarded
by the FC-1 level, as well as GFPT_WAN Primitive Signals that are used for WAN flow control and manage-
ment purposes. The asynchronous GFPT adaptation level and the transport (i.e., SONET/SDH/OTN/PDH) lay-
ers are described by ITU-T standards (see clause 2). Buffering of selected codewords and Ordered Sets, in
both directions of propagation (i.e., from the FC-1 level, and from the GFPT adaptation level), is one function
of the FC-BB-3_GFPT level components.
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10.3 FC-BB-3_GFPT functional model
10.3.1 FC-BB-3_GFPT initialization

FC-BB-3_GFPT devices do not directly participate in FC link initialization or FC_Port initialization. FC link ini-
tialization and FC_Port initialization occurs between the attached FC_Port and the remote FC_Port. This is a
key distinction between the FC-BB-3_GFPT device model and other FC-BB-3 models.

FC-BB-3_GFPT devices monitor and transport the FC_Port initialization Exchanges (i.e., ELP, FLOGI, and
PLOGI) that take place between the attached FC_Port and the remote FC_Port, but only to capture and poten-
tially modify the parameters that are relevant to link-level flow control.

If an FC-BB-3_GFPT device hosts more than one GFPT_WAN facility, and each GFPT_WAN facility.includes
the GFPT_WAN link and the corresponding client-facing FC_Ports on each device, a separate-state machine
operatg¢s on each GFPT_WAN facility. The state machines in each FC-BB-3_GFPT device'on the same
GFPT_WAN facility operate independently of one another.

10.3.2 | FC-BB-3_GFPT initialization state machine

10.3.2.1 Initialization state machine keywords

The keywords used in the FC-BB-3_GFPT initialization state machine diagram (see figure 36) are spegified in
table 36.

Table 36 — FC-BB-3_GFPT initialization state machine’keywords

Keyword Description
WAN Received from remote FC-BB-3_GFPT device.
FC Received from attached FC_Port.

10B_ERR GFPT-defined character used to represent an FC.llegal codeword or running disparity error
at ingress, or an irresolvable character error‘produced during GFPT_WAN transmission.
Interpretation of these characters is described in 10.3.8.

FC-Errqr 8B/10B character error or running disparity error.

10.3.2.2 Initialization state machine

The FQ-BB-3_GFPT initialization state machine is specified in figure 36.
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S2:GFPT_WAN Up

S2:S2 GFPT_WAN failure detected
S1:GFPT_WAN Down < |
* establish bidirectional GFPT_WAN link connectivity S2:5S2 WAN-Error (10B_ERR)
* send NOS to attached FC_Ports
* discard PSig, PSeq, and Frames received from
attached FC_Ports S2:S2 WAN-Buffer overrun
* discard any prior history of LEM information

< |
-

-

S1:5T Any other event o2z.90Z WAN-FoSeq=LR,LRK
U—— < \

All:S1 Ini 2:S2 WAN-PSeq=NOS,0L
st it $2:51 WAN down or | 2> Seq=NOS,0LS

< |

insufficient buffer resources [

< $2:52 WAN-Pseq/PSig={Arb-Loop}
> _ or FC-PSeq/PSig={Arb-Loop}
$1:S3 WAN link up or WAN-PSig=(R_RDY,BB_SCrBB“SCs)
< |

S2:S2 WAN-PSig=Idle or FC-Psig=Idle

< |
-

S$2:52 WAN-PSig=(R_RDY,BB_SCr,BB_SCs,|dle)
or WAN-EOF

or WAN-SOF,Data

or FC-PSig!=(R_RDY,BB_SCr,BB_SCs,Idle)

or FG*EOF or FC-SOF,Data

S3:S2 PING_ACK/Sufficient - |

buffer resources
p S2:52 WAN-ASFC_PAUSE

S3:S1 PING_ACK/Insufficient - |
buffer resources

S3:GFPT_WAN Link Up
*send PING

[y
|

§2:52 WAN-ASFC_RESUME

< |
-

§2:52 WAN-PING

-
-

§2:52 WAN-PING_ACK

< |
-

S2:S2 FC-LossSig or FC-LossSync

< |
-

§2:52 FC-PSeq=LR,LRR

-

§2:S2 FC-PSeq=NOS,0OLS

-l ‘

S2:S2 FC-PSig=(R_RDY,BB_SCr,BB_SCs)

-l ‘

S2:S2 FC-Error

-

§2:S2 FC-LOSYNC

-

Figure 36 — FC-BB-3_GFPT initialization state machine

Transition All:S1 Init. This transition occurs when an initialization event occurs in a state where it is not al-
ready handled. An initialization event may be:

a) a power-on reset condition;

b) outside intervention requesting an initialization event; or
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¢) a vendor-specific initialization event.

State S1: GFPT_WAN Down. In this state, FC-BB-3_GFPT devices shall:

a) initiate establishment of GFPT_WAN links, including Transport Trail configuration and turn-up, and the

establishment of a fully operational GFP server in both directions (see 10.3.8);

b) send the Not Operational (NOS) Primitive Sequence to attached FC_Ports, if any;

c) discard any Primitive Signals, Primitive Sequences, or frames received from attached FC_Ports;

d) djscardany priorhistory of togim Exchange Momitor ttEMy informatiom tsee1038—————]

Transifion S1:S1 Any other event. This transition occurs when an event other than what is specified
S1 occhirs.

Transifion S1:S3 WAN link up. This transition occurs when a WAN link up event is detected.

State §3: GFPT_WAN Link Up. In this state, the FC-BB-3_GFPT device shall transmit one or mor
Primitive Signals to the remote FC-BB-3_GFPT device.

Transifion $3:S2 PING_ACK/Sufficient buffer resources. This transition occurs upon reception of
one PING_ACK Primitive Signal from the remote FC-BB-3_GFPT deviee\and sufficient buffer resour|
available to prevent data loss (see 10.3.6). This transition is not coordinated between the FC-BB-3_GH
vices af each end of the GFPT_WAN link.

Transi{ion S3:S1 PING_ACK/Insufficient buffer resources=This transition occurs upon reception of
one PING_ACK Primitive Signal from the remote FC-BB-3<{GFPT device and WAN latency measurem
dicate ipsufficient buffer resources are available within the.device to prevent data loss (see 10.3.6).

State §2: GFPT_WAN Up. In this state, the GFPJ.WAN link is normally (i.e., excluding Transport T
tection events) operational and the attached FC, Ports at either end of the link are permitted to comm
with eafh other.

Validatgd (see 10.3.8) Primitive Sequences received from the attached FC_Ports shall be transmitted b
FC_Ports by the FC-BB-3_GFPT devices according to the rate adaptation and other rules de

itive Sequence is received from an attached FC_Port while an FC-BB-3_GFPT device has
transmitting information across the GFPT_WAN link because it has received one or more ASFC_PAUS
itive Signals, the FC-BB-3~—GFPT device shall:

a) flush its WAN-faeing buffer;

b) clear the WAN pause condition; and

c) trfansmit the Primitive Sequence to the remote FC-BB-3_GFPT device.

and

in state

e PING

at least
Ces are
FPT de-

at least
ents in-

ail pro-
unicate

etween
scribed

ceased
E Prim-

If a Primitive Sequence is received from a remote FC-BB-3_GFPT device while an FC-BB-3_GFPT device is
unable to transmit frames to an attached FC_Port because it has no available BB_Credit, the FC-BB-3_GFPT

device shall:

a) flush its attached FC_Port-facing buffer; and

b) transmit the Primitive Sequence to the attached FC_Port.

When FC_BB_3_GFPT devices have no data to transmit to the WAN, the FC_BB-3_GFPT device sha
the rules specified in ITU-T Rec. G.7041/Y.1303.

Transition S2:5S1 WAN down or insufficient buffer resources. This transition occurs when:

Il follow

a) a WAN down event is detected. A WAN down event occurs when GFPT_WAN recovery does not occur within

WAN_HOLDOFF_TOV (see 10.3.9) of the time the GFPT_WAN failure is detected; or
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