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Abstract

In certain networking topologies, it may be advantageous to naintain
associ ations between endpoints and key transit points to support an
i nstance of a service. Such associations are known as Calls.

A Call does not provide the actual connectivity for transmitting user
traffic, but only builds a rel ationship by which subsequent
Connections may be nmade. 1In Generalized MPLS (GWLS) such
Connections are known as Label Switched Paths (LSPs).

Thi s docunment specifies how GWLS Resource Reservation Protocol -
Traffic Engi neering (RSVP-TE) signaling may be used and extended to
support Calls. These nechanisns provide full and | ogica

Cal | / Connecti on separation

The nechani sns proposed in this docunent are applicable to any
environment (including nmulti-area), and for any type of interface:
packet, layer-2, time-division nultiplexed, |anbda, or fiber
swi t chi ng
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1. Introduction

Thi s docunent defines protocol procedures and extensions to support
Calls within Generalized MPLS (GWPLS)

A Call is an association between endpoints and possi bly between key
transit points (such as network boundaries) in support of an instance
of a service. The end-to-end association is termed a "Call", and the
associ ation between two transit points or between an endpoint and a
transit point is termed a "Call Segnment”. An entity that processes a
Call or Call Segment is called a "Call Manager".

A Call does not provide the actual connectivity for transmtting user
traffic, but only builds a relationship by which subsequent
Connections may be made. |In GWLS, such Connections are known as
Label Switched Paths (LSPs). This docunent does not nodify
Connection setup procedures defined in [ RFC3473], [RFC4208], and
[STITCH . Connections set up as part of a Call follow the rules
defined in these docunents.

A Call may be associated with zero, one, or nore than one Connection,
and a Connection nmay be associated with zero or one Call. Thus, ful
and | ogical Call/Connection separation is needed.

An exanple of the requirenents for Calls can be found in the ITUT s
Automatically Switched Optical Network (ASON) architecture [ G 8080]
and specific requirenments for support of Calls in this context can be
found in [RFC4139]. Note, however, that while the mechani sns
described in this docunent neet the requirenents stated in [ RFC4139],
they have wider applicability.
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The nechani sns defined in this docunent are equally applicable to any
packet (PSC) interface, layer-2 interfaces (L2SC), TDM capabl e
interfaces, LSC interfaces, or FSC interfaces. The mechani snms and
protocol extensions are backward conpatible, and can be used for Cal
managenment where only the Call Managers need to be aware of the

pr ot ocol extensions.

1.1. Applicability to ASON
[ RFC4139] details the requirements on GWPLS signaling to satisfy the
ASON architecture described in [ G 8080]. The nmechani snms described in
this docunment neet the requirenments for Calls as described in
Sections 4.2 and 4.3 of [RFC4139] and the additional Call-related
requirenents in Sections 4.4, 4.7, 5, and 6 of [RFC4139].

[ ASON- APPL] describes the applicability of GVWPLS protocols to the
ASON architecture

2. Conventions Used in This docunent
The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in [ RFC2119].

In addition, the reader is assuned to be famliar with the
term nol ogy used in [RFC3471], [RFC3473], [RFC3477], and [ RFC3945].

3. Requirenents
3.1. Basic Call Function
The Call concept is used to deliver the followi ng capabilities:

- Verification and identification of the Call initiator (prior to
LSP setup).

- Support of virtual concatenation with diverse path conponent LSPs.

- Association of multiple LSPs with a single Call (note aspects
related to recovery are detailed in [ RFC4426] and [ GVWPLS- E2E]) .

- Facilitation of control plane operations by allow ng an
operational status change of the associated LSP

Procedures and protocol extensions to support Call setup, and the

association of Calls with Connections are described in Section 5 and
onwar ds of this docunent.
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3.2. Call/Connection Separation

Ful | and logical Call and Connection separation is required. That
is:

- It MJUST be possible to establish a Connection wi thout dependence
on a Call.

- It MIUST be possible to establish a Call w thout any associ ated
Connect i ons.

- It MJUST be possible to associate nore than one Connection with a
Cal Il .

- Renoval of the last Connection associated with a Call SHOULD NOT
result in the automatic renoval of the Call except as a matter of
| ocal policy at the ingress of the Call

- Signaling of a Connection associated with a Call MJST NOT require
the distribution or retention of Call-related information (state)
within the network.

3.3. Call Segnents
Call Segment capabilities MJST be support ed.

Procedures and (GWLS) RSVP-TE signaling protocol extensions to
support Call Segnents are described in Section 7.3.1 of this
docunent .

4. Concepts and Terns

The concept of a Call and a Connection are al so discussed in the ASON
architecture [G 8080] and [RFC4139]. This section is not intended as
a substitute for those docunents, but is a brief summary of the key
terns and concepts.

4.1. Wat |Is a Call?

A Call is an agreenent between endpoints possibly in cooperation with
the nodes that provide access to the network. Call setup may include
capability exchange, policy, authorization, and security.

A Call is used to facilitate and manage a set of Connections that
provi de end-to-end data services. VWhile Connections require state to
be nmmi ntai ned at nodes along the data path within the network, Calls
do not involve the participation of transit nodes except to forward
the Call managenent requests as transparent nessages.
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A Call may be established and maintai ned i ndependently of the
Connections that it supports.

4.2. A Hierarchy of Calls, Connections, Tunnels, and LSPs

Clearly, there is a hierarchical relationship between Calls and
Connections. One or nore Connections may be associated with a Call
A Connection may not be part of nore than one Call. A Connection
may, however, exist w thout a Call

In GWLS RSVP-TE [ RFC3473], a Connection is identified with a GWLS
TE Tunnel. Commonly, a Tunnel is identified with a single LSP, but
it should be noted that for protection, |oad bal ancing, and many
other functions, a Tunnel may be supported by multiple parallel LSPs.
The followi ng identification reproduces this hierarchy.

- Call IDs are unique within the context of the pair of addresses
that are the source and destination of the Call

- Tunnel IDs are unique within the context of the Session (that is
the destination of the Tunnel). Applications may also find it
convenient to keep the Tunnel ID unique within the context of a
Cal |.

- LSP IDs are unique within the context of a Tunnel

Note that the Call _ID value of zero is reserved and MJST NOT be used
during LSP-independent Call establishnent.

Throughout the remmi nder of this docunent, the terns LSP and Tunne
are used interchangeably with the term Connection. The case of a
Tunnel that is supported by nmore than one LSP is covered inplicitly.

4.3. Exchanging Access Link Capabilities

In an overlay nodel, it is useful for the ingress node of an LSP to
know the link capabilities of the link between the network and the
renote overlay network. In the |anguage of [RFC4208], the ingress

node can make use of information about the |ink between the egress
core node (CN) and the renote edge node (EN). W call this link the
egress network link. This information nmay allow the ingress node to
tailor its LSP request to fit those capabilities and to better
utilize network resources with regard to those capabilities.

For exanple, this m ght be used in transparent optical networks to
supply information on | anbda availability on egress network |inks,

or, where the egress CN is capable of signal regeneration, it might
provi de a nechani smfor negotiating signal quality attributes (such
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as bit error rate). Simlarly, in nulti-domain routing environnents,
it could be used to provide end-to-end sel ection of conponent |inks
(i.e., spatial attribute negotiation) where TE |inks have been
bundl ed based on technol ogy specific attributes.

In sone circunstances, the Traffic Engi neering Database (TED) nmay
contain sufficient information for decisions to be made about which
egress network link to use. |In other circunstances, the TED m ght
not contain this information and Call setup may provide a suitable
mechani smto exchange information for this purpose. The Call -
responder nmay use the Call parameters to select a subset of the
avai |l abl e egress network |inks between the egress CN and the renote
EN, and may report these links and their capabilities on the Cal
response so that the Call-initiator may select a suitable |ink

The sections that follow indicate the cases where the TED may be
used, and those where Call paraneter exchange may be appropri ate.

4.3.1. Network-Initiated Calls

Network-initiated Calls arise when the ingress (and correspondi ngly
the egress) lie within the network and there nay be no need to
distribute additional |ink capability information over and above the
informati on distributed by the TE and GWLS extensions to the | GP
Further, it is possible that future extensions to these I1GPs will
all ow the distribution of nore detailed information including optica
i mpai r ment s.

4.3.2. User-Initiated Calls

User-initiated Calls arise when the ingress (and correspondingly the
egress) lie outside the network. Edge link information nay not be
visible within the core network, nor (and specifically) at other edge
nodes. This may prevent an ingress fromrequesting suitable LSP
characteristics to ensure successful LSP setup

Various solutions to this problemexist, including the definition of
static TE links (that is, not advertised by a routing protocol)
between the CNs and ENs. Neverthel ess, special procedures may be
necessary to advertise to the edge nodes outside of the network

i nformati on about egress network |inks w thout also advertising the
informati on specific to the contents of the network.

In the future, when the requirenents on the information that needs to
be supported are better understood, TE extensions to EGPs may be
defined to provide this function, and new rules for |eaking TE

i nformati on between routing instances may be used.
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4.3.3. UWilizing Call Setup

When | GP and EGP solutions are not available at the User-to-Network
Interface (UNI), there is still a requirenent to have the know edge
of the renpte edge link capabilities at the |ocal edge nodes.

The Call setup procedure provides an opportunity to discover edge
link capabilities of renote edge nodes before LSP setup is attenpted.

- The Call-responder can return informati on on one or nobre egress
network links. The Call-responder could return a full list of the
available links with information about the Iink capabilities, or
it could filter the list to return information about only those
I'inks that might be appropriate to support the Connections needed

by the Call. To do this second option, the Call-responder nust
determ ne such appropriate links frominformation carried in the
Call request including destination of the Call, and the |evel of

servi ce (bandwi dth, protection, etc.) required

- Onreceiving a Call response, the Call-initiator nust determ ne
pat hs for the Connections (LSPs) that it will set up. The way
that it does this is out of scope for this docunent since it is an
i mpl ementation-specific, algorithmc process. However, it can
take as input the information about the avail abl e egress network
links as supplied in the Call response.

The LI NK_CAPABI LI TY object is defined to allowthis information to be
exchanged. The information that is included in this object is
simlar to that distributed by GWLS-capable | GPs (see [ RFC4202]).

5. Protocol Extensions for Calls and Connections
Thi s section describes the protocol extensions needed in support of
Call identification and managenent of Calls and Connecti ons.
Procedures for the use of these protocol extensions are described in
Section 6.

5.1. Call Setup and Teardown
Calls are established i ndependently of Connections through the use of
the Notify nessage. The Notify nessage is a targeted nessage and
does not need to follow the path of LSPs through the network.

Si mul t aneous Call and Connection establishment (sonmetines referred to
as pi ggybacking) is not supported.
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5.2. Call Identification

As soon as the concept of a Call is introduced, it is necessary to
support sone neans of identifying the Call. This becones
particularly inportant when Calls and Connections are separated and
Connections nust contain sone reference to the Call

A Call may be identified by a sequence of bytes that may have

consi derabl e (but not arbitrary) length. A Call 1D of 40 bytes woul d
not be unreasonable. It is not the place of this docunent to supply
rules for encoding or parsing Call IDs, but it must provide a
suitable means to conmunicate Call I1Ds within the protocol. The ful
Call identification is referred to as the long Call 1D

The Call _IDis only relevant at the sender and receiver nodes.

Mai nt enance of this information in the signaling state is not
mandat ed at any internedi ate node. Thus, no change in [ RFC3473]
transit inplenentations is required and there are no backward
conmpatibility issues. Forward compatibility is maintained by using
the existing default values to indicate that no Call processing is
required.

Further, the long Call IDis not required as part of the Connection
(LSP) state even at the sender and receiver nodes so |long as sone
formof correlation is available. This correlation is provided
through the short Call ID.

5.2.1. Long FormCall Identification

The long Call IDis only required on the Notify nessage used to
establish the Call. It is carried in the "Session Nane" field of the
SESSI ON_ATTRI BUTE obj ect on the Notify message.

A uni que value per Call is inserted in the "Session Nane" field by
the initiator of the Call. Subsequent core nodes MAY inspect this
obj ect and MUST forward this object transparently across network
interfaces until reaching the egress node. Note that the structure
of this field MAY be the object of further formatti ng dependi ng on
the nami ng convention(s). However, [RFC3209] defines the "Session
Nanme" field as a Null padded display string, so any formatting
conventions for the Call ID nust be linited to this scope.

5.2.2. Short FormCall ldentification
The Connections (LSPs) associated with a Call need to carry a
reference to the Call - the short Call ID. Anewfield is added to

the signaling protocol to identify an individual LSP with the Call to
which it bel ongs.

Papadimtriou & Farrel St andards Track [ Page 9]



RFC 4974 GWLS RSVP- TE Si gnal i ng Extensions August 2007

The new field is a 16-bit identifier (unique within the context of
the address pairing provided by the Tunnel _End_Poi nt _Address and the
Sender _Address of the SENDER TEMPLATE object) that MJST be exchanged
on the Notify nessage during Call initialization and is used on al
subsequent LSP nessages that are associated with the Call. This
identifier is known as the short Call ID and is encoded as descri bed
in Section 5.2.3. The Call 1D MJST NOT be used as part of the
processing to determne the session to which an RSVP signaling
message applies. This does not generate any backward conpatibility
i ssue since the reserved field of the SESSI ON object defined in

[ RFC3209] MUST NOT be exam ned on receipt.

In the unlikely case of short Call _I D exhaustion, |ocal node policy
deci des upon specific actions to be taken, but mght include the use
of second Sender_Address. Local policy details are outside of the
scope of this docunent.

5.2.3. Short Form Call |D Encodi ng

The short Call IDis carried in a 16-bit field in the SESSI ON obj ect
carried on the Notify nessage used during Call setup, and on al
messages during LSP setup and managenent. The field used was
previously reserved (MJST be set to zero on transnission and ignored
on receipt). This ensures backward conpatibility with nodes that do
not utilize Calls.

The figure bel ow shows the new version of the object.
Class = SESSIQN, O ass-Num = 1, CType = 7(1Pv4)/8(1Pv6)

0 1 2 3
01234567890123456789012345678901
B i s T T i i o S o T Ji I
~ | Pv4/ 1 Pv6 Tunnel End Point Address ~
i s T S i i T S A b e ok
| Call_ID | Tunnel 1D |
i e e R e T S e b b i o i N S T
| Ext ended Tunnel 1D |
B i s T T i i o S o T Ji I

| Pv4/1 Pv6 Tunnel End Point Address: 32 bits/ 128 bits (see [ RFC3209])
Call _ID: 16 bits
A 16-bit identifier used in the SESSI ON object that remains

constant over the life of the Call. The Call _ID value MJST be set
to zero when there is no correspondi ng Call
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Tunnel 1D: 16 bits (see [ RFC3209])
Ext ended Tunnel 1D: 32 bits/128 bits (see [ RFC3209])
5.3. LINK_CAPABI LI TY Obj ect

The LI NK_CAPABI LI TY object is introduced to support link capability
exchange during Call setup and MAY be included in a Notify nessage
used for Call setup. This optional object includes the |ink-Iloca
capabilities of a link joining the Call-initiating node (or Call-
term nating node) to the network. The specific node is indicated by
the source address of the Notify nessage.

The link reported can be a single link or can be a bundled Iink
[ RFC4201] .

The C ass Nunber is selected so that the nodes that do not recognize
this object drop it silently. That is, the top bit is set and the
next bit is clear

Thi s object has the follow ng format:
Cl ass-Num = 133 (form 10bbbbbb), C Type =1

0 1 2 3
01234567890123456789012345678901
i S S T i S S e e i S S S S

I I
/1 (Subobj ect s) /1

I I
R et e s i o e s i i
The contents of the LINK CAPABILITY object is defined as a series of
vari able-1ength data itens call ed subobjects. The subobject format
is defined in [ RFC3209].
The foll owi ng subobjects are currently defined.

- Type 1: the link | ocal IPv4 address of a link or a nunbered bundl e
using the format defined in [ RFC3209].

- Type 2: the link local |IPv6 address of a link or a nunbered bundl e
using the format defined in [ RFC3209].

- Type 4: the link local identifier of an unnunbered |ink or bundle
using the format defined in [ RFC3477].
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-  Type 64: the Maxi num Reservabl e Bandwi dth corresponding to this
link or bundle (see [ RFC4201]).

- Type 65: the interface switching capability descriptor (see
[ RFC4202]) corresponding to this link or bundle (see also
[ RFC4201]).

Note: future revisions of this document may extend the above list.

A single instance of this object MAY be used to exchange capability
information relating to nore than one link or bundled link. In this
case, the follow ng ordering MIST be used:

- each link MJUST be identified by an identifier subobject (Type 1
2, or 4)

- capability subobjects (Type 64 or 65, and future subobjects) MJIST
be placed after the identifier subobject for the link or bundle to
whi ch they refer.

Multiple instances of the LI NK CAPABILITY object within the sane
Notify message are not supported by this specification. In the event
that a Notify message contains multiple LI NK CAPABILITY objects, the
recei ver SHOULD process the first one as nornmal and SHOULD i gnore
subsequent instances of the object.

5.4. Revised Message Formats

The Notify nessage is enhanced to support Call establishnent and
teardown of Calls. See Section 6 for a description of the
procedures.

5.4.1. Notify Message

The Notify nessage is nodified in support of Call establishnent by
the optional addition of the LINK CAPABILITY object. Further, the
SESSI ON_ATTRI BUTE obj ect is added to the <notify session> sequence to
carry the long Call ID. The presence of the SESSI ON_ATTRI BUTE obj ect
MAY be used to distinguish a Notify nessage used for Call managenent,
but see Section 5.5 for another mechanism The <notify session |ist>
MAY be used to simultaneously set up multiple Calls.
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The format of the Notify Message is as foll ows:

<Noti fy message> ::= <Common Header> [ <INTEGRI TY> ]

[[ <MESSAGE_I D_ACK> | <MESSAGE_I D_NACK>]...]

[ <MESSACE_I D> ]

<ERROR_SPEC>

<notify session list>
<notify session list> ::=[ <notify session list>] <notify session>
<notify session> ::= <SESSION> [ <ADM N_STATUS> ]

[ <POLI CY_DATA>...]

[ <LI NK_CAPABI LI TY> ]

[ <SESSI ON_ATTRI BUTE> ]

[ <sender descriptor> | <flow descriptor> ]

<sender descriptor> ::= see [ RFC3473]
<fl ow descriptor> ::= see [ RFC3473]
5.5. ADM N_STATUS nj ect

Noti fy nmessages exchanged for Call control and nanagenent purposes
carry a specific new bit (the Call Managenent or C bit) in the
ADM N_STATUS obj ect .

[ RFC3473] indicates that the format and contents of the ADM N_STATUS
object are as defined in [RFC3471]. The new "C' bit is added for
Call control as shown bel ow.

0 1 2 3

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Rl Reserved | C T| Al D
R e s T o T S R El ok i R e e S S e o o s

Reflect (R): 1 bit - see [RFC3471]

Testing (T): 1 bit - see [ RFC3471]

Adm ni stratively down (A): 1 bit - see [RFC3471]
Deletion in progress (D): 1 bit - see [RFC3471]
Call Managenent (C): 1 bit

This bit is set when the nessage is being used to control
and nmanage a Call.

The procedures for the use of the C hit are described in Section 6.
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6. Procedures in Support of Calls and Connections
6.1. Call/Connection Setup Procedures

Thi s section describes the processing steps for Call and Connection
set up.

There are three cases consi dered:

- ACall is set up without any associ ated Connection. It is assuned
that Connections will be added to the Call at a later tine, but
this is neither a requirenment nor a constraint.

- A Connection may be added to an existing Call. This may happen if
the Call was set up w thout any associ ated Connections, or if
anot her Connection is added to a Call that already has one or nore
associ at ed Connecti ons.

- A Connection may be established without any reference to a Cal
(see Section 6.4). This enconpasses the previous LSP setup
pr ocedur e.

Note that a Call MJST NOT be inposed upon a Connection that is

al ready established. To do so would require changing the short Cal
IDin the SESSI ON object of the existing LSPs and this woul d
constitute a change in the Session ldentifier. This is not allowed
by existing protocol specifications.

Call and Connection teardown procedures are described later in
Section 6. 6.

6.2. Call Setup

A Call is set up before, and independent of, LSP (i.e., Connection)
set up.

Call setup MAY necessitate verification of the link status and |ink
capability negotiation between the Call ingress node and the Cal
egress node. The procedure described below is applied only once for
a Call and hence only once for the set of LSPs associated with a

Cal |.

The Notify nessage (see [RFC3473]) is used to signal the Call setup
request and response. The new Call Managenent (C) bit in the

ADM N_STATUS object is used to indicate that this Notify is managi ng
a Call. The Notify message is sent with source and destination

| Pv4/ 1 Pv6 addresses set to any of the routable ingress/egress node
addresses respectively.
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At | east one session MJST be listed in the <notify session |ist> of
the Notify nessage. In order to allow for long identification of the
Call, the SESSI ON ATTRI BUTE obj ect is added as part of the <notify
session list> Note that the ERROR SPEC object is not relevant in
Call setup and MUST carry the Error Code zero ("Confirmation") to

i ndicate that there is no error

During Call setup, the ADM N _STATUS object is sent with the follow ng
bits set. Bits not |isted MIST be set to zero.

R - to cause the egress to respond
C- toindicate that the Notify message is nanagi ng a Call

The SESSI O\, SESSI ON_ATTRI BUTE, SENDER TEMPLATE, SENDER TSPEC obj ects
included in the <notify session> of the Notify message are built as
foll ows.

- The SESSI ON obj ect includes as Tunnel End_Poi nt _Address any of the
Call-termnating (egress) node’s | Pv4/1Pv6 routabl e addresses.
The Call _IDis set to a non-zero value unique wthin the context
of the address pairing provided by the Tunnel _End_Poi nt _Address
and t he Sender Address fromthe SENDER TEMPLATE obj ect (see
below). This value will be used as the short Call ID carried on
all nessages for LSPs associated with this Call

Note that the Call _ID value of zero is reserved and MJST NOT be
used since it will be present in SESSI ON objects of LSPs that are
not associated with Calls. The Tunnel ID of the SESSI ON object is
not relevant for this procedure and SHOULD be set to zero. The
Ext ended_Tunnel I D of the SESSI ON object is not relevant for this
procedure and MAY be set to zero or to an address of the ingress
node.

- The SESSI ON ATTRI BUTE obj ect contains priority flags. Currently
no use of these flags is envisioned, however, future work may
identify value in assigning priorities to Calls; accordingly the
Priority fields MAY be set to non-zero values. None of the Flags
in the SESSI ON ATTRI BUTE object is relevant to this process and
this field SHOULD be set to zero. The Session Nane field is used
to carry the long Call Id as described in Section 5

- The SENDER TEMPLATE obj ect includes as Sender Address any of the
Call-initiating (ingress) node’'s |Pv4/1Pv6 routabl e addresses.
The LSP_ID is not relevant and SHOULD be set to zero.

-  The bandwi dth value inserted in the SENDER TSPEC and FLOWSPEC

obj ects MJUST be ignored upon recei pt and SHOULD be set to zero
when sent.
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Addi tionally, ingress/egress nodes that need to conmunicate their
respective link local capabilities may include a LI NK CAPABILITY
object in the Notify message.

The receiver of a Notify message may identify whether it is part of
Call managenent or reporting an error by the presence or absence of
the SESSI ON_ATTRI BUTE object in the <notify session list>  Full
clarity, however, may be achi eved by inspection of the new Call
Management (C) bit in the ADM N_STATUS obj ect.

Not e that the POLI CY_DATA object may be included in the <notify
session list> and MAY be used to identify requestor credentials,
account numbers, limts, quotas, etc. This object is opagque to RSVP,
which sinply passes it to policy control when required.

Message | Ds MUST be used during Call setup.
6.2.1. Accepting Call Setup

A node that receives a Notify message carrying the ADM N_STATUS
object with the Rand C bits set is being requested to set up a Call.
The receiver MAY perform authorization and policy according to | ocal
requirenents.

If the Call is acceptable, the receiver responds with a Notify
message reflecting the information fromthe Call request with two
excepti ons.

- The responder renoves any LI NK CAPABLI TY object that was received
and MAY insert a LINK CAPABILITY object that describes its own
access |ink.

- The ADM N_STATUS object is sent with only the C bit set. Al
other bits MJST be set to zero.

The responder MUST use the Message I D object to ensure reliable
delivery of the response. |If no Message | D Acknow edgenent is
received after the configured nunber of retries, the responder SHOULD
continue to assunme that the Call was successfully established. Call
liveliness procedures are covered in Section 6.7.

6.2.2. Call Setup Failure and Rejection
Call setup may fail or be rejected.
If the Notify nessage can not be delivered, no Message |ID

acknow edgenent will be received by the sender. 1In the event that
the sender has retransmtted the Notify nessage a configurabl e nunber
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of times without receiving a Message | D Acknow edgenent (as descri bed
in [RFC2961]), the initiator SHOULD declare the Call failed and
SHOULD send a Call teardown request (see Section 6.6).

It is also possible that a Message | D Acknow edgenent is received but
no Call response Notify nessage is received. In this case, the
initiator MAY re-send the Call setup request a configurable nunber of
times (see Section 6.7) before declaring that the Call has fail ed.

At this point, the initiator MIST send a Call teardown request (see
Section 6.6).

If the Notify nmessage cannot be parsed or is in error, it MAY be
responded to with a Notify message carrying the error code 13
("Unknown object class") or 14 ("Unknown object C Type") if
appropriate to the error detected.

The Call setup MAY be rejected by the receiver because of security,
aut hori zation, or policy reasons. Suitable error codes already exist
[ RFC2205] and can be used in the ERROR _SPEC object included in the
Notify message sent in response.

Error response Notify nessages SHOULD al so use the Message | D object
to achieve reliable delivery. No action should be taken on the
failure to receive a Message | D Acknow edgenent after the configured
nunber of retries.

6.3. Adding a Connections to a Cal

Once a Call has been established, LSPs can be added to the Call
Since the short Call IDis part of the SESSI ON object, any LSP that
has the sane Call ID value in the SESSI ON object belongs to the same
Call, and the Notify message used to establish the Call carried the
same Call IDin its SESSION object.

There will be no confusion between LSPs that are associated with a
Call and those which are not, since the Call |ID value MJST be equa

to zero for LSPs that are not associated with a Call, and MJUST NOT be
equal to zero for a valid Call ID

LSPs for different Calls can be distinguished because the Call IDis
unique within the context of the source address (in the
SENDER_TEMPLATE obj ect) and the destination address (in the SESSI ON
obj ect) .

I ngress and egress nodes MAY group together LSPs associated with the
same Call and process themas a group according to inplenentation
requirenents. Transit nodes need not be aware of the association of
multiple LSPs with the sane Call.
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The ingress node MAY choose to set the "Session Nane" of an LSP to
match the long Call ID of the associated Call

The C bit of the ADM N _STATUS obj ect MJST NOT be set on LSP nessages
including on Notify nessages that pertain to the LSP and MJUST be
i gnor ed.

6.3.1. Adding a Reverse Direction LSP to a Call

Note that once a Call has been established, it is symetric. That
is, either end of the Call may add LSPs to the Call

Speci al care is needed when nanaging LSPs in the reverse direction
since the addresses in the SESSI ON and SENDER TEMPLATE are reversed.
However, since the short Call IDis unique in the context of a given
i ngress-egress address pair, it may safely be used to associate the
LSP with the Call.

Note that since Calls are defined here to be symetrical, the issue
of potential Call IDcollision arises. This is discussed in Section
6. 5.

6.4. Call-Free Connection Setup

It continues to be possible to set up LSPs as per [RFC3473] without
associating themwith a Call. |If the short Call IDin the SESSI ON
object is set to zero, there is no associated Call and the Session
Nane field in the SESSI ON ATTRI BUTE obj ect MJUST be interpreted sinply
as the nane of the session (see [ RFC3209]).

The C bit of the ADM N_STATUS obj ect MJST NOT be set on nessages for
LSP control, including on Notify messages that pertain to LSPs, and
MJUST be ignored when received on such nmessages.

6.5. Call Collision

Since Calls are symretrical, it is possible that both ends of a Cal
will attenpt to establish Calls with the same long Call I1Ds at the
same time. This is only an issue if the source and destination
address pairs match. This situation can be avoi ded by applyi ng sone
rules to the contents of the long Call 1D, but such nechanisns are
out side the scope of this docunent.

If a node that has sent a Call setup request and has not yet received
a response itself receives a Call setup request with the sane | ong
Call 1D and matching source/destination addresses, it SHOULD process
as foll ows:
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- If its source address is nunerically greater than the renote
source address, it MUST discard the received nessage and conti nue
to wait for a response to its setup request.

- If its source address is nunerically smaller than the renote
source address, it MJST discard state associated with the Call
setup that it initiated, and MJST respond to the received Cal
set up.

If a node receives a Call setup request carrying an address pair and
long Call IDthat match an existing Call, the node MJST return an
error nessage (Notify nessage) with the new Error Code "Cal
Managenment" and the new Error Value "Duplicate Call" in response to
the new Call request, and MJST NOT make any changes to the existing
Cal I .

A further possibility for contention arises when short Call IDs are
assigned by a pair of nodes for two distinct Calls that are set up
sinul taneously using different long Call IDs. 1In this event, a node
receives a Call setup request carrying a short Call 1D that matches
one that it previously sent for the sanme address pair. The follow ng
processi ng MJST be foll owed:

- |If the receiver’'s source address is nunerically greater than the
renote source address, the receiver returns an error (Notify
message) with the new Error Code "Call Managenent" and the new
Error Value "Call ID Contention”

- |If the receiver’s source address is nunerically less than the
renote source address, the receiver accepts and processes the Cal
request. It will receive an error nessage sent as described
above, and at that point, it selects a new short Call ID and re-
sends the Call setup request.

6.6. Call/Connection Teardown
As with Call/Connection setup, there are several cases to consider
- Renoval of a Connection froma Call
- Renoval of the last Connection froma Call
- Teardown of an "enpty" Cal
The case of tearing down an LSP that is not associated with a Call

does not need to be examned as it follows exactly the procedures
described in [ RFC3473].
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6.6.1. Renopval of a Connection froma Cal

An LSP that is associated with a Call may be del eted using the
standard procedures described in [RFC3473]. No special procedures
are required.

Note that it is not possible to renove an LSP froma Call w thout
deleting the LSP. It is not valid to change the short Call ID from
non-zero to zero since this involves a change to the SESSI ON obj ect,
which is not allowed.

6.6.2. Renoval of the Last Connection froma Cal

When the | ast LSP associated with a Call is deleted, the question
arises as to what happens to the Call. Since a Call may exi st

i ndependently of Connections, it is not always acceptable to say that
the removal of the last LSP froma Call removes the Call

The renoval of the last LSP does not renove the Call and the
procedures described in the next Section MJST be used to delete the
Cal |.

6.6.3. Teardown of an "Enpty" Call

When all LSPs have been renoved froma Call, the Call rmay be torn
down or left for use by future LSPs.

Del etion of Calls is achieved by sending a Notify message just as for
Call setup, but the ADM N STATUS object carries the R D, and C bits
on the teardown request and the D and C bits on the teardown
response. Qher bits MJST be set to zero

VWhen a Notify message is sent for deleting a Call and the initiator
does not receive the corresponding reflected Notify nmessage (or

possi bly even the Message ID Ack), the initiator MAY retry the

del etion request using the same retry procedures as used during Call
establishnent. |f no response is received after full retry, the node
deleting the Call MAY declare the Call del eted, but under such

ci rcunst ances the node SHOULD avoid re-using the long or short Call
IDs for at least five times the Notify refresh period.

6.6.4. Attenmpted Teardown of a Call with Existing Connections

If a Notify request with the D bit of the ADM N_STATUS obj ect set is

received for a Call for which LSPs still exist, the request MJST be
rejected with the Error Code "Call Managenent" and Error Val ue
"Connections Still Exist". The state of the Call MJST NOT be
changed.
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6.6.5. Teardown of a Call fromthe Egress

Since Calls are symretric, they may be torn down fromthe ingress or
egress.

When the Call is "enpty" (has no associated LSPs), it may be del eted
by the egress sending a Notify nessage just as described above.

Note that there is a possibility that both ends of a Call initiate
Call deletion at the sane tine. |In this case, the Notify nessage
acting as teardown request MAY be interpreted by its recipient as a
teardown response. But since the Notify nmessages acting as teardown
requests carry the Rbit in the ADM N_STATUS object, they MJST be
responded to anyway. |If a teardown request Notify nessage is
received for an unknown Call ID, it is, nevertheless, responded to in
the affirmative.

6.7. Control Plane Survivability

Delivery of Notify messages is secured using Message |ID
Acknowl edgenents as described in previous sections.

Notify nessages provi de end-to-end comruni cati on that does not rely
on constant paths through the network. Notify nessages are routed
according to IGP routing information. No consideration is,
therefore, required for network resilience (for exanmple, make-

bef ore- break, protection, fast re-route), although end-to-end
resilience is of interest for node restart and conpl etely disjoint
net wor ks.

Periodic Notify messages SHOULD be sent by the initiator and

term nator of the Call to keep the Call alive and to handl e ingress
or egress node restart. The time period for these retransm ssions is
a local matter, but it is RECOVWENDED that this period should be
twice the shortest refresh period of any LSP associated with the
Call. VWhen there are no LSPs associated with a Call, an LSR is
RECOMVENDED to use a refresh period of no I ess than one minute. The
Notify messages are identical to those sent as if establishing the
Call for the first time, except for the LI NK CAPABILITY object, which
may have changed since the Call was first established, due to, e.g.,
the establishnent of Connections, link failures, or the addition of
new conponent links. The current link information is useful for the
est abli shnent of subsequent Connections. A node that receives a
refresh Notify nessage carrying the R bit in the ADM N_STATUS obj ect
MJST respond with a Notify response. A node that receives a refresh
Notify nmessage (response or request) MAY reset its tinmer - thus, in
normal processing, Notify refreshes involve a single exchange once
per tinme period.
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A node (sender or receiver) that is unsure of the status of a Cal
MAY i nmedi ately send a Notify nmessage as if establishing the Call for
the first tinme.

Failure to receive a refresh Notify request has no specific neaning.
A node that fails to receive a refresh Notify request MAY send its
own refresh Notify request to establish the status of the Call. If a
node receives no response to a refresh Notify request (including no
Message | D Acknow edgenent), a node MAY assune that the renpte node

i s unreachabl e or unavailable. It is a local policy matter whether
this causes the |local node to teardown associated LSPs and delete the
Cal l.

In the event that an edge node restarts w thout preserved state, it
MAY rel earn LSP state from adj acent nodes and Call state fromrenote
nodes. If a Path or Resv nmessage is received with a non-zero Call ID
but without the Cbit in the ADM N _STATUS, and for a Call IDthat is
not recogni zed, the receiver is RECOWENDED to assune that the Cal
establi shnent is delayed and ignore the received nmessage. |If the
Call setup never materializes, the failure by the restarting node to
refresh state will cause the LSPs to be torn dowmn. Optionally, the
recei ver of such an LSP nessage for an unknown Call ID nmay return an
error (PathErr or ResvErr nessage) with the error code "Call
Managenent" and Error Val ue "Unknown Call 1D".

7. Applicability of Call and Connection Procedures

This section considers the applicability of the different Cal
establ i shnent procedures at the NNI and UNI reference points. This
section is informative and is not intended to prescribe or prevent
ot her options.

7. 1. Network-Initiated Calls

Since the link properties and other traffic-engineering attributes
are likely known through the IGP, the LI NK_CAPABILITY object is not
usual Iy required

In multi-domain networks, it is possible that access |ink properties
and other traffic-engineering attributes are not known since the
domai ns do not share this sort of information. |In this case, the
Cal | setup nechanism may include the LI NK_CAPABILITY object.
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7.2. User-lnitiated Calls

It is possible that the access |ink properties and other traffic-

engi neering attributes are not shared across the core network. In
this case, the Call setup nechanismmay include the LI NK CAPABILITY
obj ect .

Further, the first node within the network may be responsible for

managi ng the Call. In this case, the Notify nmessage that is used to
set up the Call is addressed by the user network edge node to the
first node of the core network. Moreover, neither the long Call ID
nor the short Call IDis supplied (the Session Name Length is set to
zero and the Call IDvalue is set to zero). The Notify nessage is

passed to the first core node, which is responsible for generating
the long and short Call 1Ds before dispatching the message to the
renote Call end point (which is known fromthe SESSI ON object).

Further, when used in an overlay context, the first core node is

al l oned (see [RFC4208]) to replace the Session Name assigned by the
i ngress node and passed in the Path nmessage. In the case of Cal
managenent, the first core node:

1) MAY insert along Call IDin the Session Nane of a Path
nessage

2) MJIST replace the Session Nane with that originally issued by
the user edge node when it returns the Resv nessage to the
i ngress node.

7.3. External Call Mnagers

Third party Call nanagement agents nay be used to apply policy and
aut horization at a point that is neither the initiator nor termn nator
of the Call. The previous exanple is a particular case of this, but
the process and procedures are identical

7.3.1. Call Segments
Call Segments exist between a set of default and configured Externa
Call Managers along a path between the ingress and egress nodes, and
use the protocols described in this docunent.
The techniques that are used by a given service provider to identify
whi ch External Call Managers within its network shoul d process a
given Call are beyond the scope of this docunent.

An External Call Manager uses nornmal IP routing to route the Notify
message to the next External Call Manager. Notify nessages (requests
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8.

8.

1.

2

and responses) are therefore encapsulated in I P packets that identify
the sending and receiving External Call Managers, but the addresses
used to identify the Call (the Sender Address in the SENDER TEMPLATE
obj ect and the Tunnel Endpoint Address in the SESSI ON object)
continue to identify the endpoints of the Call

Non- Support of Call ID

It is inportant that the procedures descri bed above operate as
seam essly as possible with | egacy nodes that do not support the
ext ensi ons descri bed.

Clearly, there is no need to consider the case where the Cal
initiator does not support Call setup initiation

Non- Support by External Call Managers

It is unlikely that a Call initiator will be configured to send Cal
establishment Notify requests to an external Call nmanager, including
the first core node, if that node does not support Call setup

A node that receives an unexpected Call setup request will fall into
one of the follow ng categories.

- Node does not support RSVP. The nmessage will fail to be delivered
or responded to. No Message | D Acknow edgenent will be sent. The
initiator will retry and then give up

- Node supports RSVP or RSVP-TE but not GWLS. The nessage will be
delivered but not understood. It will be discarded. No Message
I D Acknowl edgenent will be sent. The initiator will retry and
then give up.

- Node supports GWLS but not Call managenent. The nessage will be
delivered, but parsing will fail because of the presence of the
SESSI ON_ATTRI BUTE obj ect. A Message | D Acknow edgenent may be
sent before the parse fails. When the parse fails, the Notify

message may be discarded in which case the initiator will retry
and then give up; alternatively, a parse error nmay be generated
and returned in a Notify nmessage which will indicate to the

initiator that Call nanagenent is not supported.
Non- Support by Transit Node
Transit nodes SHOULD NOT exam ne Notify nessages that are not

addressed to them However, they will see short Call IDs in al
messages for all LSPs associated with Calls.
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Previ ous specifications state that these fields SHOULD be ignored on
recei pt and MUST be transmtted as zero. This might be interpreted
by some inplementations as nmeaning that the fields should be zeroed
before the objects are forwarded. |[If this happens, LSP setup will
not be possible. |If either of the fields is zeroed either on the
Path or the Resv nessage, the Resv nessage will reach the initiator
with the field set to zero - this is an indication to the initiator
that some node in the network is preventing Call managenent. Use of
Explicit Routes may help to mtigate this issue by avoiding such
nodes. Utimtely, however, it may be necessary to upgrade the

of fendi ng nodes to handl e these protocol extensions.

8.3. Non-Support by Egress Node

It is unlikely that an attenpt will be nade to set up a Call to a
renote node that does not support Calls.

If the egress node does not support Call managenent through the
Notify nmessage, it will react (as described in Section 8.1) in the
same way as an External Call Manager.

9. Security Considerations

Pl ease refer to each of the docunents referenced in the follow ng
sections for a description of the security considerations applicable
to the features that they provide

9.1. Call and Connection Security Considerations

Call setup is vulnerable to attacks both of spoofing and deni al of
service. Since Call setup uses Notify nmessages, the process can be
protected by the use of the INTEGRITY object to secure those nmessages
as described in [ RFC2205] and [ RFC3473]. Deploynents where security
is a concern SHOULD use this mechani sm

| mpl enent ati ons and depl oynents MAY additionally protect the Cal
setup exchange using end-to-end security mechani sms such as those
provi ded by | Psec (see [ RFC4302] and [ RFC4303]), or using RSVP
security [ RFC2747].

Note, additionally, that it would be desirable to use the process of

i ndependent Call establishnment, where the Call is set up separately
fromthe LSPs, to apply an extra |l evel of authentication and policy
for the end-to-end LSPs above that which is available with Call-|I ess,

hop- by-hop LSP setup. However doing so will require additional work
to set up security associations between the peer and the call manager
that neet the requirenents of [RFC4107]. The mechani sm described in
this docunment is expected to neet this use case when conbined with
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10.

10.

this additional work. Application of this mechanismto the

aut henti cation and policy use case prior to standardization of a
security solution is inappropriate and outside the current
applicability of the mechani sm

The frequency of Call establishnment is application dependent and hard
to generalize. Key exchange for Call-rel ated nmessage exchanges is
theref ore somet hing that should be configured or arranged dynamcally
in different deploynents according to the advice in [RFC4107]. Note
that the renpte RSVP-TE signaling relationship between Call endpoints
is no different fromthe signaling relationship between LSRs that
establish an LSP. That is, the LSRs are not necessarily |P-adjacent
in the control plane in either case. Thus, key exchange shoul d be
regarded as a renote procedure, not a single hop procedure. There
are several procedures for automatic renote exchange of keys, and

| KEv2 [ RFC4306] is particularly suggested in [ RFC3473].

I ANA Consi derations
1. RSVP bjects
A new RSVP object is introduced. |ANA has nmade an assignment from
the "RSVP Paraneters" registry using the sub-registry "C ass Nanes,
Cl ass Nunmbers, and C ass Types"
0 LI NK _CAPABILITY object
Cl ass-Num = 133 (form 10bbbbbb)
The C ass Nunber is selected so that nodes not recognizing this
object drop it silently. That is, the top bit is set and the next
bit is cleared.

C-Type = 1 (TE Link Capabilities)

The LI NK_CAPABI LI TY object is only defined for inclusion on Notify
nmessages.

Refer to Section 5.3 of this docunent.

I ANA naintains a |list of subobjects that nay be carried in this
object. This list is mintained in the registry entry for the

LI NK_CAPABI LI TY object as is comon practice for the subobjects of
ot her RSVP objects. For each subobject, IANA [ists:

- subobj ect type nunber
- subobj ect nane
- reference indicating where subobject is defined.
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10.

10.

11.

The initial list of subobjects is provided in Section 5.3 of this
docunent .

2. RSVP Error Codes and Error Val ues

A new RSVP Error Code and new Error Values are introduced. |ANA has
made assignments fromthe "RSVP Paraneters" registry using the sub-
registry "Error Codes and d obal | y-Defined Error Val ue Sub- Codes".

o Error Codes:
- Call Managenent (val ue 32)

o FError Val ues:

- Call Managenent/Call 1D Contention (value 1)
- Call Managenent/Connections Still Exist (value 2)
- Call Managenent/Unknown Call ID (val ue 3)
- Call Managenent/Duplicate Call (val ue 4)

3. RSVP ADM N_STATUS Object Bits

[ GWLS- E2E] requested that | ANA manage the bits of the RSVP

ADM N_STATUS object. A new "Admi nistrative Status |Information Flags"
sub-registry of the "GWLS Signaling Paranmeters" registry was

creat ed.

Thi s docunment defines one new bit, the Cbit, to be tracked in that
sub-registry. Bit nunber 28 has been assigned. See Section 5.5 of
this docunent.

Acknowl edgenent s

The authors would like to thank George Swal |l ow, Yakov Rekhter, Lou
Berger, Jerry Ash, and Kireeti Konpella for their very useful input
to, and comments on, an earlier revision of this docunent.

Thanks to Lyndon Ong and Ben Mack-Crane for |engthy discussions
during and after working group last call, and to Deborah Brungard for
a final, detailed review

Thanks to Suresh Krishnan for the GenArt review, and to Magnus
Nystrom for discussi ons about security.

Useful comments were received during I ESG review from Bri an
Carpenter, Lars Eggert, Ted Hardie, Sam Hartman, and Russ Housl ey.

Papadimtriou & Farrel St andards Track [ Page 27]



RFC 4974

12.

12.

Ref er ences

GWLS RSVP- TE Si gnal i ng Extensions August 2007

1. Nor mat i ve Ref erences

[ GWLS- E2E] Lang, J., Ed., Rekhter, Y., Ed., and D. Papadinitriou,

[ RFC2119]

[ RFC2205]

[ RFC2747]

[ RFC2961]

[ RFC3209]

[ RFC3471]

[ RFC3473]

[ RFC3477]

[ RFC3945]

[ RFC4201]

Ed., "RSVP-TE Extensions in Support of End-to-End
Generalized Multi-Protocol Label Switching (GWLS)
Recovery", RFC 4872, May 2007.

Bradner, S., "Key words for use in RFCs to Indicate
Requi renment Level s", BCP 14, RFC 2119, March 1997.

Braden, R, Ed., Zhang, L., Berson, S., Herzog, S., and
S. Jam n, "Resource ReSerVation Protocol (RSVP) --
Version 1 Functional Specification”, RFC 2205, Septenber
1997.

Baker, F., Lindell, B., and M Talwar, "RSVP
Crypt ographi ¢ Aut hentication", RFC 2747, January 2000.

Berger, L., Gan, D., Swallow, G, Pan, P., Tommasi, F.,
and S. Mol endini, "RSVP Refresh Overhead Reduction
Ext ensi ons", RFC 2961, April 2001.

Awduche, D., Berger, L., Gn, D., Li, T., Srinivasan, V.,
and G Swal | ow, "RSVP-TE: Extensions to RSVP for LSP
Tunnel s", RFC 3209, Decenber 2001.

Berger, L., Ed., "Generalized Milti-Protocol Label
Switching (GWLS) Signaling Functional Description", RFC
3471, January 2003.

Berger, L., Ed., "Generalized Milti-Protocol Label
Switching (GWPLS) Signaling Resource ReserVation

Prot ocol - Traffi ¢ Engi neering (RSVP-TE) Extensions", RFC
3473, January 2003.

Konpella, K and Y. Rekhter, "Signalling Unnumbered Links
in Resource ReSerVation Protocol - Traffic Engineering
(RSVP-TE)", RFC 3477, January 2003.

Mannie, E., Ed., "Generalized Milti-Protocol Label
Switching (GWLS) Architecture”, RFC 3945, Cctober 2004.

Konpel l a, K., Rekhter, Y., and L. Berger, "Link Bundling
in MPLS Traffic Engineering (TE)", RFC 4201, Cctober
2005.

Papadimtriou & Farrel St andards Track [ Page 28]



RFC 4974

GWLS RSVP- TE Si gnal i ng Extensions August 2007

[ RFC4202] Konpella, K, Ed., and Y. Rekhter, Ed., "Routing
Extensi ons in Support of Ceneralized Milti-Protocol Label
Switching (GWLS)", RFC 4202, Cctober 2005.

[ RFC4208] Swal | ow, G, Drake, J., Ishimatsu, H, and Y. Rekhter,
"Generalized Miultiprotocol Label Switching (GWLS) User-
Network Interface (UNI): Resource ReserVation Protocol -
Traffic Engi neering (RSVP-TE) Support for the Overlay
Model ", RFC 4208, Cctober 2005.

[ RFC4302] Kent, S., "IP Authentication Header", RFC 4302, Decenber
2005.

[ RFC4303] Kent, S., "IP Encapsulating Security Payl oad (ESP)", RFC
4303, Decenber 2005.

[ RFC4306] Kaufman, C., Ed., "Internet Key Exchange (| KEv2)
Protocol ", RFC 4306, Decemnber 2005.

[ RFC4426] Lang, J., Ed., Rajagopalan, B., Ed., and D.
Papadimtriou, Ed., "Generalized Milti-Protocol Label
Switching (GWLS) Recovery Functional Specification", RFC
4426, March 2006.

12.2. Informative References

[ ASON- APPL] Drake, J., Papadimtriou, D., Farrel, A, Brungard, D.,
Ali, Z , Ayyangar, A, Quld-Brahim H., and D. Fedyk,
"Generalized MPLS (GWLS) RSVP-TE Signalling in support
of Automatically Switched Optical Network (ASON), Wirk in
Progress, July 2005.

[ RFC4107] Bellovin, S. and R Housley, "Cuidelines for
Crypt ographi ¢ Key Managenent", BCP 107, RFC 4107, June
2005.

[ RFC4139] Papadimtriou, D., Drake, J., Ash, J., Farrel, A, and L.
Ong, "Requirements for Generalized MPLS (GWLS) Signaling
Usage and Extensions for Automatically Sw tched Opti cal
Net wor k (ASON)", RFC 4139, July 2005.

[ STI TCH] Ayyangar, A., Konpella, K, Vasseur, JP., and A Farrel,

"Label Switched Path Stitching with Generalized
Mul tiprotocol Label Switching Traffic Engineering (GWLS
TE)", Work in Progress, April 2007.

Papadimtriou & Farrel St andards Track [ Page 29]



RFC 4974 GWLS RSVP- TE Si gnal i ng Extensions August 2007

For information on the availability of the follow ng docunent, please
see http://www. itu.int.

[ G 8080] ITUT, "Architecture for the Automatically Swi tched
Optical Network (ASON)," Recommendation G 8080/ Y. 1304,
Novenber 2001 (and Revision, January 2003).

Aut hors’ Addr esses

John Drake

Boeing Satellite Systens

2300 East Inperial Hi ghway

El Segundo, CA 90245

EMai | : John. E. Dr ake2@oei ng. com

Debor ah Brungard ( AT&T)

Rm D1-3C22 - 200 S. Laurel Ave.
M ddl et own, NJ 07748, USA

EMai | : dbrungard@tt.com

Zafar Ali (G sco)

100 South Main St. #200
Ann Arbor, M 48104, USA
EMAai | : zali @i sco.com

Arthi Ayyangar (Nuova Systens)
2600 San Tomas Expressway
Santa C ara, CA 95051

EMai | : arthi @uovasystens. com

Don Fedyk (Nortel Networks)
600 Technol ogy Park Drive
Billerica, MA 01821, USA
EMai | : dwf edyk@ortel.com

Cont act Addresses

Dimtri Papadimtriou

Al cat el - Lucent,

Fr. Wellesplein 1,

B- 2018 Antwer pen, Bel gi um

Phone: +32 3 240-8491

EMail: dinmitri.papadinitriou@lcatel-Iucent. be

Adrian Farrel

A d Dog Consulting

Phone: +44 (0) 1978 860944
EMai | : adri an@l ddog. co. uk

Papadimtriou & Farrel St andards Track [ Page 30]



RFC 4974 GWLS RSVP- TE Si gnal i ng Extensions August 2007

Ful I Copyright Statenent
Copyright (C) The I ETF Trust (2007).

Thi s docunent is subject to the rights, licenses and restrictions
contained in BCP 78, and except as set forth therein, the authors
retain all their rights.

Thi s docunent and the information contained herein are provided on an
"AS | S" basis and THE CONTRI BUTOR, THE ORGANI ZATI ON HE/ SHE REPRESENTS
OR | S SPONSORED BY (I F ANY), THE | NTERNET SOCI ETY, THE | ETF TRUST AND
THE | NTERNET ENG NEERI NG TASK FORCE DI SCLAI M ALL WARRANTI ES, EXPRESS
OR | MPLI ED, | NCLUDI NG BUT NOT LI M TED TO ANY WARRANTY THAT THE USE OF
THE | NFORMATI ON HEREI N W LL NOT | NFRI NGE ANY RI GHTS OR ANY | MPLI ED
WARRANTI ES OF MERCHANTABI LI TY OR FI TNESS FOR A PARTI CULAR PURPCSE

Intellectual Property

The | ETF takes no position regarding the validity or scope of any
Intell ectual Property Rights or other rights that mght be clainmed to
pertain to the inplenentation or use of the technol ogy described in
this docunment or the extent to which any |license under such rights

m ght or might not be avail able; nor does it represent that it has
made any i ndependent effort to identify any such rights. [Information
on the procedures with respect to rights in RFC docunents can be
found in BCP 78 and BCP 79.

Copi es of I PR disclosures nmade to the | ETF Secretariat and any
assurances of licenses to be nade available, or the result of an
attenpt made to obtain a general |icense or permssion for the use of
such proprietary rights by inplenenters or users of this
specification can be obtained fromthe | ETF on-line | PR repository at
http://ww.ietf.org/ipr

The IETF invites any interested party to bring to its attention any
copyrights, patents or patent applications, or other proprietary
rights that nmay cover technology that nay be required to inpl enent
this standard. Please address the information to the |ETF at
ietf-ipr@etf.org.

Acknowl edgenent

Funding for the RFC Editor function is currently provided by the
I nternet Society.

Papadimtriou & Farrel St andards Track [ Page 31]






