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and status of this protocol. Distribution of this nmeno is unlimted.

Copyri ght Notice
Copyright (C) The Internet Society (2002). Al R ghts Reserved.
Abst ract
Thi s docunent specifies nmechanisns and TLVs (Type/Length/Val ue) for
support of CR-LSPs (constraint-based routed Label Swi tched Path)
usi ng LDP (Label Distribution Protocol).
Thi s specification proposes an end-to-end setup nechani smof a CR-LSP
initiated by the ingress LSR (Label Switching Router). W also
speci fy mechani sms to provide neans for reservation of resources
usi ng LDP.
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",

"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC 2119 [6].
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1. Introduction

Label Distribution Protocol (LDP) is defined in [1] for distribution
of labels inside one MPLS domain. One of the npbst inportant services
that nmay be offered using MPLS in general and LDP in particular is
support for constraint-based routing of traffic across the routed
networ k. Constraint-based routing offers the opportunity to extend
the informati on used to setup paths beyond what is available for the
routing protocol. For instance, an LSP can be setup based on
explicit route constraints, QoS constraints, and other constraints.
Constraint-based routing (CR) is a nechanismused to nmeet Traffic
Engi neering requirements that have been proposed by, [2] and [3].
These requirenments may be nmet by extending LDP for support of
constraint-based routed | abel switched paths (CR-LSPs). Oher uses
for CR-LSPs include MPLS-based VPNs [4]. Mre information about the
applicability of CR-LDP can be found in [5].

The need for constraint-based routing (CR) in MPLS has been expl ored
el sewhere [2], and [3]. Explicit routing is a subset of the nore
general constraint-based routing function. At the MPLS WG neeting
hel d during the Washi ngton | ETF (Decenber 1997) there was consensus
that LDP should support explicit routing of LSPs with provision for

i ndi cation of associated (forwarding) priority. 1In the Chicago
meeting (August 1998), a decision was nmade that support for explicit
path setup in LDP will be noved to a separate docunment. This
docunent provides that support and it has been accepted as a working
docunent in the Orlando neeting (Decenber 1998).
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Thi s specification proposes an end-to-end setup nechani smof a
constraint-based routed LSP (CR-LSP) initiated by the ingress LSR W
al so specify mechani snms to provide neans for reservation of resources
usi ng LDP

Thi s docunent introduce TLVs and procedures that provide support for

- Strict and Loose Explicit Routing

- Specification of Traffic Paranmeters

- Route Pinning

- CR-LSP Preenption though setup/holding priorities
- Handling Failures

- LSPID

- Resource O ass

Section 2 introduces the various constraints defined in this
specification. Section 3 outlines the CR-LDP solution. Section 4
defines the TLVs and procedures used to setup constraint-based routed
| abel switched paths. Appendi x A provides several exanples of CR-LSP
path setup. Appendi x B provides Service Definition Exanples.

2. Constraint-based Routing Overview

Constraint-based routing is a mechani smthat supports the Traffic
Engi neering requirements defined in [3]. Explicit Routing is a
subset of the nore general constraint-based routing where the
constraint is the explicit route (ER). Qher constraints are defined
to provide a network operator with control over the path taken by an
LSP. This section is an overview of the various constraints
supported by this specification

Li ke any other LSP a CR-LSP is a path through an MPLS network. The
difference is that while other paths are setup solely based on
information in routing tables or froma managenent system the
constraint-based route is calculated at one point at the edge of
network based on criteria, including but not limted to routing
information. The intention is that this functionality shall give
desired special characteristics to the LSP in order to better support
the traffic sent over the LSP. The reason for setting up CR-LSPs

m ght be that one wants to assign certain bandwi dth or other Service
Class characteristics to the LSP, or that one wants to nake sure that
alternative routes use physically separate paths through the network.
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2.1 Strict and Loose Explicit Routes

An explicit route is represented in a Label Request Message as a |ist
of nodes or groups of nodes al ong the constraint-based route. Wen
the CR-LSP is established, all or a subset of the nodes in a group
may be traversed by the LSP. Certain operations to be perforned
along the path can al so be encoded in the constraint-based route.

The capability to specify, in addition to specified nodes, groups of
nodes, of which a subset will be traversed by the CR-LSP, allows the
system a significant anpbunt of local flexibility in fulfilling a
request for a constraint-based route. This allows the generator of
the constraint-based route to have sone degree of inperfect

i nformati on about the details of the path.

The constraint-based route is encoded as a series of ER-Hops
contained in a constraint-based route TLV. Each ER-Hop nay identify
a group of nodes in the constraint-based route. A constraint-based
route is then a path including all of the identified groups of nodes
in the order in which they appear in the TLV.

To sinplify the discussion, we call each group of nodes an "abstract
node". Thus, we can al so say that a constraint-based route is a path
including all of the abstract nodes, with the specified operations
occurring along that path.

2.2 Traffic Characteristics

The traffic characteristics of a path are described in the Traffic
Paranmeters TLV in terns of a peak rate, comritted rate, and service
granularity. The peak and comitted rates describe the bandw dth
constraints of a path while the service granularity can be used to
specify a constraint on the delay variation that the CR-LDP MPLS
domai n may introduce to a path's traffic.

2.3 Preenption

CR-LDP signals the resources required by a path on each hop of the
route. If aroute with sufficient resources can not be found,

exi sting paths may be rerouted to reall ocate resources to the new
path. This is the process of path preenption. Setup and hol di ng
priorities are used to rank existing paths (holding priority) and the
new path (setup priority) to determne if the new path can preenpt an
exi sting path.

The setupPriority of a new CR-LSP and the holdingPriority attributes

of the existing CRLSP are used to specify priorities. Signaling a
hi gher holding priority express that the path, once it has been
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establ i shed, should have a | ower chance of being preenpted. Signaling
a higher setup priority expresses the expectation that, in the case
that resource are unavailable, the path is nore likely to preenpt
other paths. The exact rul es determ ning bunping are an aspect of
net wor k policy.

The all ocation of setup and holding priority values to paths is an
aspect of network policy.

The setup and holding priority values range fromzero (0) to seven
(7). The value zero (0) is the priority assigned to the nobst
inmportant path. It is referred to as the highest priority. Seven
(7) is the priority for the least inportant path. The use of default
priority values is an aspect of network policy. The reconmended
default value is (4).

The setupPriority of a CR-LSP should not be higher (numerically |ess)
than its holdingPriority since it mght bunp an LSP and be bunped by
the next "equivalent" request.

2.4 Route Pinning

Route pinning is applicable to segnents of an LSP that are | oosely
routed - i.e. those segnents which are specified with a next hop with
the "L" bit set or where the next hop is an abstract node. A CR-LSP
may be setup using route pinning if it is undesirable to change the
pat h used by an LSP even when a better next hop becomes avail abl e at
some LSR along the |oosely routed portion of the LSP

2.5 Resource d ass
The network operator may classify network resources in various ways.
These cl asses are al so known as "colors” or "admnistrative groups”
When a CR-LSP is being established, it’'s necessary to indicate which
resource classes the CR-LSP can draw from
3. Sol ution Overview
CR-LSP over LDP Specification is designed with the follow ng goal s:
1. Meet the requirenents outlined in [3] for performing traffic
engi neering and provide a solid foundation for performng nore
general constraint-based routing.
2. Build on already specified functionality that neets the

requi renents whenever possible. Hence, this specificationis
based on [1].
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3. Keep the solution sinple.

In this docunment, support for unidirectional point-to-point CR-LSPs
is specified. Support for point-to-nultipoint, nultipoint-to-point,
is for further study (FFS).

Support for constraint-based routed LSPs in this specification
depends on the follow ng mniml LDP behaviors as specified in [1]:

- Use of Basic and/or Extended Di scovery Mechani sns.

- Use of the Label Request Message defined in [1] in downstream
on dermand | abel advertisenent node with ordered control.

- Use of the Label Mappi ng Message defined in [1] in downstream
on demand node with ordered control.

- Use of the Notification Message defined in [1].

- Use of the Wthdraw and Rel ease Messages defined in [1].

- Use of the Loop Detection (in the case of |oosely routed
segnments of a CR-LSP) nechanisns defined in [1].

In addition, the following functionality is added to what’'s defined
in[1]:

- The Label Request Message used to setup a CR-LSP includes one
or more CR-TLVs defined in Section 4. For instance, the Label
Request Message may include the ER-TLV.

- An LSRinplicitly infers ordered control fromthe existence of
one or nore CR-TLVs in the Label Request Message. This neans
that the LSR can still be configured for independent control
for LSPs established as a result of dynamic routing. However,
when a Label Request Message includes one or nore of the CR-
TLVs, then ordered control is used to setup the CR-LSP. Note
that this is also true for the loosely routed parts of a CR-
LSP.

- New status codes are defined to handle error notification for
failure of established paths specified in the CR-TLVs. Al of
the new status codes require that the F bit be set.

Optional TLVs MUST be inplenmented to be conpliant with the protocol.
However, they are optionally carried in the CR-LDP nessages to signal
certain characteristics of the CR-LSP being established or nodified.

Exanmpl es of CR-LSP establishnent are given in Appendix Ato
illustrate how t he nechani sns described in this docunent work.
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3.1 Required Messages and TLVs

Any Messages, TLVs, and procedures not defined explicitly in this

docunent are defined in the LDP Specification [1]. The reader can
use [7] as an informational docunent about the state transitions,

which relate to CR LDP nessages.

The foll owi ng subsections are neant as a cross-reference to the [1]
docunent and indication of additional functionality beyond what’s
defined in [1] where necessary.

Note that use of the Status TLV is not limted to Notification
messages as specified in Section 3.4.6 of [1]. A nessage other than
a Notification message may carry a Status TLV as an Opti onal
Paranmeter. When a message other than a Notification carries a Status
TLV the U-bit of the Status TLV should be set to 1 to indicate that
the receiver should silently discard the TLV if unprepared to handl e
it.

3.2 Label Request Message

The Label Request Message is as defined in 3.5.8 of [1] with the
followi ng nodifications (required only if any of the CR-TLVs is
included in the Label Request Message):

- The Label Request Message MJST include a single FEC TLV
el ement. The CR-LSP FEC TLV el ement SHOULD be used. However,
the other FEC- TLVs defined in [1] MAY be used instead for
certain applications.

- The Optional Paraneters TLV includes the definition of any of
the Constraint-based TLVs specified in Section 4.

- The Procedures to handle the Label Request Message are

augnented by the procedures for processing of the CR TLVs as
defined in Section 4.
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The encoding for the CR-LDP Label Request Message is as foll ows:
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3.3 Label Mapping Message

The Label Mapping Message is as defined in 3.5.7 of [1] with the
foll owi ng nodi ficati ons:

- The Label Mappi ng Message MJUST include a single Label -TLV.

- The Label Mapping Message Procedures are linted to downstream
on demand ordered control node.

A Mappi ng nessage is transmitted by a downstream LSR to an upstream
LSR under one of the follow ng conditions:

1. The LSR is the egress end of the CR-LSP and an upstream mappi ng
has been requested.

2. The LSR received a mapping fromits downstream next hop LSR for
an CR-LSP for which an upstreamrequest is still pending.

Janpussi, et al. St andards Track [ Page 9]



RFC 3212 Constrai nt-Based LSP Setup using LDP January 2002

The encoding for the CR-LDP Label Mapping Message is as foll ows:
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3.4 Notification Message

The Notification Message is as defined in Section 3.5.1 of [1] and
the Status TLV encoding is as defined in Section 3.4.6 of [1].
Establ i shment of an CR-LSP may fail for a variety of reasons. All
such failures are considered advisory conditions and they are
signal ed by the Notification Message.

Notification Messages carry Status TLVs to specify events being
signal ed. New status codes are defined in Section 4.11 to signal
error notifications associated with the establishment of a CR-LSP and
the processing of the CR-TLV. Al of the new status codes require
that the F bit be set.

The Notification Message MAY carry the LSPID TLV of the correspondi ng
CR- LSP.

Notification Messages MJUST be forwarded toward the LSR originating
the Label Request at each hop and at any time that procedures in this
specification - or in [1] - specify sending of a Notification Message
in response to a Label Request Message.
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The encoding of the notification nmessage is as foll ows:

0 1 2 3
01234567890123456789012345678901
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| O Notification (0x0001) | Message Length |
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| Message |1 D |
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| Status (TLV) |
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| Optional Paraneters |
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3.5 Rel ease , Wthdraw, and Abort Messages

The Label Rel ease , Label Wthdraw, and Label Abort Request Messages
are used as specified in [1]. These nessages MAY also carry the
LSPI D TLV.

4. Protocol Specification

The Label Request Message defined in [1] MJST carry the LSPID TLV and
MAY carry one or nore of the optional Constraint-based Routing TLVs
(CR-TLVs) defined in this section. |f needed, other constraints can
be supported | ater through the definition of new TLVs. In this
specification, the followi ng TLVs are defi ned:

- Explicit Route TLV

- Explicit Route Hop TLV
- Traffic Parameters TLV
- Preenption TLV

- LSPID TLV

- Route Pinning TLV

- Resource Cass TLV

- CR-LSP FEC TLV

4.1 Explicit Route TLV (ER-TLV)
The ER-TLV is an object that specifies the path to be taken by the

LSP being established. It is conposed of one or nore Explicit Route
Hop TLVs (ER-Hop TLVs) defined in Section 4.2.
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Type
A fourteen-bit field carrying the value of the ER TLV
Type = 0x0800.

Lengt h
Specifies the length of the value field in bytes.

ER- Hop TLVs
One or nore ER-Hop TLVs defined in Section 4. 2.

4.2 Explicit Route Hop TLV (ER-Hop TLV)

The contents of an ER-TLV are a series of variable | ength ER- Hop
TLVs.

A node receiving a | abel request nessage including an ER-Hop type
that is not supported MJST not progress the |abel request nessage
the downstream LSR and MJST send back a "No Route" Notification
Message.

Each ER-Hop TLV has the form
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ER- Hop Type
A fourteen-bit field carrying the type of the ER-Hop contents.
Currently defined val ues are:

Val ue Type

0x0801 1 Pv4 prefix

0x0802 1 Pv6 prefix

0x0803 Aut ononmous system nunber
0x0804 LSPI D

Lengt h
Specifies the length of the value field in bytes.

L bit
The L bit in the ERRHop is a one-bit attribute. |If the L bit
is set, then the value of the attribute is "loose.”" Oherwi se,
the value of the attribute is "strict." For brevity, we say

that if the value of the ER-Hop attribute is loose then it is a
"l oose ER-Hop." OQherwise, it's a "strict ERHop." Further,
we say that the abstract node of a strict or loose ER-Hop is a
strict or a | oose node, respectively. Loose and strict nodes
are always interpreted relative to their prior abstract nodes.
The path between a strict node and its prior node MJST include
only network nodes fromthe strict node and its prior abstract
node.

The path between a | oose node and its prior node MAY include
ot her network nodes, which are not part of the strict node or
its prior abstract node.

Contents
A variable length field containing a node or abstract node
which is one of the consecutive nodes that nmake up the
explicitly routed LSP

4.3 Traffic Paranmeters TLV
The foll owi ng sections describe the CR-LSP Traffic Paranmeters. The
required characteristics of a CR-LSP are expressed by the Traffic
Par anet er val ues
A Traffic Parameters TLV, is used to signal the Traffic Paraneter

values. The Traffic Parameters are defined in the subsequent
secti ons.
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The Traffic Parameters TLV contains a Flags field, a Frequency, a
Weight, and the five Traffic Parameters PDR, PBS, CDR, CBS, EBS.

0 1 2 3
01234567890123456789012345678901
I S i o T s S S S e s s T
| 0] Of Type = 0x0810 | Length = 24 |
B I i st ST S I S S S S S S S S e S S S S ik o S N S S S
| Fl ags | Frequency | Reserved | Wei ght |
el i I e i it T e e e e i i T o S e e S e T R R
| Peak Data Rate (PDR) |
I S i o T s S S S e s s T
| Peak Burst Size (PBS) |
B I i st ST S I S S S S S S S S e S S S S ik o S N S S S
| Conmitted Data Rate (CDR) |
el i I e i it T e e e e i i T o S e e S e T R R
| Conmitted Burst Size (CBS) |
I S i o T s S S S e s s T
| Excess Burst Size (EBS) |
B I i st ST S I S S S S S S S S e S S S S ik o S N S S S
Type

A fourteen-bit field carrying the value of the Traffic

Parameters TLV Type = 0x0810.
Lengt h

Specifies the length of the value field in bytes = 24.
Fl ags

The Flags field is shown bel ow

S
| Res | F6| F5| F4| F3| F2| F1]|
e

Res - These bits are reserved.
Zero on transm ssion

I gnored on receipt.

F1 - Corresponds to the PDR

F2 - Corresponds to the PBS

F3 - Corresponds to the CDR

F4 - Corresponds to the CBS

F5 - Corresponds to the EBS

F6 - Corresponds to the Wight.

Janpussi, et al. St andards Track [ Page 14]



RFC 3212 Constrai nt-Based LSP Setup using LDP January 2002

Each flag Fi is a Negotiable Flag corresponding to a Traffic
Parameter. The Negotiable Flag val ue zero denotes
Not Negot i abl e and val ue one denotes Negoti abl e.

Frequency
The Frequency field is coded as an 8 bit unsigned integer with
the follow ng code points defined:

0- Unspecified

1- Frequent

2- VeryFrequent

3-255 - Reserved

Reserved - Zero on transm ssion. |gnored on receipt.

Wei ght
An 8 bit unsigned integer indicating the weight of the CRLSP
Valid weight values are from1l to 255. The value 0 neans that
weight is not applicable for the CR-LSP

Traffic Paraneters
Each Traffic Paranmeter is encoded as a 32-bit |EEE single-
preci sion floating-point number. A value of positive infinity
is represented as an | EEE singl e-precision floating-point
number with an exponent of all ones (255) and a sign and
manti ssa of all zeros. The values PDR and CDR are in units of
byt es per second. The values PBS, CBS and EBS are in units of
byt es.

The val ue of PDR MJUST be greater than or equal to the val ue of
CDR in a correctly encoded Traffic Parameters TLV.

4.3.1 Semantics
4.3.1.1 Frequency

The Frequency specifies at what granularity the CDR allocated to the
CR-LSP is nade avail able. The value VeryFrequent neans that the
avai l abl e rate should average at | east the CDR when neasured over any
time interval equal to or |longer than the shortest packet time at the
CDR. The val ue Frequent neans that the avail able rate should average
at | east the CDR when neasured over any tinme interval equal to or

| onger than a small nunber of shortest packet times at the CDR

The val ue Unspecified neans that the CDR MAY be provided at any
granul arity.
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4.3.1.2 Peak Rate

The Peak Rate defines the maximumrate at which traffic SHOULD be
sent to the CR-LSP. The Peak Rate is useful for the purpose of
resource allocation. |If resource allocation within the MPLS donai n
depends on the Peak Rate value then it should be enforced at the
ingress to the MPLS donain

The Peak Rate is defined in terns of the two Traffic Parameters PDR
and PBS, see section 4.3.1.5 bel ow

4.3.1.3 Coomitted Rate

The Commtted Rate defines the rate that the MPLS domain commits to
be available to the CR-LSP.

The Commtted Rate is defined in terns of the two Traffic Paraneters
CDR and CBS, see section 4.3.1.6 bel ow.

4.3.1.4 Excess Burst Size

The Excess Burst Size nmay be used at the edge of an MPLS domain for
the purpose of traffic conditioning. The EBS MAY be used to neasure
the extent by which the traffic sent on a CR-LSP exceeds the
conmitted rate.

The possible traffic conditioning actions, such as passing, marking
or dropping, are specific to the MPLS donain.

The Excess Burst Size is defined together with the Comritted Rate,
see section 4.3.1.6 bel ow

4.3.1.5 Peak Rate Token Bucket

The Peak Rate of a CRLSP is specified in ternms of a token bucket P
with token rate PDR and nmaxi mum t oken bucket size PBS.

The token bucket Pis initially (at tinme 0) full, i.e., the token
count Tp(0) = PBS. Thereafter, the token count Tp, if |ess than PBS,
is incremented by one PDR tines per second. Wen a packet of size B
bytes arrives at tinme t, the follow ng happens:

- If Tp(t)-B >= 0, the packet is not in excess of the peak rate
and Tp is decremented by B down to the mninumval ue of 0, else

- the packet is in excess of the peak rate and Tp is not
decr enent ed.
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Note that according to the above definition, a positive infinite
val ue of either PDR or PBS inplies that arriving packets are never in
excess of the peak rate.

The actual inplenentation of an LSR doesn’'t need to be nodel ed
according to the above formal token bucket specification.

4.3.1.6 Conmtted Data Rate Token Bucket

The commtted rate of a CRLSP is specified in terns of a token
bucket Cwith rate CDR. The extent by which the offered rate exceeds
the conmitted rate MAY be neasured in terns of another token bucket

E, which also operates at rate CDR  The maxi mum si ze of the token
bucket Cis CBS and the maxi num size of the token bucket E is EBS

The token buckets C and E are initially (at tinme 0) full, i.e., the
token count Tc(0) = CBS and the token count Te(0) = EBS

Thereafter, the token counts Tc and Te are updated CDR tinmes per
second as foll ows:

- If Tc is less than CBS, Tc is increnented by one, else
- if Teis less then EBS, Te is increnented by one, else neither
Tc nor Te is increnmented.

When a packet of size B bytes arrives at time t, the foll ow ng
happens:

- If Te(t)-B >= 0, the packet is not in excess of the Committed
Rate and Tc is decrenented by B down to the m ni nrum val ue of O,
el se

- if Te(t)-B >= 0, the packet is in excess of the Conmtted rate
but is not in excess of the EBS and Te is decrenmented by B down
to the mini mumval ue of 0, else

- the packet is in excess of both the Committed Rate and the EBS
and neither Tc nor Te is decrenented.

Not e that according to the above specification, a CDR val ue of
positive infinity inplies that arriving packets are never in excess
of either the Committed Rate or EBS. A positive infinite value of
either CBS or EBS inplies that the respective linit cannot be
exceeded.

The actual inplenentation of an LSR doesn’'t need to be nodel ed
according to the above fornmal specification.
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4.3.1.7 Wi ght

The wei ght determines the CR-LSP's rel ative share of the possible
excess bandwi dth above its commtted rate. The definition of
"relative share" is MPLS donain specific.

4.3.2 Procedures
4.3.2.1 Label Request Message

If an LSR receives an incorrectly encoded Traffic Paraneters TLV in
whi ch the value of PDRis less than the value of CDR then it MJST
send a Notification Message including the Status code "Traffic

Par amet ers Unavail able" to the upstream LSR fromwhich it received
t he erroneous nessage.

If a Traffic Paranmeter is indicated as Negotiable in the Label
Request Message by the correspondi ng Negotiabl e Flag then an LSR MAY
replace the Traffic Parameter value with a snmaller val ue.

If the Weight is indicated as Negotiable in the Label Request Message
by the correspondi ng Negotiable Flag then an LSR nay repl ace the
Wei ght value with a | ower value (down to 0).

If, after possible Traffic Paraneter negotiation, an LSR can support
the CR-LSP Traffic Parameters then the LSR MJST reserve the
correspondi ng resources for the CR-LSP.

If, after possible Traffic Paraneter negotiation, an LSR cannot
support the CR-LSP Traffic Paraneters then the LSR MJUST send a
Notification Message that contains the "Resource Unavail abl e" status
code.

4.3.2.2 Label Mapping Message

If an LSR receives an incorrectly encoded Traffic Paranmeters TLV in
which the value of PDRis less than the value of CDR then it MJST
send a Label Rel ease nmessage containing the Status code "Traffic
Par amet ers Unavail able” to the LSR fromwhich it received the
erroneous nessage. In addition, the LSP should send a Notification
Message upstreamwith the status code 'Label Request Aborted’ .

If the negotiation flag was set in the | abel request nessage, the
egress LSR MUST include the (possibly negotiated) Traffic Parameters
and Weight in the Label Mppi ng nessage.

The Traffic Paraneters and the Wight in a Label Mapping nessage MJST
be forwarded unchanged.
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An LSR SHOULD adjust the resources that it reserved for a CR-LSP when
it receives a Label Mpping Message if the Traffic Parameters differ
fromthose in the correspondi ng Label Request Message.

4.3.2.3 Notification Message

If an LSR receives a Notification Message for a CR-LSP, it SHOULD

rel ease any resources that it possibly had reserved for the CR-LSP

In addition, on receiving a Notification Message from a Downstream
LSR that is associated with a Label Request from an upstream LSR, the
| ocal LSR MUST propagate the Notification nmessage using the
procedures in [1]. Further the F bit MJST be set.

4.4 Preenption TLV

The default value of the setup and holding priorities should be in
the mddle of the range (e.g., 4) so that this feature can be turned
on gradually in an operational network by increasing or decreasing
the priority starting at the nmddle of the range.

Since the Preenption TLV is an optional TLV, LSPs that are setup
wi thout an explicitly signaled preenption TLV SHOULD be treated as
LSPs with the default setup and holding priorities (e.g., 4).

When an established LSP is preenpted, the LSR that initiates the
preenption sends a Wthdraw Message upstream and a Rel ease Message
downstream

When an LSP in the process of being established (outstanding Labe
Request without getting a Label Mapping back) is preenpted, the LSR
that initiates the preenption, sends a Notification Message upstream
and an Abort Message downstream

0 1 2 3
01234567890123456789012345678901
R i T I e T S S e S TR S T e i I S e S e e e e o o
| 0] Of Type = 0x0820 | Length = 4 |
B T I e R i i i T S S e e I e ik oI I S S e S S
| SetPrio | HoldPrio | Reserved |
I R s e T S e e S S R S e S S e i i it S SR SR R S R e
Type
A fourteen-bit field carrying the value of the Preenption-TLV
Type = 0x0820.
Length

Specifies the length of the value field in bytes = 4.

Janpussi, et al. St andards Track [ Page 19]



RFC 3212 Constrai nt-Based LSP Setup using LDP January 2002

Reserved
Zero on transm ssion. |lgnored on receipt.

SetPrio
A SetupPriority of value zero (0) is the priority assigned to
the nost inportant path. It is referred to as the highest

priority. Seven (7) is the priority for the |east inportant
path. The higher the setup priority, the nmore paths CR-LDP can
bunp to set up the path. The default value should be 4.

Hol dPri o
A Hol dingPriority of value zero (0) is the priority assigned to
the nost inmportant path. It is referred to as the highest
priority. Seven (7) is the priority for the |east inportant
path. The default val ue should be 4.
The higher the holding priority, the less likely it is for CR
LDP to reallocate its bandwidth to a new path.

4.5 LSPID TLV
LSPID is a unique identifier of a CR-LSP within an MPLS net wor K.

The LSPID is conposed of the ingress LSR Router ID (or any of its
own | pv4 addresses) and a Locally unique CR-LSP ID to that LSR

The LSPID is useful in network managenent, in CR-LSP repair, and in
using an already established CR-LSP as a hop in an ER TLV.

An "action indicator flag" is carried in the LSPID TLV. This "action
indicator flag" indicates explicitly the action that should be taken
if the LSP already exists on the LSR receiving the nessage.

After a CRLSP is set up, its bandw dth reservati on may need to be
changed by the network operator, due to the new requirenents for the
traffic carried on that CR-LSP. The "action indicator flag" is used
indicate the need to nodify the bandwi dth and possi bly ot her
parameters of an established CR-LSP wi thout service interruption
This feature has application in dynam c network resources nanagenent
where traffic of different priorities and service classes is

i nvol ved.

The procedure for the code point "nodify" is defined in [8]. The
procedures for other flags are FFS
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0 1 2 3
01234567890123456789012345678901
e o I e e ol i I T T T S S e e e e i i ol it T R R
| 0] Of Type = 0x0821 | Length = 4 |
R T e i e i i S L S s il o T SR R R S
| Reserved | ActFl g | Local CR-LSP ID |
R i T i e i i S e S S e S
| I ngress LSR Router 1D |
B i s T T i i o S o T Ji I
Type

A fourteen-bit field carrying the value of the LSPID TLV

Type = 0x0821
Length

Specifies the length of the value field in bytes = 4.
ActFl g

Action Indicator Flag: A 4-bit field that indicates explicitly

the action that should be taken if the LSP al ready exists on

the LSR receiving the message. A set of indicator code points

i s proposed as foll ows:

0000: indicates initial LSP setup
0001: indicates nodify LSP

Reserved

Zero on transm ssion. |lgnored on receipt.

Local CR-LSP ID
The Local LSP IDis an identifier of the CR-LSP locally unique
within the Ingress LSR originating the CRLSP

I ngress LSR Router |ID
An LSR may use any of its own |IPv4 addresses in this field.

4.6 Resource Cass (Color) TLV
The Resource Class as defined in [3] is used to specify which |inks

are acceptable by this CR-LSP. This information allows for the
network’s topol ogy to be pruned.
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0 1 2 3
01234567890123456789012345678901
B i s T T i i o S o T Ji I
| 0] Of Type = 0x0822 | Length = 4 |
e e o e R  h th o i R SR S
| RsC s |
i e e R e o o e i ol S N B S
Type

A fourteen-bit field carrying the value of the ResC s-TLV

Type = 0x0822
Lengt h

Specifies the length of the value field in bytes = 4.
RsC s

The Resource O ass bit mask indicating which of the 32
"adm ni strative groups" or "colors" of links the CR-LSP can
traverse.

4.7 ER-Hop semantics
4.7.1. ER-Hop 1: The IPv4 prefix
The abstract node represented by this ER-Hop is the set of nodes,

whi ch have an I P address, which lies within this prefix. Note that a
prefix length of 32 indicates a single |IPv4d node.

1 2 3
234567890123456789012345678901
B s o T ol i R R S e i ik i Sh SRR N S
| Type = 0x0801 | Length = 8 |
B S S e i S S T A S S S S S S i S S
I

Reserved
i I S e i e s i ol S S S S e S S S e S e et i S e
| Pv4 Address (4 bytes) |
B T e R et e s o o S e R e

+—+—+—-+00
o
+— +— + P
o

Type
A fourteen-bit field carrying the value of the ER-Hop 1, |Pv4
Address, Type = 0x0801

Lengt h
Specifies the length of the value field in bytes = 8.

L Bit

Set to indicate Loose hop
Cleared to indicate a strict hop
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Reserved
Zero on transm ssion. |lgnored on receipt.

PreLen
Prefix Length 1-32

| P Addr ess
A four-byte field indicating the | P Address.

4.7.2. ER-Hop 2: The |IPv6 address

0 1 2 3
01234567890123456789012345678901
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| 0] Of 0x0802 | Length = 20 |
B T S i T s i i e e SEI S
| L] Reserved | PrelLen |
I S i o T s S S S e s s T
| | PV6 address |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| | PV6 address (continued) |
B T S i T s i i e e SEI S
| | PV6 address (continued) |
I S i o T s S S S e s s T
| | PV6 address (continued) |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
Type

A fourteen-bit field carrying the value of the ER-Hop 2, |Pv6

Addr ess, Type = 0x0802
Lengt h

Specifies the length of the value field in bytes = 20.
L Bit

Set to indicate Loose hop

Cleared to indicate a strict hop
Reserved

Zero on transm ssion. |lgnored on receipt.
PreLen

Prefix Length 1-128
| Pv6 address

A 128-bit uni cast host address.

Janpussi, et al. St andards Track [ Page 23]



RFC 3212 Constrai nt-Based LSP Setup using LDP January 2002

4.7.3. ER-Hop 3: The autononous system nunber

The abstract node represented by this ER-Hop is the set of nodes
bel onging to the autononbus system

0 1 2 3
01234567890123456789012345678901
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| 0] Of 0x0803 | Length = 4 |
B T S i T s i i e e SEI S
| L] Reserved | AS Number |
I i I S R i I i i S
Type

A fourteen-bit field carrying the value of the ER-Hop 3, AS

Nunber, Type = 0x0803
Lengt h

Specifies the length of the value field in bytes = 4.
L Bit

Set to indicate Loose hop.

Cleared to indicate a strict hop.
Reserved

Zero on transm ssion. |lgnored on receipt.
AS Nunber

Aut ononous Syst em nunber
4.7.4. ER-Hop 4: LSPID

The LSPID is used to identify the tunnel ingress point as the next
hop in the ER  This ER-Hop allows for stacking new CR-LSPs within an
al ready established CR-LSP. It also allows for splicing the CR LSP
bei ng established with an existing CR-LSP.

If an LSPID Hop is the last ER-Hop in an ER TLV, than the LSR may
splice the CR LSP of the incom ng Label Request to the CR-LSP that
currently exists with this LSPID. This is useful, for exanple, at
the point at which a Label Request used for local repair arrives at
the next ER-Hop after the | oosely specified CR-LSP segnent. Use of
the LSPID Hop in this scenario eliminates the need for ER-Hops to
keep the entire remaining ER-TLV at each LSR that is at either
(upstream or downstream end of a | oosely specified CR-LSP segnent as
part of its state information. This is due to the fact that the
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upstream LSR needs only to keep the next ER-Hop and the LSPID and the
downstream LSR needs only to keep the LSPID in order for each end to
be able to recognize that the same LSP is being identified.

If the LSPID Hop is not the last hop in an ER-TLV, the LSR nust
remove the LSP-1D Hop and forward the remaining ER-TLV in a Label
Request nessage using an LDP session established with the LSR that is
the specified CR-LSP's egress. That LSR will continue processing of
the CR-LSP Label Request Message. The result is a tunneled, or
stacked, CR-LSP.

To support |abels negotiated for tunneled CR-LSP segnents, an LDP
session is required [1] between tunnel end points - possibly using
the existing CRLSP. Use of the existence of the CRRLSP in lieu of a
session, or other possible session-less approaches, is FFS

0 1 2 3
01234567890123456789012345678901
T e L o o o e i i s it NN R SR S B S
| O] O] 0x0804 | Length = 8 |
e o I e e ol i I T T T S S e e e e i i ol it T R R
| L] Reserved | Local LSPID |
e L i i T e ik i S SIS N SR
| I ngress LSR Router ID |
i e R e o S o o S i S R S S
Type

A fourteen-bit field carrying the value of the ER Hop 4, LSPID,

Type = 0x0804
Lengt h

Specifies the length of the value field in bytes = 8.
L Bit

Set to indicate Loose hop.

Cleared to indicate a strict hop.
Reserved

Zero on transm ssion. lgnored on receipt.
Local LSPID

A 2 byte field indicating the LSPID which is unique with
reference to its Ingress LSR

I ngress LSR Router ID
An LSR may use any of its own |IPv4 addresses in this field.
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4.8. Processing of the Explicit Route TLV
4.8.1. Selection of the next hop

A Label Request Message containing an explicit route TLV nust
determine the next hop for this path. Selection of this next hop nmay
involve a selection froma set of possible alternatives. The
mechani sm for making a selection fromthis set is inplementation
dependent and is outside of the scope of this specification

Sel ection of particular paths is also outside of the scope of this
specification, but it is assurmed that each node will nake a best
effort attenpt to determne a |oop-free path. Note that such best
efforts may be overridden by |ocal policy.

To determne the next hop for the path, a node perforns the foll ow ng
st eps:

1. The node receiving the Label Request Message nust first
evaluate the first ER Hop. |If the L bit is not set in the
first ER-Hop and if the node is not part of the abstract node
described by the first ER-Hop, it has received the nmessage in
error, and should return a "Bad Initial ER-Hop Error" status.
If the L bit is set and the local node is not part of the
abstract node described by the first ER Hop, the node selects a
next hop that is along the path to the abstract node descri bed
by the first ER-Hop. |If there is no first ER Hop, the nmessage
is also in error and the systemshould return a "Bad Explicit
Routing TLV Error" status using a Notification Message sent
upst ream

2. If there is no second ER-Hop, this indicates the end of the
explicit route. The explicit route TLV should be renoved from
the Label Request Message. This node may or may not be the end
of the LSP. Processing continues with section 4.8.2, where a
new explicit route TLV nay be added to the Label Request
Message.

3. If the node is also a part of the abstract node described by
the second ER-Hop, then the node deletes the first ER-Hop and
continues processing with step 2, above. Note that this nmkes
the second ER-Hop into the first ER-Hop of the next iteration

4. The node deternmines if it is topologically adjacent to the
abstract node described by the second ER-Hop. |If so, the node
sel ects a particular next hop which is a menber of the abstract
node. The node then deletes the first ER Hop and conti nues
processing with section 4.8. 2.
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5. Next, the node selects a next hop within the abstract node of
the first ER-Hop that is along the path to the abstract node of
the second ER-Hop. If no such path exists then there are two
cases:

5.a If the second ER-Hop is a strict ER Hop, then there is an
error and the node should return a "Bad Strict Node Error"
st at us.

5.b G herwise, if the second ER-Hop is a | oose ER-Hop, then the
node sel ects any next hop that is along the path to the
next abstract node. |If no path exists within the MPLS
domai n, then there is an error, and the node should return
a "Bad Loose Node Error" status.

6. Finally, the node replaces the first ER-Hop with any ER-Hop
that denotes an abstract node containing the next hop. This is
necessary so that when the explicit route is received by the
next hop, it will be accepted.

7. Progress the Label Request Message to the next hop
4.8.2. Adding ER-Hops to the explicit route TLV

After selecting a next hop, the node nay alter the explicit route in
the foll owi ng ways.

If, as part of executing the algorithmin section 4.8.1, the explicit
route TLV is renoved, the node nmay add a new explicit route TLV.

O herwise, if the node is a nenber of the abstract node for the first
ER- Hop, then a series of ER-Hops may be inserted before the first
ER-Hop or may replace the first ER-Hop. Each ER-Hop in this series
must denote an abstract node that is a subset of the current abstract
node.

Alternately, if the first ER Hop is a | oose ER Hop, an arbitrary
series of ER-Hops may be inserted prior to the first ER- Hop
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4.9 Route Pinning TLV

Section 2.4 describes the use of route pinning. The encodi ng of the
Route Pinning TLV is as follows:

0 1 2 3
01234567890123456789012345678901
i T s i o S i i S R I S I S S S M
| O] O] Type = 0x0823 | Length = 4 |
R o o e e i i e S S S s T S S S S e e ik i e R
| P| Reserved |
T S i o I R S S i it et EIE S R R S S e i i e e s
Type
A fourteen-bit field carrying the value of the Pinning-TLV
Type = 0x0823
Lengt h
Specifies the length of the value field in bytes = 4.
P Bit
The P bit is set to 1 to indicate that route pinning is
request ed.
The P bit is set to O to indicate that route pinning is not
requested
Reserved
Zero on transm ssion. |lgnored on receipt.

4.10 CR-LSP FEC El enent

A new FEC elenent is introduced in this specification to support CR-
LSPs. A FEC TLV containing a FEC of El ement type CR-LSP (0x04) is a
CR-LSP FEC TLV. The CR-LSP FEC El enent is an opaque FEC to be used

only in Messages of CR-LSPs.

A single FEC el enent MUST be included in the Label Request Message.
The FEC El ement SHOULD be the CR-LSP FEC El erent. However, one of
the other FEC el ements (Type=0x01, 0x02, 0x03) defined in [1] MAY be
in CR-LDP nessages instead of the CR-LSP FEC El enent for certain
applications. A FEC TLV containing a FEC of El enent type CR-LSP
(0x04) is a CRLSP FEC TLV.

FEC El enent Type Val ue
Type name
CR-LSP 0x04 No value; i.e., 0 value octets;
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The CR-LSP FEC TLV encoding is as follows:

0 1 2 3
01234567890123456789012345678901
i i i T i I S i e s o o i i
| O] O] Type = 0x0100 | Length = 1 |
R et e s i o e s i i
| CR-LSP (4) |
i ok ST S R TR
Type
A fourteen-bit field carrying the value of the FEC TLV
Type = 0x0100
Length

Specifies the length of the value field in bytes = 1.
CR-LSP FEC El emrent Type
0x04
5. | ANA Consi derations
CR-LDP defines the foll owi ng name spaces, which require nanagenent:
- TLV types.
-  FEC types

- Status codes.

The foll owi ng sections provide guidelines for nmanagi ng these nane
spaces.

5.1 TLV Type Name Space
RFC 3036 [1] defines the LDP TLV nane space. This docunment further
subdi vi des the range of RFC 3036 fromthat TLV space for TLVs
associated with the CR-LDP in the range 0x0800 - OxO08FF.

Following the policies outlined in [IANA], TLV types in this range
are allocated through an | ETF Consensus acti on.
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Initial values for this range are specified in the follow ng table:

TLV Type
Explicit Route TLV 0x0800
I pv4d Prefix ER-Hop TLV 0x0801
I pv6 Prefix ER-Hop TLV 0x0802
Aut ononobus Syst em Nunmber ER-Hop TLV 0x0803
LSP-1D ER-Hop TLV 0x0804
Traffic Paraneters TLV 0x0810
Preenption TLV 0x0820
LSPI D TLV 0x0821
Resource C ass TLV 0x0822
Rout e Pi nning TLV 0x0823

5.2 FEC Type Nane Space

RFC 3036 defines the FEC Type name space. Further, RFC 3036 has
assi gned val ues 0x00 through 0x03. FEC types 0 through 127 are
avai l abl e for assignment through | ETF consensus action. This
speci fication nakes the follow ng additional assignnent, using the
policies outlined in [I ANA]:

FEC El ement Type
CR-LSP FEC El enent 0x04
5.3 Status Code Space
RFC 3036 defines the Status Code nanme space. This docunent further
subdi vi des the range of RFC 3036 fromthat TLV space for TLVs
associated with the CR-LDP in the range 0x04000000 - Ox040000FF

Following the policies outlined in [IANA], TLV types in this range
are allocated through an | ETF Consensus acti on.
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Initial values for this range are specified in the follow ng table:

St at us Code Type

Bad Explicit Routing TLV Error 0x04000001
Bad Strict Node Error 0x04000002
Bad Loose Node Error 0x04000003
Bad Initial ER-Hop Error 0x04000004
Resource Unavail abl e 0x04000005
Traffic Paraneters Unavail abl e 0x04000006
LSP Preenpt ed 0x04000007
Modi fy Request Not Supported 0x04000008

6. Security Considerations

CR-LDP inherits the sane security nmechani smdescribed in Section 4.0
of [1] to protect against the introduction of spoofed TCP segnents
into LDP session connection streans.
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Appendi x A: CR-LSP Establishment Exanpl es
A1l Strict Explicit Route Exanple

Thi s appendi x provi des an exanple for the setup of a strictly routed
CR-LSP. In this exanple, a specific node represents each abstract
node.

The sanpl e network used here is a four node network with two edge
LSRs and two core LSRs as foll ows:

abc

LSR1 generates a Label Request Message as described in Section 3.1 of
this docunment and sends it to LSR2. This nessage includes the CR
TLV.

A vector of three ER-Hop TLVs <a, b, c> conposes the ER-TLV. The ER-
Hop TLVs used in this exanple are of type 0x0801 (IPv4 prefix) with a
prefix length of 32. Hence, each ER-Hop TLV identifies a specific
node as opposed to a group of nodes. At LSR2, the follow ng
processing of the ER-TLV per Section 4.8.1 of this docunent takes

pl ace:

1. The node LSR2 is part of the abstract node described by the
first hop <a>. Therefore, the first step passes the test. o
to step 2.

2. There is a second ER-Hop, <b>. Go to step 3.

3. LSR2 is not part of the abstract node described by the second
ER-Hop <b>. Go to Step 4.

4. LSR2 determines that it is topologically adjacent to the
abstract node described by the second ER-Hop <b>. LSR2 selects
a next hop (LSR3) which is the abstract node. LSR2 deletes the
first ER-Hop <a> fromthe ER-TLV, which now becones <b, c>
Processing continues with Section 4.8. 2.

At LSR2, the follow ng processing of Section 4.8.2 takes pl ace:
Executing algorithm4.8.1 did not result in the renmoval of the ER-
TLV.

Al so, LSR2 is not a nmenmber of the abstract node described by the
first ER-Hop <b>.

Finally, the first ER-Hop <b> is a strict hop
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Therefore, processing section 4.8.2 does not result in the insertion
of new ER-Hops. The selection of the next hop has been al ready done
is step 4 of Section 4.8.1 and the processing of the ER-TLV is
conpleted at LSR2. 1In this case, the Label Request Message incl uding
the ER-TLV <bh, c¢> is progressed by LSR2 to LSR3.

At LSR3, a simlar processing to the ER TLV takes pl ace except that
the incom ng ER TLV = <b, c¢> and the outgoing ER-TLV is <c>.

At LSR4, the follow ng processing of section 4.8.1 takes pl ace:

1. The node LSR4 is part of the abstract node described by the
first hop <c>. Therefore, the first step passes the test. o
to step 2.

2. There is no second ER-Hop, this indicates the end of the CR
LSP. The ER-TLV is renoved fromthe Label Request Message.
Processing continues with Section 4. 8. 2.

At LSR4, the follow ng processing of Section 4.8.2 takes pl ace:
Executing algorithm4.8.1 resulted in the renoval of the ER TLV. LSR4
does not add a new ER-TLV.

Therefore, processing section 4.8.2 does not result in the insertion
of new ER-Hops. This indicates the end of the CR-LSP and the
processing of the ER-TLV is conpleted at LSR4.

At LSR4, processing of Section 3.2 is invoked. The first condition
is satisfied (LSR4 is the egress end of the CR-LSP and upstream
mappi ng has been requested). Therefore, a Label Mapping Message is
generated by LSR4 and sent to LSR3.

At LSR3, the processing of Section 3.2 is invoked. The second
condition is satisfied (LSR3 received a mapping fromits downstream
next hop LSR4 for a CRLSP for which an upstreamrequest is still
pending). Therefore, a Label Mpping Message is generated by LSR3
and sent to LSR2.

At LSR2, a simlar processing to LSR 3 takes place and a Label
Mappi ng Message is sent back to LSR1, which conpletes the end-to-end
CR- LSP set up.
A. 2 Node Groups and Specific Nodes Exanpl e
A request at ingress LSRto setup a CR-LSP mght originate froma

managenent systemor an application, the details are inplenentation
speci fic.
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The ingress LSR uses information provided by the managenent system or
the application and possibly also information fromthe routing

dat abase to calculate the explicit route and to create the Label
Request Message.

The Label request nessage carries together with other necessary
informati on an ER-TLV defining the explicitly routed path. In our
exanple the list of hops in the ER-Hop TLV is supposed to contain an
abstract node representing a group of nodes, an abstract node
representing a specific node, another abstract node representing a
group of nodes, and an abstract node representing a specific egress
poi nt .

In--{Goup 1}--{Specific A}--{Goup 2}--{Specific Qut: B}
The ER-TLV contains four ER-Hop TLVs:

1. An ER-Hop TLV that specifies a group of LSR valid for the first
abstract node representing a group of nodes (G oup 1).

2. An ER-Hop TLV that indicates the specific node (Node A).

3. An ER-Hop TLV that specifies a group of LSRs valid for the
second abstract node representing a group of nodes (G oup 2).

4. An ER-Hop TLV that indicates the specific egress point for the
CR-LSP (Node B).

Al the ER-Hop TLVs are strictly routed nodes.
The setup procedure for this CR-LSP works as foll ows:

1. The ingress node sends the Label Request Message to a node
that is a nmenber the group of nodes indicated in the first ER-
Hop TLV, follow ng nornmal routing for the specific node (A).

2. The node that receives the nessage identifies itself as part
of the group indicated in the first ER-Hop TLV, and that it is
not the specific node (A) in the second. Further it realizes
that the specific node (A) is not one of its next hops.

3. It keeps the ER-Hop TLVs intact and sends a Label Request
Message to another node that is part of the group indicated in
the first ER-Hop TLV (G oup 1), follow ng normal routing for
the specific node (A).
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4. The node that receives the nmessage identifies itself as part
of the group indicated in the first ER-Hop TLV, and that it is
not the specific node (A) in the second ER-Hop TLV. Further
it realizes that the specific node (A is one of its next
hops.

5. It renoves the first ER Hop TLVs and sends a Label Request
Message to the specific node (A)

6. The specific node (A) recognizes itself in the first ER Hop
TLV. Renoves the specific ER Hop TLW.

7. It sends a Label Request Message to a node that is a nmenber of
the group (Group 2) indicated in the ER-Hop TLVW.

8. The node that receives the nessage identifies itself as part
of the group indicated in the first ER-Hop TLV, further it
realizes that the specific egress node (B) is one of its next
hops.

9. It sends a Label Request Message to the specific egress node

(B).

10. The specific egress node (B) recognizes itself as the egress
for the CRLSP, it returns a Label Mapping Message, that will
traverse the sanme path as the Label Request Message in the
opposite direction

Appendi x B. QS Servi ce Exanpl es
B.1 Service Exanples

Construction of an end-to-end service is the result of the rules
enforced at the edge and the treatnent that packets receive at the
network nodes. The rules define the traffic conditioning actions
that are inplenented at the edge and they include policing with pass,
mar k, and drop capabilities. The edge rules are expected to be
defined by the mutual agreenents between the service providers and
their custoners and they will constitute an essential part of the
SLA. Therefore edge rules are not included in the signaling

pr ot ocol

Packet treatment at a network node is usually referred to as the

| ocal behavior. Local behavior could be specified in nany ways. One
exanpl e for | ocal behavior specification is the service frequency
introduced in section 4.3.2.1, together with the resource reservation
rules inplenented at the nodes.
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Edge rul es and | ocal behaviors can be viewed as the nmain building

bl ocks for the end-to-end service construction. The follow ng table
illustrates the applicability of the building bl ock approach for
constructing different services including those defined for ATM

Servi ce PDR PBS CDR CBS EBS Service Condi ti oni ng
Exanpl es Frequency Action
DS S S =PDR =PBS O Fr equent dr op>PDR
TS S S S S 0 Unspeci fied drop>PDR, PBS
mar k>CDR, CBS
BE inf inf inf i nf 0 Unspeci fi ed -
FRS S S CR ~B C ~B _E Unspecified drop>PDR, PBS
mar k>CDR, CBS, EBS
ATM CBR PCR CDVT =PCR =CDVT 0 Ver yFr equent dr op>PCR
ATMVBR 3(rt) PCR CDVT SCR MBS O Fr equent dr op>PCR
mar k>SCR, MBS
ATM VBR. 3(nrt) PCR CDVT SCR MBS O Unspecified dr op>PCR
mar k>SCR, MBS
ATM UBR PCR CDVT - - 0 Unspeci fi ed dr op>PCR
ATM GFR 1 PCR CDVT MCR MBS O Unspecified dr op>PCR
ATM GFR. 2 PCR CDVT MCR MBS O Unspeci fi ed dr op>PCR
mar k>MCR, MFS
int-serv-CL p m r b 0 Fr equent dr op>p
drop>r, b

S= User specified

In the above table, the DS refers to a delay sensitive service where
the network commits to deliver with high probability user datagrans
at a rate of PDR with m ni num del ay and del ay requirenents. Datagrans
in excess of PDR will be discarded.

The TS refers to a generic throughput sensitive service where the
network conmits to deliver with high probability user datagrans at a
rate of at least CDR. The user may transnmit at a rate higher than
CDR but datagrans in excess of CDR would have a | ower probability of
bei ng delivered.
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The BE is the best effort service and it inplies that there are no
expected service guarantees fromthe network.

B. 2 Establishing CR-LSP Supporting Real -Time Applications

In this scenario the custonmer needs to establish an LSP for
supporting real -tinme applications such as voice and video. The
Del ay-sensitive (DS) service is requested in this case.

The first step is the specification of the traffic paraneters in the
signaling nessage. The two paraneters of interest to the DS service
are the PDR and the PBS and the user based on his requirenments
specifies their values. Since all the traffic paraneters are
included in the signaling message, appropriate val ues nust be
assigned to all of them For DS service, the CDR and the CBS val ues
are set equal to the PDR and the PBS respectively. An indication of
whet her the paraneter values are subject to negotiation is flagged.

The transport characteristics of the DS service require Frequent
frequency to be requested to reflect the real-tinme delay requirements
of the service

In addition to the transport characteristics, both the network

provi der and the custoner need to agree on the actions enforced at
the edge. The specification of those actions is expected to be a
part of the service | evel agreenent (SLA) negotiation and is not
included in the signaling protocol. For DS service, the edge action
is to drop packets that exceed the PDR and the PBS specifications.
The signaling nessage will be sent in the direction of the ER path
and the LSP is established followi ng the normal LDP procedures. Each
LSR applies its adnmission control rules. |f sufficient resources are
not avail able and the paranmeter val ues are subject to negotiation,
then the LSR coul d negotiate down the PDR, the PBS, or both.

The new paraneter val ues are echoed back in the Label Mapping
Message. LSRs might need to re-adjust their resource reservations
based on the new traffic parameter val ues.

B. 3 Establishing CR-LSP Supporting Delay Insensitive Applications

In this exanple we assune that a throughput sensitive (TS) service is
requested. For resource allocation the user assigns values for PDR
PBS, CDR, and CBS. The negotiation flag is set if the traffic
paraneters are subject to negotiation

Since the service is delay insensitive by definition, the Unspecified
frequency is signaled to indicate that the service frequency is not
an i ssue.
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Sinmlar to the previous exanple, the edge actions are not subject for
signaling and are specified in the service | evel agreenent between
the user and the network provider

For TS service, the edge rules mght include marking to indicate high
di scard precedence values for all packets that exceed CDR and the
CBS. The edge rules will also include dropping of packets that
conformto neither PDR nor PBS.

Each LSR of the LSP is expected to run its adm ssion control rules
and negotiate traffic paraneters down if sufficient resources do not
exi st. The new paraneter values are echoed back in the Label Mpping
Message. LSRs might need to re-adjust their resources based on the
new traffic parameter val ues.
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