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Abstract

Thi s docunent specifies extensions to PCEP for distributing |abels
crossing domains for an inter-domain Point-to-Point (P2P) or Point-
to-Miltipoint (P2MP) Traffic Engineering (TE) Label Switched Path
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1. Introduction

After a path crossing nmultiple domains is conputed, an inter-domain
Traffic Engineering (TE) Label Switched Path (LSP) tunnel may be set
up along the path by a nunber of tunnel central controllers (TCCs).
Each of the domains through which the path goes nmay be controlled by
a tunnel central controller (TCC), which sets up the segnent of the
TE LSP tunnel in the domain. Wen the TCC sets up the segnent of the
TE LSP tunnel in its domain that is not a domain containing the tai
end of the tunnel, it needs a label froma donain, which is next to
it along the path.

Thi s docunent specifies extensions to PCEP and various procedures for
distributing a | abel froma donmain to its previous domain along the
path for the TE LSP tunnel crossing nultiple domains.

2. Term nol ogy

ABR: Area Border Router. Routers used to connect two | GP areas
(areas in OSPF or levels in IS 1Y9)

ASBR: Aut ononpbus System Border Router. Routers used to connect

t oget her ASes of the same or different service providers via one or
nore inter-AS |inks.

Boundary Node (BN): a boundary node is either an ABR in the context
of inter-area Traffic Engineering or an ASBR in the context of
inter-AS Traffic Engineering.

Entry BN of domain(n): a BN connecting domain(n-1) to domai n(n) al ong
a deternm ned sequence of domains.

Exit BN of donmain(n): a BN connecting domain(n) to domai n(n+1) al ong
a determ ned sequence of donains

Inter-area TE LSP: A TE LSP that crosses an | GP area boundary.
Inter-AS TE LSP: A TE LSP that crosses an AS boundary.

LSP: Label Switched Path.

LSR: Label Switching Router

PCC. Path Conputation Client. Any client application requesting a
path conputation to be perfornmed by a Path Conputation El enent.

PCE: Path Conputation Elenment. An entity (conponent, application, or
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networ k node) that is capable of conmputing a network path or route
based on a network graph and applying conputational constraints.

PCE(i) is a PCE with the scope of domain(i).
TED: Traffic Engi neering Database.

Thi s docunment uses termni nol ogi es defined i n RFC5440.

3. Conventions Used in This Docunent

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 RFC2119.

4. Label Distribution

The Label Distribution may be provided by the PCE-based path
computation. A PCE responsible for a domain conputes a path segnent
for the domain, which is froman entry boundary to an exit boundary
(or an egress) node of the domain. The PCE gets an |abel fromthe
entry boundary node and adds an | abel object containing the label in
the reply nessage to be sent to the requesting PCC (or another PCE)

When a PCE or PCC receives a reply nessage containing an | abe
object, it renoves the object fromthe nessage. The PCE may store
the information in the | abel object or send the infornmation to
anot her conponent such as a Tunnel Central Controller (TCC).

4.1. An Exmapl e

Figure 1 belowillustrates a sinple two-AS topology. There is a PCE
responsi ble for the path conputation in each AS. A path conputation
is requested fromthe Tunnel Central Controller (TCC), acting as the
PCC, which sends the path conputation request to PCE-1. PCE-1 is
unabl e to conpute an end-to-end path and invokes PCE-2 (possibly
usi ng the techni ques described in [RFC5441]). PCE-2 conmputes a path
segnent fromentry boundary node ASBR-2 of the right donmain to the
egress as {ASBR-2, C, D, Egress}. In addition to placing this path
segrment in the reply nessage to PCE-1, PCE-2 gets an |abel fromthe
entry boundary node ASBR-2 and adds an | abel object containing the

| abel and optionally the ASBR-2 into the reply nmessage.
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5.

1.

I
+-->| PCE-1 |<--n--n--- +--+-->| PCE-2 |

<

| |Ingress|--|A--|B|--|ASBR-1|-+--+-|ASBR-2|--|C/--| D --| Egress| |
| - - - |

Figure 1: Exanple of Label Distribution

When PCE-1 receives the reply nmessage containing the | abel object
fromPCE-2, it renmoves the object fromthe nmessage. PCE-1 may store
the information in the | abel object or send the information to

anot her component such as a Tunnel Central Controller (TCC). TCC may
set up the segnent of the LSP tunnel fromlngress to ASBR-2 using the
| abel in the | abel object from ASBR-2.

Ext ensi ons to PCEP

This section describes the extensions to PCEP for distributing | abels
crossing domains for an inter-domain Point-to-Point (P2P) or Point-
to-Miltipoint (P2MP) Traffic Engineering (TE) Label Switched Path
(LSP). The extensions include the definition of a newflag in the RP
obj ect, tunnel information and |abel in a PCReq/ PCRep nmessage.

RP Obj ect Extension

The following flags are added into the RP Object:

An L bit is added in the flag bits field of the RP object to tell a
recei ver of a PCReq/ PCRep message that the nessage is for
distributing | abels crossing donmains for an inter-domain LSP

o L (Label distribution bit - 1 bit):

0: This indicates that this is not a PCReq/ PCRep nmessage
for distributing | abels crossing domains.

1. This indicates that this is a PCReq or PCRep nessage
for distributing |abels crossing domains.
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The 1 ANA request is referenced in Section bel ow (Request Paraneter
Bit Flags) of this docunent.

This L bit with the N bit defined in RFC6006 can indi cate whet her the
PCReq/ PCRep nessage is for distributing |abels for an MPLS TE P2P LSP
or an MPLS TE P2MP LSP

oL =1and N=0: This indicates that this is a PCReq/ PCRep nessage
for distributing | abels for a P2P LSP

oL =1and N=1: This indicates that this is a PCReq/ PCRep nessage
for distributing | abels for a P2MP LSP

The C bit is added in the flag bits field of the RP object to tel
the receiver of a PCReq/ PCRep nessage that the nessage is for
creating the segnment of the LSP tunnel in a domain before
distributing labels fromthis domain to its previ ous domain.

0 C (LSP tunnel Creation bit - 1 bit):

0: This indicates that this is not a PCReq/ PCRep nessage for
creating the segnent of the LSP tunnel

1: This indicates that this is a PCReq/ PCRep nessage for
creating the segment of the LSP tunnel in the domain
before distributing |labels to its previous domain.

The 1 ANA request is referenced in Section bel ow (Request Paraneter
Bit Flags) of this document.

5.2. Label bject

The format of a | abel object body (Object-Type=2) is illustrated

bel ow, which conprises a | abel and an optional node sub object. The
node sub object contains a boundary node |IP address, fromwhich the
| abel is allocated and distributed.

0 1 2 3
01234567890123456789012345678901
R R e R e s s e o S S e R e o o
| Label |
B i S S T s i S T st i S S S S S S S S i
[ Node | Pv4/1Pv6 sub object (optional) [
B i i S S i I e i S S R L e e e e
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The format of the node | Pv4 address sub object (Type=1l) is as
fol |l ows:

0 1 2 3

01234567890123456789012345678901
B T T e e B i et S e S sl st sl st S S S S S S S
LI Type(1) | Length (8) | Node | Pv4 address |
B T T i I T T o S S S e b S S S
|
+-

Node | Pv4 address (cont) | Reserved |
T i e o e S S S i it S e S e it ot (I SRR R S SR S e

The format of the node | Pv6 address sub object (Type=2) is
illustrated bel ow

0 1 2 3
01234567890123456789012345678901
B S S e i i i i i T T T S S S S S S S S i S
L] Type(1) | Length (20) | Node | Pv6 address |
B T T S T T i i S o T sl i S S I S

I
Node | Pv6 address (cont) [
I

Node | Pv6 address (cont) | Reserved |

+
I
+
|
I
I
+
I
B T S S e A N I S S S S e L e S

T S e R S

5.3. LSP Tunnel bject

The LSP tunnel object contains the information that may be used to
identify an LSP tunnel. An LSP tunnel may be a P2P or P2MP LSP
tunnel. It may be an IPv4 or I Pv6 LPS tunnel. Thus there are four
types of LSP tunnels: 1) P2P LSP | Pv4 tunnel, 2) P2P LSP | Pv6 tunnel
3) P2MP LSP | Pv4 tunnel, and 4) P2MP LSP | Pv6 tunnel

The format of the P2P LSP | Pv4/6 tunnel object body is as foll ows:
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0 1 2 3
01234567890123456789012345678901
B i S S T s i S T st i S S S S S S S S i

[ P2P LSP Tunnel Egress |Pv4/6 Address (4/16 bytes)

T T e i i i T i s i S S S
[ Reserved [ Tunnel 1D [
T T e e o i e S S e R Ch o o SR
| Ext ended Tunnel 1D (4/16 bytes) |
B i S S T s i S T st i S S S S S S S S i
[ Reserved [ LSP I D [
B T e b i i e e . S I SR S
| Controller ID (4/16 bytes) |
T T e e e i e S S e R Tk o S

0 P2P LSP Tunnel Egress |Pv4/6 Address:

o

| Pv4/ 6 address of the egress of the tunnel

Tunnel |D:

A 16-bit identifier that is constant over the life of the tunnel

o0 Extended Tunnel 1D

A 4/ 16-byte identifier that is constant over the life of the tunnel

o LSP I D:

A 16-bit identifier to allow resources sharing.

o Controller |ID:

A 4/ 16-byte identifier for the controller responsible for the head
segnment of the tunnel

The format of the P2MP LSP | Pv4/6 tunnel object body is as foll ows:

Chen,

0 1 2 3
01234567890123456789012345678901
B T i S S i S T h T i S S S S e
| P2MP | D |
B E e r e s i s i o T T s S S S S 2
[ Reserved [ Tunnel 1D [
B i s T T S T et S S T S I T s sl s ol ST S S S
| Ext ended Tunnel 1D (4/16 bytes) |
B T i S S i S T h T i S S S S e
| Reserved | LSP ID |
B E e r e s i s i o T T s S S S S 2
| Controller 1D (4/16 bytes) |
B i s T T S T et S S T S I T s sl s ol ST S S S
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o P2MP | Dt
A 32-bit nunber unique within the ingress of LSP tunnel.

0 Tunnel ID:

A 16-bit identifier that is constant over the life of the tunnel.
Ext ended Tunnel 1D

A 4/ 16-byte identifier that is constant over the life of the tunnel.
o LSP I D

A 16-bit identifier to all ow resources sharing.
Controller 1D

A 16-byte identifier for the controller responsible for the head

segnment of the tunnel.

o

o

5.4. Request Message Extension

Figure belowillustrates the format of a request nessage with a
optional LSP tunnel object:

<PCReq Message>::= <Comopn Header >
[ <svec-list>]
<request-list>
<request-1list>::=<request>[ <request-Ilist>]
<request >:: = <RP> <END- PO NTS> [ <OF>] [ <LSPA>] [ <BANDW DTH>]
[<metric-list>] [<RRO>[ <BANDW DTH>]] [<I RO>]
[ <LOAD- BALANCI NG>]
[ <LSP-t unnel >]

Figure 2: Format for Request Message
5.5. Reply Message Extension
Below is the format of a reply nessage with an optional Label object:

<PCReq Message>::= <Comopn Header >
<response-|ist>

<response-|ist>::=<response>[ <response-|ist>]
<response>:: = <RP>

[ <NO- PATH>]

[<attribute-list>]

[ <path-1list>]
<pat h-1ist>::=<pat h>[ <pat h-1i st >]
<pat h>::= <EROCs<attri bute-list>] <LSP-tunnel >] [ <Label >]

Figure 3: Format for Reply Message
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6. Procedures

Ther may be a nunber of procedures for distributing |abels crossing
domai ns.

6.1. Distributing Label in O dered Setup

Suppose that a path for an MPLS TE LSP tunnel crossing multiple
domains is conputed by PCEs and a sequence of domains (D1, D2, ...

Dn) through which the path goes are controlled by a sequence of

Tunnel Central Controllers TCCs (TCCl, TCC2, ..., TCCn) respectively.
The met hod or procedure for distributing a | abel in ordered setup may
conprise the follow ng steps

Step 1: TCG (i =1, ..., n-1) sends TCG (j =i + 1) a request
for establishing the TE LSP tunnel

Step 2: TCCn (e.g., TCC3) allocates a | abel fromthe enter border
node (e.g., border node R) of domain Dn (e.g., D3) and sends
TCCn-1 (e.g., TCC2) a reply containing the | abel after
establishing the TE LSP tunnel segnent (e.g., fromnode Rto U in
domain Dn (e.g., D3).

Step 3: TCG (j =n-1, ..., 2) receives a reply containing a first
| abel from TCG +1, allocates a second | abel fromthe enter border
node of domain Dj, establishes the TE LSP tunnel segment in O and
sends TCG (i =j - 1) a reply containing the | abel

Step 4: TCCl receives a reply containing a | abel from TCC2 and
establishes the TE LSP tunnel segment in Dl1. At this point, the
TE LSP tunnel crossing nultiple domains is established.

6.2. Distributing Label in Path Conputation

Suppose that a path for an MPLS TE LSP tunnel crossing nultiple
domai ns is conputed by PCEs and a sequence of donmins (D1, D2,

Dn) through which the path goes are controlled by a sequence of PCEs
(PCE1, PCE2, ..., PCEn) as TCCs respectively. The method or
procedure for distributing a |label in path conputation nmay conprise
the foll ow ng steps:

Step 1: After PCEn (e.g., PCE3) receives a path request for
computing the path and determ nes that the path segnment of the
path in domain Dn (e.g., D3) is on the best path, it allocates a
| abel fromthe enter border node (e.g., R of domain Dn (e.g., D3)
on the path, establishes the TE LSP tunnel segnent in donain Dn
and sends PCEn-1 (e.g., PCE2) a path reply containing the |abel
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Step 2: When PCE (j = n-1, ..., 2) receives a path reply
containing a first label from PCEj +1 and deternines that the path
segnment of the path in domain O (e.g., D2) is on the best path,
it allocates a second | abel fromthe enter border node of domain
Dj, establishes the TE LSP tunnel segnment in D and sends PCE (i
=j - 1) apath reply containing the second | abel

Step 3: After PCEl receives a path reply containing a |abel from
PCE2 and determ nes the path segment in domain D1, it establishes
the TE LSP tunnel segnent in DI. At this point, the TE LSP tunne
crossing nultiple domains is established.

7. Security Considerations
The mechani sm described in this docunent does not raise any new
security issues for the PCEP protocols.
8. | ANA Consi derations
This section specifies requests for | ANA all ocati on.
8.1. Request Paraneter Bit Fl ags
A new RP bject Flag has been defined in this docunent. [|ANA is

requested to make the followi ng allocation fromthe "PCEP RP (bject
Flag Fi el d" Sub-Registry:

Bi t Descri ption Ref erence
18 Label Distribution (L-bit) This I-D
19 LSP tunnel Creation (C bit) This I-D
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