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1. Introduction

[1-D. hr-spring-intentaware-routing-using-color] describes the scope,
set of use-cases and requirements for a distributed routing based
solution to establish end-to-end intent-aware paths spanning nulti-
dommi n packet networks. [I-D.ietf-idr-bgp-car] proposes a BGP based
solution called "BGP Col or-Aware Routing" (BG CAR). [I-D.ietf-idr-
bgp-ct] al so proposes a BGP based solution called "BG O assfu
Transport" (BGP CT).

Net wor k operators often organize networks into nultiple smaller

net wor k domai ns, and each network domain typically runs an IGP. In
sonme scenarios, only the PE nodes run the BGP protocol, while the
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ot her nodes (including the ASBR nodes) run only the | GP protocol, as
shown in Figure 1.

I I I I
| ASBR121  ASBR231 |

s I I | -
PE1+ D1 | D2 | D3 +PE2

| ABSR122 ~ ASBR232 |
I I I I

[---1CGPL---|---1GP2---|---1GP3---]
Figure 1: Multi | GP Domai n Network Exanple

The BGP based sol utions proposed by [I-D.ietf-idr-bgp-car] and [I-D.
ietf-idr-bgp-ct] require the ASBR nodes to run BGP and signal BGP
routes for CAR path. However, sonme network operators may not want to
change existing routing protocol deploynents.

Thi s docunent describes an | GP based routing solution to establish
end-to-end intent-aware paths, w thout requirenment for the ASBR
nodes to run BGP

1.1. Requirenents Language

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in
BCP 14 [ RFC2119] [RFCB174] when, and only when, they appear in all
capitals, as shown here

2. 1GP CAR Sol ution
The foll owi ng sub-sections illustrate exanple scenari os of Col ored
Service Route Steering over E2E | GP CAR resolving over different
i ntra-domai n mechani sns.
The exampl es use MPLS-SR for the transport data plane. The main

difference on SRv6 data plane is the replacenment of CAR | abels with
CAR SI Ds.
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The OSPF and |S-1S extensions for advertising CAR route wll
described in Section 3. The resolving of CAR route wll

in Section 4.

2.1. SR Policy based | GP CAR

| GP Col or-Aware Routing

Novenber 2024

be
be descri bed

Figure 2 illustrates an exanpl e scenario of Col ored Service Route

Steering over E2E | GP CAR

based on SR Poli cy.

RD:V/v via E2

+- -+ vpn | abel : 30030

............................. |RRI <. .

: +--+ Color C1 :
N I R I I R I I I R +
| : I I a
| Redi st: Pfx=E2 | Redi st: Pfx=E2 | O
| : (C1, LI =8002) <~~| ~~~ (C1, LI =8002) <~~| ~~~ O
| : +---4 +---+ SR Policy(Cl, E2):|
|+ |-------------- >| 121 --------- - - - > 231| --------- - - O
| ] SR Policy +---+ SR Policy +---+ | o
| (C1, 121) | (C1, 231) | CAR route: v :
|--+ I I PfX=E2 +--|
| E1] I | C=ClL | E2|
| --+ Redist: Pfx=E2 | Redi st: Pfx=E2 | LI =8002+- -
| | (C1,LI=8002)<~~]~~~ (C1,LI=8002)<~~|~~~ A
| 4o - |
| R >| 122| --------- - - - >|232| -------- - - |
| SR Pol i cy +---+ SR Pol i cy +---+ SR Pol i cy |
| (C1,122) | (C1, 232) | (C1, E2) |
I I I I
| IGP 1 | IGP 2 | IGP 3 |
o e e e o e e e o e e e +
i PE i ASBR eASBR ePE
Fooomo- + Fooomo- + Fooomo- +
| S1 | | S22 | | S3 |
Fom e e - - + Fom e e - - + Fom e e - - +
+ommm - + +ommm - + +ommm - +
| 168002| | 168002| | 168002
Foommo- + Foommo- + Foommo- +
Fooomo- + Fooomo- + Fooomo- +
| 30030 | | 30030 | | 30030
Fom e e - - + Fom e e - - + Fom e e - - +

Figure 2: SR Policy based | GP CAR Path
Wth reference to the topol ogy above:
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0 SR Policy provides intent in each domain.

o

Egress PE E2 advertises a VPN route RD:V/v colored with (col or
extended community) Cl to steer traffic to SR Policy. VPN route
propagates via RR(s) to ingress PE El.

0 |G CAR route of prefix E2 with color Cl1 and | abel 168002 (i ndex
is 2 and SRGB is 168000) is advertised by Egress PE E2, and
redi stributed by ASBRs.

0 On each ASBR and the Ingress PE E1, CAR | abel 168002 is resolved
over SR Policy of the donain.

0 Ingress PE E1 steers colored VPN route RD:V/v into SR Policy
according to color.

Packet forwarding:

@1: |Pv4d VRF V/v => PUSH <S1, 168002, 30030>

@l1: MPLS Table: S1 => forward via SR Policy to 121

@21: MPLS Table: 168002 => PUSH S2

@21: MPLS Table: S2 => forward via SR Policy to 231

@31: MPLS Table: 168002 => PUSH S1

@31: MPLS Table: S3 => forward via SR Policy to E2

@2: MPLS Table: 168002 => POP => MPLS Tabl e: 30030 => POP and
| ookup the IP DA in the VRF

2.2. Flex-Al go based | GP CAR

Figure 3 illustrates an exanpl e scenario of Col ored Service Route
Steering over E2E | GP CAR based on Flex-Al go (FA).
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RD: V/v via E2
+- -+ vpn | abel : 30030
............................. |RRI <. .
+--+ Col or C1

S Fom e oo o D+
| : I I I
| : Redi st: Pfx=E2 | Redi st: Pfx=E2 | |
| (C1, LI =8002) <~~| ~~~ (C1, LI =8002) <~~| ~~~ |
| : +---+ +---+ |
| Pf x-si d=8121| 121] Pf x- si d=8231| 231]| |
| : Al go=128 +---+ Al go=128 +---+ CAR route:
|--+ | | Pf x=E2 +--|
| E1] | | c=C1 | E2]
| --+ Redist: Pfx=E2 | Redi st: Pfx=E2 | LI =8002+- -

| (C1, LI =8002) <~~| ~~~ (C1, LI =8002) <~~| ~~~ |
| om ot NS Pf x- si d=8021

| Pf x- si d=8122| 122] Pf x- si d=8232| 232] Al go=128

| Al go=128 +---+ Al go=128 +---+ |
I I I I
| IGP 1 | IGP 2 IGP 3 |
| FA 128( Mapping Cl1) | FA 128(Mapping Cl) | FA 128(Mapping Cl) |
Fom e oo Fom e oo Fom e oo +
i PE i ASBR eASBR ePE
Fom e e - - + Fom e e - - + Fom e e - - +

| 168121 | 168231 | 168021
+omm e + +omm e + +omm e +
oommo- + oommo- + oommo- +

| 168002| | 168002| | 168002
ommmo - + ommmo - + ommmo - +
Fom e e - - + Fom e e - - + Fom e e - - +

| 30030 | | 30030 | | 30030
+omm e + +omm e + +omm e +

Li n,

Figure 3. FA based | GP CAR Path
Wth reference to the topol ogy above:
0 IGP FA 128 is running in each dormain, and nmapped to Col or Cl.

0 Egress PE E2 advertises a VPN route RD:V/v colored with (col or

ext ended community) Cl to steer traffic to |GP FA 128. VPN route

propagates via RR(s) to ingress PE El.

0 IGP CAR route of prefix E2 with color Cl and | abe
is 8002 and SRGB is 160000) is advertised by Egress PE E2, and
redi stributed by ASBRs.

et al. Expi res Decenber 09, 2025
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0 On each ASBR and the Ingress PE E1, |abel 168002 is resol ved over
| GP FA 128 of the domain.

0 Ingress PE E1 steers colored VPN route RD:V/v into | GP FA 128
according to the napping rel ationship between FA and Col or.

Packet forwarding:

@1l: |1Pv4 VRF V/v => PUSH <168121, 168002, 30030>

@l: MPLS Table: 168121 => forward via FA path to 121

@.21: MPLS Label: 168002 => PUSH 168231

@21: MPLS Label: 168231 => forward via FA path to 231

@31: MPLS Label: 168002 => PUSH 168021

@31: MPLS Label: 168021 => forward via FA path to E2

@2: MPLS Label: 168002 => POP => 30030 => POP and | ookup the | P DA
in the VRF

2.3. Hybrid I GP CAR

Figure 4 illustrates an exanple where the sane intent is provided by
SR Policy in sone domains but by Flex-Algo in sonme ot her domains.
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RD: V/v via E2
+- -+ vpn | abel : 30030
............................. |RRI <. .
: +--+ Color C1 :
S Fom e oo o D+
| : I I a
| Redi st: Pfx=E2 | Redi st: Pfx=E2 | O
| (C1, LI =8002) <~~| ~~~ (C1, LI =8002) <~~| ~~~ :
| +-- -+ +---+ SR Policy(Cl, E2):
[+ |--------=------ >| 121 Pf x-si d=8231| 231|--------------- |
[ SR Pol i cy +---+ Al go=128 +---+ |
| ] (C1,121) | | CAR route: v :
|--+ I I PfX=E2 +--|
| E1] | | c=C1 | E2|
| --+ Redist: Pfx=E2 | Redi st: Pfx=E2 | LI =8002+- -
| | (C1,LI=8002)<~~|~~~ (C1,LI=8002)<~~|~~~ N
| | +---+ +---+ | |
| |-------------- >| 122] Pf x-si d=8232| 232| --------------- |
| SR Policy +---+ Al go=128 +---+ SR Policy |
| (C1, 122) | | (C1, E2) |
I I I I
| IGP 1 | IGP 2 | IGP 3 |
| Algo O | FA 128( Mapping Cl) | Algo O |
Fom oo Fom e Fom oo +
i PE i ASBR eASBR ePE
+omm e + +omm e + +omm e +
| S1 | | 168231 | S3 |
Foommo- + Foommo- + Foommo- +
S + S + S +
| 168002] | 168002] | 168002
+ommm - + +ommm - + +ommm - +
+omm e + +omm e + +omm e +
| 30030 | | 30030 | | 30030
Foommo- + Foommo- + Foommo- +

Figure 4: Hybrid | GP CAR Path

Wth reference to the topo

0 SR Policy provides intent

ogy above:

in domain 1 and domai n 3.

running only in domain 2, and mapped to Col or CI.

0 IG CAR route of prefix E2 with color Cl and | abe

is 2 and SRGB is 168000)
redi stributed by ASBRs.

Lin, et al. Expi res

is advertised by Egress PE E2, and
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IGP FA 128 is

168002 (i ndex
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0 On ASBR 231 and the Ingress PE E1, |abel 168002 is resol ved over
SR Policy. On ASBR 121, |abel 168002 is resolved over |IGP FA 128

Packet forwarding:

@1 IPv4 VRF V/Iv => PUSH <S1, 168002, 30030>

@l: MPLS Table: S1 => forward via SR Policy to 121

@21: MPLS Label: 168002 => PUSH 168231

@21: MPLS Label: 168231 => forward via FA path to 231

@31: MPLS Table: 168002 => PUSH S1

@31: MPLS Table: S3 => forward via SR Policy to E2

@2: MPLS Label: 168002 => POP => 30030 => POP and | ookup the I P DA
in the VRF

3. Advertisenent of |IGP CAR Route
The advertisenent of I1GP CAR route is as foll ow ng:

Prefix TLV: E
CAR Sub-TLV: C
CAR Encapsul ati on Sub-sub-TLV: T

The new defined CAR sub-TLV is attached to a prefix E, indicating a
col or-aware path of color C and encapsulation T towards that prefix.
On the MPLS-SR data plane, T is a |label or index. On the SRv6 data

plane, T is an SRv6 SID.

If there are nultiple color-aware path for different intents towards
the sane E. Multiple CAR sub-TLVs with different colors will be
adverti sed.

Prefix TLV: E

CAR Sub-TLV: C1 + T1

CAR Sub-TLV: C2 + T2

CAR Sub-TLV: C3 + T3

3.1. 1S-1S CAR Sub-TLV

The 1S-1S CAR Sub-TLV is defined in this docunent to adverti se CAR
information for prefixes in 1S 1S. The 1S 1S CAR Sub-TLV is
applicable to TLVs 27, 135, 235, 236, and 237.

The Sub-TLV has the foll owi ng format:
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0 1 2 3

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type | Lengt h | FI ags |
e L i i i e R th s i R S
| Col or |
i e e R e o o e i ol S N B S
| Sub- sub- TLV-1 en| Sub- sub-TLVs (variable)... |
B i s T T i i o S o T Ji I

o Type: TBD.

0 Length: 1 octet. The length value is variable.

o]

Flags: 2 octets. No flags are defined in this document. Undefi ned
flags MUST be set to O by the sender, and any unknown flags MJUST
be ignored by the receiver.

0 Color: 4 octets. Contains color value associated with the prefix.

0 Sub-sub-TLV-length: 1 octet. Number of octets used by sub-sub-
TLVs.

o

Sub- sub-TLVs: Carrying the encapsulation information. 1S-1S CAR
MPLS- SR Encapsul ati on sub-sub-TLV and | S-1S CAR SRv6
Encapsul ati on sub-sub-TLV are defined in Section 3.1.1 and 3.1. 2.
O her encapsul ati ons may be defined in the future.

3.1.1. 1S 1S CAR MPLS-SR Encapsul ati on Sub-sub-TLV

0 1 2 3
01234567890123456789012345678901
B il s S S S S I S i

| Type | Length |

T S S T i o S S e i e S I S i S
| S| D/ Label (vari abl e)

i s i T S e S T T il o S R S S S

o Type: 1.
o Length: 3 or 4.
o SID/Label: If the length is set to 3, then the 20 rightnost bits

represent an MPLS label. If the length is set to 4, then the
value is a 32-bit index.

Lin, et al. Expi res Decenber 09, 2025 [ Page 10]



I nternet-Draft | GP Col or-Aware Routing Novenber 2024

3.1.2. 1S 1S CAR SRv6 Encapsul ati on Sub-sub-TLV

0 1 2 3
01234567890123456789012345678901
T S i i S e

Type | Lengt h |

B R t i o o e e e R e T R
(128 bits) . . . |
B e S i o S S S i T S S i S i e
(cont . . .) |
T S i i T e i s s o R NI SRS S
(cont . . .) |
N Tk T e e e i R e T
(cont . . .) |
B S e i s s I e S I S S

+W»+

wWtot

FTA T T AT T+
H %)
O+0+0+0+

+

o Type: 2.

o0 Length: 16.

o SID: 16 octets. This field encodes the SRv6 SID.
3.2. OSPF CAR Sub-TLV

The OSPF CAR Sub-TLV is defined in this document to advertise CAR
information for prefixes in OSPFv2 and OSPFv3. The OSPF CAR Sub- TLV
is applicable to OSPFv2 Extended Prefix TLV, OSPFv3 Inter-Area-
Prefix TLV, OSPFv3 Intra-Area-Prefix TLV, and OSPFv3 External -Prefix
TLV.

The Sub-TLV has the foll owi ng format:

0 1 2 3
01234567890123456789012345678901
T T T A S T
| Type | Length |
T T S S e T S S T S S it i S S
| Fl ags |

T S T I Al ol ST SN S S S S S S S S S i S SIS SN S O Y
| Col or |
T T i T i A S
| Sub- sub-TLVs (variable)... |
T T S S S T S S e S A S ok

o Type: TBD.

o Length: 1 octet. The length value is variable.
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o Flags: 2 octets. No flags are defined in this docunent.
Undefined fl ags MJUST be set to O by the sender, and any unknown
flags MJUST be ignored by the receiver.

0 Color: 4 octets. Contains color value associated with the prefix.

0 Sub-sub-TLVs: Carrying the encapsul ati on information. OSPF CAR
MPLS- SR Encapsul ati on sub-sub-TLV and OSPF CAR SRv6 Encapsul ati on
sub-sub-TLV are defined in Section 3.2.1 and 3.2.2. Qher
encapsul ati ons may be defined in the future.

3.2.1. OSPF CAR MPLS- SR Encapsul ation Sub-sub- TLV

0 1 2 3

01234567890123456789012345678901
B T S i T s i i e e SEI S
| Type | Length |
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
| SI D/ Label (vari abl e) |
i T s i o S i i S R I S I S S S M

o Type: 1.

o Length: 3 or 4.

o SID/ Label: If the length is set to 3, then the 20 rightnost bits
represent an MPLS label. If the length is set to 4, then the

value is a 32-bit index.

OSPF CAR MPLS- SR Encapsul ation Sub-sub-TLV is applicable to the OSPF
CAR Sub-TLV carried in OSPFv2 Extended Prefix TLV.
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3.2.2. OSPF CAR SRv6 Encapsul ation Sub-sub- TLV

0 1 2 3
01234567890123456789012345678901

T T T A S T
| Type | Length |
T T S S e T S S T S S it i S S
| SID (128 bits) . . . |
T S T I Al ol ST SN S S S S S S S S S i S SIS SN S O Y
| SID (cont J) |
T i S A S
| SID (cont . . .) |
T T S S S T S S T S S S A S S
| SID (cont ) |
T S T I Al ol ST SN S S S S S S S S S i S SIS SN S O Y
o Type: 2.

o0 Length: 16.

o SID: 16 octets. This field encodes the SRv6 SID.

OSPF CAR SRv6 Encapsul ation Sub-sub-TLV is applicable to the OSPF
CAR Sub-TLV carried in OSPFv3 Inter-Area-Prefix TLV, OSPFv3 Intra-
Area-Prefix TLV, and OSPFv3 External -Prefix TLV.

4. Resolving of IGP CAR Route

When the ASBR or Ingress PE receives the |GP CAR route, it will be
resol ved over the CAR paths, and then installed to CAR Route

Dat abase (CARDB). CARDB is a logical collection of resolved CAR
routes. The ASBR can redistribute the CAR routes in CARDB to other
| GP instances. The Ingress PE can use the CARDB for next-hop

resol ution of BGP col ored service route.
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| GP I nstance A

I

| Resol ving over CAR path|
| 1. SR Policy |
I
I

2. Flex-Ago |
SRS .
I
| Instal |l ation R L +
v +->| 1 GP I nstance B|
Fommm oo+ | e +
| CAR | Redistribution | 4-------------- +
| Route |---------------- +->| 1 GP I nstance (C
| Database]| [ +
S | S S +
| +->| |
| Next - hop Resol ution L +
v
e
| BGP |
R +

Fi gure 5: CAR Route Dat abase

Take the followi ng | GP CAR Route on MPLS-SR data pl ane as an
exanpl e:

Advertiser: N
Prefix TLV: E

CAR Sub-TLV: C1 + L1

CAR Sub-TLV: C2 + L2

CAR Sub-TLV: C3 + L3

CAR Sub-TLV: C4 + L4
Assune that:

Cl is mapped to FA 128, and Ns Prefix-SIDin algorithm128 is L128.
C2 is mapped to FA 129, and Ns Prefix-SIDin algorithm129 is L129.
C3 path is provided by SR Policy 1 (C3, N) with segnent-1list Sl.
CA path is provided by SR Policy 2 (C4, N) with segnent-1list S2.

When the ASBR or Ingress PE resolved it over the CAR paths, the
exanpl e of MPLS forwarding entries is as foll ow ng:
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R bl ety ety ey
| I'ndex | In-Label | Qut-Label | Next-Hop & Qut-Intf |
S sl s el ety s s sty
| 1 | L1 | <L128,L1> | FA 128 Path |
+------- I I T s +
| 2 | L2 | <L129,L2> | FA 129 Path |
+----- - R I I I R +
| 3 | L3 | <S1,L3> | SR Policy 1 Path |
+------- F--- - - F--- - - - B +
| 4 | L4 | <S2, L4> | SR Policy 2 Path |
+------- I I I i I I +

The example of CAR route entries installed in the CARDB is as

fol | owi ng:
B ety Ll el ey
| Key | Encap | Proto | Forwarding Path |
[ el Chemjems s el e oo el e =1
| E+Cl| L1 | 1S 1S 1| MLS Index 1 |
R i I IR R i T R +
| E+ C | L2 | 1S1S 1| MLS Index 2 |
+-------- +------- I T e +
| E+ C3| L3 | 1S1S 1| MLS Index 3 |
F----- - - +------- I i T T R +
| E+C4| L4 | 1S1S 1| MLS Index 4 |
+-------- +------- R i T R +

The resolving of 1GP CAR route SHOULD only be enabl ed on the ASBR
and I ngress PE. The P nodes do not need to resolve | GP CAR routes,
and only do SPF conputation for the prefix of Egress PE, providing
best-effort forwarding for traditional services.

4.1. Resolving Over SR Policy

Resol ving of |1 GP CAR Route over SR Policy can use the enhanced | GP
shortcut mechanismin [I-D.cheng-Isr-igp-shortcut-enhancenent].
Briefly, the main point is to choose the SR Policy with the sane
col or as the next-hop

4.2. Resolving Over Flex-Al go
When resolving of 1 GP CAR Route over Flex-Al go, the node wll
determine the FA to which the color is mapped, and check if the
advertiser node is reachable in the topology of that FA |If yes, use
the FA path as next-hop, and add the Prefix-SID or SRv6 End SID
associated with that FA into encapsul ati on.
The nmapping rel ationship of FA and col or shoul d be pre-configured.
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5. Security Considerations

TBD.

6. | ANA Consi derations

TBD.
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