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Abstract

When Segnent Routing (SR) is used for building Network Resource
Partitions (NRPs), each NRP can be allocated with a group of Segnent
Identifiers (SIDs) to identify the topology and resource attributes
of network segnents in the NRP. This docunment describes how BGP-Li nk
State (BGP-LS) with Multi-Topol ogy (MI) can be used to distribute the
informati on of SR based NRPs to a network controller when each NRP is
associated with a separate | ogical network topology identified by a
Mul ti-Topology ID (M-1D). This docunent sets out the targeted
scenarios for the approach suggested, and presents the scalability
limtations that arise.
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1. I nt roduction

[ RFC9543] di scusses the general framework, conponents, and interfaces
for requesting and operating network slices using | ETF technol ogi es.

[ RFC9543] al so introduces the concept of the Network Resource
Partition (NRP), which is defined as a subset of the buffer/queuing/
schedul i ng resources and associ ated policies on each of a connected
set of links in an underlay network. An NRP can be associated with a
| ogi cal network topology to select or specify the set of |inks and
nodes invol ved. [RFCI9732] specifies the framework of NRP-based
enhanced VPNs and descri bes the candi date conponent technologies in
different network planes and network layers. An NRP could be used as
the underlay to neet the requirenent of one or a group of network
slice or enhanced VPN services. The nechani sm of enforcing NRP
resource allocation and the nechani sm of nmappi ng one or group of
enhanced VPN services to a specific NRP is outside the scope of this
docunent .

[1-D.ietf-spring-resource-aware-segnments] introduces resource
awar eness to Segnent Routing (SR) [ RFC8402]. As described in
[1-D.ietf-spring-sr-for-enhanced-vpn], a group of resource-aware Sl Ds
can be used to build SR-based NRPs with the required network topol ogy
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and network resource attributes. The group of resource-aware SR S| Ds
together with the associ ated topol ogy and resource attributes of an
NRP need to be distributed in the network using | GP, and BGP-Link
State (BGP-LS) [ RFC9552] can be used to advertise the SR SIDs and the
resource related Traffic Engineering (TE) attributes (e.g., link
bandwi dth) of NRPs in each |GP area or AS to a network controller.

In sone network scenarios, the required nunber of NRPs coul d be
smal |, each NRP can be associated with an separate | ogical topol ogy,
i.e., there is 1:1 mappi ng between an NRP and an Ml ti-Topol ogy (M)
I D, and a set of dedicated or shared network resources is allocated
to the NRP. [I-D.ietf-lsr-isis-sr-vtn-nt] describes how IS IS Milti-
Topol ogy (MI) [ RFC5120] can be used to advertise an i ndependent

topol ogy and the associated SR SIDs, together with the resource
related TE attributes for each SR based NRP in the network. This
docunent describes the how BGP-LS with MI can be used distribute the
informati on of SR based NRPs to a network controller.The limtation
and the targeted scenario of this approach are described in section 4
"scal ability considerations”

2. Advertisement of Topology Information for SR-based NRP

[I-Dietf-lsr-isis-sr-vtn-nt] describes the 1S-1S Milti-Topol ogy
based nmechani snms to distribute the topol ogy and the SR SI Ds

associ ated with SR based NRPs. This section describes the
correspondi ng BGP-LS mechanismto distribute both the intra-domain
and inter-domain topology information and the SR SI Ds of SR based
NRPs. It is considered that in each donmain, one data plane nechani sm
is used for one NRP, while for inter-domain SR based NRPs, different
data pl ane nmechani snms (either SR-MPLS or SRv6) may be used in

di fferent domains. For the inter-domain SR based NRPs, the involved
net wor k domai ns shoul d be under a conmon admi ni stration, or they

bel ong to the same trusted domain as specified in section 8 of

[ RFC8402] .

2.1. Intra-domain Topol ogy Adverti senent

Section 5.2.2.1 of [RFC9552] defines the Milti-Topol ogy Identifier
(Mr-1D) TLV (Type 263), which can contain one or nore Milti-Topol ogy
Identifiers for a link, node, or prefix. The MI-ID TLV nmay be
included as a Link Descriptor, as a Prefix Descriptor, or in the BGP-
LS Attribute of a Node Network Layer Reachability Information (NLRI),
the detailed rules of the usage of MI-ID TLV in BGP-LS is described
in section 5.2.2.1 of [RFC9552]

[ RFC9085] defines the BGP-LS extensions to carry the SR-MPLS

informati on using TLVs of BGP-LS Attribute. Wen Milti-Topology is
used with the SR-MPLS data pl ane, topol ogy-specific Prefix-SIDs and
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t opol ogy-speci fic Adjacency Segnent ldentifiers (Adj-SIDs) can be
carried in the BGP-LS Attribute associated with the Prefix NLRI and
Li nk NLRI respectively, the MI-I1D TLV carried in the prefix
descriptor or link descriptor [RFC9552] can be used to identify the
correspondi ng topol ogy of the Sl Ds.

[ RFC9514] defines the BGP-LS extensions to advertise Segnment Routing
over | Pv6 (SRv6) information along with their functions and
attributes. Wen Milti-Topology is used with the SRv6 data pl ane,
the SRv6 Locator TLV is carried in the BGP-LS Attribute associated
with the Prefix NLRI, the MI-1D TLV can be carried as a Prefix
Descriptor to identify the correspondi ng topol ogy of the SRv6
Locator. The SRv6 End. X SIDs are carried in the BGP-LS Attribute
associated with the Link NLRI, the MI-1D TLV can be carried in the
link descriptor to identify the correspondi ng topol ogy of the End. X
SIDs. The SRv6 SID NLRI is defined to advertise other types of SRv6
SIDs, in which the SRv6 SID descriptors can include the MI-1D TLV so
as to advertise topol ogy-specific SRv6 Sl Ds.

2.2. Inter-Domain Topol ogy Adverti senent

[ RFC9086] defines the BGP-LS extensions for BGP Egress Peer

Engi neering (EPE) with SR-MPLS. The BGP-LS extensions for Egress
Peer Engineering with SRv6 are specified in [ RFC9514]. Such

i nformati on could be used by a network controller for the collection
of inter-domain topology and SR SID informati on, which can be used
for the conmputation and instantiation of inter-AS SR-TE pat hs.

In sone network scenarios, for instance, an operator’s network
consists of nmultiple network parts, such as netro area networks,
backbone networks, or data center networks, each part being a
different AS. Thus there may be a need to create NRPs whi ch span
multiple ASes. The inter-domain NRPs may have different inter-domain
| ogi cal topology, and may be associated with different subsets of
network resources in each domain and al so on the inter-domain |inks.
To build nulti-donmain SR based NRPs, the inter-domain connectivity
and the BGP peering SlIDs associated with each | ogical topology on the
inter-domain links need to be advertised. This section describes the
applicability of nmulti-topology for the adverti sement of inter-domain
topol ogy and the associated SR SIDs using BGP-LS. It does not

i ntroduce nulti-topology into the operation of BGP sessions on the

i nter-domain |inks.
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When an MI-1D is configured consistently in multiple domains covered
by an NRP, the MI-1D may al so be carried in the link NLRI of the
inter-domain links for the adverti senent of inter-domain |ogica
topol ogy and the topol ogy-specific BGP peering SIDs. This can be
achieved with the conbinati on of existing nmechanisnms as defined in

[ RFC9552] [ RFC9086] and [ RFC9514] .

Dependi ng on the different scenarios of inter-domain SR based NRPs,
the approach for the inter-domain topol ogy adverti sement can be one
of the foll ow ng:

*  One External BGP (EBGP) session between two ASes can be

established over nultiple underlying links. In this case,
different underlying links may be used for different inter-domain
NRPs. In another simlar case, the EBGP session is established
over a single physical link, while the network resource (e.g.,

bandwi dth) on this link is partitioned into nultiple pieces, each
of which is instantiated as a | ogical sub-interface. Each

underlying physical or logical link is associated with the MI-ID
of the NRP, and different BGP Peer-Adj-SIDs or SRv6 End. X SI Ds
need to be allocated to each underlying physical or logical Iink
The associ ati on between the underlying physical of logical Iink

and the corresponding MI-1D, together with the BGP Peer-Adj-SI Ds
or SRv6 End. X SID need to be advertised by the ASBR to a network
controller.

* For inter-domain connection between two ASes, multiple EBGP
sessions can be established between different sets of peering

ASBRs. It is possible that some of these BGP peers are only used
for one inter-domain NRP, while sone other BGP peers are used for
another inter-domain NRP. In this case, different BGP Peer Node

SIDs can be allocated to steer traffic to a specific peer within
an inter-domain NRP. The association between the link of the BGP
peering session and the corresponding MI-1D, together with the BGP
Peer Node SIDs need to be advertised by the ASBR to a network
controller.

* At the level inter-AS topology, different inter-domain NRPsS nay
have different inter-AS connectivity. 1In this case, different BGP
Peer Set SIDs may be allocated to represent a groups of BGP peers
whi ch can be used for | oad-bal ancing within each inter-domain NRP
The BGP Peer Set SIDs nay be advertised in the BGP-LS attributes
of the Iink NLRI which carries the MI-I1D of the correspondi ng NRP.

In network scenarios where consistent allocation of MI-1D anong
mul ti pl e domai ns can not be achieved, the MI-1D advertised by the two
peering ASBRs to a network controller for the sane inter-donmain |ink
could be different. Sonme mappi ng mechani sm nay be needed by the
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controller to match the MI-1Ds of an inter-domain link in two
directions (e.g., for one inter-domain link, M-ID Ain domain X wll
be matched with MI-ID B in domain Y), and concatenate the inter-
domai n topol ogy of the NRP. The detailed nmechanismis out of the
scope of this docunent.

3. Advertisement of Resource related TE Attribute for SR-based NRP

[I-Dietf-lsr-isis-sr-vtn-nt] describes the applicability of 1S1S
mul ti-topology for the advertisenent of resource related TE
attributes associated with each SR based NRP. This section describes
the applicability of BGP>-LS with nulti-topology for reporting
resource related TE attri butes of each SR based NRP to network
controll ers.

The information of the network resources attributes associated with a
link of an NRP can be specified by carrying the corresponding TE Link
attribute TLVs in BGP-LS Attribute [ RFC9552], with the associated M-
ID carried in the corresponding Link NLRI.

For exanple, the anount of bandw dth resource allocated to an NRP on
a link can be advertised by carrying the Maxi mum Li nk Bandwi dt h sub-
TLV in the BGP-LS Attribute associated with the Link NLRI which
carries the MI-1D of the NRP. The bandwi dth allocated to an NRP can
be exclusive for traffic carried by the corresponding NRP. The
adverti senent of other topol ogy-specific TE attributes in BG-LS for
NRP is for further study. The receiving BG-LS speaker shoul d be
prepared to receive any TE attributes in BGP-LS Attribute with the
associated MI-I1D carried in the correspondi ng Link NLRI.

4. Scal ability Considerations

The nmechani sm described in this document assumes that each NRP is
associated with an i ndependent topology, and for the inter-domain
NRPs, the MI-1Ds used in the invol ved domains are consistent, so that
the associated MI-1D can be used to identify the NRP in the contro

pl ane. Reusing MI-1D can avoid introduci ng new mechani sms with
simlar functionality in the control plane, while it also has sone
limtations. For exanmple, even if multiple NRPs share the sane

topol ogy, each NRP still need to be identified using a unique MI-1D
in the control plane. Thus independent path conputation needs be
executed for each NRP. The nunber of NRPs supported in a network nmay
be dependent on the nunber of topol ogies supported, which is related
to both the nunmber of topol ogies supported in the protocol and the
control plane overhead which the network could afford. Since no new
control protocol extension is required, the mechani smdescribed in
thi s docunent is considered useful for network scenarios in which the
required nunber of NRPs is snall (e.g., less than 10). For network
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scenari os where the nunber of required NRPs is |large, nore scal able
solutions woul d be needed which may require further protoco

ext ensi ons and enhancenents. A detailed analysis about the NRP
scalability and the possible optim zations for supporting a |arge
nunber of NRPs are described in [I-D.ietf-teas-nrp-scalability].

5. Security Considerations

The security considerations in [RFCO552] [RFC9085] and [ RFC9514]
apply to this docunent.

Thi s docunent introduces no additional security vulnerabilities to
BGP- LS. The mechani sm proposed in this docunent is subject to the
same vulnerabilities as any other protocol that relies on BGP-LS

6. | ANA Consi derations
Thi s docunent does not request any | ANA acti ons.
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