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Abstract

Thi s docunent describes a new route propagati on and service discovery
mechani sm by proposi ng BGP extensions for nobile core network service
routing. The proposed solution introduces a Service Route Address
Fami |y, hierarchical Network ldentifier allocation, and path-aware
routing mechani sms that enabl e scal abl e inter-domain service

di scovery while preserving conpatibility with current 3GPP st andards.
These extensions provide the foundation for efficient service
propagati on, route aggregation, and |oop-free routing in |arge-scale
di stributed nobile core depl oynents.
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1. Introduction

Servi ce discovery in the 5G core network control plane is primarily
communi cated through the HTTP/ 2 protocol [TS29.500]. The 3GPP

Servi ce-Based Architecture (SBA) defined in [TS23.501] enabl es

fl exi bl e depl oynent nodels, including nulti-access edge conputing
(MEC), hybrid cloud scenarios, and distributed network function

pl acements. However, these distributed deploynents fundanentally
chal I enge existing inter-domai n comuni cati on and servi ce di scovery
mechani sms.  Current HITP-based control plane protocols were designed
for centralized environments and | ack the path awareness, aggregation
capabilities, and scalability required for distributed operations.

Thi s docunent proposes a new service discovery mechani sm by proposing
BGP extensions for mobile core network service routing. The
specification introduces a Service Route Address Family Ildentifier
(AFl) and Subsequent Address Fam |y ldentifier (SAFl), hierarchica
Network ldentifier (NID) allocation schenes, and the N D PATH
attribute for path-aware routing and | oop prevention. These
extensions transform BGP into a capable control plane protocol for
mobi | e core networks, enabling efficient inter-domain service

di scovery, intelligent route aggregation, and reliable propagation of
network function capabilities across distributed domains.

2. Term nol ogy

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

Thi s docunent uses the follow ng terns:
*Network Identifier (NID)*: A hierarchical identifier used to

uni quely identify network donai ns, extending the concept defined
in [TS23.501].
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*NI D_PATH*: A BCGP path attribute that records the sequence of NI Ds
traversed by a route in non-BGPsec environnents, providing basic
| oop prevention and path traceability. This attribute is
superseded by BGPsec’s BGPsec_ PATH when crypt ographic protection
i s avail abl e.

*Service Route*: A new BGP Address Family ldentifier (AFl) and
Subsequent Address Family ldentifier (SAFl) for propagating nobile
core network service information. Service routes carry aggregated
service-level information derived frommultiple NF instances.

*Service Route ID*: A 16-byte UUI D version 7 identifier that
uniquely identifies a conplete service route across all its
fragments.

*Service Route Fragnent*: A portion of a service route that fits
within a single BGP UPDATE nessage. When a service route is too
| arge for one UPDATE nessage, it is split into nmultiple fragnments.

*Service Attributes*: Network Function attributes that describe the
properties and capabilities of services offered by a network
dommi n, such as PLMN, SST, SD, locality, etc.

*User Equipnent (UE)*: A device that provides access to network
services for a human user or an application, as defined in
[ TS23.501].

3. Probl em St at enent

The evol ution towards | arge-scale distributed 5G nobile core networks
i ntroduces fundamental challenges that existing HTTP-based contro

pl ane mechani sms cannot adequately address. These chall enges span
from basic connectivity and discovery to advanced requirenents for

mul ti-path optim zation, |oad bal ancing, and security.

3.1. Current Control Plane Limtations
3.1.1. HITP-Based Service Discovery and Propagation Limtations

Current 5G core networks rely on HTTP-based route propagati on and
service discovery nechani sns through the Network Repository Function
(NRF) as defined in [TS29.510]. While this approach works adequately
in centralized deploynents, it presents fundanental architectura
limtations that become critical in large-scale distributed

envi ronment s.
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HTTP- based route propagation provides no path or topol ogy
information, making it inpossible to optim ze routing decisions or
under st and network connectivity patterns. Wthout this fundanental
routing information, networks cannot make inforned decisions about
service placenent or access paths. This topology blindness forces
networks to rely on static configuration or sub-optinal fallback
mechani sms when nultiple service paths are avail abl e.

Each Network Function (NF) profile is propagated individually wthout
aggregation capabilities, |eading to excessive signaling overhead and
inefficient route | ookup operations. This |lack of aggregation
becones particularly problematic as networks scale, creating
bandwi dt h consunption issues and processing bottl enecks at NRF
entities.

3.1.1.1. BGP as a Solution Foundation

The Border Gateway Protocol (BGP) directly addresses these HITP-based
limtations through proven nechani sns that have been refined over
decades of Internet operation. BG™”s path vector architecture

provi des conpl ete topol ogy information and | oop prevention
capabilities that are essential for distributed networks, directly
addressi ng the fundanmental topol ogy awareness gaps in current HITP-
based systens.

BGP i ncl udes native support for route aggregation, enabling efficient
summari zati on of service informati on and reduci ng signaling overhead.
The protocol’s proven scalability to global Internet routing, nakes
it well-suited for large-scale distributed core networks that nmay
enconpass thousands of donmins and millions of service endpoints.

Additionally, BGP benefits froma rich ecosystemof security

ext ensi ons through BGPsec, nulti-path routing capabilities, traffic
engi neeri ng mechani sns, and sophisticated policy enforcenent
franmeworks. Rather than attenpting to retrofit the existing HITP-
based control plane with conplex nodifications to address these
fundanmental limtations, adopting BGP directly provides a proven,

i medi ately avail able solution that inherits decades of Internet-
scal e operational experience and conti nuous enhancenent.

3.1.2. N D AlIlocation and Managenent

The existing NID definition in [TS23.501] uses a flat 44-bit
identifier space with significant linmtations that hinder scal able
networ k deploynment. N D allocation requires coordi nati on between
operators or assignnent by | ANA, creating operational overhead and
depl oynent del ays that prevent dynam c network expansion. This
manual coordi nation requirenent becomes particularly problematic in
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cl oud- nati ve depl oynments where network domains may need to be created
and destroyed dynamically in response to changing traffic patterns or
infrastructure requirenents.

The flat N D structure |acks semantic information about network

hi erarchy or domain relationships, nmaki ng network managenent,

troubl eshooti ng, and automated route aggregation inpossible. Wthout
hi erarchi cal semantics, network operators cannot inplement efficient
routing policies or performautomatic aggregati on based on

organi zati onal or geographical boundaries. Additionally, static

al | ocati on schenmes cannot support dynam c donai n creation and

del etion required for nodern cloud-native depl oynents and edge
computi ng scenarios, where network domains nay need to scale

el astically based on demand.

3.2. Exanple Network Topology Illustrating Current Limtations
To illustrate these limtations, consider the follow ng hierarchica
networ k topology with both Parent-to-Child (P2C) and Peer-to- Peer
(P2P) rel ationships:

A
I\

*Net wor k Topol ogy: *
* Node A: Central domain (root)
* Nodes B, C. Regional domains (children of A, peers to each other)

* Nodes D, E, F: Edge domains (D and E are children of B, Fis child
of O

* Direct peer connection exists between E and F

*Routi ng Tabl e of Each Node Exanpl e:*
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[ ey gy e pe gty
| Node | Next Hop | Route Info |
i fefely St et ety o
| A | B | B&D&E |
+------ I I +
| A | C | C&F I
+------ R I +
| B | D | D I
+------ F--- - - R I +
| B | E | E I
+------ I I +
| ¢ | F | F I
+------ R I +
| D | E | E I
+------ F--- - - R I +
| E | D | D I
+------ I I +
| F | E | E I
+------ R I +
Table 1

*Current HITP-Based System Limtations:*

The current HITP-based system exhibits severe limtations in

topol ogy-aware path selection. Wen domain A needs to consune
services, both domains B and F can provide the required service.
However, w thout topology information, A cannot determne that Bis
topol ogically closer (1 hop) conpared to F (2 hops via C), leading to
subopti mal service selection that wastes network resources and

i ncreases | atency.

Loop prevention failures in peer-to-peer propagation represent
another critical weakness. Wen domain D needs to di scover services
fromdomain F, the |ack of |oop prevention nmechani sns prevents route
informati on from being safely propagated al ong P2P paths. Wthout an
AS _PATH equi val ent, route information cannot be transnmitted fromF
through the E-F peer connection to E, then to D, forcing Dto rely on
the inefficient hierarchical path D-> B -> A -> C -> F instead of
the optimal direct peer path D-> E -> F.

The absence of route aggregation capabilities creates both scaling
and security concerns. Parent domain A receives individual, non-
aggregated NF profiles fromall downstreamdomains (B, C, D, E F),
exposing detailed internal topol ogy and creating excessive routing
overhead. This lack of aggregation not only increases bandw dth
consunption but also reveals sensitive network topol ogy infornation
to upstream donai ns
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4.

4.

4.

4.

Security vulnerabilities in route propagation present significant
operational risks. Each NRF can freely nodify and tanper with route
informati on received frompeers before propagating it to other peers.
W t hout cryptographic protection nechanisns, there is no guarantee of
route integrity or authenticity, allow ng nalicious or conprom sed
NRFs to inject false service information or manipul ate routing
deci si ons.

Finally, the missing path netrics capability prevents intelligent
routing decisions. HITP-based di scovery provides no path cost,

| atency, or reliability information that woul d enable intelligent
path sel ection based on network conditions, forcing networks to make
routing decisions w thout crucial performance data.

BGP Ext ensi ons
1. Hierarchical Network Identifier (N D) Extension
1.1. Assignnent Mdde 3 Extension

Thi s docunent extends assignment node 3 of the NI D specification to
support hierarchical allocation. The hierarchical structure enables
efficient route aggregation at parent donmains while allow ng
automati ¢ sub-domain creation without external coordination. This
approach provides clear representation of domain relationships that
can be |l everaged for routing optimzation and network managenent

pur poses.

1.2. H erarchical Encoding Schene

The NI D hierarchy supports up to three levels in the current
specification, with provisions for extension to support additiona

| evel s through the reserved field. The reserved field functions as a
hi erarchy | evel indicator, enabling the schene to scale beyond three
| evel s when needed for conplex network depl oynents. This flexible
approach all ows networks to adopt appropriate hierarchy depths based
on their organizational structure and operational requiremnments.
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[ bl ool oo s e e e
| Level | Mode Bits | Reserved | Address Space Distribution |
[ bl o fums s ool oo ool s pe
| 1 | 3 (011) | 1 (0) | 39 bits for gl obal domains
R S Fomm e o e e +
| 2 | 3 (011) | 2 (10) | 12 bits + 26 bits for |
| | regional/national domains
N N Fomm oo - o e e e e e e e +
| 3 | 3 (011) | 3 (110) | 7 bits + 12 bits + 18 bits
| | for Ilocal/edge domains |
R S Fomm e o e e +
| 4+ | 3 (011) 4+ | Future extension for |
| | (1110+) | deeper hierarchies |
N N Fomm oo - o e e e e e e e +

Table 2
The reserved field serves as a hierarchy |level indicator, enabling

the schenme to scale beyond three | evels when needed for conpl ex

net wor k depl oynment s
4.1.3.

Consi der

NI D Al l ocati on Exanpl e

NID 3.6.1.1.0 encoded as:

0011 110 0000001 000000000001 000000000000000001

Thi s represents:
* Assi gnnent node

* Hierarchy |evel

*  Level 1 dommin:
*  Level 2 dommin:
* Level 3 domuin:

3 (0011)

3 (110)

1 (0000001)

1 (000000000001)

1 (000000000000000001)

The parent domain is 3.6.1.0.0, and this donain can allocate sub-
domai ns following the pattern 3.6.1.1.x.

4.2. NDAttribute

Ma, et al.
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4.2.1. Attribute Definition

The NID attribute is an optional transitive BGP path attribute that
carries the Network ldentifier of the originating domain. This
attribute enables receiving donains to identify the source of service
routes and nake routing decisions based on domain hierarchy and

rel ati onshi ps.

4.2.2. Encodi ng Format

0 1 2 3

01234567890123456789012345678901
T e L o o o e i i s it NN R SR S B S
| Attr. Flags |Attr. Type Code| Attr. Length |
B i s T T i i o S o T Ji I
| NID (6 octets) |
e s o i T e i R SR S
I
+-

T S S e it S S S S S s S DU S S i S

* *Attribute Flags*: Optional (1), Transitive (1), Partial (0),
Ext ended Length (0)

* *Attribute Type Code*: TBD (to be assigned by | ANA)

* *Attribute Length*: 6 (fixed length for N D)

* *NID*: 6-byte Network ldentifier of the originating donmain
4.2.3. Processing Rules

When processing a route with NID attribute, receiving domains nust
foll ow specific procedures to maintain route integrity and enabl e
proper policy enforcement. The NID attribute identifies the
originating domain of the service route, allow ng receiving donains
to make routing decisions based on the source donain’s identity and
characteristics. Receiving donmains may apply inmport and export
policies based on the originating NID, enabling fine-grained control
over which service routes are accepted and propagat ed.

The receiving domain may validate the NI D agai nst known donain

hi erarchy for operational purposes, though such validation is not
required for basic protocol operation. This validation can help
detect configuration errors or potential security issues. The NID
attribute may be used in best path selection algorithns to prefer
routes fromspecific domains or hierarchy |levels, allow ng networks
to inplenent policies that favor certain service providers or

geogr aphi c regi ons based on operational requirenents.
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4.3. N D_PATH Attribute
4.3.1. Attribute Definition

The NID PATH attribute is an optional non-transitive BGP path
attribute that provides basic |oop prevention and path traceability
in environnents where BGPsec is not deployed. |In BGPsec-enabled
networks, this attribute is not necessary as BGPsec’ s BGPsec_PATH
attributes provide superior cryptographic protection for path

val i dati on.

The NI D PATH attribute serves two primary functions in non-BGPsec
envi ronment s:

1. *Loop Prevention*: Detects and prevents routing | oops by checking
if a domain's NID al ready appears in the path.

2. *Path Traceability*: Mintains conplete propagation history for
troubl eshooti ng and audit purposes.

4.3.2. Encodi ng Format

0 1 2 3

01234567890123456789012345678901
T e L o o o e i i s it NN R SR S B S
| Attr. Flags |Attr. Type Code| Attr. Length |
B i s T T i i o S o T Ji I
| NI D List (variable) |
e L i i T e i R S S

* *Attribute Flags*: Optional (0), Non-transitive (0), Conplete (1),
Ext ended Length (as needed)

* *Attribute Type Code*: TBD (to be assigned by | ANA)

* *Attribute Length*: Variable, depending on the nunber of N Ds

* *NID List*: Sequence of 6-byte NIDs in reverse propagation order
4.3.3. Processing Rules

When processing a route with N D PATH, receiving domains mnust

i mpl ement | oop detection and path managenment procedures to ensure

routing stability. |If the receiving domain’s NID appears in the

path, the route nmust be discarded to prevent routing |oops that could

destabilize the network. This |oop detection nmechanismis critical

for maintaining network stability, particularly in conplex topol ogies
with nultiple interconnection points between domains.
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When propagating the route to other peers, the domain nust prepend
its own NND to the path before transnission. This prepending
operation maintains the conpl ete propagation history and enabl es
downstream donmai ns to performtheir own | oop detection. Receiving
domai ns may val i date the path agai nst known topol ogy for operationa
pur poses, though such validation is optional and intended primarily
for troubl eshooting and audit functions.

4.4. Service Route AFI/ SAFI
4.4.1. AFI/SAFI Definition

A new AFl (value TBD) and SAFI (value TBD) are defined for Service
Route with the follow ng characteristics:

* *Address Fami|ly*: Service Route (TBD)
*  *SAF|l Val ue*: TBD
4.4.2. Service Route NLRI

Service Routes carry aggregated service-level information through
Service Route Fragnments. Due to the large size of core network
routing entries, a fragnentation nechanismis used to split service
routes across multiple UPDATE nessages.

0 1 2 3
01234567890123456789012345678901
T T S

+- +
| Service Route ID (16 octets) |
e s S S T i i o S S T i

| Fragnment Seq | Total Frags | NF Type Len | NF Type |
I S i o T s S S S e s s T
| Attr. Count | Service Attributes |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| Service Attributes (continued) |
B T S i T s i i e e SEI S

4.4.2.1. Service Route ID
A 16-byte UU D version 7 identifier that uniquely identifies a

complete service route. All fragnments belonging to the same service
route share the same Service Route |ID
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4.4.2.2. Service Route Fragnent

VWhen a service route is too large to fit
it

*

is split into multiple Service Route Fragnents:
*Fragnment Seq*: The sequence nunber of this fragnent (1-

*Total Frags*: The total nunber of fragments for this se
route

4.4.2.3. NF Type

A single Network Function type supported by this fragnent,
in [TS23.501]:

*

AMF (Access and Mbility Managenent Function)
SMF (Sessi on Managenent Function)

UPF (User Pl ane Functi on)

PCF (Policy Control Function)

UDM (Uni fi ed Data Managenent)

UDR (Unified Data Repository)

NRF ( Net work Repository Function)

NSSF (Network Slice Selection Function)

AUSF (Aut hentication Server Function)

etc.

The conplete list of Network Function types is specified in
[ TS23.501] .

4.4.2.4. Service Attributes

Each Service Attribute follows this structure:

Ma, et al. Expi res 8 January 2026
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0 1 2 3
01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Attribute Type (4 octets) |
I I i S e i it N DR SR S
| FI ags | Defined By Length | Defi ned By |
I i i S T S S S O o
| Val ue Len | Val ues |
B i s T T i i o S o T Ji I

*Attribute Types*:

The following attribute types are mapped to nuneric val ues for
encoding in the Attribute Type field, based on Network Function
Profile attributes defined in [TS29.510]:

1. PLMWN (Public Land Mobil e Networ k)

2. SST (Slicel Service Type)

3. SD (Slice Differentiator)

4. Locality

5. @GPSlI (Generic Public Subscription Identifier)

6. SUPI (Subscription Permanent Identifier)

7. Routing Indicator

8. TAC (Tracking Area Code)

9. DNN (Data Network Nane)

Additional attribute types SHALL be defined to cover all NF Profile
attributes specified in [TS29.510] and rel ated 3GPP st andards.

*Fl ags*:

* Optional (O: Wuether this attribute is optional for natching

* Transitive (T): Wether this attribute should be propagated

* Encode Type (ET): 3-bit field indicating value encoding format
- 000: Value is a nuneric list

- 001: Value is a string list
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- 010-111: Reserved for future use
4.5. Domai n Routes
4.5.1. Definition and Purpose

Domai n Routes represent a special category of service routes designed
to address specific privacy and accessibility requirenents in
distributed nobile core networks. A Domain Route contains only PLMN
(Public Land Mobile Network) information as its service attribute and
uses a fixed all-zero Service Route ID
(00000000- 0000- 0000- 0000- 000000000000) .

4.5, 2. Use Case and Motivation

Domai n Routes serve critical scenarios where private network donains
require selective visibility within the broader network ecosystem
In certain deploynents, private network domains prefer to maintain
operational privacy by not exposing detail ed service capabilities or
internal network function profiles to external donmains. However,
these private domains still need to enable User Equi pnent (UE) that
bel ongs to their PLMN to access services when roani ng or connecting
fromexternal network | ocations.

The primary use case involves UEs whose subscription services or
informati on are associated with a private network domain but are
currently registered to a public network domain. The public network
needs to discover and access subscription services for these UEs
within their honme private domain through NID and PLMN. Wt hout
Donmai n Rout es, external domains would have no know edge of the
private domain’s existence or basic accessibility information,
preventing proper service routing for roam ng UEs.

4.5.3. Domain Route Characteristics

Domai n Rout es have several distinctive characteristics that
differentiate themfromregul ar service routes

*M nimal Information Disclosure*: Domain Routes contain only
essential PLWN information, revealing no details about interna
network functions, service capabilities, or network topology. This
approach preserves privacy while enabling basic connectivity.

*Fi xed Route ldentifier*: Al Domain Routes use the sane all-zero

Servi ce Route | D (00000000- 0000-0000- 0000- 000000000000), sinplifying
identification and processing across network donmi ns.
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*No Fragnentation*: Due to their mininmal content, Domain Routes never
require fragnentation and always fit within a single BG® UPDATE
message.

*Uni versal Propagation*: Domain Routes are typically propagated nore
broadly than detail ed service routes, ensuring that UE accessibility
i nformati on reaches all rel evant network domains.

4. Domai n Route Format

A Domain Route follows the standard Service Route NLRI format but
with specific field val ues:

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

00000000- 0000- 0000- 0000- 000000000000

+
_ I
Al'l -Zero Service Route ID (16 octets) |
I
I
B i T i T S i s S S N e s o T S
I

+-
I
I
I
I
+-
| Fragnent=1 | Total =1 | NF Type Len | NF Type
i i i T i I S i e s o o i i
|  Attr.Count=1 | PLMN Attribute |
R et e s i o e s i i
| PLWMN Attribute (continued) |
B i s T T i i o S o T Ji I
*Field Values for Domain Routes:*

* *Service Route |D*: Fixed val ue
00000000- 0000- 0000- 0000- 000000000000

* *Fragment Seq*: Always 1 (single fragnent)

* *Total Frags*: Always 1 (no fragnentation)

* *NF Type*: Set to a reserved value indicating "Domain Route" (TBD)
* *Attr. Count*: Always 1 (only PLMN attribute)

* *Service Attributes*: Contains only one PLMN attribute with the
domai n’s PLMN i nformation

Operation

1. BGP Session Establishnent
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4.6.1.1. Peer Establishment Between NRF Entities

VWhen two NRF entities need to establish a BGP session for service
route exchange, they follow the standard BGP sessi on establishnment
procedure with extensions specific to nobile core network

requi renents. Instead of using traditional Autononous System (AS)
nunbers, NRF entities use their respective NI Ds for session
identification and | oop prevention, aligning the session
establishnent with the hierarchical domain structure used throughout
the nobile core network

The BGP OPEN nessage must include several mandatory el enents to
support Service Route operations. The local domain’s NID is included
in place of the AS nunmber field, establishing the domain identity for
the session. Capability advertisenent for Service Route AFI/ SAFI
support is required to indicate that the peer can process Service
Rout e nmessages.

The OPEN nessage format for NRF BGP sessions:

0 1 2 3
01234567890123456789012345678901
i s T S i i T S A b e ok
| Ver si on | | My NID (first 2 octets) |
i e e R e o o e e e O i b i o I N S S
| My NID (remaining 4 octets) |
B i s T T i i o S o T Ji I
| Hol d Tine | BGP I dentifier |
e L o i e e R th o i R S
BGP ldentifier (continued) |
T o e i e S S e Rl ok o b NI S R
Opt Parm Len | Optional Parameters |
+-

+-
T S S T M S S S SIS S

4.6.2. Service Information Base (SIB)

4.6.2.1. SIB Structure and Managenent

Each NRF entity maintains a Service Information Base (SIB) that
stores service route information in an organi zed, efficient manner
The SIB contains |ocal service routes originated by the | ocal domain
based on registered NF i nstances, renote service routes |earned from
BGP peers, and route state information including nmetadata such as
route origin, next hop, and propagation path. This conprehensive

i nformati on storage enables efficient route | ookup and policy
application during service discovery operations.
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4.6.2.2. SIB Entry For nmat

Each SIB entry nust contain the follow ng essential information
el ement s:

* Service Route ID for unique identification across fragments

* Oigin NND identifying the domain that originally advertised the
route

* Next Hop NID for forwarding decisions

* NI D_PATH for |oop prevention and path traceability (only in non-
BGPsec environments)

* Fragment information including total fragnent count and conpl etion
st atus

*  Network Function type and associ ated service attributes
* Route status and timestanp information for operational managenent

This information enables efficient route | ookup, policy application,
and fragment reassenbly during service discovery operations. In
BGPsec- enabl ed depl oynents, cryptographic path information is

mai nt ai ned t hrough BGPsec’ s BGPsec_PATH attributes instead of the

NI D_PATH fi el d.

4.6.3. Ceneration of Service Routes
4.6.3.1. NF Registration and Aggregation Process

VWhen NFs register with the Iocal NRF, a systematic process generates
service routes that aggregate service capabilities across nultiple NF
instances. The NRF collects NF profiles fromregistered NF instances
according to [TS29.510], ensuring conpliance with existing 3GPP
standards for NF registration and profile nanagenent.

For each NF type, the NRF aggregates all unique service attributes
across registered instances of that type. This aggregation process
creates a conprehensive view of the services available within the
domain for each Network Function type. The aggregation algorithm
exam nes all NF instances of a given type and collects their unique
service attributes, avoiding duplication while ensuring conplete
coverage of available capabilities.
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Each aggregated service becones a single service route with a unique
Service Route |ID generated using UU D version 7. The generated
service route is stored in the local SIB and nmarked for propagation
to appropriate BGP peers based on configured export policies.

4.6.3.2. Service Route Fragnmentation

If a service route exceeds the nmaxi num BGP UPDATE nessage size, it
must be fragnented using a systematic approach that maintains route
integrity while enabling efficient transmi ssion. The service route
is split into multiple fragnments, where each fragnent contains the
same Service Route ID, sequential fragnent nunbers, total fragnent
count, and a subset of service attributes. This fragnmentation
approach ensures that receiving domains can properly reassenble the
compl ete service route while processing fragments in any order

Fragrmentation follows specific rules to nmaintain consistency and
enabl e efficient processing. The mninmmfragnment unit consists of
one NF Type plus one Service Attribute, ensuring that each fragnent
contai ns neani ngful information. Each fragnent contains exactly one
NF Type to sinplify processing logic, while Service Attributes can be
distributed across fragnents as needed to stay w thin nmessage size
limts. Al fragnents share the same Service Route ID, enabling
receiving domains to associate fragments with the correct service
route during reassenbly.

4.6.4. Service Route Transm ssion
4.6.4.1. MP_REACH NLRI Propagation

Service routes are propagated using MP_REACH NLRI through a
systematic procedure that ensures efficient and reliable route
distribution. The NRF selects service routes fromthe SIB for
propagati on based on nultiple criteria including route origin (loca
vs. learned), configured export policies, and peer rel ationshi ps.
Thi s sel ection process ensures that only appropriate routes are
propagated to each peer according to established network policies.

For each selected route, the NRF perforns attribute processing to

mai ntain routing integrity and enabl e proper |oop prevention. The
system adds or updates the NID attribute with the local domain N D,
identifying this domain as the nobst recent propagator of the route.
The local NID is prepended to the NID PATH attribute to naintain the
compl ete propagation history. Any configured attribute nodifications
are applied according to local policy requirenents.
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When fragmentation is required, the systemgenerates nultiple UPDATE
messages with specific handling characteristics. Each UPDATE
contains one fragnent of the original service route, and fragnents
may be transmtted in any order since no inter-fragnent dependencies
exi st. This approach enables efficient parallel transm ssion and
processing of |large service routes while nmaintaining protoco

sinplicity.
4.6.5. Service Route Wt hdrawal
4.6.5.1. Wthdrawal Procedure

To withdraw a conpl ete service route, the originating NRF sends an
MP_UNREACH NLRI containing only the Service Route ID, providing a
simple and efficient wthdrawal nechanism The MP_UNREACH NLRI
contains the appropriate AFl/SAFI for Service Route and the NLRI
consisting of only the Service Route ID (16 octets). This

stream i ned approach elimnates the need to transmt detailed route
i nformation during w thdrawal operations.

Recei ving NRFs process withdrawal s by locating all fragments with

mat chi ng Service Route ID and renoving themfromthe SIB. The
withdrawal inplicitly affects all fragnments bel onging to the service
route, regardl ess of how many fragnments were originally received.

The receiving NRF then propagates the withdrawal to appropriate peers
according to configured export policies, ensuring that the w thdrawal
i nformati on reaches all dommins that previously received the service
route.

4.6.5.2. Wthdrawal Message For nat

The MP_UNREACH NLRI attribute for service route withdrawal has the
followi ng detailed format:

0 1 2 3

01234567890123456789012345678901
i e i T ol S S
| Attr. Flags |Attr. Type Code| Attr. Length |
B i s T T i i o S o T Ji I

AF|

L-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-L
| SAFI Wt hdrawn Routes Length (2 octets) |
R i e T T il S e o e i ol o
I
|
I
I
+-

I
Service Route ID (16 octets) |
I
I
+

T S S T
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*Field Descriptions:*

* *Attribute Flags (8 bits)*: Optional (1), Transitive (0), Partia
(0), Extended Length (0)

* *Attribute Type Code (8 bits)*: MP_UNREACH NLRI (15)

* *Attribute Length (16 bits)*: Total length of the attribute val ue
(23 octets)

* *AFl (16 bits)*: Address Fanily Identifier for Service Route (TBD)

* *SAFl (8 bits)*: Subsequent Address Fanmily ldentifier for Service
Rout e ( TBD)

* *Wthdrawn Routes Length (16 bits)*: Length of wi thdrawn routes
field (16 octets)

* *Service Route ID (128 bits)*: 16-byte UUID v7 identifier of the
service route to w thdraw

*Processi ng Notes:*

The withdrawn routes field contains only the Service Route |ID

provi ding a sinple and unamnbi guous identification of the route to be
withdrawn. No additional NLRI information is required for wthdrawal
since the Service Route ID uniquely identifies the conplete service
route across all its fragnents. Al fragnents sharing the sane
Service Route ID are inplicitly w thdrawn when this w thdrawal
message i s processed, ensuring conplete cleanup of the service route
fromthe receiving domain’s routing tables

4.6.6. Partial Service Route Updates
4.6.6.1. Increnmental Update Mechani sm

For efficiency, NRFs can performpartial updates of service routes

wi t hout wi thdrawi ng and re-advertising the entire route, reducing

net wor k over head and i nprovi ng convergence tinmes. Wen service
attributes change, the system generates new fragnents with the sane
Service Route ID, includes only nodified attributes in the update,
and increnents fragnent sequence nunbers if needed to naintain proper
orderi ng.

The attribute replacenment mechani smfollows specific semantics to
ensure consi stency across all receiving domains. The update contains
the sane Service Route ID as the original route, updated service
attributes, and follows replacenment senantics rather than additive
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semantics. This approach ensures that receiving donains can
preci sel y understand which attributes have changed and how to update
their local routing tables.

Recei ving NRFs process partial updates by identifying the existing
route by Service Route ID, replacing specified attributes entirely
whi | e mai ntai ni ng unchanged attributes from previ ous adverti senents,
and propagating updates according to local policies. This processing
approach ensures that partial updates are applied consistently across
the network while preserving routing table integrity.

4.6.6.2. Update Message Senantics

Partial updates foll ow specific rules that ensure consi stent
interpretation across all network domains while maintaining routing
table integrity. Updates operate at the service attribute |evel,
providing fine-grained control over which aspects of a service route
are nodified. Updated attributes conpletely replace previous val ues
rat her than being nmerged with existing values, elininating anmbiguity
about the final state of nodified attributes. Non-updated attributes
remai n unchanged during partial update operations, ensuring that

unrel ated service characteristics are preserved.

4.6.6.3. Exanpl e Update Sequence

Consi der a service route update scenario where an AMF service needs
to support an additional network slice:

Initial Advertisenent:
Service Route | D 550e8400-e29b-41d4-a716- 446655440000
NF Type: AMF
Attributes: PLMN=001-01, SST=1, 2, Locality=Regionl

Partial Update:
Service Route I D 550e8400-e29b-41d4-a716- 446655440000
NF Type: AMF
Attributes: SST=1, 2,3

Resul ting State:
Service Route ID: 550e8400- e29b-41d4-a716- 446655440000
NF Type: AMF
Attributes: PLMN=001-01, SST=1, 2,3, Locality=Regi onl

In this example, only the SST attribute is updated to include slice

type 3, while the PLMN and Locality attributes remai n unchanged from
the original advertisenent.
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5

5

6

6

Security Considerations

The BGP ext ensions proposed in this docunent inherit the security
framework of the base BGP protocol and can | everage existing BGP
security nechanisns to ensure route integrity and authenticity.

1. BGPsec Integration

The Service Route extensions defined in this docunment are designed to
be conpatible with BGPsec, which provides cryptographic protection
for BGP route advertisenents. BGPsec can be applied to Service Route
advertisenents to ensure:

*Route Origin Authentication*: BGPsec validates that the originating
NRF domain is authorized to advertise specific service routes,
preventing unaut horized route injection. Each Service Route

adverti senent includes cryptographic signatures that verify the
identity of the originating domain using its N D

*Path Validation*: BGPsec’s BGPsec_PATH attri butes provide
cryptographic path validation that supersedes the need for the

NI D PATH attribute. Wen BGPsec is deployed, the BGPsec PATH
mechani sm ensures that each domain in the propagati on path has
legitimately forwarded the route through cryptographic signatures,
provi di ng both | oop prevention and path authentication. |n BGPsec
depl oynents, the NI D PATH attri bute becones redundant as the
BGPsec_PATH provi des superior cryptographic protection for path
validation and traceability.

*Route Integrity*: BGPsec protects Service Route content from
modi fi cation during propagation. Service attributes, fragmentation
information, and route identifiers are cryptographically protected,
ensuring that receiving domains can trust the accuracy of service

i nformation.

*Non-repudi ati on*: BGPsec provides non-repudi ation capabilities that
enabl e audit trails for service route propagation. Network operators
can verify the conplete history of route advertisenents and identify
the source of any security incidents.

I ANA Consi derations
1. BGP AFI/SAFI Assignment

I ANA is requested to assign a new AFl value for Service Route from
the "Address Fam |y Nunbers" registry.

* Suggested val ue: TBD
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* Reference: This docunent
I ANA is requested to assign a new SAFI value for Service Route from
the "Subsequent Address Family ldentifiers (SAFl) Paraneters”
registry.

6.2. BGP Path Attribute Type Codes

I ANA is requested to assign new path attribute type codes fromthe
"BGP Path Attributes" registry:

1. NDattribute for network domain identification
* Suggested val ue: TBD
* Reference: This document
2. N DPATH attribute for | oop prevention and path traceability
* Suggested val ue: TBD
* Reference: This document
6.3. Service Route | D Fornat

Thi s docunent uses UU D version 7 as defined in RFC 9562 for Service
Route I D generation. No I ANA action is required for UU D usage.
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