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Abst ract

This draft describes a new Edge Metadata Path Attribute and some Sub-
TLVs for egress routers to advertise the Edge Metadata about the
attached edge services (ES). The edge service Metadata can be used
by the ingress routers in the 5G Local Data Network to make path

sel ections not only based on the routing cost but also the running
environnment of the edge services. The goal is to inprove |atency and
performance for 5G edge services.

The extension enabl es an edge service at one specific location to be
nmore preferred than the others with the sane | P address (ANYCAST) to
receive data flow froma specific source, like a specific User

Equi prent ( UE).

Requi renment s Language

The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMVENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in

[ RFC2119] [RFC8174] when, and only when, they appear in all capitals,
as shown here.

Status of This Meno

This Internet-Draft is submtted in full confornmance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunments of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute
wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.
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Internet-Drafts are draft documents valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."

This Internet-Draft will expire on 30 Novenber 2026.
Copyright Notice

Copyright (c) 2026 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Documents (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these docunents carefully, as they describe your rights
and restrictions with respect to this docunent. Code Conponents
extracted fromthis docunment nust include Revised BSD License text as
described in Section 4.e of the Trust Legal Provisions and are

provi ded without warranty as described in the Revised BSD License.
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1. Introduction

Thi s docunent describes a new Edge Metadata Path Attribute added to a
BGP UPDATE nessage [ RFC4271] for egress routers to advertise the

Met adat a about 5G | ow | atency edge services directly attached to the
egress routers. 5G [TS. 23.501-3GPP]is characterized by having edge
services closer to the Cell Towers reachable by Local Data Networks
(LDN). Froman |IP network perspective, the 5GLDNis a linted
domai n [ RFC8799] with edge services a few hops away fromthe ingress
nodes. Only selective UE services are considered as 5G| ow | atency
edge servi ces.

Not e: The proposed edge service Metadata Path Attribute are not

i ntended for the best-effort services reachable via the public
Internet. The information carried by the Edge Metadata Path
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Attribute can be used by the ingress routers to make path sel ections
for selective low |l atency services based on not only the network

di stance but al so the running environment of the edge cloud sites.
The goal is to inprove |latency and performance for 5G ultra-I ow

| at ency services.

This extension is targeted for a single domain with a BGP Route
Refl ector (RR) [ RFC4456] controlling the propagation of the BGP
UPDATEs. The edge service Metadata Path Attribute is only attached
to the low |l atency services (routes) hosted in the 5G edge cl oud
sites. These routes are only a small subset of services initiated
fromUEs, not for UEs accessing nany internet sites.

Wil e the proposed Edge Metadata Path Attribute is particularly
beneficial for low |l atency services, the Edge Metadata Path
Attributes can be expanded to propagate information about GPU
availability, power, or other resources necessary for conpute-

i ntensive services such as Al and machine learning. This flexibility
makes it a valuable tool for a wide range of applications beyond just
|l ow | atency services when used within a linmted domai n networKk.

2. Conventions used in this document

The foll owi ng conventions are used in this document.

Edge DC. Edge Data Center, which provides the hosting environnent
for the edge services. An Edge DC m ght host 5G core functions in
addition to the frequently used edge servi ces.

Edge Service Managenent Function: A local or centralized function
that interprets Edge Metadata Path Attribute values and applies
depl oynent - specific policy to assist in selecting the preferred
path or egress router for an edge service. How this function is
i mpl emented is outside the scope of this docunent.

gNB: next generation Node B [TS. 23. 501- 3GPP]

RTT: Round-trip Time

PSA: PDU Sessi on Anchor (UPF) [TS. 23.501- 3GPP]

UE: User Equi pnent

UPF: User Plane Function [TS. 23.501- 3GPP]
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The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this document are to be interpreted as described in BCP
14 [ RFC8174] when, and only when, they appear in all capitals, as
shown here.

3. Edge Metadata Influenced |Ingress Node Behavi or

The goal of this edge service Metadata Path Attribute is for egress
routers to propagate the netrics about the running environnent for a
subset of edge services to ingress routers so that the ingress
routers can nake path sel ections based on not only the routing cost
but also the running environment for those edge services. The BG?
speakers that do not support the Edge Metadata Path Attribute can
ignore the Edge Metadata Path Attribute in a BGP UPDATE Message. All
i nternmedi ate nodes can forward the entire BGP UPDATE as it is.
Multiple nmetrics can be attached to one Metadata Path Attribute. One
Met adata Path Attribute can contain conputing service capability

i nformation, conputing service states, conputing resource states of
the correspondi ng edge site, or nore. Conputing service capability
informati on can be used to record information of the conputing power
node or initialization deploynent information for conputing service
initialization. Conputing service states can include one of the
servi ce connection nunbers, service duration, and so on. Conputing
resource states can be detailed information on conputing resources
such as CPU GPU. They can al so be an abstract metric fromthese
detailed paraneters to indicate the resource status of the edge site.
There could be nore nmetrics about the running environnent being
attached to the Metadata Path Attribute; e.g., sone of the netrics
bei ng di scussed by the | ETF CATS Wrking G oup. This docunent
illustrates a few exanples of Sub-TLVs of the netrics under the edge
service Metadata Path Attribute:

- the site physical availability index,

- the site preference index,

- the service delay predication index x, and
- the raw | oad nmeasurenent.

Thi s section specifies how those Metadata i npact the ingress node's
pat h sel ecti ons.

Dunbar, et al. Expi res 30 Novenber 2026 [ Page 5]



I nternet-Draft Edge Metadata Path May 2026

3.1. Edge Metadata Influenced BGP Path Sel ection

VWhen an ingress router receives BG UPDATEs for the same IP prefix
frommultiple egress routers, all these egress routers’ | oopback
addresses are considered as the next hops for the IP prefix. For the
sel ected | ow | atency edge services, the ingress router BGP engine
woul d call an edge service Managenent function that can sel ect paths
based on the edge service Metadata received. Section 5.1 has an
exenplary algorithmto conpute the wei ghted path cost based on the
edge service Metadata carried by the Sub-TLV(s) specified in this
docunent .

Section 5 has the detailed description of the edge service Mt adata
i nfluenced optimal path sel ection

3.2. Ingress Router Forwardi ng Behavior

When the ingress router receives a packet and does a | ookup on the
route in the FIB, it determines the destination prefix’s entire path
including the optimal egress node. The ingress router encapsul ates
the packet destined towards the optinmal egress router. For routes
that carry the Metadata Path Attribute but |ack the Tunne

Encapsul ation Path Attribute [RFC9012], it is recommended that the

i ngress router encapsul ate the original packet using an IP-in-1P
encapsul ati on appropriate for the address families involved. This
encapsul ati on ensures that internediate nodes not supporting the

Met adata Path Attribute do not forward the packet to unintended
destinations. The outer header SHOULD set the destination address to
the optinmal egress router and the source address to the ingress
router.

For routes without the Metadata Path Attribute, no changes are
required. Packets are forwarded according to existing behavior
encapsul ation is applied when Tunnel Attributes are present, and
packets are forwarded wi thout encapsul ation when they are not.

For subsequent packets belonging to the sane flow, the ingress router
needs to forward themto the same egress router unless the sel ected
egress router is no |l onger reachable. Forwarding packets for a
particular flow to the sane egress router, also known as Fl ow
Affinity, is supported by many commercial routers. Mst registered
EC services have relatively short-lived fl ows.

How Flow Affinity is inplenented is out of the scope for this
docunent .

Dunbar, et al. Expi res 30 Novenber 2026 [ Page 6]



I nternet-Draft Edge Metadata Path May 2026

3.3. Forwardi ng Behavi or when UEs Mve

3.

4.

4.

VWhen a UE noves to a new 5G gNB which is anchored to the same UPF,
the packets fromthe UE traverse to the sane ingress router. Path
sel ection and forwardi ng behavior are sane as before.

If the UE maintains the same | P address when anchored to a new UPF,
the directly connected ingress router mght use the informtion
passed from a neighboring router to derive the optimal BGP Next Hop
for this route. The detailed algorithmis out of the scope of this
docunent .

4. Relationship to Existing BG® Metric/Characteristic Attributes

Al GP [ RFC7311] carries accunulated I1GP nmetric information for use in
BGP path selection within an adm nistrative domain. Qher |DR work,
such as NHC, has discussed carrying characteristics associated with
the BGP next hop. The Edge Metadata Path Attribute defined in this
docunment carries different information: service- and site-specific
met adat a associ ated with sel ected edge-service routes, such as site
preference, site availability, service delay prediction, and service-
oriented resource information.

These netadata val ues are not accumrul ated network path netrics and
are not only characteristics of the BGP next hop. Different services
reachabl e through the same egress router or at the same site may have
different metadata values. Therefore, this docunent defines a
separate attribute to carry edge-service netadata, while allow ng

| ocal policy to conbine that netadata with other BGP attributes when
appl i cabl e.

Edge Service Metadata Encoding
1. Edge Metadata Path Attribute

The Edge Metadata Path Attribute is an optional non-transitive BGP
Path attribute that carries netadata associated with edge services
attached to the egress router. The attribute consists of one or nore
Edge Met adata Sub-TLVs, where each Sub-TLV encodes one specific

met adata item associated with the advertised route or service.

The Edge Metadata Path Attribute MAY be included in a BGP UPDATE
together with other BGP Path Attributes, such as Communities,
NEXT_HOP, Tunnel Encapsul ation Path Attribute, and other applicable
attributes. The choice of which routes carry the Edge Metadata Path
Attribute, and which Sub-TLVs are included for those routes, is
determned by local policy. The fields within the Edge Metadata Path
Attribute and all included Sub-TLVs MJUST use network byte order.

Dunbar, et al. Expi res 30 Novenber 2026 [ Page 7]



I nternet-Draft Edge Metadata Path May 2026

Boundary filtering SHOULD be applied at the adm nistrative boundary
to prevent the Edge Metadata Path Attribute from being distributed
beyond its intended scope.

4.1.1. Edge Metadata Path Attribute Characteristics
The Edge Metadata Path Attribute has the follow ng characteristics:
- The attribute is optional non-transitive.
- The attribute MIUST contain at |east one Edge Metadata Sub-TLV.
- A single Edge Metadata Path Attribute MAY carry multiple Sub-TLVs.

- The attribute MAY be attached to UPDATE nessages for any supported
AFl / SAFI as all owed by local policy and by the capability
negoti ati on specified in Section 5.

- Only a subset of routes are expected to carry the Edge Metadata
Path Attribute. Which routes carry the attribute is depl oynment
speci fic.

4.1.2. Propagation and Attribute Level Processing

A BGP speaker that receives a BGP UPDATE contai ning the Edge Met adat a
Path Attribute and readvertises that route within the same netadata
di stribution domai n SHOULD propagate the Edge Metadata Path Attribute
wi t hout nodification, unless local policy explicitly requires

ot herwi se.

When advertising the route to a peer outside the intended netadata
di stribution domain, the speaker SHOULD renove the Edge Metadata Path
Attribute.

If a BGP speaker originates or nodifies a route and is configured to
attach Edge Metadata, it MAY add the Edge Metadata Path Attribute to
t he UPDATE nessage, subject to local policy and the capability
negoti ati on specified in Section 5.

A BGP speaker that receives a malfornmed Edge Metadata Path Attribute

that cannot be parsed according to the attribute format and | ength
rules MJST handle the error as specified in Section 9.
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The Edge Metadata Path Attribute is intended to describe the specific
edge service route to which it is attached. This document does not
define aggregati on of Edge Metadata Path Attribute val ues across
multiple BGP routes. A BGP speaker that locally originates an
aggregate route MJUST NOT infer or copy Edge Metadata from conmponent
routes unless it explicitly originates new Edge Metadata for the
aggregate route by local policy.

4.1.3. Sub-TLV Handling Rul es

When a BGP speaker receives a well-formed Edge Metadata Path
Attribute, it MJST process each included Sub-TLV independently.

An i nmpl enentati on MJST enforce an upper bound on the total number of
Sub- TLVs accepted in a single Edge Metadata Path Attribute. The
bound MAY be configurable and MJUST have an inpl enent ati on-defi ned
default value. |[|f the nunber of Sub-TLVs in an Edge Metadata Path
Attribute exceeds the configured or inplenentation-defined bound, the
receiver MIST treat the Edge Metadata Path Attribute as unusable for
met adat a- based route selection and handle the attribute according to
Section 9.

If the attribute contains one or nore Sub-TLVs whose types are
recogni zed by the receiving speaker, the receiving speaker SHOULD
process those recogni zed Sub-TLVs according to their definitions in
this document and according to |l ocal policy.

If the attribute contains a Sub-TLV whose type is unknown or
unsupported by the receiving speaker, the speaker MJST ignore that
Sub- TLV and MUST conti nue processing the remaining Sub-TLVs. The
presence of an unknown or unsupported Sub-TLV MUST NOT by itself
cause the entire Edge Metadata Path Attribute to be considered

mal f or med.

If a Sub-TLV type is recogni zed by the receiving speaker, but the
value carried in that Sub-TLV is invalid according to the definition
of that Sub-TLV, the speaker MJIST treat that Sub-TLV as unusabl e and
MUST ignore it for metadata-based route selection. The speaker
SHOULD conti nue processing the remaining Sub-TLVs. An invalid val ue
in one recogni zed Sub-TLV MJST NOT by itself cause the entire Edge
Met adata Path Attribute to be considered mal forned unless the
correspondi ng Sub-TLV definition explicitly states otherw se.

If the Length field of a Sub-TLV is inconsistent with the encoding
defined for that Sub-TLV, or if the Sub-TLV cannot be fully parsed
based on the encoded | ength, the Edge Metadata Path Attribute MIST be
treated as nal fornmed, and error handling MJST follow the procedures
specified in Section 9.
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If a recogni zed Sub-TLV appears nore tines than allowed by its
definition, the receiver SHOULD use only the first occurrence unless
the specific Sub-TLV definition states otherw se, and SHOULD i gnhore
the additional occurrences.

A BGP speaker that propagates the Edge Metadata Path Attribute SHOULD
NOT del ete unrecogni zed Sub-TLVs sol ely because they are

unrecogni zed. If the route is propagated with the Edge Metadata Path
Attribute, unrecognized Sub-TLVs SHOULD remai n unchanged in the
propagated attribute unless local policy requires renoval of the
entire attribute.

If sone Sub-TLVs are absent, the receiving speaker MJST treat the
attribute as carrying only the netadata explicitly present. The
absence of a particular Sub-TLV MJUST NOT be interpreted as a zero
value, an infinite value, a degraded condition, or any other inferred
semanti c val ue unless the specific Sub-TLV definition explicitly
states such behavi or.

If none of the included Sub-TLVs are recogni zed by the receiving
speaker, the speaker MJIST treat the Edge Metadata Path Attribute as
present but unusable for |ocal netadata-based route selection. In
that case, the speaker SHOULD fall back to route sel ection based on
ot her applicable BGP attributes and | ocal policy.

The sane treatnent applies when the only recogni zed Sub-TLVs present
contain invalid values and are ignored according to their Sub-TLV
definitions.

By default, a BGP speaker is not required to report unknown,
unsupported, or unusable Sub-TLVs to its peer. Logging or
notification to a | ocal managenent systemis OPTI ONAL.

I ngress nodes that use Edge Metadata for route sel ecti on SHOULD apply
a depl oynment-specific algorithmto the set of recogni zed Sub-TLVs
that are present and usable in the received attribute. To ensure
consi stent route selection, nodes participating in the same

depl oynent SHOULD use consistent policy regarding which Sub-TLVs are
consi dered and how their values are incorporated into route

sel ecti on.
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4.2. The Site Preference | ndex Sub-TLV

Different services mght have different preference index val ues
configured for the sanme site. For exanple, Service-A requires high
conputing power, Service-B requires high bandwi dth anong its

m croservices, and Service-C requires high volune storage capacity.
For a DCwith relatively | ow storage capacity but high bisectional
bandwi dth, its preference index value for Service-B is higher and

| ower for Service-C. Site Preference Index can also be used to
achi eve stickiness for sone services.

It is out of the scope of this docunent how the preference index is
determi ned or configured.

The Site Preference Index is not intended to replace LOCAL_PREF or
change the LOCAL_PREF semantics defined by BGP. LOCAL_PREF expresses
operator routing policy according to the BGP deploynment in which it
is used. By contrast, the Site Preference Index carries service-
specific site netadata associated with an edge-service route.
Different services at the sane site can have different Site
Preference I ndex val ues, and local policy may use those val ues,
together with LOCAL PREF and other BGP attributes, when selecting
anong candi date routes for netadata-aware services.

The Site Preference I ndex Sub-TLV has the follow ng fornmat:

01234567890123456789012345678901
i I S T S S i I S A SHE N SR
| Site-Preference-lndex Sub-Type | Length | Reserved |
I i I S T S i S i St N SRR S
| Site Preference | ndex val ue |
B i s T T i i o S o T Ji I

Figure 1: Site Preference Index Sub-TLV

- Site-Preference-1ndex Sub-Type (16 bits): 1 (specified in this
docunent) .

- Length (8 bits): Specifies the total length in octets of the val ue
field (not including the Type and Length fields). For the Site-
Pref erence-1 ndex Sub-Type, the | ength SHOULD be set to 5.

- Reserved: Reserved for future use. |In this version of the
docunent, the Reserved field MIUST be set to zero and MJST be
i gnored upon receipt. Received values MJST be propagated without
change.
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- Site Preference Index value: 1 .. (2732-1); the higher the val ue,
the nmore preference for the site. Site Preference |Index value ==
0 is reserved, and the Site-Preference-Ilndex Sub-TLV SHOULD be
i gnored when 0 is received.

Site Physical Availability |Index Metadata Sub-TLV

The Site Physical Availability Index indicates the percentage of

i mpact on a group of routes associated with a comobn physica
characteristic, for exanple, a pod, a row of server racks, a floor,
or an entire DC. The purpose is to use one UPDATE nessage to
indicate a group of routes of different NLRI s inpacted by a physica
event. For exanple, a power outage to a pod can cause the Site
Physical Availability Index to be 0% for all the routes in the pod.
Partial fiber cut to a row of shelves can cause the Site Physica
Availability Index to be 50%for all the routes in those shel ves.
The value is 0-100, with 100%indicating the site is fully
functional, 0%indicating the site is entirely out of service, and
50% i ndicating the site is 50% degr aded.

It is reconmrended to assign each route with one Site-1D. Wen a
route is associated with nultiple Site-1Ds, the | atest BGP UPDATE

wi Il override any previous associations. For exanple, one DC can use
POD nunber as Site-1D, another DC can use Row of Shelves as the Site-
I D.

Cloud Site/Pod failures and degradation include, but are not limted
to, a site degradation or an entire site going down caused by a
variety of reasons. Exanples include fiber cuts inpacting a site or
anong pods, cooling failures, insufficient backup power, cyber
threats attacks, too many changes outside of the mai ntenance w ndow,
etc. Fiber-cuts are not uncomon within a Cloud site or between
sites.

When a physical failure occurs at an edge site (or a pod), many

i nstances can be affected, and the associated routes (i.e., IP
addresses) may not be easily aggregated. |Instead of sendi ng numerous
BGP UPDATE messages to ingress routers for each inpacted instance,
the egress router can send a single BGP UPDATE to indicate the site's
physi cal capacity availability. Based on this update, ingress
routers can decide to reroute all or sone of the affected instances,
dependi ng on the extent of the site’'s degradation. This approach
significantly inmproves efficiency, particularly when fault detection
within an edge site relies on proprietary or depl oyment-specific
mechani sns.
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The BGP UPDATE for the individual instances (i.e., the routes) can
include the Capacity Availability Index solely for ingress routers to
associate the routes with the Side-ID. The actual Capacity
Availability Index value, i.e., the percentage for all the routes
associated with the Side-1D, is generated by the egress routers with
the egress routers’ |oopback address as the NLRI.

The Site Physical Availability Index Sub-TLV has fixed |length of 8
Cctets, including the Type field.

01234567890123456789012345678901
e T S S S e i i S DU S S S S R S T S S

| PhyAvai | | dx Sub- Type | Lengt h | 1] Reserved |
B i s T T i i o S o T Ji I
| Site-1D (2 octets) | Site Availability Percentage |

e s o i T e i R S S
Figure 2: Site Physical Availability Index Sub-TLV

- PhyAvaill dx Sub-Type (16 bits): |Indicates teh Site-Physical-
Avail ability-Index Sub-Type=2 (Specified in this docunent).

- Length (8 bits): Specifies the total length in octets of the val ue
field (not including the Type and Length fields). For the
PhyAvai | 1 dx Sub- Type, the | ength SHOULD be set to 5.

Route-Flag | (1 bit): is a flag bit. Wen set to 1, the Site
Availability Index is for BGP speakers (receivers) to associate
the routes with the Site-ID. The Site Availability Percentage
value is ignored. Wen set to 0, the BGP speakers (receivers)
SHOULD apply the Site Availability Index value to all the routes
associated with the Site-1D.

Reserved (7 bits): Reserved for future use. The bits are set to
zero upon transmni ssion, and ignored upon reception.

- Site ID (16 bits): is an identifier for a group of routes
associated with a common physical characteristic, for example, a
pod, a row of server racks, a floor, or an entire DC. The purpose
is to use one UPDATE nessage to indicate a group of routes
i npacted by a physical event. Those routes night be from
different address fanilies or NLRIs. There could be multiple
sites connected to one egress router (a.k.a. Edge DC GW.

- Site Availability Percentage (16 bits): Wen the RouteFlag-1 is 1,
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the Site Availability Percentage is ignored by the Ingress
routers. Wen the RouteFlag | is set to 0, the Site Availability
Percent age represents the percentage of the site availability for
all the routes associated with the Site-ID; e.g., 100% 50% or
0% When a site goes dark, the Index is set to 0. 50 neans 50%
functioning. Wen the value is outside the 0-100% range, the
value carried in this Sub-TLV is ignored.

1. Site Index Associated to Routes

An egress router sets itself as the next hop for a BGP peer before
sendi ng an UPDATE with the Edge Metadata Path Attribute that includes
the Site Physical Availability Index Sub-TLV. The Site Physica

Avail ability Index Sub-TLV (with RouteFlag-1=1) is for ingress
routers to associate the Site Identifier with the prefixes

2. BGP UPDATE with standal one Site Availability Index

A BGP UPDATE that includes the Site Availability Index Sub-TLV

wi t hout specifying attached routes in the NLRI, but instead using the
egress router’s | oopback address in the NLRI, is referred to as a
standal one Site Availability Index BGP UPDATE. Wen an ingress
router receives such a BGP UPDATE contai ning the Edge Metadata Path
Attribute with the standal one Site Physical Availability |ndex Sub-
TLV from Router-X or its RRwith the Originator-1D equal to Router-X,
the ingress router SHOULD use the site availability index to
efficiently reduce or increase the preference for all BGP routes
attached to Router-X

The BGP UPDATE with a standal one Site Availability Index is NOT
i ntended for resol ving NextHop

Servi ce Delay Prediction Sub-TLV

It is desirable for an ingress router to select a site with the
shortest processing tine for an ultra-low | atency service. However,
it is not easy to predict which site has "the fastest processing
time" or "the shortest processing delay" for an incom ng service
request because:

- The given service instance shares the sane physical infrastructure
with many other applications and service instances. Service
requests by other applications, UEs, or applications running
behavi or can inpact the processing time for the given service
i nst ance.

- The given service instance can be served by a cluster of servers
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behind a Load Bal ancer. To the network, the service is identified
by one service ID

- The service conplexity is different. One service may call many
m croservices, need to access nultiple backend dat abases, and need
to go through sophisticated security scrubbing functions, etc.
Anot her service can be processed by a few sinple steps. Wthout
the application internal logic, it is not easy to estimate the
processing time for future service requests.

Even though utilization nmeasurenents, |ike those below, are collected
by nost data centers, they cannot indicate which site has the
shortest processing tine. A service request m ght be processed
faster on Site-A even if Site-Ais overutilized.

- Server utilization for the server where the instance is
i nstanti at ed.

- The network utilization for the links to the server where the
instance is instanti ated.

- The nunber of databases that the service instance will access.
- The menory utilization of the databases.

The remai ning avail able resource at a site is a nore reasonabl e
i ndi cation of process delay for future service requests.

- The renuni ning avail abl e Server resources.

- The renmining avail able network utilization for the links to the
server where the instance is instantiated.

- The nunber of databases that the service instance will access.
- The renmi ning storage avail able for the databases.

The Service Delay Prediction Index is a value that predicts
processing del ays at the site for future service requests. The
hi gher the value, the | onger of the del ay.

Wi |l e out of scope, we assune there is an algorithmthat can derive
the Service Delay Prediction Index that can be assigned to the egress
router. When the Service Delay Prediction value is updated, which
can be triggered by the avail able resources change, etc., the egress
router can attach the updated Service Delay Predication value in a
Sub- TLV under the Edge Metadata Path Attribute of the BGP Route
UPDATE nessage to the ingress routers.
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01234567890123456789012345678901
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
| ServiceDel ayPredict Sub-Type | Length | F| L] Reserved
el i I e i it T e e e e i i T o S e e S e T R R
| Servi ce Delay Predication Val ue |
I S i o T s S S S e s s T

Figure 3: Service Delay Prediction |Index Sub-TLV

- ServiceDel ayPredi ct Sub-Type (16 bits): 3 (specified in this
docunent).

- Length (8 bits): specifies the total length in octets of the val ue
field, not including the sub-Type and Length field. The value of
Length can be 5 or 9 depends on what format the Service Del ay
Predi ction VI aue uses.

- Flag (F) (1 bit): |Indicates whether the Service Delay is a timer
value (F=0) or a relative value (F=1) where a higher val ue
represents a | onger del ay

- Flag (L) (1 bit): Indicates the unit of neasurenent for the
Service Delay Prediction Value. Wen the F-flag is set to 0, L=0
specifies the 64-bit NTP Tinestanp format, and L=1 indicates
mlliseconds. |If the F-flag is set to 1, the L-flag value is
i gnor ed.

- Reserved (6 bits): These bits are reserved for future use and MJST
be set to zero. Future docunents may specify different uses for
these bits.

- Service Delay Predication Value (when the Flag bit is set to 1):
an integer in the range of 0-100, with O indicating that the
service delay is negligible and 100 indicating that the site has
the nost significant delay conpared to all other sites for the
sane service. Wen the value is outside the 0-100 range, the
value carried in this Sub-TLV is ignored.

- Service Delay Predication Value (when the Flag bit is set to 0):
the estimated delay time encoded in the NTP Format as defined in
[ RFC5905]. When the L-flag is 1, then it is a 64-bit format,
otherwise it is a 32-bit short format.

4.5. Raw Measurenent Sub-TLV
When ingress routers have enbedded analytics tool relying on the raw

measurenents, it is useful for the egress router to send the raw
neasur enent .
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Raw Measurement Sub-TLV has the follow ng format:

01234567890123456789012345678901
i i i T i I S i e s o o i i
| Raw Measur enent Sub- Type | Length | Reserved |
R et e s i o e s i i
| Val ue |
B i s T T i i o S o T Ji I

Figure 4: Service Delay Prediction Raw Measurenents Sub-TLV

- Raw Measurenent Sub-Type (16 bits): 4 (specified in this docunent).
I ndi cating raw neasurenents Metadata associated with the edge service
addr ess.

- Length (8 bits): specifies the total length, in octets, of the
value field, excluding the Sub-Type and the Length fields. For the
Raw- Measur ement Sub- Type, the length is determ ned by the Val ue
field, which carries one or nore types of raw measurenent.

- Reserved (8 bits): These bits are reserved for future use and MJST
be set to zero. Future docunents may specify different uses for
these bits.

- Value: The value filed can contain nultiple types of raw
measur enents, each represented as a Sub- Sub- TLV.

One exanpl e of a raw nmeasurenent Metadata Sub-sub-TLV is defined
bel ow to convey the total nunber of packets or bytes transmitted over
a specified period for a particul ar edge service address. Wen a
Data DC GWrouter cannot directly access the internal state of an
edge service, the volune of incomng traffic can be a reliable
indicator of its load. A sudden increase in packets or bytes can
signal a surge in requests, potentially |eading to performance issues
or resource constraints on the service side

To differentiate this neasurement fromothers that may be defined in
the future, this docunent assigns a Sub-sub-Type value of 1 to
represent the total packets or bytes transnmitted to an edge service
addr ess.

Future docunments may define additional Sub-sub-types of raw

measur enent netadata. Each type of raw nmeasurenment will have a
uni que Sub-sub-type value assigned at the time of its specification
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01234567890123456789012345678901
I S I ih (i S S U Y S T ST S ST S S S i S S S S e
RawPacket sMeasur e Sub-sub-Type | Length | Bl Reser ved |
Bl o T R ik st T o e b i T o S S e S it eI
Measur enent Peri od |

B S i ks e S S i i i S S S S e e e e
total nunber of packets (or bytes) to the Edge Service |
I S I ih (i S S U Y S T ST S ST S S S i S S S S e
total nunber of packets (or bytes) fromthe Edge Service |

+
|
|
|
L i T S S S T A ity Sl S S S S

Figure 5. Packets or Bytes Measurenents Sub-TLV

- RawPacket sMeasure Sub-sub-Type (8 bits): 1 (specified in this
docunent). Indicating raw neasurenents of packets or bits
transmitted to or fromthe edge service address.

- Length (8 bits): specifies the total length in octets of the value
field, excluding the Sub-sub-Type and the Length fields. For the raw
measur enents of packets transmitted to or fromthe edge service

addr ess Sub-sub-Type, the |l ength SHOULD be 22.

- Bflag (1 bit): If set to 0, the raw neasurenent is the nunber of
packets. If set to 1, the raw neasurenent is the number of bytes

- Reserved (7 bits): These bits are reserved for future use and MJST
be set to zero

- Measurenent Period: BGP Update period in Seconds or user-specified
peri od.

- Total number of packets to the Edge Service (32 bits): This field
specifies the total nunber of packets transmitted to the edge service
address over the specified neasurenent period.

- Total nunber of packets fromthe Edge Service (32 bits): This field
specifies the total nunber of packets fromthe edge service address
over the specified neasurenent period.

The recei ver nodes can conpute the needed netrics, such as the
Service Delay Prediction, for the service based on the raw
measurenents sent fromthe egress router and preconfigured

al gorithms.
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4.6. Service-Oriented Capability Sub-TLV

The service-oriented capability Sub-TLV is for distributing
information regarding the capabilities of a specific service in a
depl oynent environnent. Depending on the deploynent, a depl oynent
envi ronnment can be an edge site or other types of environments. This
informati on provides ingress routers or controllers with the
avai l abl e resources for the specific service in each depl oynent
environment. It enables themto make well-inforned decisions for the
optimal paths to the sel ected depl oynent environnent.

Currently, the Sub-TLV only has an abstract value derived from
various netrics, although the specifics of this derivation are beyond
the scope of this docunment. Inportantly, this value is significant
only when conparing nultiple data center sites for the same service
This value is not neaningful when conparing different services,
meani ng the capability value relevant to Service A cannot be directly
conpared with that for Service B. Future enhancenments may expand
this sub-TLV to include nore types of metrics or even raw data that
represents direct metrics. This information is inportant in 5G
networ k environnents where efficient resource utilization is crucia
for enhancing performance and service quality.

01234567890123456789012345678901
T T T o T i S S i oI S SEp S S S

| ServiceOriented Cap Sub-Type | Length | Res | Mr |
el i I e i it T e e e e i i T o S e e S e T R R
| SO CapVal ue |

T T S S e i SHp S SUp S S I S SR S

Figure 6: Service-Oriented Capability Sub-TLV

ServiceOriented Cap Sub-Type (16 bits): 5 (specified in this
docunent).

- Length (8 bits): Specifies the total length in octets, excluding
the sub-Type and Length fields. For the ServiceOiented Cap Sub-
Type, the Length SHOULD be 5.

Res (4 bits): These bits are reserved for future use and MJST be
set to zero.

- MI (Metric Type)(4 bits): An unsigned 4 bits integer. Wen the Mr
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value is set to 0, it indicates the SoCapValue field contains a
normalized nmetric derived frommultiple metric types. The rules
for deriving this normalized netric are out of scope of this
docunent and defined by per-service. Additional nmetric types may
be defined in future docunents.

- SO CapValue (32 bits): The Service-Oriented Capability Abstract
Val ue is an integer between 0 and 2732-1. A |arger nunber means
hi gher capability, and a value of 0 indicates the site has the
| owest relative capability for the service. The nethod used to
derive this value is beyond the scope of this docunent.

Multiple Service-Oriented Capability Sub-TLVs with different nmetric
types can be encoded in a Edge Metadata Path Attribute, indicating
that multiple nmetrics are carried. However, if nore than one
Service-Oiented Capability Sub-TLVs with the sanme netric type are
encoded in a Edge Metadata Path Attribute, only the first one will be
processed and the others will be ignored in processing.

4.7. Service-Oiented Avail abl e Resource Sub-TLV

The "Service-Oiented Avail abl e Resource Sub-TLV' is for distributing
a netric that neasures the real-tine avai abl e resources allocated for
processing specific services or applications at an edge site. This
Sub- TLV conpl ements the "Service-Oiented Capability Sub-TLV"
described in Section 4.6, which addresses the static resource
capability of a site for a service. Wile the Capability Abstract
Val ue provides a baseline understanding of a site’s potential to
handl e a service, the Avail abl e Resource netric offers a dynanic
perspective by quantifying how nuch of this capacity is currently
avail able. This distinction is crucial for managi ng resource

ef ficiency and responsi veness in network operations, ensuring that
capabilities are not only available but also optimally used to neet
the actual service denmands

01234567890123456789012345678901
T T T o T i S S i oI S SEp S S S

| ServiceOriented Avail Sub-Type | Length |Pl Res | MI |
el i I e i it T e e e e i i T o S e e S e T R R
| SO Avai | Res |

i e R i e i i i e i i St S N e S
Figure 7: Service-Oiented Avail abl e Resource Sub-TLV

- ServiceOriented Avail (Service-Oiented Avail abl e Resource) Sub-
Type: 6 (specified in this docunent).
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- Length (8 bits) Specifies the total length in octets, excluding
the sub-Type and the length field. For the ServiceOiented
Avai | abl e Resource Sub-Type, the Length SHOULD be 5.

- Flag (P): Is a single-bit Percentage flag. Wen it is set to 1,
it indicates the value is the Service-Oiented Avail abl e Resource
in percentage. Wen the "P" flag is set to 0, the value in this
Sub-TLV is the abstract val ue of the avail abl e resource.

Res (3 bits): These bits are reserved for future use and MJST be
set to zero.

- M (4 bits) Metric Type. This docunent defines a default metric
type as value 0, indicating this is the normalized metric derived
by multiple type of netrics. The rules to derive the normalized
metric are out of scope of this docunent and defined by the
service. Oher Metric Types could be defined by other docunents
in the future.

SO Avail Res (32 bits): Wen the P-Flag bit is set to 1, Service-
Oiented Avail abl e Resource Value is a percentage (0-100), with O
indicating that 0% of the capability is available and 100
i ndicating that 100% of the capability is available. Wen the
val ue is outside the 0-100 range, the value carried in this Sub-
TLV is ignored. For exanple, Capacity value is 50 and the SO
Avail Res is 50 when P-flag is set, it means 50% of 50 unit of
resource is available, while 25 unit of resource is available in
this site for the service. Wen the P-flag is 0, then the val ue
of this filed is the abstract value of the avail abl e resource.
For exanple, Wen the capacity value is 50, and the SO AvailRes is
50, it means all the resource is avail able.

Multiple Service-Oriented Avail abl e Resource Sub-TLVs with different
metric types can be encoded in a Edge Metadata Path Attribute,
indicating that nultiple netrics are carried. However, if nore than
one Service-Oiented Avail abl e Resource Sub-TLVs with the same netric
type are encoded in a Edge Metadata Path Attribute, only the first
one will be processed and the others will be ignored in processing.

5. Edge Metadata Processing Capability in BG OPEN Message

The BGP Capabilities Optional Paraneter allows a BGP speaker to
advertise, during the BGP OPEN nmessage exchange, the set of
capabilities supported on a session. As specified in [RFC5492], each
capability is encoded as a Capability Code, a Capability Length, and
a Capability Val ue.
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To enabl e the exchange of the Edge Metadata Path Attribute on a BGP
session, this docunment defines a new Edge Metadata Processing
Capability (=78). This capability is used by a BGP speaker to
indicate that it can send and receive the Edge Metadata Path
Attribute for one or nore AFlI/SAFlI pairs on that session.

The Value Field of the Edge Metadata Processing Capability has the
foll owi ng format:

0 1 2 3

01234567890123456789012345678901
T T S S S T e S S it S S i S S
| Al AFI - SAFI -cnt | AFI |  SAFI |
T T T I e S S S T i T S
| AFI | SAFI | .. ~
T T S S T S A S

Figure 8. Edge Metadata Capability Value Field
VWher e:

A Flag(1l bit): Wien set to 1, this flag indicates that the sender
iswilling to send and receive the Edge Metadata Path Attribute
for any AFI/SAFlI enabled on the BGP session. Wen set to 0, the
capability applies only to the AFI/SAFI pairs explicitly listed in
the Capability Val ue.

- AFI-SAFI-CNT (7 bits): Indicates the nunber of AFI/SAFI pairs
encoded in the Capability Val ue.

- AFl (16 bits): Address Famly ldentifier.
- SAFl (8 bits):Sub-address Famly identifier.

Wien the A Flag is set to 1, the capability applies to any AFI/ SAFI
enabl ed on the BGP session. In this case, AFI-SAFI-CNT SHOULD be set
to 0 and no AFI/SAFI tuples need be present in the Capability Val ue.
If one or nore AFlI/SAFI tuples are present when the A Flag is set to
1, the receiver SHOULD i gnore those tuples and process the capability
as applying to all AFI/SAFlI enabl ed on the session.

Wien the A Flag is set to 0, AFI-SAFI-CNT indicates the exact number

of AFI/SAFI pairs listed in the Capability Value, and the capability
applies only to those |isted AFI/SAFI pairs.
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A BGP speaker MJST NOT attach the Edge Metadata Path Attribute to any
UPDATE nessage sent on a BGP session unless both peers have
advertised the Edge Metadata Processing Capability for the
correspondi ng AFl/SAFI on that session. |f one peer has advertised
the capability with the A Flag set to 1, that advertisenent is
considered to cover any AFI/SAFlI enabled on the session for the

pur pose of this check.

If a BGP speaker has not advertised the Edge Metadata Processing
Capability on a session, or has not received this capability fromits
peer on that session, the speaker MJST NOT send any UPDATE on t hat
session that carries the Edge Metadata Path Attri bute.

If a BGP speaker receives an UPDATE carrying the Edge Metadata Path
Attribute on a session for which the correspondi ng Edge Met adat a
Processing Capability was not successfully advertised by both peers
for that AFI/SAFI, the receiver SHOULD i gnore the Edge Metadata Path
Attribute and process the renmmi nder of the UPDATE according to | ocal
policy and the error-handling procedures specified in Section 9.

If a BGP speaker does not include the Edge Metadata Processing
Capability in its BGP OPEN nessage for a specific BGP session, or if
it does not receive the Edge Metadata Processing Capability fromits
peer on that session, it MJUST NOT send any BGP UPDATE nessage on that
session that bind the Edge Metadata Path Attribute to any prefix.

6. Service Metadata Propagati on Scope

The propagation scope of the Edge Metadata Path Attribute needs
careful consideration to ensure it does not inadvertently leak to

ot her BGP dommins. According to Section 3 of [ATTRI BUTE- ESCAPE], it
is necessary for the Route Reflector (RR) to be upgraded to constrain
the propagati on scope when propagating the netadata path attri butes.
Therefore, the Edge Metadata Path Attribute originator sets the
attribute as Non-transitive when sending the BG® UPDATE nessage to
its corresponding RR Non-transitive attributes are only guaranteed
to be dropped during BGP route propagation by inplenmentations that do
not recogni ze them ensuring that the Edge Metadata path attributes
do not propagate beyond the intended scope.
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The RR can append the NO ADVERTI SE wel | - known community to the BGP
UPDATE nmessage with the Edge Metadata Path Attribute when forwarding
it to the ingress routers. This signals to the ingress nodes that
the associated route’s Metadata Path Attribute SHOULD NOT be further
adverti sed beyond their scope. This precautionary measure ensures
that the receiver of the BGP UPDATE nmessage refrains from forwarding
the received update to its peers, preventing the undesired
propagati on of the information carried by the Metadata Path
Attribute.

6.1. AS-Scope SubTLV

To address the potential issue where the NO ADVERTI SE wel | - known
community of the BGP UPDATE message can be dropped by sone routers, a
new AS- Scope Sub-TLV can be included in the Metadata Path Attribute
to prevent the Metadata Path Attribute frombeing | eaked to

uni nt ended Aut ononous Systens (ASes). The AS-Scope Sub-TLV will
enforce stricter control over the propagation of the netadata by
associating it with specific AS nunbers.

01234567890123456789012345678901
i I S T S S i I S A SHE N SR
| AS- Scope Sub- Type | Length | Reserved |
I i I S T S i S i S N SRR S
| I n- Scope AS- Val ue |
B i s T T i i o S o T Ji I

Fi gure 9: AS-Scope Sub-TLV

- AS- Scope Sub-Type (16 bits): 7 (specified in this document).

- Length (8 bits) Specifies the total length in octets of the value
field, excluding the Sub-Type and Length fields. For the AS-Scope
Sub-TLV, the value field consists of the Reserved field followed
by one or nore 32-bit In-Scope AS values. Therefore, the Length
field is 1 + 4*N, where Nis the nunber of I|n-Scope AS val ues and
N MJST be at | east 1.

- Reserved (8 bits): These bits are reserved for future use and MJST
be set to zero.

- In-Scope AS-Value (32 bits): One or nmore 32-bit AS val ues that
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6.

1.

identify ASes within the intended metadata distribution domain.
VWhen multiple ASes are included, they are encoded as consecutive
32-bit AS values within the sane AS-Scope Sub-TLV. A receiver
consi ders the AS-Scope check successful if the local AS, or an AS
recogni zed by local configuration as part of the sane netadata

di stribution domain, matches any of the included AS val ues.

1. AS-Scope Val ue Checking Procedure

When a router receives a BGP UPDATE nessage contai ning the AS-Scope
Sub-TLV, it nust performthe follow ng steps to process the AS-Scope
val ue:

An AS- Scope value of 0 is invalid and MUST NOT be used. A receiver
that encounters an AS-Scope value of 0 MJST ignore that AS value. |If
all AS values carried in the AS-Scope Sub-TLV are invalid, the

recei ver MJST treat the AS-Scope check as fail ed.

When BGP confederations [ RFC5065] are used, AS-Scope values refer to
menber - AS nunbers for sessions within the confederation, and to the
confederation identifier for sessions outside the confederation.

AS Recognition: The router will check the AS value in the AS-Scope
Sub-TLV. If the AS value matches the local AS or a recognized AS in
its configuration, the router will process the update as usual. |If
the AS val ue does not match or is not recognized, the router SHOULD
NOT process the Edge Metadata Path Attribute values in the BGP UDPATE
and SHOULD NOT propagate the received BGP UPDATE to ot her nodes.

|.e., treat-as-wthdraw behavior will be used.

Exanpl e Usage:

Consi der a scenario where a router in AS 65001 adverti ses a BGP
UPDATE nessage with the AS-Scope Sub-TLV set to AS 65001. Wen
anot her router in AS 65002 receives this UPDATE, it will check the
AS- Scope Sub-TLV val ue:

Si nce AS 65002 does not match the AS val ue 65001, the router in AS
65002 will drop the UPDATE, preventing the netadata from |l eaking into
AS 65002.

Thi s mechani sm ensures that the netadata renains confined to the
i nt ended ASes, enhancing the security and control over the
propagati on of BGP mnet adat a.
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7

7

7

Pol i cy Based Metadata I ntegration

This section describes how the information carried in the Edge

Met adata Path Attribute can be incorporated into BGP route sel ection
by local policy. The procedures in this section do not nodify the
base BCGP deci sion process defined in [RFC4271]. |Instead, they
descri be how | ocal policy can use recogni zed Edge Metadata val ues
when conparing candidate routes for services configured for metadata-
aware route sel ection.

1. Policy Application O der

To remain consistent with Section 9.1.1 of [ RFC4271], netadata-aware
policy evaluation MJUST be applied after LOCAL_PREF has been set for

i BGP routes, or after equival ent inbound policy has been applied for
eBGP routes

The use of Edge Metadata does not replace existing BGP routing
policy. Rather, the Edge Metadata Path Attribute provides additiona
i nputs that |ocal policy MAY use when conparing candi date routes for
sel ected servi ces.

2. Metadata Sel ection by Local Policy

A depl oynent MAY use only a subset of the netadata attributes carried
in the Edge Metadata Path Attribute. Which nmetadata attributes are
consi dered, and for which services they are considered, is deterni ned
by | ocal policy.

For exanpl e, one deploynent may consider only the Service Del ay
Predi ction Sub-TLV for |atency-sensitive services, while another

depl oynent may consider only availability-related or service-
capability-related Sub-TLVs. A route that carries additiona

recogni zed netadata does not require all such netadata to be used in
route sel ection.

If none of the recognized netadata carried by a route are sel ected by
| ocal policy for preference conputation, the route is eval uated using
ordinary BGP policy and tie-breaking procedures.

7.3. Policy-Based Preference Conmputation

For services configured for netadata-aware route selection, loca
policy MAY use one or nore recognized netadata values carried in the
Edge Metadata Path Attribute, together with other routing attributes,
to derive a preference for each candi date route.
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The procedure for conbining recogni zed metadata with traditional BGP
attributes is deploynment specific and outside the scope of this
docunent. The preference computation MAY be perforned at a Route
Refl ector (RR), at an ingress node, or at another policy decision
point within the sane adninistrative donain.

When net adata-aware policy is applied to a set of candidate routes,
the route with the nost preferred policy outcome is selected. If two
or nmore routes remain equally preferred after metadata-aware policy
eval uation, the normal BGP tie-breaking procedures defined in

[ RFC4271] apply.

Thi s docunent does not define a default ordering or wei ghting anong
Edge Metadata Sub-TLVs. \When nore than one recogni zed netadata Sub-
TLV is present, the local policy MIST specify which Sub-TLVs are used
and how their values are ordered, weighted, or otherw se conbined for
preference conputation. In the absence of such l|ocal policy, a BGP
speaker MJUST NOT use the Edge Metadata Path Attribute to alter best-
pat h sel ection and MJST eval uate the route using ordinary BGP policy
and tie-breaki ng procedures.

7.4. Policy Treatnment of Routes with Degraded Metadata

Local policy MAY define threshold conditions for one or nore netadata
types. When the recogni zed nmetadata associated with a route

i ndi cates that such a threshold has been crossed, |ocal policy MAY
reduce the preference of that route or MAY treat the route as
ineligible for netadata-aware service steering.

Thi s docunent does not mandate a specific action for degraded

met adat a values. The action taken, if any, is determned by |oca
policy. For exanple, local policy my de-prefer a route whose
Service Delay Prediction exceeds a configured threshold, or a route
whose availability-related netadata falls bel ow a configured | evel

If local policy excludes a route from netadat a-aware service

steering, the route MAY still remain valid for ordinary BGP

reachability unl ess separate policy renoves or suppresses that route.
7.5. Tie Breaking and ECWP

After netadata-aware policy evaluation, if multiple candi date routes

remain equally preferred, BGP tie-breaking proceeds according to
[ RFC4271] .
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If the decision process results in multiple equally preferred paths
and t he depl oynent permits Equal Cost Multi Path (ECMP), those paths
MAY be installed in the forwarding plane according to existing BGP
procedures and platform capabilities.

Different local policies may result in different selected paths;

depl oynents that require consistent route sel ection across nultiple
deci si on points SHOULD confi gure consi stent netadata-aware policy on
those deci sion points.

8. MnimumlInterval for Metrics Change Adverti senent
Rout e Churn Consi derations

VWil e the mechanismdetailed in this docunent ains to provide dynanic
metrics like Capacity Availability Index, Site Delay Prediction

I ndex, Service Delay Prediction |Index, and Raw Measurenent to
optinize path selection, it is essential to consider the broader

i mplications of metric-induced churn. Particularly, in the context
of routes used for BGP nexthop resolution (e.g., |abeled unicast),
frequent changes in these netrics can lead to significant churn not
only for the prefixes carrying the data but also for dependent

routes.

In normal operation, the nmetadata associated with a prefix is
propagat ed al ong with BGP UPDATE nessages as per standard BGP

behavi or. The advertisenent interval is governed by the underlying
BGP nmechani sms and i npl enment ati on behavi or, including any configured
MRAI tinmer. This docunent does not rely on a specific MRAI value for
met adat a update pacing. This docunment does not propose a new
periodi c advertisement nechani smindependent of routing updates. |If
met adata attributes (e.g., conpute availability, service locality)
change, a BGP UPDATE is triggered accordingly. |If there is no change
to the advertised metadata, no additional UPDATE is sent, in order to
avoi d unnecessary update churn and to conply with BGP best practices.
Any active or proactive refresh nmechani sns for nmetadata would require
explicit triggers and change detection nmechani snms, which are outside
the scope of this docunent.
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Measur ement - beari ng Sub- TLVs, such as the Service Delay Prediction
Sub- TLV and Raw Measur enent Sub-TLV, can be derived from |l ocal

measur enents that change nore frequently than BGP UPDATEs shoul d be
advertised. The neasurenent collection interval is deploynent
specific and is independent of the interval at whi ch changed netadata
is advertised in BGP. |Inplenentati ons SHOULD apply danpeni ng,
hysteresis, or threshol d-based change detection before advertising
updat ed Edge Metadata Path Attribute values, so that small or short-
I'ived nmeasurement fluctuations do not cause excessive BGP UPDATE
churn.

Thi s behavi or is anal ogous to the inpacts observed with RSVP auto-
bandwi dt h, which can introduce considerable instability within a
networ k. Such route churn can propagate through the network, causing
a cascade of UPDATEs and potential route flaps, thereby affecting
overall network stability and perfornmance.

To mitigate these effects, network operators SHOULD careful |y nmanage
the advertisenent intervals of these dynamic netrics, ensuring they
are set to avoid unnecessary churn. A default mninmminterval of 30
seconds for advertising Edge Metadata Path Attribute changes is
RECOMMVENDED t o bal ance responsiveness with stability, unless a

depl oynent configures a different interval. However, in scenarios
with higher sensitivity to route stability, operators may consider
increasing this interval further to reduce the frequency of UPDATEs.

Significant | oad changes at EC data centers can be triggered by

short-term gatherings of UEs, |ike conventions, lasting a few hours
or days. Therefore, a high nmetrics change rate can persist for hours
or days.

9. Validation and Error Handling

The Edge Metadata Path Attribute is an optional non-transitive BGP
Path attribute that carries netrics and netadata about the edge
services attached to the egress router. The Edge Metadata Path
Attribute, to be assigned by I ANA , consists of a set of Sub-TLVs,
and each Sub-TLV contains information for specific netrics of the
edge servi ces.
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10.

11.

When nore than one sub-TLV is present in a Metadata Path Attribute,
they are processed independently. Suppose a Edge Metadata Path
Attribute can be parsed correctly but contains a Sub-TLV whose type
is not recogni zed by a particular BGP speaker; that BGP speaker MJUST
NOT consider the attribute malfornmed. |Instead, it MJST interpret the
attribute as if that Sub-TLV had not been present. Logging the error
locally or to a managenent systemis optional. |If the route carrying
the Edge Metadata path attribute is propagated with the attribute,
the unrecogni zed Sub-TLV remains in the attribute.

If an Edge Metadata Path Attribute does not have any valid Sub-TLVs,
or its Attribute Flags are inconsistent with the optional non-
transitive definition of this attribute, the "attribute discard"
procedure of [RFC7606] is applied.

Manageabi |l ity Consi derations

The edge service Metadata described in this document are only

i ntended for propagating between ingress and egress routers of one
singl e BGP Administrative Domain [ RFC1136]. A single BGP

Adm ni strative Domain can consist of one AS or multiple ASes.

Only a small subset of services are expected to require the Edge
Met adata Path Attribute. These are typically services for which
met adat a- aware route selection is beneficial. The domain in which
such nmetadata is propagated is typically operated under a comon
adm nistrative policy, even when the routers are supplied by

di fferent vendors.

Addi tional non-normative exanpl es of depl oynment nodel s and net adat a-
awar e route-sel ection procedures are provided in Appendi x C

Security Considerations

The proposed edge service Metadata are advertised within the trusted
domai n of 5G LDN s ingress and egress routers. The ingress routers
SHOULD NOT propagate the edge service Metadata to any nodes that are
not within the trusted domain.

The Sub-TLV count limt specified in Section 4.1.3 hel ps reduce
exposure to resource-exhaustion attacks caused by excessively | arge
Edge Metadata Path Attri butes.

To prevent the BGP UPDATE receivers (a.k.a. ingress routers in this
docunent) from |l eaking the Edge Metadata Path Attribute by accident
to nodes outside the trusted domain [ ATTRI BUTE- ESCAPE], the follow ng
practi ce SHOULD be enforced:
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12.

12.

- The Edge Metadata Path Attribute is optional non-transitive. Per
[ RFC4271], non-transitive Path Attributes are dropped during BGP
route propagation by inplementations that do not recogni ze them

- Route Reflectors can append the NO ADVERTI SE wel | - known conmunity
to the BGP UPDATE nessage with Edge Metadata Path Attribute when
forwarding to the ingress routers. By doing so, the Route
Refl ector signals to ingress nodes that the routes with the Edge
Met adata Path Attribute SHOULD NOT be further adverti sed beyond
their scope. This precautionary neasure ensures that the receiver
of the BGP UPDATE nessage refrains fromforwarding the received
UPDATE to its peers, preventing the undesired propagation of the
information carried by the Edge Metadata Path Attribute.

BGP Route Filtering or BGP Route Policies [ RFC5291] can al so be used
to ensure that BGP UPDATE nessages with Edge Metadata Path Attribute
attached do not get forwarded out of the adm nistrative domain. BGP
route filtering [ RFC5291] all ows network administrators to contro
the advertisenents and acceptance of BGP routes, ensuring that
specific routes do not |eak outside the intended adninistrative
domain. Here are the steps to achieve this:

- Use Route Filtering: Inplenment route filtering policies on ingress
routers to restrict the propagati on of BGP UPDATE nessages
carrying the Edge Metadata Path Attribute beyond the
adm ni strative domain. Access control lists (ACLs), prefix lists,
or route maps can be used to filter the correspondi ng BGP routes
for which the Edge Metadata Path Attribute is distributed from
egress routers to ingress routers.

- Filter by Prefix: Use prefix filtering to specify which IP
prefixes SHOULD be advertised to peers and whi ch SHOULD be
suppressed. This step ensures that only authorized routes are
sent to external peers.

- Use Route Maps: Route naps provide a flexible way to filter and
mani pul ate BGP route advertisenments. You can create route maps to
mat ch specific conditions and then apply themto the BGP
configuration.

I ANA Consi derations
1. Edge Metadata Path Attribute
| ANA has done early allocation [ RFC7120] of the codepoint 42 to the
"Edge Metadata Path Attribute" in the "BGP Path Attributes" registry

in the BGP Paraneters registry group. The reference for this
assignnent is [this docunent].
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| Value | Descri ption | Ref erence |
[ ool oo s s s e ooy sy o}
| 42 | Edge Metadata Path Attribute | [this docunent] |
S D . R +
12.2. Edge Metadata Capability Code

| ANA has assigned a Capability Code of 78 fromthe "BGP Capability

Codes" registry in "Capability Codes registry group” for the Edge

Met adata Capability in the BGP OPEN nessage.
| Value | Descri ption | Ref erence |
[ ool oo s s s e ooy sy o}
| 78 | Edge Metadata Capability | [This docunent] |
S D . R +

12.3. Edge Metadata Path Attribute Sub-Types

I ANA is requested to create a new sub-regi stry under the Edge
Met adata Path Attribute registry as foll ows:

Nane: Sub-TLVs under the "Edge Metadata Path Attri bute"
Regi stration Procedure: Expert Review [ RFC8126].
Detai | ed Expert Revi ew procedure will be added per [RFC8126].

Ref erence: [this docunent]
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| Sub- Type| Descri ption | Reference |
[ ettty e fp—p—p—p——(——————————(————————— Ll p—p——(——r L
| 0 |reserved | [this docunent ] |
S I O S DT +
| 1 |Site Preference | ndex | [this docunent: 4. 2]|
Fommmaa - T T re e e R I +
| 2 | Site Physical Avail 1ndex | [this document: 4. 3]|
Fomm oo o e e e e e e e e m o o e e e o +
| 3 | Service Delay Predication | [this docunent: 4. 4]|
S I e S DT +
| 4 | Raw Measur enent | [this document: 4.5]|
Fommmaa - T T re e e R I +
| 5 |Service-Oriented Capability |[this docunent:4.6]|
Fomm oo o e e e e e e e e m o o e e e o +
| 6 | Service-Oriented Avail abl e | |
| | Resour ce | [this docunment: 4.7]|
S . e +
| 7 | AS- Scope | [this document: 6. 1] |
Fomm e - o - o e e e e e e e ememao - o e e e e oo oo +
| 8- 65534 | wunassi gnhed | |
S SRR oo e e e e e e e e oo - - o e e e e oo +
| 65535 | reserved | [this docunent] |
S . e +
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Appendi x A.  Service Delay Prediction Based on Load Measurenent

VWhen data centers detailed running status are not exposed to the
network operator, historic traffic patterns through the egress
routers can be utilized to predict the load to a specific service.
For exanple, when traffic volunme to one service at one data center
suddenl y increases a huge percentage conpared with the past 24 hours
average, it is likely caused by a larger than normal demand for the
service. Wen this happens, another data center with | ower-than-
average traffic volume for the same service might have a shorter
processing time for the same service

Here are some nmeasurenents that can be utilized to derive the Service
Del ay Predication for a service |D:

-  Total nunber of packets to the attached service instance
(ToPacket s);

-  Total nunber of packets fromthe attached service instance
(FronPacket s) ;

- Total nunber of bytes to the attached service instance (ToBytes);

- Total nunber of bytes fromthe attached service instance
(FronBytes);

- The actual |oad neasurenent to the service instance attached to an
egress router can be based on one of the netrics above or
including all four netrics with different weights applied to each,
such as:

Loadl ndex = wl* ToPacket s+w2* Fr onPackes+w3* ToByt es+wd* Fr onByt es
Where wi/ w2/ w3/ w4 are between 0-1. wl+ w2+ w3+ w4 = 1;

The wei ghts of each nmetric contributing to the index of the
service instance attached to an egress router can be configured or
| earned by sel f-adjusting based on user feedbacks.

The Service Delay Prediction Index can be derived from

Loadl ndex/ 24Hour - Average. A hi gher val ue neans a | onger del ay
prediction. The egress router can use the ServiceDel ayPred sub-TLV
to indicate to the ingress routers of the delay prediction derived
fromthe traffic pattern

Not e: The proposed I P layer |oad nmeasurenment is only an estinmate

based on the ampbunt of traffic through the egress router, which m ght
not truly reflect the load of the servers attached to the egress
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routers. They are listed here only for sonme special deploynents
where those nmetrics are helpful to the ingress routers in selecting
the optimal paths.

Appendi x B. Service Metadata |Influenced Decision Process

B.1. Egress Router Behavior

Mul tiple instances of the sanme service could be attached to one

egress router. \Wen all instances of the same service are grouped
behi nd one application |ayer |oad bal ancer, they appear as one single
route to the egress router, i.e., the application |oader bal ancer’s

prefix. Under this scenario, the conpute nmetrics for all those

i nstances behind one application | ayer bal ancer are aggregated under
the application | oad balancer’s prefix. |In this case, the conmpute
metrics aggregated by the Load Bal ancer are visible to the egress
router as associated with the Load Bal ancer’s prefix. However, how
the application | ayer Load Bal ancers distribute the traffic anong
different instances is out of the scope of this docunment. When
multiple instances of the sane service have different paths or |inks
reachable fromthe egress router, multiple groups of nmetrics from
respective paths could be exposed to the egress router. The egress
router can have preconfigured policies on aggregating various netrics
fromdifferent paths and the corresponding policies in selecting a
path for forwarding the packets received fromingress routers. The
aggregated netrics can be carried in the BGP UPDATE nmessages i nstead
of detailed neasurenents to reduce the entries advertised by the
control plane and danpen the routes update in the forwardi ng plane.
Upon receiving packets fromingress routers, the egress router can
use its policies to choose an optinmal path to one service instance.
It is out of the scope of this document how the measurenents are
aggregated on egress routers and how i ngress routers are configured
with the algorithms to integrate the aggregated netrics with network
| ayer nmetrics.

Many neasuremrents coul d i npact and correspondi ngly reflect service
performance. |In order to sinplify an optimal selection process,
egress routers can have preconfigured policies or algorithns to
aggregate multiple netrics into one sinple one to ingress routers.
Though out of the scope of this docunment, an egress router can al so
have an algorithmto convert nultiple nmetrics to network netrics, an
| GP cost for each instance, to pass to ingress nodes. This decision-
maki ng process integrates network metrics conmputed by traditiona

| GP/ BGP and the service delay nmetrics fromegress routers to achieve
a well-informed and adaptive routing approach. This intelligent
orchestration at the edge enhances the service's overall performance
and optim zes resource utilization across the distributed
infrastructure. Wen the egress has nerged the conpute netrics from
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the local sites behind it, it can include one or nore aggregated
compute nmetrics in the Metadata Path Attribute in the BGP UPDATE to
the Ingress. Also, an identifier or flag can be carried to indicate
that the nmetrics are nerged ones. After receiving the routes for the
Service IDwith the identifier, the ingress would do the route

sel ection based on pre-configured algorithms (see Section 3 of this
docunent) .

B.2. Integrating Network Delay with the Service Metrics
As the service netrics and network delays are in different units,

here is an exenplary algorithmfor an ingress router to conpare the
cost to reach the service instances at Site-i or Site-j.

ServD-i * CP-j Pref-j * NetD-i
Cost-i=mn(w *(---------------- ) + (1-wW) *(---------mma--- ))
ServD-j * CP-i Pref-i * NetD-j
CP-i: Capacity Availability Index at Site-i. A higher val ue neans
hi gher capacity avail abl e.
NetD-i: Network |atency nmeasurenment (RTT) to the Egress Router at
the site-i
Pref-i: Preference Index for Site-i, a higher val ue nmeans higher

pr ef er ence.

ServD-i: Service Delay Predication Index at Site-i for the service,
i.e., the ANYCAST address [RFC4786] for the service.

w. Weight is a value between 0 and 1. If smaller than 0.5, Network
| atency and the site Preference have nore influence; otherw se,
Service Delay and capacity availability have nore influence.

When a set of service Metadata is converted to a sinple netric, a
deci sion process is determined by the netric semantics and depl oynent
situations. The goal is to integrate the conventional network

deci sion process with the service Metadata into a unified decision-
maki ng process for path sel ection.

B.3. Integrating with BGP Route Sel ection
Not all netadata attributes specified in this docunent are intended
for use in every deploynent. Each depl oynent may choose to consi der

only a subset of the available netadata attributes based on its
specific service requirenents.
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- Depl oyment - Specific Attribute Sel ection

A depl oynent may prioritize only certain nmetadata attributes rel evant
to its operational needs. For exanple, one deploynent mght only use
the Service Delay Prediction Index for |atency-sensitive
applications, while another mght focus solely on the Capacity

Avail ability Index to manage resource availability.

- I nfluence on BGP Decision Process:

The edge service Metadata influences next-hop selection differently
fromtraditional BGP netrics (e.g., Local Preference, MED). Unlike a
general next-hop nmetric that can affect many routes, edge service

Met adat a sel ectively inpacts optimal next-hop selection for specific
routes configured to consider these service-specific attributes.

This targeted influence allows for optimzed path sel ection without

di srupting broader route deci sions.

- Handl i ng Degraded Metrics (Policy-Based):

If a service-specific nmetric degrades beyond a configured threshold
(e.g., the Service Delay Prediction Index exceeds an acceptabl e del ay
threshold or the Capacity Availability Index drops below a required
level), the ingress router will treat that route as ineligible for
traffic steering. This is simlar to a BGP route withdrawal, where
the degraded route is deprioritized or ignored, even if traditiona
BGP attributes would otherwi se favor it. This ensures that traffic
is directed only to service instances that neet the defined
performance criteria.

- Fal | back to Non-Met adata Rout es:

If no suitable routes with the required nmetadata are avail able, the
BGP deci sion process defaults to traditional attribute evaluation

[ RFC4271], ensuring consistent routing even when netadata-specific
pat hs are absent.

Thi s approach provides flexibility and adaptability in routing
deci sions, allow ng each deploynment to apply rel evant netadata
attributes and enforce performance thresholds for inproved service
quality.

Appendi x C. Depl oynent Exanpl es for Metadata-Aware Route Sel ection

Thi s appendi x provi des non-normative exanpl es of how a depl oynent may
apply the procedures described in Section 7.
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C.1. Centralized RR Mdel

In a deployment where the Route Reflector (RR) is the primary policy
deci sion point, the RR may apply netadata-aware |ocal policy when
sel ecting routes for reflection. |In such a deploynent, routers that
rely on the RR for best-path selection receive routes that already
reflect the policy outcone.

In depl oynents where the RRis responsible for pre-selecting routes,
the RR may conbi ne recogni zed Edge Metadata with traditional BGP
attributes when determning the preferred route for a service. The
RR can then reflect only the selected route to its client routers,
such as ingress PEs, in accordance with local policy. This can help
align reflected routes with service-specific requirements while
limting the nunber of routes distributed to clients.

Depl oynments using this nodel SHOULD consider Optinmal Route Reflection
(ORR) [RFC9107] so that route selection reflects the perspective of
ingress routers rather than the physical location of the RR

C. 2. Ingress-Node Decision Mde

In sone depl oynents, the RR may reflect nultiple candi date routes,
for exanple by using Add-Paths. In such a deploynent, the ingress
node recei ves those candi date routes and applies |ocal netadata-aware
policy to determine the preferred route for the sel ected service.

The ingress node nay conbi ne recogni zed netadata values with
traditional BGP attributes when deriving route preference. This
all ows the ingress node to nake service-specific routing decisions
based on its local policy and on the netadata available for the
candi dat e routes.

C.3. Consistent Distributed Mdel

In a deploynment where routers exchange i BGP routes directly in
addition to receiving reflected routes, all participating nodes,

i ncludi ng any RR, should apply consistent metadata-aware policy so
that route selection remains aligned across the adm nistrative
domai n.

In this nodel, the RRis not the sole policy decision point.

I nst ead, each node that perforns netadata-aware preference

comput ation applies consistent policy to the same set of recognized
met adata and routing attributes. This hel ps reduce the risk of

i nconsi stent route sel ection anbng nodes that receive the sane
candi dat e routes.
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C. 4. Exanple Policy Wighting Approaches

A depl oynent may choose to assign greater weight to recognized

nmet adata values than to traditional routing attributes, may wei gh
themequally, or may treat netadata only as a secondary refinenent
after traditional routing considerations. The weighting method is
depl oynent specific and is not specified by this docunent.

For exanpl e, one depl oynent may enphasi ze service-del ay-rel ated

nmet adata for | atency-sensitive services, while another nmay enphasi ze
availability-rel ated or resource-rel ated netadata. Another

depl oynent may use netadata only after candidate routes have al ready
been narrowed by traditional BGP policy. These exanples are
illustrative only and do not inpose any required conputation method.
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