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Abst r act

RFC7311 descri bes nechani smfor carrying accunul ated | GP cost across
BGP dommi ns however it limits to IGP-nmetric only. There is a need to
accunul ate and propagate different types of nmetrics as it will aid in
i ntent - based end-to-end path across BGP dommins. This docunent
defines BGP extensions for generic netric sub-types that enable
different types of netrics to be accunulated and carried in BGP

This is applicable when nultiple donains exchange BGP routing

i nformati on.

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/.

Internet-Drafts are draft docunments 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 10 July 2026.
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1. Introduction

Large Networks belonging to an enterprise may consist of nodes in the
order of thousands and may span across multiple | GP domains where
each domain can run separate | GPs or |evels/areas. BGP may be used
to interconnect such | GP domains, with one or nore | GP domains within
an Autononpus System The enterprise network can have multiple

Aut ononous Systens and BGP nmay be enpl oyed to provide connectivity
bet ween these domains. Furthernore, BGP can be used to provide
routi ng over many such independent adm nistrative domains.

The traffic types have evol ved over years and operators have resorted
to defining different types of nmetrics within a IGP dormain (ISIS or
OSPF) for 1 GP path conmputation. An operator may want to create an
end-to-end path that satisfies certain intent. The intent could be
to create end-to-end path that mnimzes one of the nmetric-types.
These netrics can be assigned adm nistratively by an operator. Wile
sone are described in the base | SIS, OSPF specifications, other
metrics are the Traffic Engineering Default Metric defined in

[ RFC5305] and [RFC3630], Mn Unidirectional delay nmetric defined in

[ RFC8570] and [RFC7471]. There may be other paraneters such as
jitter, reliability, fiscal cost, etc. that an operator may

i ncorporate while conputing the cost of a link. The procedures
mentioned in the above specifications describe the |IGP path
conmputation within | GP donai ns.
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For computing the best path for a BGP route in such a domain, the
step(e) of the section 9.1.2.2 of [RFC4271] specifies that the
interior cost of a route as determned via the 1G netric value is to
be used to break the tie anong nultiple paths. Wen multiple domains
are interconnected via BGP, protocol extensions for advertising best-
external path and/or ADDPATH as described in [ RFC7911] are enpl oyed
to take advantage of network connectivity thus providing alternate
paths. For each route that is advertised, the |1 G cost of the end-
to-end path is accunul ated and encoded in the AIGP attribute as
described in [RFC7311]. This can be used to conmpute the Al GP-
enhanced interior cost and it will be used in the decision process
for selecting the best path as documented in section 2 of [RFC7311]
The [RFC7311] specifies how AIGP attribute can carry the accunul ated
IGP nmetric value. However, [RFC7311] describes only one TLV (Al GP
TLV) in the AIGP attribute to carry the IGP cost. Modst of the

i npl ementations avail abl e today encode | GP-netric netric type in the
Al GP TLV. See Section 15 for different interpretations of [RFC7311]
that are depl oyed today.

Wth the advent of 5G applications and Network Slicing applications,
for catering to the various traffic constraints, an operator may w sh
to provision end-to-end paths across nultiple domains satisfying
required intents. This is also known as intent-based inter-domain
routing. The description of the problem space and requirenents can
be found in [I-D. hr-spring-intentaware-routing-using-color]. The

Cl assful Transport Planes as described in [RFC9832] and Col or - Based
Routing as described in [RFC9871] describe how intent-based end-to-
end paths can be established. The proposal described in this
docunent can be used in conjunction with such architectures.

If the type of metric used in a IGP domain differs fromthe

accunul ated netric type carried in BG, the metric val ues shoul d be
synchroni zed and transl ated between | GP domain and BGP. The netric-
type and nmetric-value in the AIGP TLV does not support different |GP
metric-types defined in the |1 GP-Protocol registry for netric-types.
Hence there is a need to provide a generic nmetric TLV tenplate to
enbed the different types of IGP netrics and their values in BGP

The netric accumul ati on across domai ns may be applicable in Data
Center Networks. The Data Center networks run | P-Fabric and adopt

BGP routing paradigmw thout running any | GP protocol. Routers in
"n-layer’ Cos network have eBGP sessions with routers in adjacent
| ayers and each router has uni que Aut ononous System nunber. It would

be desirable to determ ne the cost for an end-to-path across the Data
Center Clos network, especially when different nmetrics are needed.
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Thi s docunent proposes "Accumul ated Metric" TLV in the Next-Hop
Dependent Characteristics (NHC) attribute described in
[I-Dietf-idr-nhc] to carry the accunul ated netric value for end-to-
end path, hereby referred as Avetric. The AMetric supports all the
metric types defined in the | GP-Paraneters netric-type registry.
Additionally, this docunent provides procedures for conputation and
usage of accumul ated generic nmetric value during the BGP best path
comput at i on.

[ RFC7311] introduces the notion that a set of ASes can be under a
common admini strative domain. This docunment borrows the same
concept, "AMetric administrative domain" to refer to ASes under a
comon adm nistration within which an operator w shes to establish
any intent-based end-to-end path.

2. Requirenents Language

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMVENDED', "MAY", and
"OPTIONAL" in this document are to be interpreted as described in BCP
14 [ RFC2119] [ RFC8174] when, and only when, they appear in al
capitals, as shown here

3. Miltiple types of netrics in a network

Consi der the network as shown in Figure 1. The network has multiple
domai ns. Each domain runs a separate I GP instance. Wthin each
domai n | BG sessions are established between the PE routers. The
eBGP sessions are established between the Border Routers across

domai ns.

| IBGP | EBGP | IBGP | EBGP | I BGP |
TS + TS + TS +
I I I I I
| ASBR1+- - +ASBR2 ASBR3+- - +ASBR4 |

I I I I I

PE1+ Domai nl | | Domai n2 | | Domai n3

| | | | | |
| ASBR5+- - - +ASBR6 ASBR7+- - +ASBRS |
I I I I I I
Ry + Ry + Ry +
| IsIs1 | | 1SIS2 | | 1SIS3 |

Figure 1: WAN Net wor k
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An operator w shes to conpute end-to-end path optim zed for "del ay"
metric-type. Each domain will be enabled for conputation of the IGP
pat hs based on delay metric type. As a result, the intra-domain
reachability will be based on delay netric. Such values should al so
be propagated to the adjacent domains for effective end-to-end path
conmputation. However, the AIGP TLV in the AIGP attribute as
specified in [RFC7311] supports only the default 1GP-netric. As a
result, with AIGP TLV, only default 1GP-metric based end-to-end path
can be conputed and this will not address the operator requirements.

The [ RFC9843] proposes extension in ISIS and OSPF, a generic netric
type that can enbed nmultiple netric types within it. It supports
both standard netric-types and user-defined nmetric-types. This
docunent describes extensions in BGP to support such netric types.
To conpute the end-to-end path with metric other than default | GP-
metric cost, the new netric TLV for NHC that this docunent proposes
will enable different types of nmetrics and their values to be
accunul ated and propagated across the donmains.

4. Discontinuity in end-to-end intent

For determning the end-to-end path for an intent and to derive the
accurate cunul ative cost, all routers along the path that nodify the
next hop should participate in cunulating the cost. New applications
may require new intents that may result in new netric types to be
used in the network. It is quite possible that certain domai ns may
have specific metric types. For exanple, core network may have

| atency netric while netro may just have | GP-cost because delay in
metro regions may be insignificant. It is quite possible that one or
nmore routers mght not understand the new intent and the netric.

If one or nore routers in a domain either border routers or any
intra-domain routers that nmodify the next hop, do not participate in
accunul ating the cost when they propagate a route, it is inpossible
for the ingress router to determne the cost of the end-to-end path
accurately. This will result in sub-optimal best path sel ection

Such an end-to-end path is called discontinuous path for that intent.
The discontinuity can manifest in different dinmensions and Section 12
provi des detail ed expl anati on.

5. Accumul ated Metric Encoding
Thi s docunent proposes "Accunul ated Metric" (AMetric), in the Next

Hop Dependent Characteristics (NHC) Attribute. The format is shown
bel ow.
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Figure 2: Ametric in NHC
Characteristics Code: 5. See [I-D.ietf-idr-nhc]

Characteristics Length: Size of Accumul ated Metric(s) in octets.

There can be one or nore Accumul ated Metric encoded in the NHC. The
format of Accumul ated Metric i s shown bel ow

0 1 2 3
12345678901234567890123456789012
R i i I e R e I T T il ik o ST TR S R R R TR S T TR i N
| AMetric-type | Avetric-Flags | Awvetric-Val ue

T I R o ol i ol s S S e S e S ik i it (EIE I S SR e TR

Fi gure 3: Accunul ated Metric format

AMetric-type (1 octet): Code for nmetric-type from | GP-Protocol
registry for metric-types.

AMetric-flags (1 octet): Bits defined bel ow
AMetric-value (8 octets): Value range (0 - Oxffffffffffffffff).

The netric-flags carry additional information about the accumul at ed
generic metric.

76543210
T

|RIR R RR R N D
i ok ST S R TR
Figure 4: Accunul ated Metric flags
Bit D: Represents discontinuity in netric accumul ation for the

end-to-end path. 1 indicates discontinuous, 0 indicates
conti nuous.
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Bit N: Represents normalization of netric in the |l ocal domain. 1
indicates netric normalization has been applied. 0 indicates no
normal i zati on has been appli ed.

Bit R: Reserved for future use. MJST be set to zero when
ori gi nated, and MJST be ignored on receipt.

Leverage Next Hop Dependent Characteristics (NHC) Attribute

The Next Hop Dependent Characteristics attribute has two inportant
aspects that are relevant for establishing the end-to-end intent
path: Transitivity and Scopi ng.

Transitivity: The NHC is an optional and transitive attribute hence
according to [RFC4271] if this attribute is present in an update
message, it will be propagated to all neighbors. Via the AMetric in
NHC attribute, the accunulated netric value is propagated to all the
routers in the network, thus making the cost conputation for the end-
to-end intent path possible.

Scopi ng: The NHC provides an ability to perform Next Hop scopi ng.
The originating router encodes the next hop address in the "Network
Address of Next Hop" field in the NHC attribute, it will also carry

the AMetric for the desired netric-type(s). |If any non-originator
router upon |earning such a route, does not nodify the next hop, it
will advertise it along with AMetric without nodification. |[If any

non-originator router nodifies the next hop, it will performtwo
actions: Encode the next hop address in "Network Address of Next Hop"
field of the NHC attribute; and reconpute the AMetric and encode it
in the NHC attribute, before advertising the route. The NHC s next
hop scoping check will help determine if the advertising BGP speaker
did not support NHC or AMetric and as a result the AMetric has not
been updat ed.

The above nechanismis |leveraged to deternmine if the end-to-end path
for an intent (represented by a netric in AMetric) is discontinuous
or not. The docunent [I-D.ietf-idr-nhc] provides detailed

expl anation on the NHC procedures.

Conpari son between AIGP and AMetric

The Al GP TLV described in [RFC7311] carries IGP netric type only.
The Al GP TLV encoded in AIGP attribute, is an optional and non-
transitive attribute. The BGP speaker S may attach AIGP attribute
with AIGP TLV in it, to a route R and advertise to its peers. Wen
such a route propagates across domains, the netric value in AIGP TLV
is accunul ated thus providing end-to-end | GP cost.
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The AMetric is sinmilar to AIGP TLV. The AMetric can carry not just
the 1GP netric type but also other types of metrics. The AMetric
will be encoded in the NHC attribute. The BGP speaker S may attach
NHC attribute with AMetric in it to a route R and advertise Rto its
peers. Wen such a route propagates across donain, the netric val ue
wi Il be accunul ated. This provides the end-to-end cost for desired
intent as represented by one or nore netric types.

The section 3.4 of [RFC7311] describe procedures for creating and
nmodi fying the AIGP TLV in the AIGP attribute and these are al so
applicable for creating and nodifying the AMetric in the NHC
attribute.

8. Usage of Accunul ated Metric (AMetric)
8.1. Ceneration of Accunulated Metric

It is recomended that an inplenentation that supports AMetric
MUST support a configuration item Avetric_ORI G NATE, that enables
or disables its creation and inclusion into NHC. The default

val ue of AMetric_ORI G NATE MJUST be "disabled". |If the BGP speaker
Sis originating route Rinto BG, it MAY include NHC attribute to
it. Wen a BGP speaker wi shes to generate the AMetric and add it
to the NHC attribute, it MJST performthe foll ow ng procedures:

- The procedures for the BGP speaker S to send NHC attribute for
a route Rwith next hop N as described in section 2.2 of
[I-D.ietf-idr-nhc] MJST be followed while encoding Avetric.

- A BGP speaker S MUST NOT add the AMetric to NHC attribute for a
route R whose path | eads outside the AMetric administrative
domain. Wen S as an ASBR, advertises the route to peers
inside the AS by setting itself as next hop, it MJST add
AMetric to NHC. S MJUST NOT add AMetric to NHC for route
advertisenents to neighboring AS that are not part of AMetric
adm ni strative domai n.

- The BGP speaker S MJUST not encode the AMetric in the NHC

attribute for a route R for which S does not set itself as the
next hop.
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8.1.1.

In section 3.4 of [RFC7311] whenever AIGP TLV is referred to,
it MIUST be treated as AMetric. Wenever AIGP attribute is
referred to, it MIST be treated as NHC attri bute. The
procedures outlined in section 3.4 of [RFC7311] MJST be
followed for creation of AMetric that is encoded in NHC
attribute. Simlarly, the procedures outlined in 3.4 of

[ RFC7311] MUST be followed for the nodifications of AMetric in
NHC attribute by the Oiginator and Non-originator of the

rout e.

Repeated netric changes may cause | arge nunber of BGP updates
to be generated and propagated throughout the network. To
avoid this, a configurable threshold for the netric is defined.
If the difference between the new netric-value and the
advertised netric-value is | ess than the configured threshold,
the update MAY be suppressed. For each of type of netric used
in the domain, if the new netric-value encoded in AMetric is
above the configured threshold, a new BGP update containing the
new set of metric-values SHOULD be adverti sed.

Procedures for defining the cost to reach a next hop for
various netric-types is outside the scope of this docunent.

Oiginator of route into BGP

In addition to the above, the BGP speaker S MJST performthe
foll owi ng procedures when it wi shes to add AMetric to NHC

Sangl i,

The BGP Speaker S MJUST encode the type of netric as specified
in the |IGP Protocol registry in the netric-type sub-field.
This metric type should represent the intent required for
establi shing the end-to-end path.

The BGP Speaker S MJUST encode the value of the nmetric or cost
to reach the next hop Nin the netric-value sub-field. The
cost may be normalized if required.

If a domain adopts nmore than one nmetric type to represent an
intent, the BGP speaker S may encode nore than one AMetric(s)
in the NHC attribute, each AMetric to encode different type of
metric as defined in the | GP Protocol Registry.

The "D'" bit of the netric-flags MJIST be set to zero. If the
domai n internal cost to reach the next hop is normalized to the
type of netric in the nmetric-type sub-field, the "N' bit of the
metric-flags MJUST be set to 1, else it MJIST be set to zero
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8.

8.

1.

2.

2.

Non- Origi nator of route into BGP

The BGP speaker S has received the route R that has NHC and when
it advertises Rto its peers, it recreates NHC. Here, S MJST
performthe foll owi ng procedures.

-  The BCGP speaker S MJUST retain all netric-types and their
metric-values as present in the AMetric and for each of the
metric type received, it MJST performfollow ng procedures.

- If the type of the netric used in local domain is sanme as the
metric-type of the AMetric, the BGP speaker S MUST add the
metric or cost to reach the next hop Nto the netric-val ue sub-
field of the AMetri c.

- If the type of the netric used in the local domain is different
fromthe nmetric-type of the AMetric, the BGP speaker S MUST
normalize the nmetric or cost to reach the next hop N before
adding to the netric-value sub-field of the AMetric. The
metric-val ue sub-field MJUST be increased by a non-zero anount.

- |If the local domain’s internal cost to reach the next hop is
nornmalized to the type of nmetric in the nmetric-type sub-field,
then "N' bit of netric-flags sub-field MIST be set to 1. |If
the BGP speaker S does not understand the type of netric, then
"D'" bit of nmetric-flags sub-field MIST be set to 1.

Reception of Accumul ated Metric

When a BGP speaker S receives a BGP update that has a route Rto
destination prefix P with next hop N, and has the NHC attribute
with Avetric, it MJST performthe foll ow ng procedures:

- A BGP speaker S MUST performthe procedures described in
section 2.3 of [I-D.ietf-idr-nhc] for processing the NHC
attribute.

- If there is nmore than one AMetric in the NHC attribute, the
first occurrence MJST be processed, and the other occurrences
MUST be ignored. The BGP speaker MJST process all netric-types
and their values if there is nore than one netric type in the
AMetric infomation.

- For each nmetric in the Awvetric, if the BGP speaker S recognizes
the metric-type sub-field, it MJST process as per follow ng.
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- If the type of the netric used in the |local donain (for
resol ving the next hop N) matches with the netric-type of the
received AMetric, then the nmetric-value sub-field MIST be used
in the Al GP-enhanced interior cost conputation as specified in
Section 9.

- If the type of the netric used in the |ocal donain (for
resol ving the next hop N) does not match with the nmetric-type
of the received AMetric, then the BGP speaker S may nornalize
the cost of the path used for resolving the next hop before
using it in the Al GP-enhanced cost conputation. A policy may
be used to provide the netric nornalization

Updates to Deci si on Procedure

This section follows the approach as laid out in [RFC7311] to sel ect
the best path when the route has NHC attribute with AMetric. The
domai n that the BGP speaker S belongs to, may support different

i ntent -based paths represented via different types of netric to reach
next hop N. The follow ng procedures MJST be followed in addition to
the general procedure described in section 4 of [RFC7311].

Consi der a BGP speaker S receiving a route Rwith next hop N. The
route Ris attached with NHC attribute having AMetric. For each
metric types in AMetric, the BGP speaker S MJUST perform foll ow ng
pr ocedur es.

If the nmetric-type sub-field of AMetric matches with the type of the
metric used in the local domain for resolving the next hop N, the
Al GP- enhanced interior cost should be conputed as bel ow.

Let 'm be the cost to reach the next hop N that is used in the
| ocal domain for the path conputation as described in [ RFC7311]

If the netric-type sub-field of the AMetric does not match with the
type of the nmetric used in the local domain for resolving the next
hop N, the cost of the path to reach next hop N rmay be normalized.
The normalized nmetric value can be zero, nmaximumnetric val ue or
scaled up (nmultiple of a positive number).

Let 'm be the nornalized value of the cost to reach the next hop
N that is used in the local domain for path conputation as
described in [ RFC7311].

The Al GP-enhanced interior cost conputation as described bel ow will
be used in the decision process as described in [ RFC7311].

Let "A" be the value of the value of the netric-value sub-field of
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the AMetric.
The Al GP-enhanced interior cost will be 'A+ni.

A path with |G netric-type in Avetric of NHC attribute and a path
with IGP netric-type in AIGP TLV of AIGP attribute can be conpared
However, a path with AMetric carrying different nmetric-type and a
path with AIGP TLV carrying I GP nmetric-type cannot be conpared. To
enabl e end-to-end path selection based on intent, the path with
AMetric in NHC attribute may be chosen over path with AIGP TLV in
Al GP attribute. The inplenentation should allow a | ocal policy to
specify these preferences.

A path with AMetric of metric-type 'a cannot be conpared with a path
with Avetric of netric-type 'b’. The path with [ower netric-type MAY
be chosen as best between two such paths and inplenented consistently
across Al GP donai n.

When there is nore than one nmetric-types in Avetric, a local policy
may provi de gui dance indicating metric-types as prinmary and
secondary. The secondary netric-type may be used to break the tie
anong equal cost paths based on prinmary netric-type

10. Use-case: Different Metrics across Donmi ns

R + . | 1GP-metric | B R +
| Domainl | . R + o Donmai n4 |
| (. . |
| ASBR11+. .. ... +ASBR41 |
+PE1 | | PE2+
| ASBR12+. . . ... +ASBR42 |
I |- . I
| I1GP-metric | . . | delay-metric
R + o e e - +

R +

| Donmai n3 |

Figure 5: Different netric across network
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10.

Each domain is a separate Autonomous System Wthin each donain,
ASBR and PE form i BGP peering and they may enpl oy Route Refl ectors.
The 1 GP within each domain uses domain specific netric. Domain3 and
Domai n4 use delay as the nmetric while Domai nl and Domai n2 use defaul t
| GP-netric cost. ASBRs across domains form eBGP peeri ng.

1.

Scenario 1: Find del ay-based end-to-end path.

This is about finding the del ay-based end-to-end path from Donai nl1
to Domain4. This can be achieved as follows. The advertising
router adds the AMetric with netric type 1 that represents del ay
metric, encoded in NHC attribute. In the above network di agram
ASBR41 (and ASBR42) will advertise prefix PE2-1oopback with
AMetric with delay as metric-type. The netric-value sub-field of
the AMetric will represent the delay cost to reach PE2’ s | oopback
end-point fromthe advertising router as they will do next hop

sel f.

In Domai n3, when ASRB32 advertises the prefix PE2-1oopback within
the Il ocal domain, it nmay add cost to the metric-value, the value
representing the delay introduced by the DMZ |ink between ASRB32
to ASBR42. When ASRBR31 advertises the prefix PE2-1oopback, it
will performthe follow ng procedures.

1. Compute the delay d of the path to reach ASBR32 from which it
has chosen the best path.

2. Add the above d value to the netric-value sub-field of the
AMetri C.

I n Domai n2 however, the local nmetric type is default |1GP-netric.
The ASBR22 may follow the procedure sinilar to ASBR32 and add the
del ay val ue corresponding to the DVMZ |ink between ASBR22 and
ASBR41 before advertising the path internally in Domai n2. Wen
ASBR21 computes the Al GP-enhanced interior cost, as mentioned
before, it may normalize the internal cost to reach ASBR22 and nay
add the normalized value to the netric-value of AMetric
representing delay nmetric-type. The ASBR21 will al so update
metric-flags sub-field to indicate that nmetric val ue has been
nornmalized. |In the above network exanple, the delay cost from
ASBR21 to ASBR22 is negligible and hence del ay-netric value will
be increased noninally with a non-zero val ue.

The procedures for Al GP-enhanced interior cost computation at
ASBR11 (and ASBR12) will follow DVZ del ay conputation procedure
descri bed above. PEl will have two paths to reach PE2-1| oopback:
P1 via ASBR11 (and donmai n2) and P2 via ASBR12 (and donmi n3), each
havi ng respective Al GP-enhanced interior cost representing end-to-
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end delay. The local netric type is default IGP-nmetric and hence
PE1 may normalize the internal cost for the Al GP-enhanced interior
cost computation. The BGP decision process described in Section 9
will result in delay optinzed end-to-end path for PE2-|oopback on
PE1 that can be used to resolve the service prefixes.

10.2. Scenario 2: Find IGP-netric based end-to-end path | everaging
domai n-speci fic path.

This is about providing best-effort or default I GP-netric based
end-to-end path while | everagi ng the donmi n-specific del ay-based
metric for intra-domain path selection. Al the ASBR routers will
update the AMetric for NHC attribute for the default I1GP-netric
metric-type, accunulating the cost for end-to-end path. The PE1l
router will have two paths (from ASBR11 and ASBR12) decorated with
different best-effort default 1GP-netric cost. The intra-domain
path to reach the domain exit can be based on domai n-specific
metric-type. For exanple, in Donmai n3, ASBR31 can sel ect | owest
delay path to reach ASBR32. The ASBR and the PE routers may be
configured to prefer one netric-type for end-to-end path while
anot her nmetric-type for intra-domain and such configuration
mechani smis outside the scope of this docunent.

10.3. Scenario 3: Path selection when a router does not understand the
new netric-type

This is about selecting a path which a router does not support the
new type of netric. The Domai n2 inplenents only default | GP-
metric and does not support delay-nmetric. Wen ASBR21 receives
the route with NHC attribute and AMetric, the netric-type del ay-
metric is unrecogni zed. The ASBR21 will update the netric-flags,
setting the "D' bit to 1 indicating that path is discontinuous and
accunul ation is inconmplete. When such a route reaches PE1l, the
PE1 router will have two paths, one via ASBR11 with "D' bit set
and another path from ASBR12 with "D' bit set to zero. The |oca
policy on PEl can provi de gui dance on the preference between these
two pat hs.

11. Use-case: Different Metric in Data Center (DC) Network
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Figure 6: Different netric across DC

Typically, in a Data Center (DC) network all routers at spine |ayer
are connected to all routers at |eaf layer. As depicted above,
S1..Sn formthe spine layer while L1..Lmformthe leaf layer in this
3-stage clos network. Routers at |eaf |ayer do single-hop eBGP
peering with routers at spine layer. Each router can be in separate
Aut ononobus System by itself. Such DC clouds are connected over Data
Center Interconnect (DCl) links. The DCl network can span | arger

di stances as conpared to DC cl oud.

The cost of the end-to-end path is desirable to nmake better routing
deci sions. The netric accunul ati on happens via AMetric in NHC
attribute. This can be used for influencing the best path sel ection.

Sonetinmes, the operator may wi sh to have nultiple planes in DC
network such that one or nore spine router participates in a
particul ar plane and, the links (and the associ ated BGP peeri ng)
connecting the leaf routers with those spine routers becone part of
that plane. Each plane can choose to adopt a separate netric-type
and can independently conpute the cost of end-of-end path cost by
usi ng AMetric accunul ati on.
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12.

Depl oynment Consi derati ons

It can be noted that for a path, a domain may nornalize the netric-
val ue used to resolve next hop to match with the netric-type present
in the AMetric. The idea is to propagate the cost of reaching the
prefix through the domain while maintaining the metric-type chosen by
the originating router and donain, thereby providing an end-to-end
path for the desired intent. Such nornalization of metric values to
the match with the netric type present in the AMetric(s) can be done
via policy. The definition of such policies and how they can be
enforced is outside the scope of this docunent. |In topol ogies where
there is a comopn router between adjacent donains that do i BGP
peering, the Border router can provide the nornalization

In a domain, the cost of a path is derived fromthe netric of its
links, sumed up typically. It is inportant to maintain the sane
behavi or for inter-domain path. The Al GP-enhanced interior cost
shoul d not be allowed to decrease through the netric nornalization
When adj acent donmmins use different netric types, the ASBR that
connects two domains is better suited to pass on the netric val ues by
setting itself as next hop

Al routers of a domain MJST conpute the Al GP-enhanced interior cost
as descri bed above to be used during decision process. Wthin a
domain, if one router Rl applies Al GP-enhanced interior cost while R2
does not, it may lead to routing | oop unless some sort of tunneling
technol ogy viz. MPLS, SRv6, IP, etc. is adopted to reach the next
hop. In a network where any tunneling technol ogy is used, one can
incrementally deploy the Accunul ated Metric functionality. 1In a
network without any tunneling technology, it is recomended that al
routers MJST support Accunul ated Metric based Al GP-enhanced interior
cost computation. Additionally, to have consistent BGP best path in
the network, all routers should use the accunul ated cost during the
best path conputation. To ease the deploynent of this AMetric based
end-to-end path selection, it is recomended to enable Awvetric via
configuration and should be disabled by default.

In certain networks, routes may be redistributed between BGP and | GP
usual ly controlled via a policy. Wen a route is propagated across
domai ns, a router should use the netric-value in the Avetric of the
NHC attribute, optionally nodified via the local policy as the IGP
cost during route redistribution into IGP. The |ocal policy should
apply netric normalization or translation based on netric-type of
AMetric and the netric-type adopted in the | ocal domain.
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13. Manifestations of Discontinuity in end-to-end path

The network operators would like to avoid the scenarios when the
entire network has to be upgraded before enabling the new
functionality. New functionality across a network is typically

depl oyed increnentally and one cannot expect that all routers shal
be capabl e of handling new functionality on day-one. However, for
determning the end-to-end path for an intent and to derive the
accurate cumul ative cost, all routers along the path that nodify the
next hop should participate in accunmulating the cost. The
discontinuity can manifest in three different forns.

* Type-A discontinuity: The advertising router does not support new
attribute. However, the route is propagated to the ingress router
and one cannot determne if the accumnul ati on done end-to-end or
not .

*  Type-B discontinuity: The advertising router supports the new
attribute but does not support TLV that accumul ates the end-to-end
cost. Simlar to the above, the route is propagated to the
i ngress router and one cannot distinguish if the cunul ated val ue
represents the end-to-end cost.

* Type-C discontinuity: The advertising router supports the new
attribute and the TLV that carries the accunul ated cost, however
as new nmetric-types and intent are introduced, the advertising
router m ght not support them Simlar to the above, the route is
propagated to the ingress router and one cannot distinguish if the
cunmul at ed val ue represents the end-to-end cost for the intended
i ntent.

13.1. Handling discontinuous path with AIGP attribute as per [RFC7311]

The AIGP TLV is used for accunulating the netric across domains. The
AlGP attribute is optional and non-transitive. The accunul ated
metric is used in best path conputation. The Al GP nechanismrequires
all the routers MJST understand the new attribute so that accunul ated
metric will reach all the routers for consistent best path
computation. Hence, if an advertising router along the path does not
understand the AIGP attribute, the accunmulation will not be conplete
maki ng the path discontinuous. The receiving (or ingress) router

will not be able to conmpute the end-to-end cost and so the path wll
not be considered for providing end-to-end intent.

On the other hand, when the ingress router receives a route with Al GP
attribute, the value accunulated in the TLV is guaranteed to reflect
the end-to-end cost. Therefore First-Order discontinuity does not
exist. The [RFC7311] introduced both AIGP attribute and AIGP TLV
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13.

13.

together, nost of BGP routers support AIGP TLV along with the
attribute. Hence Type-B discontinuity is less likely to happen. The
[ RFC7311] specifies only default 1G-netric in AIGP TLV, hence Type-C
discontinuity is not applicable. |If [RFC7311] was extended to
support generic netric types, it will suffer from Type-C

di scontinuity.

2. Handling discontinuous path with AMetric of NHC attribute

The AMetric is part of NHC which is an optional and transitive
attribute. The routes with NHC attribute and accunul ated netric
reaches all the routers across the domains and it will result in
consi stent best path computation. |If any advertising router along
the path does not understand the NHC attribute, it fails to update
the next hop field in NHC attribute. This is the Type-A

di scontinuity. However, with the NHC procedures, the receiving
router will detect this through next hop validation thus providing
mechanismto detect the Type-A discontinuity deterministically.

If the advertising router along the path supports NHC attri bute, but
does not support AMetric, follow ng NHC procedures, the router wll
not propagate the accunulated netric. This is the Type-B
discontinuity but this will not result non-determ nistic behavi our
the receiving BGP router will not select the path for desired intent
given the lack of AMetric. |If the advertising router understands NHC
attribute and AMetric, but does not understand the specific metric-
type, by follow ng the NHC procedures, the router will stil

propagate NHC attribute and AMetric even though unrecogni zed netric
is not accurmul ated. This is Type-C discontinuity. The procedures in
thi s docunent specifies the "D' bit of the unrecogni zed AMetric to be
set to 1 by the advertising router and hence the receiving router
determnistically identifies the discontinuity.

3. Contiguity Conpliance

Even though NHC attribute is transitive, the AMetric m ght not be
interpreted and/or updated by routers along the path. |If all BGP
routers that nmodify the next hop accumul ate the cost and propagate
the metric, the receiving BGP router will be assured of a correct
end-to-end path for the intent and the netric. Al though the three
types of discontinuity can be addressed using a |l ocal policy, it is
recomended that operators identify such routers and upgrade themto
achi eve intent-based end-to-end path for optimal results.
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14. Security Considerations

Thi s docunent does not introduce any new security considerations
beyond those already specified in [ RFC4271], [RFC7311] and
[I-D.ietf-idr-nhc].

15. | ANA Consi der ati ons

NHC Characteristic Code 5 has been assigned in Section 5 of
[I-D.ietf-idr-nhc] for the Accunmul ated Metric characteristic defined
in this docunent. The netric-type field of AMetric refers to the

| GP-Protocols registry for nmetric-type defined in [ RFC9843]

16. Limtations of [RFC7311]

This section provides an overview of limtations and different
interpretations of [RFC7311]. Various vendors have interpreted

[ RFC7311] differently and encode AIGP TLV or treat AIGP attribute
differently. The following lists sonme of them

- The [RFC7311] introduces only one TLV: AIGP TLV. Sone vendors
propagate the only AIGP TLV and drop other unrecognized TLV if
any.

- The [RFC7311] specifies only one type of metric: IGP-netric.
However, some vendors provide option to encode different types
of metrics in AIGP TLV other than default 1GP-netric type.

- Sonme vendors do not propagate AIGP attribute if AIGP TLV i s not
present init.
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