BESS Wor kG oup S. Litkowski, Ed.

I nternet-Draft G sco
I ntended status: Standards Track S R Mdhanty, Ed.
Expi res: 28 August 2026 Zscal er
A. Vayner
Nvi di a

A. Gattan

A. Ki ni

Arista Networks
J. Tantsura

Nvi di a
R. Das
HPE

24 February 2026

BGP |ink bandwi dt h extended community use cases
draft-ietf-bess-ebgp-dne-09

Abstract

BGP |ink bandwi dt h extended comunity provides a way to signal a

val ue along with a BGP path that can be used to perform wei ghted

| oad-bal ancing in multipath scenarios. This docunent details various
use cases of the BGP |ink bandwi dth extended conmunity. It also
descri bes | ocal mechanisns to dynamically adjust the BGP |ink
bandwi dt h value or the nmultipath wei ghts based on different

consi derati ons.

Status of This Meno

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

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF). Note that other groups nmay also distribute
wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft documents valid for a maxi mum of six nonths
and nay 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 28 August 2026
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I nt roducti on

BGP |ink bandwi dth (LB) extended comunity (defined in
[I-D.ietf-idr-1ink-bandw dth]) provides a way to perform wei ghted
| oad-bal ancing in multipaths scenari os.
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Pim-- Rl-- (20) -- |
R3-- (100) -- |
Pim-- R2-- (10) -- |

P/m-- R6-- (40) -- | R4

I
R5-- (50) --- |
Plm-- R7-- (30) -- |

Figure 1. EBGP based network with BGP |ink bandw dth

Figure 1 represents an all-EBGP network using |ink address based
sessions. Router R3 has eBGP sessions with two downstreamrouters Rl
and R2 and with another upstreamrouter R4. Similarly, R5 has eBGP
sessions to downstreamrouters R6 and R7 and with upstreamrouter R4.
A prefix PPm is learnt by Rl, R2, R6, and R7 fromtheir downstream
routers (not shown). Fromthe perspective of R4, the topol ogy | ooks
like a directed tree. The link bandw dths are shown al ongsi de the
links (The exact units are not really inmportant and for sinplicity
these can be assumed to be weights proportional to the operational
link bandwidths). It is assunmed that R3, R4 and R5 have multipath
configured and paths having different value as-path attributes can
still be considered as nultipath (knobs exist in many inpl enentations
for this). Wen the ingress router, R4, sends traffic to the
destination P/m the traffic needs to be spread anongst the links in
the ratio of their Iink bandwi dths. BGP |ink bandw dt h extended
community can be used for this purpose.

R3 can reach PPmvia Rl through a |ink having a bandw dth of 20Gbhps
and R2 through a link having 10Ghps. As R3 has multipath configured,
wei ghted ECWP is performed with a ratio 2:1 between Rl and R2.

Hence, R3 has a total bandwi dth of 30Gops available to reach P/m
VWhen advertising PPmto R4, R3 sets itself as nexthop and can add a
BGP |ink bandwi dth extended comunity. To enable R4 to perform
proper wei ghted | oad-bal ancing, R3 could advertise 30CGhps of

bandwi dth into the BGP |ink bandw dth extended comunity. Simlarly,
R5 performs weighted | oad-balancing with a ratio of 4:3 between R6
and R7 and coul d advertise 70CGhps of bandwidth into the BGP |ink
bandw dt h ext ended community when advertising to R4.

R4 receives two BGP paths for P/m

* one path fromR3 with a BG |ink bandwi dth of 30CGps. R3 is
| ocal ly reachabl e through a |ink having 100Gbps of capacity.

* one path fromR5 with a BG |ink bandwi dth of 70Ghps. R5 is
| ocal |y reachabl e through a |ink having 50Gops only of capacity.
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3.

3.

1.

R4 may decide to consider only the BGP |ink bandwi dth attribute when
perform ng wei ghted | oad-bal ancing. Then, R4 will use a ratio of
30% 70% between R3 and R5. However, with a local |ink capacity of
only 50Gops to R5, sending 70% of the traffic to R5 may create
congestion. It may be then interesting for R4 to consider both the
BGP |ink bandwidth attribute and the Iocal |ink bandw dth when
computing the wei ghted | oad-bal ancing rati os.

The exanpl e above shows that the BGP |ink bandw dt h extended
community may not be limted to carry only a "link" bandw dth val ue.
In our exanple, the value 30Chps advertised by R3 represents an
aggregat ed path bandw dt h.

Thi s docunent details various use cases related to the usage of BGP
i nk bandwi dth extended community and al so depl oyed | ocal mechani sns
to dynamically adjust BGP |ink bandw dth val ue or wei ghts used during
| oad- bal anci ng.

Requi renment s Language
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in BCP
14 [ RFC2119] [RFCB174] when, and only when, they appear in al
capital s, as shown here

Use cases

Internet exit points
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3.

2
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Exitd4 --- (200Gops) -- |
/
\ /
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Figure 2: Internet exit points

Figure 2 describes a service provider network with rmultiple Internet
exit points. FEach exit point has a different |ink bandw dth
represented in the figure. For best efficiency, PE3 should | oad-

bal ance Internet traffic between PE1l and PE2 according to the
bandwi dt h each one of them has available. PEl is connected to two
exit points, one with 800Gops, the other with 400Ghps, it can reach
Internet prefixes with a total capacity of 1.2Tbps. PE2 is connected
to two exit points, one with 200Gps, the other with 200Ghps, it can
reach Internet prefixes with a total capacity of 400Gps. W should
then expect PE3 to | oad-bal ance between PE1 and PE2 with a ratio of
3:1.

BGP |ink bandwi dt h extended comunity can be | everage by PE1 and PE2
to advertise the bandw dth available to PES.

Optim zing server | oad-bal anci ng

[ RFC7938] section 6.3 ( “Wighted ECMP') describes a use case in which
a service (nost likely represented using an anycast virtual |P) has

an unequal set of resources serving across the data center regions.
Figure 3 shows a typical data center topology as described in section
3.1 of [RFC7938] where an unequal numnber of servers are depl oyed
advertising a certain BGP prefix (anycast IP). As displayed in the
figure, the left side of the data center hosts only 5 servers while
the right side hosts 10 servers
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Figure 3: dos topology wth unequal nunber of servers per cluster

In a regular ECMP environnment, the tier 1 |ayer would see an ECWP
path equal ly | oad-sharing across all four tier 2 paths. This would
cause the servers on the left part of the data center to be
potentially overl oaded, while the servers on the right will be
underutilized. By l|leveraging BGP |ink bandw dth extended community,
the servers could add a |ink bandwi dth to the advertised service
prefix. Another option is to add the extended community on the tier
3 network devices as the routes are received fromthe servers or
generated locally on the network devices. |If the link bandw dth

val ue advertised for the service represents the server capacity for
that service, each data center tier would aggregate the val ues up
when sending the update to the higher tier. The result would be a
set of weighted | oad-sharing netrics at each tier allow ng the
network to distribute the flow | oad anong the different servers in
the nost optimal way.

* AS4 has 3 servers and will advertise a |link bandwi dth of 3.

* AS6 has 2 servers and will advertise a |ink bandw dth of 2.
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* AS2 will aggregate |ink bandw dth values from AS6 and AS4 and will
advertise a |ink bandwi dth of 5 to ASI1.

* AS5 has 10 servers and will advertise a |link bandwi dth of 10. As
AS5 is the only tier 3 cluster for AS3, AS3 will advertise the
sane value of 10 to ASI.

* AS1 can then performa better |oad-bal ancing by using a ratio of
1: 2 between AS2 and AS3.

If a server is added or renpved to the service prefix, it would add
or renove its |ink bandw dth value and the network woul d adj ust
accordingly.

Sane use case can be applied to a two tier clos-topology as descri bed
in Figure 4. Torl, Tor2 and Tor3 are in the sanme tier, i.e. the |eaf
tier. Using the sane considerations as in the previous exanple, the
LB extended community val ue received by each of Spinel and Spine2
fromTorl and Tor2 is in the ratio 3 to 10 respectively. The spines
wi || then aggregate the bandw dth, regenerate and advertise the LB
extended community to Tor3. Tor3 will do equal cost sharing to both
the spines which in turn will do the traffic-splitting in the ratio 3
to 10 when forwarding the traffic to the Torl and Tor2 respectively.

S +
| Tor3 | Tier 3
+-- - - - - +
/ \
+----+ Fommmm - +
I I
S + S +
| o
| Spi nelj | Spi ne2| Tier 2
I I I I
Femmm o - + S +
I \ / I
| -+ - |
I / \ I
+- - - - - +- + A +
| Torl | | Tor2 | Tier 3
+--m o= + +--m o= +
|1 |1
<- 3 Servers -> <- 10 Servers ->

Figure 4: Cos Data Center Topol ogy
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3.3. External connectivity and top-down LB extended comunity
propagati on

Wiile, in [RFC7938] section 5.2.4., external connectivity nodule is
described as a separate cluster with Tier 3 devices being WAN
routers, it is nuch nmore conmmon to extend connectivity to a regiona
aggregation block over Tier 1 |ayer, where a nunber of rmultipl anar
Tier 1 blocks connect into regional aggregation bl ocks, extending
commonly used 5-7 stages fabric by a nunmber of additional stages
instantiated within the regional aggregation block. Consequently,
external connectivity is inplenented within the regi onal aggregation
bl ock. The total BWavail able towards WAN i s significantly | ower
than the total BWw thin the fabric.

In Figure 5, we consider a datacenter topology with three tiers.
Links in DC2 are not displayed to sinplify the figure (DCl topol ogy
is also collapsed). Al T3s connect to the two local T2s, all T2
connects to both Tls. Al Ti1s connect to all aggregation routers for
external connectivity. |In order to be able to |load-share traffic in
accordance to the capacity avail able towards DCl1 aggregati on bl ocks
or the WAN, DCl aggregate bl ocks and WAN routes are tagged with a BGP
i nk bandwi dt h extended community. For instance, each aggregation
router adverti ses:

* WAN routes with a |link bandwi dth val ue corresponding to the
bandwi dth available to reach the WAN (for instance, the bandw dth
of the link to the upstream WAN router).

* DC1 aggregate blocks with a |ink bandw dth val ue corresponding to
the bandwi dth available to reach DCL.

The LB extended comunity is propagated top-down (to the tier 3) to
DC2, reflecting the bandw dth avail abl e towards DCl aggregati on

bl ocks and the WAN. Any partial |oss of connectivity to DCL or the
WAN wi || be reflected to DC2 devices which will adapt their weighted
| oad- bal anci ng.
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Figure 5: Data center external connectivity

Consi dering Figure 6, each Tl router is connected to nmultiple
aggregation router. FEach aggregation router advertises WAN routes
with a BGP LB correspondi ng the bandwi dth available to reach the WAN.
If sone T1 - AGG or AGG - WAN links fail, the weighted | oad-bal anci ng
is automatically adjusted on Tls according to the remaini ng BGP
paths. Each T1 updates the cunul ative avail abl e bandwi dth down to
the T2s (sum of bandwi dth of all paths from aggregation routers).

T2s will do a similar processing when receiving paths from Tls,

adj ust their wei ghted | oad-bal anci ng based on bandw dth present in
the paths available from Tl and cunul ate the bandw dth before
advertising down to T3s. Depending on the nesh density and the total
bandwi dth available within the fabric, DC devices nmay al so consi der
their local link bandwidth in regards to the received BGP LB when
conmputing the wei ghted | oad-bal anci ng and perforning the cumul ati on
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Figure 6: Data center external connectivity and internal failures
4. Mechanisns to adjust BGP |ink bandwi dth and path wei ghts

The use cases described earlier involve multiple ways to dynanically
adj ust the BGP |ink bandw dth val ue advertised or the value to be
used for weighted | oad-bal ancing. This section describes these
mechani sis.

4.1. Link bandw dth discovery

BGP |ink extended comunity is usually set by either inbound or

out bound route policy. |In case of directly connected BGP session, it
may be desirable to set the |ink bandw dth val ue dynam cally based on
the actual bandw dth of interface used by the session. The setting
of the link bandw dth val ue based on interface bandw dth MAY be
activated through a configuration knob and MAY be done for al
prefixes or a subset of prefixes |earned over the BGP session. Upon
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i nterface bandw dth change, BGP should update the |ink bandwi dth
value for the affected prefixes and adjust the weights accordingly.

4.2. Contributing link bandwi dth conputation

Wth the l'ink bandwi dth di scovery, BGP may get |ink bandw dth val ue
fromtwo sources for a particular path:

* from BGP |ink bandw dth extended conmunity received in the BGP
update fromthe neighbor. W call it the renote bandwidth in this
docunent .

* fromthe discovered interface bandwi dth over which the BGP session
is established. W call it the local link bandwidth in this

docunent .
In addition, as illustrated in the previous sections, BG® may have to
consi der a conbination of the local |ink and renpte bandw dth when

computing the weights for wei ghted | oad-bal ancing. Any function of
the two may be used like for instance a "mni muni’ function that was
hi ghlighted in Section 1. The weight of each path may then be based
on either:

* Only the renote bandw dth

* Only the local link bandw dth

* A function of both

This is controlled by a local configuration. The resulting value is

called contributing link bandwidth. [If contributing bandwi dth is set
to local link bandwi dth but bandwidth is not |earned frominterface,
the contributing bandwi dth is considered as zero. |If contributing
bandwi dth is set to a function of local |ink and renote bandw dt h,
but the function cannot return a result, the contributing bandw dth
is considered as zero. |If contributing bandwidth is set to renote

bandwi dth but no renote bandwidth is received, the contributing
bandwi dth is considered as zero. By default, the contributing
bandwi dth is set to the remote bandwidth if present, if not, it is
set to the local |ink bandwidth and if local |ink bandwi dth is not
avail able, it is set to zero
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[1-D.ietf-idr-1ink-bandw dth] mandates all BGP paths of a prefix and
being part of the nmultipath to have BGP LB extended community with a
non-zero value to perform wei ghted | oad-bal ancing. O herw se the
behavior is determ ned by |ocal policy. This docunent updates this
behavior as follows. |[If all of these conditions are net, weighted

| oad- bal anci ng can be done ot herwi se behavior is determ ned by |oca

pol i cy:

* all BGP paths of a prefix MJST have a non-zero contributing
bandw dt h.

* for consistency reason, all BGP paths of a prefix MJST use a
contributing bandwi dth based on the sane source (e.g.: all paths
are using contributing bandwi dth fromthe same function).

Cunul ating |ink bandwi dth

Curmul ation of link bandwidth is the action of perforning the sum of
t he bandwi dth associ ated to each BGP path of a prefix (being part of
mul tipath). The curulation is done when advertising the LB to a

nei ghbor and if nexthop is nodified in accordance to
[I-D.ietf-idr-1ink-bandwidth]. Cunulation is optional and MAY be
enabl ed for all prefixes or only a subset of prefixes by using
configuration knobs. It may also be controlled on a per-nei ghbor
basi s.

By default, cumulation SHOULD be done based on the contributing
bandwi dt h of each path, hence, the device will advertise a bandw dth
val ue which is aligned with the total bandwidth that it takes into
account during wei ghted | oad-bal ancing. This behavior nmay be

nmodi fied by a local configuration, so curmul ati on can be done only
based on local |ink bandwi dth for instance.

When performng cunulation, if one of the paths has no bandw dth
i nformati on on which the curmulation is based (e.g. contributing

bandwi dth or local link bandwidth), its bandwidth is considered as
zero.
kowski, et al. Expi res 28 August 2026 [ Page 12]
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P/'m

Pat h1:
NH=R1, Li nk-BW extended-community: 1000Mops,
| ocal -1i nk-bandwi dt h: 2000Mops, contri buting-bandw dt h: 2000
best, multipath

Pat h2:
NH=R2, Li nk-BW ext ended- community: 2000Mops,
| ocal -1i nk-bandwi dt h: 2000Mops, contri buting-bandw dt h: 4000
mul ti path

Pat h3:
NH=R3, Li nk-BW ext ended- community: 3000Mops,
mul ti path

Consi dering the prefix P/mand BGP paths described above and that P/m
must be advertised to an eBGP nei ghbor R4 with cunul ation of |ink
bandwi dt h:

* if cunmulation is configured to be based on renote bandw dth, P/m
will be advertised with a BGP |ink bandw dth extended community
with a value of 6000 Mps

* if curmulation is configured to be based on local |ink bandw dth,
PFmwll be advertised with a BGP |ink bandw dth ext ended
community with a value of 4000 Mips. Path3 does not have a | ocal
link bandwi dth so its local |ink bandwi dth is considered as zero.

* if curmulation is configured to be based on contributing bandw dth,
Pfmw |l be advertised with a BGP |ink bandw dth extended
community with a value of 6000. Path3 does not have a
contributing bandwidth so its is considered as zero.

5. Operational Considerations
Sone of the use cases present earlier are applicable to many address

fam lies such as L3VPN [ RFC4364] , |Pv4 with | abel ed uni cast
[ RFC8277] and EVPN [ RFC7432] .
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In topol ogi es and inpl ementati on where there is an option to
advertise all nultipaths eligible paths ([ RFC7911]) to BGP peers
(i.e. "ecnp’ formof additional-path advertisenent is enabled), when
next-hop i s changed during adverti senent of these nultiple paths,
cunmul ated |ink bandwi dth adverti senment nmay not be required or may be
redundant since the receiving BGP speaker receives the |ink bandwi dth
ext ended comunity values with all eligible paths, so the aggregate
link bandwidth is effectively received by the downstream BGP speaker
and can be used in the |l ocal computation to affect the forwarding
behavi our. This assunmes the additional paths are advertised with
next - hop sel f.

Propagation of the BGP |ink bandw dth, taking into account |ocal |ink
bandwi dth and with cumul ati on happening at nmultiple stages (e.g.: at
every tier of a DC) has the benefit of providing the end-to-end view
of the bandwi dth avail able through the path. However, it has the
drawback of creating additional churn within the BGP control plane.
In Figure 6, any link failure (e.g: aggregation router to WAN, T1 -
T2,...) will trigger a link bandwidth attribute val ue change and a
new BGP update to be sent. |Inplenentation MAY provide | oca
mechani sms to suppress sone advertisenents (e.g.: don't advertise if
bandwi dt h change is |l ess than x %.

6. Security Considerations

Thi s docunent raises no new security issues conpared to
[I-D.ietf-idr-1ink-bandw dth].

* The discovery of bandwidth by BGP froman interface is not a
security concern. Fast interfaces flaps (that nmay be created by
an attacker) may be danped by existing mechani sms so events are
not reported to BGP. As nentioned in Section 5, inplenentations
may al so provi de suppression mechani snms to avoi d propagation of
bandwi dt h updates churn throughout the network

* Choice of source of information for getting the contributing
bandwi dth of a path is a local configuration and is not a vector
of attack. An attacker having access to the device configuration
could create far nore damages than just manipulating this
configuration.

* Cumul ation of bandwi dth during advertisement is nothing nore than

appl ying a new value to the LB extended comunity. This is not
considered as a security threat.
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