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Abstract

In many cases, ECMP (Equal - Cost Multi-Path) flow based hashing | eads
to high congestion and variable flow conpletion time. This reduces
appl i cations performance. Load bal anci ng based on local link quality
is not always optimal, A global view of congestion, with information
fromrenote links, is needed for optinmal bal ancing. Adaptive routing
is a technology that nmakes dynam c routing decision based on changes
intraffic |load and network topol ogy.

Thi s docunent describes a framework for Adaptive Routing.
Specifically, it identifies a set of adaptive routing conmponents,
explains their interactions, and exenplifies the workfl ow nechani sm

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 docunents of the Internet Engineering
Task Force (I ETF). Note that other groups may 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 docunments valid for a maxi num of six

mont hs and nmay be updated, replaced, or obsol eted by other docunents
at any tine. 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 Cctober 24, 2025.
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1.

I nt roducti on

In many cases, ECMP (Equal - Cost Multi-Path) flow based hashing | eads
to hi gh congestion and variable flow conpletion tine. This reduces
appl i cations performance. Load bal anci ng based on local link quality
is not always optimal, A global view of congestion, with infornation
fromrenote links, is needed for optinmal bal ancing.

Adaptive routing is a network routing mechani smthat dynamically
adj usts routing paths based on changes in network conditions,
thereby optin zing network performance and resource utilization

Thi s docunent defines a franmework for Adaptive Routing.

Specifically, it identifies adaptive routing components, explains
their interactions, and illustrates the workflow mechanism It
focuses exclusively on dynanm c | oad bal ancing for existing | cop-free
mul tiple paths, allow ng adjustnments based on renote link quality.
The formation of |oop-free paths is outside the scope of this
docunent .

1.1. Requirenents Language

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this docunment are to be interpreted as described in
BCP 14 [ RFC2119] [RFCB174] when, and only when, they appear in all
capital s, as shown here

Pr obl em Anal ysi s

The current Al networks exhibit the followi ng characteristics: a | ow
nunber of flows, but each flow has a heavy | oad. The comonly used

| oad bal ancing strategy enploys an N-tuple hash algorithmto forward
traffic on a per-flow basis. For current Al networks, this |oad

bal ancing strategy can easily lead to | oad i nbal ances, causing

net wor k congesti on

When network congestion occurs, the current |oad bal anci ng

adj ustnent strategy typically involves nearby devices at the
congestion point switching |inks based on the |ocal |ink congestion
state. However, this approach is inefficient because adjustnents
made by devices near the congestion point have linmted inpact. If

| oad bal ancing adjustnments could be initiated fromthe earliest
routing devices, it would significantly inprove the efficiency of

| oad bal anci ng.
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In the Spin-Leaf network shown in Figure 1, assuming that the R2-R4

| ink becones congested, R3 will
and R2. Due to the congestion,
current rate through R2 will

to the loss of sone traffic.
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2.2. Use Case 2
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Fi gure 2 Dragon-fly network

In the dragon-fly network shown in Figure 2, the ECVWP paths include
G oupl->Goup2 and G oupl->Goup3->Goup2 for |oad bal anci ng. Wen
the link between Groupl and G oup2 becones congested, G oupl
continues to send traffic at the current rate through the

G oupl->Group2 |link, exacerbating the congestion and causing the

| oss of sone traffic.

3. Sol ution

To address the problem of |oad inbal ance nenti oned above, sol utions
can be classified into tw types: flow based adjustnments and packet -
based adjustnents. In flow based adjustment, each flow is forwarded
along a single path, and the dynam c adjustnent is in the | oad
distribution across nmultiple paths. |In packet-based adjustnent,
packets can be forwarded across multiple paths on a per-packet
basis, and if ordering is required, the receiving end nust handl e
the reordering.

3.1. Flow based solution
Fl ow- based | oad bal anci ng adj ustments can be further categorized
i nto wei ght -based dynam ¢ ECVWP fl ow node and redirecting congested
fl ows node. The wei ght-based dynanmi ¢ ECWP fl ow node adjusts the
forwarding ratio across nultiple paths in real-time to prevent
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further congestion on renpte paths. In contrast, the redirecting
congested fl ows node reroutes actual congested flows fromthe
congested link to other links, suitable for scenarios with
relatively stable flows.

3.1.1. Weight-Based Dynani c ECVP Fl ow Mode

When congestion occurs and nearby devices detect it, congestion
information is sent to renote devices. The renote devices then
dynami cal |y adjust the forwarding wei ghts of the ECVP paths for this
link according to the congestion status. This reduces traffic

t hrough the congested link and alleviates the | oad. Using a weighted
| oad bal ancing strategy instead of a hash-based strategy can nore
effectively utilize the bandwi dth resources of multiple |links. By
assigning forwardi ng wei ghts based on the status of each link, the

| oad can be nore evenly bal anced.

The di sadvant age of wei ght-based dynamic ECWMP flow Mode is that it
cannot adjust existing flows, only new ones.

Exanmpl es of wei ght-based dynamic ECMP fl ow node are as foll ows:
Exampl e 1:

In Figure 1, when R2 detects congestion on the R2->R4 |ink, R2 sends
the congestion information to R3 via the control plane. R3 then
dynami cal | y adjusts the forwardi ng wei ghts of the ECMP pat hs based
on the congestion status, reducing the forwardi ng weight for the
congested link. This decreases the traffic on that |ink and
alleviates its | oad. Once the congestion is cleared, R2 sends a
congestion clearance nmessage to R3 via the control plane, and R3
restores the original forwarding weight for that |ink

Exanpl e 2:

In Figure 2, when the egress router in Goup 1 detects inter-group
link congestion, it sends a congestion nmessage to the ingress router
via the control plane. The ingress router dynamically adjusts the
forwardi ng wei ghts of the ECMP paths based on the congestion status,
reducing the traffic through the G oupl->Goup2 link to alleviate
the | oad on the congested |link. Once the congestion is cleared, the
egress router in Goup 1 notifies the ingress router in Goup 1 of
the congestion-cl earance nessage, and the ingress router restores
the ECWP |ink weights.

3.1.2. Flow Redirection Mde
When congestion occurs and nearby devices detect congestion in a
specific flow, they send congestion information to renote devices.

The renote devices then recompute the | oad bal ancing for the

Cheng, et al. Expi res Cctober 24, 2025 [ Page 6]



I nternet-Draft Adapti ve Routing Franmework April 2025

congested flow and select a |less |oaded ECVMP |ink for forwarding the
congested fl ow.

The advantage of the flow redirection node is that it specifically
adj usts the congested fl ows, which can quickly alleviate congestion.

Exanpl es of flow redirection node are as foll ows:
Exampl e 1:

In Figure 1, when R2 detects congestion in a specific flow S on the
R2->R4 1ink, R2 sends congestion information about flow Sto R3 via
the control plane. R3 then redirects flow S by selecting a | ess

| oaded ECVMP path to forward flow S.

Exanpl e 2:

In Figure 2, when the egress router in Goup 1 detects congestion in
a specific flow S on the inter-group link, it sends a congestion
message about flow S to the ingress router via the control plane.
The ingress router then redirects flow S by selecting a | ess | oaded
link to forward flow S.

3. 2. Packet-based sol ution

The packet - based adj ust ment met hod does not sel ect | oad-bal anci ng
pat hs based on flows; instead, it chooses the | oad-bal ancing path
for each individual packet. This approach hel ps prevent congestion
caused by inbal anced | oad distribution fromextrenmely large fl ows.

For multiple ECMP links, link load status is nonitored based on |ink
quality. Wen selecting the forwarding path for each packet, the
ECMP link with the | owest load is chosen. After forwarding a packet,
the recorded load for that link is correspondingly increased.

When respondi ng to congestion notifications fromrenpte devices, the
|l oad on the ECVMP links is adjusted to influence the path selection
for subsequent packets. This dynam c adjustment of |ink | oad hel ps
achi eve | oad bal anci ng. Upon receiving a packet, per-packet
forwardi ng node can be used based on the packet’s nmarkers or the
current per-packet forwardi ng node. Each tine, the |east |oaded |ink
is selected for sending, in order to achieve the effect of overal

| oad bal anci ng.

Exanpl e:

In Figure 1, when R2 detects congestion on the R2->R4 link, it sends
congestion information to R3. R3 then dynamically adjusts the | oad
status of the ECWP paths according to the congestion status,
increasing the load for the congested link. As a result, subsequent
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4.

packets will choose other |inks due to the higher |oad on the
congested link, thus relieving congestion. Once the congestion is
cleared, R2 sends a congestion cl earance nmessage to R3 via the
control plane, and R3 decreases the load for that |ink

Fr amewor k

4.1. Framework Overvi ew

A high-level view of the Adaptive Routing franmework, w thout

expandi ng the functional entities in the network, is illustrated in
Fi gure 3.

S +

| Routing Pl ane|

Figure 3 Adaptive Routing Framwork Overvi ew
As shown in Figure 3, the follow ng planes are defined:

* Routing Plane: Responsible for the transm ssion and cal cul ation
of routes. The cal cul ated routes should include renote path
i nformati on. The routes and renote path info should be correl ated
and updated to the Forwardi ng Plane. Control plane protocols can
statically specify renote paths or, through protocol extensions,
calculate renote path information and update it to the forwarding
pl ane.

* Forwardi ng Pl ane: Responsible for path adjustnments based on
Adaptive Routing policies and renote |ink congestion information,
i npl ementing adjusted forwarding strategies for traffic. In
addition to the traditional next-hop in routing, extra
information is needed to describe renote |ink details. Beyond the
di rect next-hop, an additional renpbte next-hop is required to
convey renote path information.
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* Adaptive Routing Policy: Handl es renote |ink congestion or flow
i nformati on, dynam cally adjusting routing and updating the
Forwar di ng Pl ane. There are two adjustnment nodes: flow based and
packet - based. Congestion information and adj ust ment nodes update
| ocal forwarding table infornation.

* Renpte Congestion Detection: Detects |link congestion and sends
Congestion Notifications to neighboring devices. It dynamically
senses congestion information, defines it consistently, and
pronptly informs surroundi ng devices.

4.2. Renote Path Info

Currently, the forwarding table contains information about the route
destination, next hop, and exit interface. Local dynam c |oad

bal anci ng can dynam cally adjust the weight of |oad distribution
based on the link nmetric of local interfaces, such as interface
traffic | oad and queue si ze.

Load bal anci ng based on local link quality is not always opti mal

G obal congestion awareness, with information fromrenote links, is
needed for optinal bal ancing. Therefore, the forwardi ng table needs
to contain not only local exit interface information but also renote
path info and remote |ink congestion infornation.

Renote path info can be renote |inks or renote nodes, specifically
as follows:

* For BGP-based networks: Renpte path info can be the BGP identifier
correspondi ng to the next-next-hop, as described in [I-D. wang-i dr-
next - next - hop-nodes]. It can al so be the BGP AS-PATH i nformation
or BGP router-id, which is not detailed in this docunent.

* For | GP-based networks: Renpte path info can be the interface
informati on fromthe next-hop nei ghbor device to the next-hop
device, which could be the interface index, or the interface's
| ocal address.

By using remote path info, routes can be associated with renote
pat hs.

4.3. Routing Pl ane

When cal cul ating routes, the path needs to be perceived, and the
path information will be attached to the next hop

In a BGP-based network, a BGP route may carry the router-id of the
peer fromwhich that route is received, and the router-id will be
added into the path informati on when cal cul ating that route. The BGP
protocol may need sone extensions to support such a feature. The
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specific extensions can refer to [I|-D.wang-i dr-next-next-hop-nodes]
or other extensions, which are not detailed in this docunent.

In an | GP-based network, a router nmay conpute the path infornmation
based on the SPF tree and attach it to the next hop. Path info can
be a Iink-local address, interface ID, or Link Local ldentifier, or
ot her extensions. The detail ed mechani snms are out of the scope of
this docurent.

4. 4. Forwarding Pl ane

Taking Figure 1 as an exanple, the forwarding table on R3 is
illustrated in Figure 4. Below is an explanation of the table’'s
structure.

For each prefix, the next hop and the wei ght corresponding to each
path are recorded. |f per-packet |oad balancing is supported, the
| oad on the path is al so recorded

The next hop for the prefix is constructed fromthe |ocal next hop
and renote path information. The forwarding wei ght and | oad are
determned by the quality of the | ocal next-hop interface (local (q))
and the quality of the renote link in the renote path (renmpte(q)).
Additionally, the load varies with the total traffic forwarded to
this path during per-packet forwarding.

When responding to | ocal congestion events, the next-hop address in
the congestion event is used to find the correspondi ng ECVP entry,
and the weight and load of this ECMP entry are nodified according to
the congestion |evel

When responding to renote congestion events, the path info in the
congestion nessage is used to find the corresponding ECVMP entry. The
link quality of the renpte path is updated, and a new wei ght val ue
and new | oad val ue are cal cul ated based on the |local and renmote |ink
quality. Then the weight and load of this ECMP entry are nodified
according to the congestion |evel

I n per-packet |oad bal anci ng node, each tinme the path with the
smal l est load is selected for forwarding. Each tinme a packet is
forwarded, the load for the corresponding path is increased
accordingly. Wen a link congestion event is received, the load for
that path is increased according to the I evel of congestion
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SEEEEE + R LR TR + local (q) +renote(q)
| Prefix|---+--> Next-hop: to Rl, Wight wl|<---------------- |
oo + | | Load I 1] |
| o e m e e e e e oo + |

| | R + S +

| S >| Path: R1->R4|-->| Qualityl]|

| . + E - +

| R e + local (q) +rempt e(q)
+-->| Next-hop: to R2, Wight w2|<---------------- |
| Load | 2] |
e + |

| e + S . +

S >| Path: R2->R4|-->| Quality2

Fomm e oo - + Fomm e - o - +

Figure 4 Forwarding table for Adaptive Routing

When the nunber of flows is snmall or when there are el ephant flows,
adaptive routing needs to be perforned through flow redirection. The
following figure 5 is a schematic of the forwarding layer flow table
mai nt enance. The flow tables are nmaintained according to the five-
tuple of the traffic, recording the path information correspondi ng
to this flow

When responding to renote flow congestion events as described in
section 4.7, the floww Il be rehashed to choose an ECVP path, and
this flowis redirected to the | east | oaded ECMP pat h.

Femmm o - +

| SAddr |

| DAddr

| SPort R L +
| DPort |------ >| Next -hop: to R1 |
| Proto | R e R +
Femmm o - +

Figure 5 Flow tabl e

4.5. Adaptive Routing Mde

Adaptive routing adjustnment nodes can be categorized into fl ow based
adj ust nent nodes and packet -based adj ustnent nodes. Fl ow based

adj ustnents can be further divided into |link congestion-based | oad
bal anci ng wei ght adjustnents and fl ow redirection-based adj ustnents.
I n packet - based adj ustment nodes, each tine a packet is forwarded,
the link with the lightest load is chosen for forwarding. This can

| ead to out-of-order reception at the receiving end, requiring the
application side to handl e out-of-order issues.
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4.5.1. Flow Based Adjustnment Mbode

In fl ow based adjustnment nodes, the | oad bal anci ng wei ght of 1inks
can be adjusted, or specific flows can be redirected.

Wei ght - Based Dynami ¢ ECMP Fl ow Mode For |ink-1evel congestion
events, based on the congestion status of renote |inks and conbi ned

with the Iocal link congestion status, the forwarding weights of the
corresponding ECVMP links in the forwarding table are dynamcally
adjusted. This hel ps to achieve global |ink |oad bal anci ng by

reduci ng the fl ow wei ghts on congested |inks. The forwardi ng wei ght
is calculated based on the quality of the | ocal and renote |inks.

Fl ow Redirection Mdde For specific flow congestion events, the
congested flowis redirected to ECMP links with |ighter | oads.
During flow redirection, the quality, such as the renaining
bandwi dt h, of these |inks nmust be considered to avoid congestion on
the redirected link.

4.5.2. Packet-Based Adjustnment Mbde

Based on the congestion status of local and renote |inks, the |oad
on corresponding ECMP |inks is dynam cally adjusted. During data
forwardi ng, using a per-packet forwardi ng nodel, each data packet is
sent through the link with the lightest |oad. The application side
must be capabl e of handling out-of-order packets when receiving

t hem

4.6. Congestion Detection

Congestion detection is generally performed by devices near the
congestion point, including the detection of |ink congestion and
congestion clearance. Network performance and congestion points can
be identified by sending test traffic. A queue exceeds a threshold
depth may send congestion notification. Congestion can al so be
inferred by nonitoring the packet loss rate to deternmine if a link
i s congested. Congestion detection also includes flow based
congesti on detection. Congestion Specific detection nmethods are
beyond t he scope of this docunent.

4.7. Congestion definition

The definition of congestion can be based on interface bandw dth or
forwarding buffer utilization, neasured using a quality level. This
| evel can be tailored so that |lower |evels indicate poorer path
quality and can be cal cul ated based on current bandw dth and buffer
usage, using a specific ratio.
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For

instance, with 16 quality levels, on a 400G interface, level O

coul d represent 25G and |l evel 15 could represent 400G

The exact nethod for calculating the quality level is beyond this
docunent’s scope, but the rules nust be consistent anong routers
exchanging this information.

4.8. Congestion Notify

When a change in congestion status is detected, it needs to be
conmuni cated to renote devices in order to adjust traffic scheduling
fromthe source.

Congesti on nmessages can be of two types:

1)

2)

The first type includes Path information, which helps in
i dentifying the corresponding route for adjustnents. It also
i ncludes the congestion information of the link corresponding to
the Path. Wth this information, global congestion calculation can
be performed to derive the weight information for the forwarding
table. For details, refer to section 4.4.

The second type includes the five-tuple information of the
congested flow. By using this congested fl ow information,
congestion flow redirection can be inplenented. For details, refer
to sections 4.4 and 4.5.

This can be achi eved by extending the I1GP protocol to transmt |ink
state information within the | GP donain, or by extending the BGP
protocol and setting up BGP reflectors to facilitate comunication
bet ween BGP nei ghbors. However, transnitting congestion information
through traditional routing protocols presents performance
chal | enges. On one hand, congestion notifications need to be sent
nmore frequently than routing information. On the other hand,
processi ng congesti on nessages should ideally occur in the
forwardi ng plane. Therefore, to inprove the perfornmance of adaptive
routing, new protocols can be designed specifically for this

pur pose. Specific extensions can refer to [I-D. draft-zzhang-rtgwg-
router-info] or other extensions, which are not detailed in this
docunent. Congestion nessages can be transmitted in-band or out-of-
band. For high-performance solutions, additional protocols may be
needed for efficient out-of-band nmessage transm ssion. Specific

met hods are beyond the scope of this docunent.

5. Wrk Fl ow

Taki ng the network shown in Figure 1 as an exanple, the neighbor ID

of

R4 is included in the routing distribution and calculation to

indicate the path fromR2 to R4. The router |ID can be used as the

Cheng,
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nei ghbor I D. Using BGP routing as an exanmple, explain the entire
wor ki ng process.

When congestion occurs on the link between R2 and R4, R2 will use
R4’ s neighbor IDto notify RL of the Iink congestion.

Bel ow i s a description of the workflow for handling congestion
information in various nodes:

5.1. Wi ght-Based Dynami ¢ ECVMP Fl ow Adj ust nent Mode
R3 <---BGP Route--- R2 [ $1]
<NLRI: Prefix, Next-hop BGP ID: R2, Next-next-hop BGP ID: R4>
R3 <---BGP Route--- Rl [ S1]

<NLRI: Prefix, Next-hop BGP ID: Rl, Next-next-hop BGP ID: R4>

| Per-nei ghbor Path Information

v
R3"s Forwarding Pl ane: [ S2]
+------ + R e + local (q) +rempt e(q)
| Prefix|---+--> Next-hop: to Rl, Weight wl|<---------------- |
+o-m - - + | o e m e e e e e oo + |
| | R + S +
| S >| Path: R1->R4|-->| Qualityl]|
| . + E - +
| R e + local (q) +rempt e(q)
+-->| Next-hop: to R2, Wight w2|<---------------- |
o e m e e e e e oo + |
| R + S +
S >| Path: R2->R4|-->| Quality2|[ $4]
R LT S T +
N

| Link Congestion
I

R3 <---Control Plan Notification--- R2:
Li nk Congestion: Link ID, Congestion Level [ S3]
Figure 6
As shown in Figure 6, the workflow for handling remote |ink
congestion by streamnode is as foll ows:
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[S1]: There are two paths fromR3 to R4: R3->Rl->R4 and R3->R2->R4.
Link information is advertised by R2 through the BGP

When R2 delivers BGP routes to R3, the NNHN Capability TLV is
carried in the attributes [I-D. wang-i dr-next-next-hop-nodes],
indicating that the next-hop is R2 and the next-next-hop is R4.

When R1 delivers BGP routes to R3, the NNHN Capability TLV is
carried in the attributes [I-D.wang-i dr-next-next-hop-nodes],
indicating that the next-hop is RL and the next-next-hop is R4.

[S2]:R3 learns the routes and naintains two ECMP paths, both with
initial equal weights set to 1.

[S3]: R2 detects a change in congestion on the R2->R4 |ink using
congestion detection nmethods and cl assifies the congestion into

| evel s according to severity. This information, including the
detecting node, the congested |ink, and the congestion level, is
notified to RL through the control plane [I-D. draft-zzhang-rtgwg-
router-info].

[S4]: R3 receives the renote notification and, based on the congested
node (R2) and next-hop information (R4), looks up its loca
forwarding table. It then adjusts the forwarding weights of the
correspondi ng ECVWP entries according to the congestion |evel,
assuning the weight is adjusted to 10, as shown in Figure 7
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$o-mm - + R T +
| Prefix|---+--> Next-hop: to Rl, Wi ght 50|
[ S, + | o e e e e e e o oo +

| | S +

| AR >| Pat h: Rl1->R4 |

| - +
| S +
+-->| Next-hop: to R2, Weight 10|
S +

| S +

AR >| Pat h: R2->R4 |

e +

Figure 7 Adaptive forwarding table
5.2. Flow Redirect Mode
R3 <---BGP Route--- R2 [ $1]
<NLRI: Prefix, Next-hop BGP ID: R2, Next-next-hop BGP ID: R4>
R3 <---BGP Route--- R1 [ S1]

<NLRI: Prefix, Next-hop BGP ID: Rl, Next-next-hop BGP ID: R4>

| Per-nei ghbor Path Information

v
R3’ s Forwardi ng Pl ane: [ S2]
Fom e e - - + o e e e e e e oo o +
| Flow 1| ------ >| Next - hop: to R2 |
+o-m - - + o e m e e e e e oo +
| R +
S >| Pat h: R2->R4| [ $4]
R LT +
N

| Fl ow Congestion

I
R3 <---Control Plan Notification--- R2:

Fl ow Congestion: Flow 1, Congestion [ S3]

Figure 8
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As shown in Figure 8, the workflow for handling remote flow
congestion is as foll ows:

[S1]: There are two paths fromR3 to R4: R3->Rl->R4 and R3->R2->R4.
Link information is advertised by R2 through the BGP.

When R2 delivers BGP routes to R3, the NNHN Capability TLV is
carried in the attributes [I-D.wang-i dr-next-next-hop-nodes],
indicating that the next-hop is R2 and the next-next-hop is R4.

When Rl delivers BGP routes to R3, the NNHN Capability TLV is
carried in the attributes [I-D. wang-i dr-next-next-hop-nodes],
indicating that the next-hop is Rl and the next-next-hop is R4.

[S2]: The initial Flow 1 selects the path R2->R4 for forwardi ng and
establishes a flow table.

[ S3]: R2 detects Flow congestion on a specific flow passing through
the R3->R4 |ink using congestion detection methods; R2 notifies the
renote device R3 of the congestion change event, including the
congested path info and flow information [I-D. draft-zzhang-rtgwg-
router-info];

[S4]: R3 receives the flow congestion event and | ooks up the flow
tabl e based on the flow information, redirecting the flowto the
| east | oaded |ink among the ECMP |inks; Subsequently, the flowis
forwarded according to the new fl ow tabl e.
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5.3. Packet-Based Adjustnment Mbde
R3 <---BGP Route--- R2 [ S1]
<NLRI: Prefix, Next-hop BGP ID: R2, Next-next-hop BGP ID: R4>
R3 <---BG° Route--- R1 [ $1]

<NLRI: Prefix, Next-hop BGP ID: Rl, Next-next-hop BGP ID: R4>

| Per-nei ghbor Path Information

%
R3’ s Forwardi ng Pl ane: [ S2]
e + R T T + local (q) +renot e(q)
| Prefix|---+--> Next-hop: to Rl, Load |1 |<---------------- |
+o-o - - + | S + |
| | S + B +
| e >| Pat h: Rl->R4|-->| Qualityl]
| R + S SRR +
| R T T + local (q) +renot e(q)
+-->| Next-hop: to R2, Load 12 |<---------------- |
S + |
| S + B +
TP >| Path: R2->R4|-->| Quality2|[ S4]
R + S SRR +
N

| Link Congestion
I

R3 <---Control Plan Notification--- R2:
Li nk Congestion: Link ID, Congestion Level [ S3]
Fi gure 9
As shown in Figure 9, the workflow for handling renote |ink
congesti on by packet node is as foll ows:

[S1]: There are two paths fromR3 to R4: R3->Rl->R4 and R3->R2->R4.
Link information is advertised by R2 through the BGP.

When R2 delivers BGP routes to R3, the NNHN Capability TLV is

carried in the attributes [I-D. wang-i dr-next-next-hop-nodes],
indicating that the next-hop is R2 and the next-next-hop is R4.

Cheng, et al. Expi res Cctober 24, 2025 [ Page 18]



I nternet-Draft Adapti ve Routing Franmework April 2025

When R1 delivers BGP routes to R3, the NNHN Capability TLV is
carried in the attributes [I-D.wang-i dr-next-next-hop-nodes],
indicating that the next-hop is RL and the next-next-hop is R4.

[S2]:R3 learns the routes and mai ntains two ECMP paths, both with
initial equal |oad set to 50.

[ S3]: R2 detects a change in congestion on the R2->R4 |ink using
congestion detection nmethods and cl assifies the congestion into

| evel s according to severity. This information, including the
detecting node, the congested |ink, and the congestion level, is
notified to RL through the control plane [I-D. draft-zzhang-rtgwg-
router-info].

[S4]:R3 receives the renote notification and, based on the congested
node (R2) and next-hop information (R4), looks up its |ocal
forwarding table. It then adjusts the forwarding |oad of the
correspondi ng ECVP entries according to the congestion |evel,
assuning the load is adjusted to 100, as shown in Figure 9.
Afterwards, when selecting a path for per-packet forwarding, the

| ower |oad path R1->R4 will be chosen for forwarding, until the |oad
on the path Rl1->R4 becones hi gher than that of R2->R4.

F-- - - - + o m e e e e e e a oo +
| Prefix|---+--> Next-hop: to R1, load 50 |
+o-m - - + | o e m e e e e e oo +
| | U +
| L >| Path: R1->R4 |
| . +
| o m e e e e e e a oo +
+-->| Next-hop: to R2, |load 100 |
o e e e e o - +
| U +
L >| Path: R2->R4 |
R T +
Figure 10

6. Security Considerations
TBD.
7. | ANA Consi derations

TBD.
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