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Background

* IGP computes routes without bandwidth utilization:

* |IGP normally computes the shortest path in a network for packet forwarding,
without taking the traffic demands and available bandwidth into consideration.

* Unexpected congestion may happen if only the shortest path is used for IP
forwarding.

Congestion Caused by Link Degradation Congestion Caused by Traffic Fluctuation

* Link degradations or partial link

failures (e.g. bundle member link * When the volume of specific

traffic flows increase dramatically

failure) in the network which (e.g., concerts, football matches),
causes throughput reduction unexpected congestion may
may lead to congestions on the happen on the shortest path.

shortest path.
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Overview of EBR

Goal: To alleviate the link congestion caused by unexpected events timely.
Main Idea: Integrates IGP with SR strict path, distributing traffic among the primary

path and multiple load-balancing alternate paths based on the perception of link
congestion and bandwidth information of the whole network.
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Step 1: Collection and Advertisement of Link
Bandwidth Information

* EBR enabled nodes need to collect the physical bandwidth and utilized
bandwidth of the outbound links.

* The bandwidth information is the key input for congestion
determination and load-balancing.

* The advertisement of bandwidth information can be achieved through
IGP advertisement. Existing IGP TE metric extensions already allow a
node to advertise the bandwidth information.
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Step 2: Load-balancing Alternate Path Calculation

* The load-balancing alternate paths are calculated on the device and used for load
balancing when the primary path is congested.

* Requirements for the load-balancing alternate path calculation

* The load-balancing alternate paths should be
calculated in advance to allow quick triggering of
load balancing when local link congestion is
detected.

* The calculation should make sure that the load-
balancing alternate paths and the primary path
are disjoint as much as possible.

—— IGP Shortest Path
Flow

» _— _— _— Optimization Path

£ Congestion Point

* The load-balancing alternate paths are encoded in 1 IP Routing Prefix
strict SR path, in order to avoid loops.

* The number of alternate paths depends on the configuration and network
topology.

IETF 126 - RTGWG - Vienna - July 2026 5



Step 3: Traffic Distribution Upon Congestion

 Traffic distribution is triggered when a local link congestion is detected.

* The determination of a link congestion depends on a configurable
Congestion Threshold (such as 80%, 90%, etc.).

* UCMP is used to distribute flows among the paths, the weight of each path
is determined according to the bandwidth information of the path.

* Once the weight of each path is determined, it will not change unless new
congestions are detected on the links of primary or load-balancing
alternate paths.
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Step 4: Traffic Reverting

* When the primary path is restored from congestion state, the traffic
on the load-balancing alternate paths will revert to the primary path.
This process restores the network to the original state.

* The conditions for traffic reverting are as follows:

* Condition 1: Once all traffic is switched back to the primary path,
the bandwidth utilization of the primary path does not exceed the
Post-restore Threshold.

e Condition 2: Condition 1 is met and sustained for a Restore Period
(to prevent frequent traffic oscillation).

 Both the Post-restore Threshold and the Restore Period are
configurable.
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Operational Considerations

* There are some operational consideration for the bandwidth information
advertisement to avoid increasing the load of IGP.

 The interval of two advertisements must not less than the Minimum
Advertisement Interval which is configurable.

* If the Minimum Advertisement Interval expires, and the change of utilized
bandwidth is over a certain percentage since the last advertisement, then an
advertisement should be sent. The recommended value is 20%.

* If the Minimum Advertisement Interval expires, and the consumption of the
physical link bandwidth is over a certain percentage which was not noted in the
previous advertisement, then an advertisement should be sent. The
recommended value is 70%.

* In order to prevent the clustering of IGP messages on the receiving nodes, a
“jitter” can be introduced.
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Advantages

* Secondary Congestion Avoidance: The available bandwidth of
load-balancing alternate paths are considered during traffic
distribution, weights depend on the available bandwidth.

 Compatible with Legacy Devices: Routers that do not support
EBR can also be used in the load-balancing alternate path as
long as they can advertise the bandwidth information.



Next Steps

* EBR has already been implemented and trialed in the field
* Welcome comments and collaborations
* Refine the document accordingly
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