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Introduction
Following the email discussion [105#46][IAB] Routing [1], at the RAN2#105bis meeting the following agreements were made [2]: 
· Routing delivers a packet to a destination node by selecting a next backhaul link among given multiple backhaul links at an IAB node and an IAB donor node as a baseline.
· “Destination IAB node/IAB donor-DU address” and “Specific path identifier” (carried in the BAP) are considered as candidate for route identifier for routing at an adaptation layer. Additional required information for routing is FFS
· “Destination IAB node/IAB donor-DU address” and/or “Specific path identifier” is unique within an IAB donor-CU. 
· FFS what ID is used to identify the egress link (next hop link) in routing table. C-RNTI alone will not be used for this purpose. 
· Load balancing by routing by Donor CU shall be possible
· Local selection of path/route is done at link failure, other cases FFS

Per above agreements, the two main types of route identifiers being considered for BAP layer routing are destination ID and path ID, with additional information being FFS. One of the related issues that has come up in the email discussion [1] is about the donor CU controlling the routing and also influencing the IAB nodes to perform local selection upon link failure. Especially when there are multiple routes configured to the same destination node, this co-existence of central routing control with local selection needs some discussion, which is presented in this contribution.

Centralized Routing Control with Local Selection
In a multi-hop IAB network where multiple routes can be configured to the same destination node, the donor CU can configure routing tables at IAB nodes. When there is a link failure at an IAB node, per agreement from RAN2#105bis, the IAB node performs a local path selection. When there are only two routes configured at an IAB node for the same destination node, the local selection decision is trivial in case of link failure because the IAB node would simply pick the other configured path or route. 
However, when more than two routes are configured to the same destination node, a link failure condition on one of the paths would cause a path selection dilemma at the IAB node. Also, per agreement from RAN2#105bis, cases for local selection other than link failure are still FFS. So, depending upon how RAN2 resolves that FFS condition, it is possible that even when two routes are configured, there may be a need to enable the IAB node to make the correct local selection decision. 
In such cases, depending upon whether the routing identifier is destination ID or path ID, the following situation may occur:
· When destination ID is used as the route identifier, the routing table at the IAB node may have multiple entries configured for the same destination ID. However, the IAB node may have no information to enable it to make the correct local selection decision in case of link failure or other FFS cases. 
· When path ID is used as the route identifier, the routing table at the IAB node may have multiple paths that lead to the same destination node. However, in this case also, the IAB node may have no information to enable it to make the correct local selection decision in case of link failure or other FFS cases.
Observation 1: When there are multiple routes configured for the same destination at an IAB node, for either destination ID based routing or path ID based routing schemes, the IAB node may need to be provided some additional information to enable it to make correct local selection decisions in case of link failure or other FFS cases. 
During the RAN2 email discussion on IAB Routing [1] the following route selection candidates were considered:
· Option 1a: destination address + additional identifier which may be carried by adaptation header.
· Option 1b: destination address + cost which may be managed by the IAB node.
· Option 2: Each path is uniquely identified by path identifier.
Unfortunately, none of these candidates fully enable the donor CU to control routing and also influence the IAB nodes to make correct local selection decisions in case of link failure or other FFS cases. In case of Option 1a, the additional identifier is not sufficient to guide the IAB node to make a good local selection. Option 1b is actually an invalid route selection candidate because it takes away control from the donor node and gives it fully to the IAB node since the cost is managed by the IAB node. In this case, the donor node has no influence over route selection even in normal routing situations. In case of Option 2, the IAB node has no additional information available to make the correct local selection.
Observation 2: None of the route selection candidates that have been discussed by RAN2 allow the donor node to control routing, and also influence the IAB nodes to make correct local selection decisions in case of link failure or other FFS cases.
A simple change to these route selection candidates can allow the donor node to remain in full control of routing across the IAB network, and also influence the IAB nodes to make correct local selection decisions. It is proposed that in addition to the routing identifier (destination ID or path ID), the donor node should populate the routing table at the IAB node with a cost metric or weight for each path. Such a cost metric per path may be provided by the donor CU during a route update procedure. The donor CU is in the best position to compare one path versus another since it is aware of link and congestion conditions further upstream and downstream from each IAB node. So, it is better able to influence the IAB node in making the local selection decision.  
In the case of destination ID based routing, an example routing table at an IAB node could look like Table 1 below. 
Table 1. Destination ID Based Routing Table with Cost Metric from Donor
	Destination ID
	Next Hop ID
	Cost Metric

	IAB node address #1
	Link A
	x.y

	IAB node address #1
	Link B
	m.n

	IAB node address #1
	Link C
	p.q

	IAB node address #2
	Link D
	u.v



In the case of path ID based routing, an example routing table at an IAB node could look like Table 2 below. Note that in case of path ID based routing, the routing tables need to be enhanced to indicate which paths lead to a common destination node. In the above examples, when there is a link failure on Link A, the IAB node is able to compare the metrics corresponding to Link B and Link C to determine which path to select. 





Table 2. Path ID Based Routing Table with Cost Metric from Donor
	Path ID
	Destination ID
	Next Hop ID
	Cost Metric

	Path #1
	IAB node address #1
	Link A
	x.y

	Path #2
	IAB node address #1
	Link B
	m.n

	Path #3
	IAB node address #1
	Link C
	p.q

	Path #4
	IAB node address #2
	Link D
	u.v



Even when there is no link failure, when at least two paths are configured at an IAB node for the same destination node, populating a donor-managed cost metric per path in routing tables at IAB nodes allows the donor CU to perform semi-static load balancing at any IAB node. 
Observation 3: When a donor-managed cost metric is configured per path in routing tables at IAB nodes, it enables the donor node to effectively influence the local path selection at IAB nodes in case of link failure, or other potential FFS cases. 
Observation 4: When a donor-managed cost metric is configured per path in routing tables at IAB nodes, it enables the donor CU to perform semi-static load balancing at any IAB node.
Proposal 1: RAN2 should consider route selection at the IAB node based on a route identifier + per-path cost metric provided by the donor CU.

Conclusion
In this contribution we discussed the issue related to enabling the donor CU to maintain full control of routing in an IAB network and influence local selection at IAB nodes in case of link failure or other potential FFS cases. The following observations and proposal were made: 
Observation 1: When there are multiple routes configured for the same destination at an IAB node, for either destination ID based routing or path ID based routing schemes, the IAB node may need to be provided some additional information to enable it to make correct local selection decisions in case of link failure or other FFS cases. 
Observation 2: None of the route selection candidates that were discussed by RAN2 allow the donor node to control routing and also influence the IAB nodes to make correct local selection decisions in case of link failure or other FFS cases.
Observation 3: When a donor-managed cost metric is configured per path in routing tables at IAB nodes, it enables the donor node to effectively influence the local path selection at IAB nodes in case of link failure, or other potential FFS cases. 
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Proposal 1: RAN2 should consider route selection at the IAB node based on a route identifier + per-path cost metric provided by the donor CU.
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