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Introduction
In RAN2#105, the following agreements were made about routing in IAB network:
· The BAP routing id (carried in the BAP header) consists of BAP address and BAP path ID. Encoding of the path ID in the header is FFS.
· Each BAP address defines a unique destination (unique for IAB network of one Donor, either an IAB access node, or the IAB donor).
· Each BAP address can have one or multiple entries in the routing table to enable local route selection. Multiple entries are for load balancing, re-routing at RLF. For load balancing still FFS what is decided locally and/or decided by the Donor.
· Each BAP routing id has only one entry in the routing table.
· The routing table can hold other information, e.g. priority level for entries with same BAP address, to support local selection. Configuration of this information is optional.



Though these agreements facilitate how routing will be done in general, it is still not clear/discussed whether to use source node (access IAB node) or destination node (donor node) address for routing in the upstream direction. The objective of this paper is to study this issue.
Discussion 
As agreed by RAN2, each BAP address will define a unique destination (either an access IAB node or IAB donor) within an IAB network controlled by a Donor CU. For routing traffic via multiple paths to a given destination node, the BAP path ID field will be used. In such case, the routing tables of the intermediate IAB nodes will have multiple next hop entries (one for each path ID) for proper routing/forwarding of the packets via different paths to a given destination.
 The implication of having multiple BAP routing IDs for access IAB nodes is clear when it comes to routing for downstream traffic. However, for the upstream routing, using the destination node (Donor DU) identifier as a BAP address is not as straight forward for the following reasons:
· For IAB nodes connected to different Donor DUs the different paths will have different BAP addresses, which violates the concept of only the BAP path ID indicating the path, this will in turn complicate the path re-routing in the UL, since it is no longer possible to re-route packets by just changing BAP path ID.
· In scenarios where multiple IAB nodes communicate with the same Donor DU, the UL BAP address will be the same for all the IAB nodes, which either means that the BAP path ID needs to be larger in the UL than in the DL (since typically there will be many more paths leading to Donor DUs than individual IAB nodes), or that the BAP path ID field is also re-used between the different IAB nodes but in that case an intermediate node cannot know from where the packet originated. 


To explain the first point, figure 1 shows an example of an IAB network, where the access node 6 is connected to IAB-donor CU via multiple paths. Two of these paths goes through IAB-node 2, however, they are identified by different UL BAP addresses, meaning it will not be so straight forward for IAB-node 2 to re-route a packet destined for IAB-Donor DU1 to DU2 in case of link failure between IAB-node 2 and Donor DU 1.



Figure 1: An example of IAB network


	BAP routing id
	Corresponding Route 

	DU1, Path 1
	IAB6-IAB4-IAB1-DU1

	DU1, Path 2
	IAB6-IAB4-IAB2-DU1

	DU2, Path 1
	IAB6-IAB4-IAB2-DU2

	DU2, Path 2
	IAB6-IAB5-IAB3-DU2


 


The second point is that if the destination node address is employed, there are multiple options for how the path ID should be assigned. One option is to assign a routing path ID to each route terminating at the DU for each IAB node. For instance, IAB-donor DU1 will need two routing path IDs for the two paths from IAB-node 6 terminating at DU1, and similarly, for the paths from other access IAB nodes terminating at DU1. The issue with this is that the size of the path ID would (in this case) need to be larger than the corresponding field in the downlink. Another option for upstream routing (using destination address) could be to employs one path ID for routing traffic from all the IAB nodes comprising a path toward a donor node. For example, single path ID will use for packet forwarding from IAB6, IAB4, and IAB1 towards donor DU1, as they constitute the path IAB6-IAB4-IAB1-DU1. Similarly, another single path ID can be used for routing from IAB6, IAB4, and IAB2 via the IAB6-IAB4-IAB2-DU1 toward DU1. In this second option, the IAB donor node will need fewer path IDs compared to the first option, but the drawback of this is that the intermediate IAB node will have no knowledge about which node is the source node for a given packet, which will remove the possibility in the future to optimize the packet handling based on this solution. 

[bookmark: _Toc16089841][bookmark: _Toc16148128][bookmark: _Toc16599343][bookmark: _Toc16777314][bookmark: _Toc16787642]Using the destination node (i.e. Donor DU) identifier as BAP address in the UL will complicate the routing since then also the address field will indicate a path (in case IAB node is connected to 2 Donor DUs).
[bookmark: _Toc16089842][bookmark: _Toc16089843][bookmark: _Toc15132022][bookmark: _Toc15133981][bookmark: _Toc15137828][bookmark: _Toc15913733][bookmark: _Toc16089844][bookmark: _Toc16148129][bookmark: _Toc16599344][bookmark: _Toc16777315][bookmark: _Toc16787643]For the upstream traffic routing using destination node identifier, one option is to assign a path ID to each route terminating at the donor node, hence, donor node will have routing path IDs equal to the number of paths from the access IAB nodes toward donor node, however this would lead to that the path field must be much larger in the UL.
[bookmark: _Toc15132023][bookmark: _Toc15133982][bookmark: _Toc15137829][bookmark: _Toc15913734][bookmark: _Toc16089845][bookmark: _Toc16148130][bookmark: _Toc16599345][bookmark: _Toc16777316][bookmark: _Toc16787644]For the upstream traffic routing using destination node identifier, the second option is to assign one path ID for routing traffic from all the IAB nodes comprising a path towards donor node, but this will remove the possibility in the future to optimize the packet handling based on knowledge about the source node.

For these reasons, we think it is much better to use the source address for routing in the upstream direction. In this case, the routing tables of the intermediate IAB nodes will have next hop node ID entries for the source address that will be carried in the BAP header of the packets. The path ID field (like in the downstream direction) will be used to indicate the path regardless of the different paths terminate at the same Donor DU or different Donor DUs. The size of the path ID can be the same as in the downstream direction. In addition, source address can provide more information to intermediate IAB nodes, such as how far is the source node for a packet, etc. This can be useful especially for future releases when the IAB nodes will be capable of making routing decisions locally.

[bookmark: _Toc15133983][bookmark: _Toc15137830][bookmark: _Toc15913735][bookmark: _Toc16089846][bookmark: _Toc16148131][bookmark: _Toc16599346][bookmark: _Toc16777317][bookmark: _Toc16787645]Using the source address identifier as BAP address for upstream traffic has several advantages since it will mean only the path ID field will be used to indicate alternative paths and that path ID field can be the same size in UL/DL. Additionally, it provides more information to the intermediate nodes about the source of the packets which can be utilized for optimized packet handling in the future.

[bookmark: _Toc15137960][bookmark: _Toc16599347][bookmark: _Toc16599396][bookmark: _Toc435722]Agree to use source address-based routing (i.e. use the source nodes ID in BAP header) for the upstream traffic in an IAB network.

Conclusions
[bookmark: _Toc528842915]In earlier section we made the following observations:
[bookmark: _GoBack]Observation 1	Using the destination node (i.e. Donor DU) identifier as BAP address in the UL will complicate the routing since then also the address field will indicate a path (in case IAB node is connected to 2 Donor DUs).
Observation 2	For the upstream traffic routing using destination node identifier, one option is to assign a path ID to each route terminating at the donor node, hence, donor node will have routing path IDs equal to the number of paths from the access IAB nodes toward donor node, however this would lead to that the path field must be much larger in the UL.
Observation 3	For the upstream traffic routing using destination node identifier, the second option is to assign one path ID for routing traffic from all the IAB nodes comprising a path towards donor node, but this will remove the possibility in the future to optimize the packet handling based on knowledge about the source node.
Observation 4	Using the source address identifier as BAP address for upstream traffic has several advantages since it will mean only the path ID field will be used to indicate alternative paths and that path ID field can be the same size in UL/DL. Additionally, it provides more information to the intermediate nodes about the source of the packets which can be utilized for optimized packet handling in the future.

Based on the discussion in earlier section we propose the following:

Proposal 1	Agree to use source address-based routing (i.e. use the source nodes ID in BAP header) for the upstream traffic in an IAB network.
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