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1	Introduction
During RAN2#105bis meeting a number of agreements with respect to routing using the adaptation layer (BAP) were made: 
	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



There was also an agreement on using the NR-DC framework to achieve route redundancy in IAB topology:
	R2 assumes that the NR DC framework (e.g. MCG SCG related procedures) is used to configure dual radio links used as IAB bh links with two parent nodes.



In this paper, we discuss the details of routing related aspects such as routing identifiers, routing table configuration and routing execution. 
2	Routing identifiers
RAN2 has agreed that the candidate identifiers to be used for routing will comprise Destination IAB node address for downlink and Destination IAB Donor-DU address for uplink and path identifier used in both directions. It is yet unclear whether this implies a single field in the BAP header or multiple fields (i.e. node address + path identifier). Before making the decision RAN2 should consider two further agreements that were reached, i.e. that load balancing by the Donor CU shall be possible using the specified identifiers and that local selection of the path is done at least in case of backhaul link failure. In the following paragraphs we provide our reasoning on why both destination address and path ID should be included in the BAP header to support those functions. Since the Dual-Connectivity was agreed as a means to realize route redundancy, we can consider an exemplary IAB topology as presented in Figure 1, which presents how multiple paths can be established between Donor CU and IAB node.


Figure 1 Example of multiple paths established between Donor and IAB node 6
Firstly, we propose that routing is based on Destination IAB node address as destination-based routing is the most intuitive one and is a common practice. However, we recognize that in order to meet the requirement of load balancing, multiple routes to reach a single IAB node must be active at the same time and the Donor-CU should have a possibility to dynamically steer the traffic one way or the other. For that purpose both Destination IAB node address and path identifier are needed in BAP header.
Proposal 1: BAP header in DL direction contains both Destination IAB node address and path identifier.
Considering that a single IAB node can connect to multiple Donor DUs and, from Dual Connectivity perspective, even to multiple Donor CUs, IAB node IDs need to be unique within a created topology. This should be achieved by the topology manager function allocating the IDs to the IAB nodes joining the topology, but to allow for a sufficient number of those, we believe the field length should be 14 bits allowing the support of ~16k IAB nodes per topology. This would, e.g. cover the topology of 4 CUs (2 bits) with 128 DUs per each CU (7 bits) with 5 hops and 2 child nodes per each parent (5 bits). Additionally, considering that there could be multiple routes to reach each of the IBA nodes, it is proposed to add another 2 bits, which would allow to use up to 4 routes to reach each of the IAB nodes with an example presented in Figure 1.
Proposal 2: Destination IAB node address is an arbitrary identifier assigned by the Donor-CU. The field length should be 14 bits.
Proposal 3: Path identifier is assigned by the Donor CU and is used to distinguish various paths to reach a certain IAB node. The length of the field is 2 bits.
The resulting BAP header, considering only the fields used for routing, would look for example in the following way:


Figure 2 BAP header structure for routing in DL direction



Figure 3 BAP header structure routing in UL direction
The following section discusses how those identifiers are utilized for routing the BAP PDU.
3	Routing in IAB network in DL direction
In the DL direction, the first node which needs to be aware of how to route the traffic is IAB Donor DU. Following the example from Figure 1, it has the possibility to route the traffic via either IAB node 1, 2 or 3. Then IAB node 2 must be aware of whether it should route the traffic via IAB node 4 or 5. During RAN2#105 meeting it was agreed that:
“-	RAN2 assumes that IAB-donor CU configures the adaptation layer.
- 	RAN2 assumes that routing is a function of the adaptation layer. “
Routing tables are part of routing functionality, which is a function of adaptation layer, so we assume it is the Donor-CU which configures the routing tables and this should pertain to both Donor DU and IAB nodes. 
Proposal 4: Confirm that Donor CU configures routing tables in both Donor DU and IAB nodes.
Based on the proposals with respect to the routing identifiers made in section 2, the routing table would have to provide the following information:
· Destination IAB node ID + Path identifier  Next IAB node ID
An exemplary routing table for Donor DU from Figure 1 would look as follows:
	Destination IAB node identifier
	Path identifier
	Next IAB node identifier

	6
	1 (red)
	1

	6
	2 (green)
	2

	6
	3 (blue)
	2

	6
	4 (yellow)
	3



Proposal 5: For DL, Donor CU configures routing tables in the Donor DU by providing the identifier of the next hop for each configured Destination IAB node ID + Path identifier pairs.
The Path ID proposed above can be seen as an indication of “preferred” route for a certain packet to take when being delivered to a destination node. However, in general there may be multiple paths available as presented in Figure 1. To achieve load balancing as required by the RAN2 agreement, Donor CU should be able to assign a preferred Path ID to each of the UEs or UE bearers and configure this information to the Donor DU, which would then include the proper Path ID into the adaptation layer.
Proposal 6: Donor CU should be able to indicate the preferred Path ID (together with Destination IAB node ID) to Donor DU for each UE bearer and aggregated bearer. Donor DU uses this information to construct BAP header.
Another requirement agreed by RAN2 is that the IAB node should be able to perform a local routing decision at least in case it is aware that some of its BH links experienced RLF. Having the configuration as proposed above, it would be able to choose one of the alternatives next IAB nodes, indicated with other Path identifiers, in case the one indicated with a preferred Path ID within BAP header is not available.
Proposal 7: BAP PDU should be routed to a next IAB node ID indicated within BAP header as a preferred Route ID, if the associated next IAB hop is available. In case the next IAB node indicated by the Path ID is not available, e.g. due to BH link failure, the IAB node is allowed to route the BAP PDU to any of the configured and available Next hop IAB nodes as configured by the Donor CU.

4	Routing in IAB network in UL direction
The difference with respect to the downlink case is that the final destination of the packet belonging to a certain UE bearer is always a single IAB Donor CU. RAN2 agreed during RAN2#105bis that in UL direction the BAP header should contain IAB donor-DU address as its destination. However, it should be noted that an IAB node, in case it is configured with Dual Connectivity, can be connected to two Donor DUs, which can be even connected with a single Donor CU. It would make more sense in our opinion to use Destination Donor CU address for uplink routing. Otherwise, Dual Connectivity of the IAB node directly connected to the Donor cannot be fully leveraged.
Observation 1: In case Donor DU address is used for routing in UL direction, route redundancy with Dual Connectivity of the IAB node directly connected to the Donor cannot be fully leveraged.
Proposal 8: IAB Donor CU ID should be used as the destination address instead of Donor DU address. The length of the field should be 5 bits.
Additionally, there could be multiple routes to reach a certain Donor CU (in general, those could be the same routes as used for DL direction). Thus, for each IAB Donor CU ID, Donor CU should also be able to provide a list of eligible next hop IAB nodes. The preferred one could also be indicated in the same manner as for DL, i.e. by including Preferred Route ID in the adaptation layer and configuring the mapping of Preferred Route ID to Next IAB ID node in UL (which obviously would be different from the one used for DL direction).
Proposal 9: Routing for UL direction can be configured in the similar manner as for DL case, i.e. the Donor CU configures IAB nodes with:
· a list of all eligible next hop IAB nodes to reach a certain destination IAB Donor CU, i.e.: Destination Donor CU ID  {Next IAB node ID 1, Next IAB node ID 2, …} 
· Mapping between Preferred Route ID and Next IAB node ID
3	Summary
Based on the discussion in the paper the following is proposed:
Proposal 1: BAP header in DL direction contains both Destination IAB node address and path identifier.
Proposal 2: Destination IAB node address is an arbitrary identifier assigned by the Donor-CU. The field length should be 14 bits.
Proposal 3: Path identifier is assigned by the Donor CU and is used to distinguish various paths to reach a certain IAB node. The length of the field is 2 bits.
Proposal 4: Confirm that Donor CU configures routing tables in both Donor DU and IAB nodes.
Proposal 5: For DL, Donor CU configures routing tables in the Donor DU by providing the identifier of the next hop for each configured Destination IAB node ID + Path identifier pairs.
Proposal 6: Donor CU should be able to indicate the preferred Path ID (together with Destination IAB node ID) to Donor DU. Donor DU uses this information to construct BAP header.
Proposal 7: BAP PDU should be routed to a next IAB node ID indicated within BAP header as a preferred Route ID, if the associated next IAB hop is available. In case the next IAB node indicated by the Path ID is not available, e.g. due to BH link failure, the IAB node is allowed to route the BAP PDU to any of the configured and available Next hop IAB nodes as configured by the Donor CU.
Proposal 8: IAB Donor CU ID should be used as the destination address instead of Donor DU address. The length of the field should be 5 bits.
Proposal 9: Routing for UL direction can be configured in the similar manner as for DL case, i.e. the Donor CU configures IAB nodes with:
· a list of all eligible next hop IAB nodes to reach a certain destination IAB Donor CU, i.e.: Destination Donor CU ID  {Next IAB node ID 1, Next IAB node ID 2, …} 
· [bookmark: _GoBack]Mapping between Preferred Route ID and Next IAB node ID
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