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1.   Introduction
In the SI phase of IAB, we have agreed in TR 38.874 that an IAB node can have redundant routes to another node via multiple parent nodes. And also, in the last meeting, we double confirmed that one of the adaption layer’s functions-routing. Thus in the case redundant routes are configured, adaption layer should be able to select a routing for transmission, both in UL and DL. And also, we have agreed that routing table is configured by Donor CU. This document discusses the route selection in IAB.
2. 	Discussion
In order to resolve the issue of routing selection, we have two issues associated to be considered:
1: Routing granularity
2: adaption header formation
We will consider these two issues one by one
2.1. Routing granularity
Routing can be per UE, or per UE bearer. For per UE routing solution, all packets for the same UE are routed via the same path. If so, we can’t treat the UE bearer individually as per the QoS. We should allow the Donor CU configure each UE bearer regarding the requirement of each UE bearer. For instance, in the diagram below:


Figure 1: UE bearer based routing
In figure 1, UE has DRB1 and DRB2. DRB1 is aggregated in RLC channel 1, but DRB2 has no appropriated RLC channel to be mapping in the hop between IAB1 and IAB2. In this case, if we enforce DRB2 to be mapped in RLC channel 1, the QoS performance may be downgraded. So it is necessary to perform the routing in the manner of per UE bearer. 
Proposal 1: RAN2 to adopt UE DRB granularity based routing solution. 
2.2. Routing table and adaption layer header
In the discussion of the SI phase, we have agreed some of the potential Content carried on the adaptation layer header:
“The study identifies information to be carried on the adaptation layer header. This may include:
-	UE-bearer-specific Id;
-	UE-specific Id;
-	Route Id, IAB-node or IAB-donor address;
-	QoS information;
-	Potentially other information.”
IAB-nodes will use the identifiers carried via Adapt to ensure required QoS treatment and to decide which hop a packet should be sent to. A brief overview is provided below on how the above information may be used to this end, if included in the final design of Adapt.
The UE-bearer-specific Id may be used by the IAB-node and the IAB-donor to identify the PDU’s UE-bearer. UE’s access IAB-node would then map Adapt information (e.g. UE-specific ID, UE-bearer specific ID) into the corresponding C-RNTI and LCID. The IAB-donor DU may also need to map Adapt information into the F1-U GTP-U TEID used between Donor DU and Donor CU.
UE-bearer-specific Id, UE-specific Id, Route Id, or IAB-node/IAB-donor address may be used (in combination or individually) to route the PDU across the wireless backhaul topology.
UE-bearer-specific Id, UE-specific Id, UE’s access node IAB ID, or QoS information may be used (in combination or individually) on each hop to identify the PDU’s QoS treatment. The PDU’s QoS treatment may also be based on the LCID.
Routing table:
In the last RAN2 meeting, we have discussed the routing is the function of adaption layer, and Donor CU configures adaption layer of each IAB node, so routing table on each IAB node should be configured by Donor CU as well.
In the following picture, we may have the content of each routing table on each IAB node.
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The header of the adaption layer should carrier Route ID of the routing table. In the manner of downlink, the Donor CU set the Route ID in the adaption layer header. When this route ID was carried to the next hop, the next hop IAB node shall read the Route ID, and retrieve the next hop node address. 
The next issue is whether the routing table should include the full path. As we see the routing table only contains three entries: Route ID and next hop node address. If we introduce all intermediate hops in the routing table, the routing table will be variable length, in that it is more complex for the Donor CU to configure the routing table. 
Furthermore, it is unnecessary to introduce all intermediate hops in the routing table. The IAB node only needs to know who the next hop is, and forward the packet to the next hop. 
Moreover, in this Rel_16 IAB, at least by far, for the target of simplicity, we don’t prefer multiple next hop entry in the routing table. If we configure more than one next hop node in the routing table, the IAB node would have to down select one of the next nodes. If so, indeed we violate the previous agreement, from centralized routing table configuration to distributed routing table configuration. So there should be only one next hop node to be included in the routing table.
Proposal 2: Routing table contents include the following items only:
· Route ID
· Next hop node address
In the above Routing table, we can see that Route ID is the index of the entry in the routing table. Adaption header should carry Route ID, so that the IAB node can find the next hop node address. So for the Route ID, as explained in [1], we have two options below:
· Option 1: destination IAB node or IAB donor-DU address
· Option 2: specific path identifier
We think that destination IAB node or IAB donor DU address means the final destination of the packet. This can be the baseline of Route ID. With the destination address, the destination node (destination IAB node or IAB donor-DU) can validate the right route to the final destination. But as commented in [1], destination address could be:
· Option 1: Donor DU ID (36bits)
· Option 2: IP address (32bits for IPv4, and 128bits for IPv6)
· Option 3: new defined ID
Given the first two options will bring too long adaption header, which will introduce signalling overhead, we prefer a new defined ID for Route ID. This ID could be 8-10 bits long. 
Proposal 3: a new defined ID is introduced in the routing table. 
In addition, in the manner of uplink, the destination address should the Donor DU. In the manner of downlink, the destination address should be the access IAB node. So for the same UE DRB/RLC Channel, there should be separate routing tables for DL and UL. 
Proposal 4: there should be separate routing tables for DL and UL.
It is quite obvious that in the access node, there is no need to configure the DL Routing table, because the next hop is the UE. In UL, the Donor DU also is unnecessary to be configured with Routing table, since the Donor DU will route all packets to Donor CU. So the firsthand IAB node is the most top IAB node configured with UL routing table. 
In addition, we also should consider the bearer mapping issue, in case of 1:M bearer mapping, multiple UE bearer will be aggregated in the same RLC channel. So the bearers within the same RLC channel, will be forwarded. We don’t see why the reasons for the bearer mapping, e.g. such as bearer’s QoS, PDU session, slice, etc., would change on the intermediate IAB-node. 
Proposal 5: Routing table is UE bearer specific. In case of bearer aggregation, the routing table is RLC channel specific. 
In the email discussion [1], regarding the “routing ID”, two options are listed below:
· Option 1: destination IAB node or IAB donor-DU address
· Option 2: specific path identifier
[1] In addition, when there are multiple routes to one destination address, two approaches for option 1 are proposed by companies. One approach is that the routing table holds multiple next-hop entries for the same destination address and the next hop is selected based on the cost. The “cost” may be managed and updated by the IAB node. Another approach is that additional information is used to distinguish multiple routes to the same destination address and this additional information may be carried by the adaptation header. On the other hand, for option 2, even if there may be multiple routes to a same destination IAB node, each route may have different path identifier and only one path identifier may be matched and one route would be selected. Thus, the possible path selection way can be as follows:
· Option 1a: destination address + additional identifier which may be carried by adaptation header.
· Option 1b: destination address + cost which may be manged by the IAB node.
· Option 2: Each path is uniquely identified by path identifier.
We think from the perspective of IAB node, it doesn’t know the radio resource status of other IAB DU serving the same UE, regardless the activated path and the redundant path. Based on this assumption, IAB node can’t select the best path with the lowest “cost”. We think only the Donor CU understands how many hops the UE is being connected with Donor CU, and the radio condition on each hop. So in the routing table, Donor CU should only configure one next node with each routing ID.
Proposal 6: The routing decision is controlled by Donor CU, through configuring only one next node address in the routing table. 
3. Proposal
In this document, we present our view on the route selection, and have following proposals:
Proposal 1: RAN2 to adopt UE DRB granularity based routing solution. 
Proposal 2: Routing table contents include the following items only:
· Route ID
· Next hop node address
Proposal 3: a new defined ID is introduced in the routing table. 
Proposal 4: there should be separate routing tables for DL and UL.
Proposal 5: Routing table is UE bearer specific. In case of bearer aggregation, the routing table is RLC channel specific. 
Proposal 6: The routing decision is controlled by Donor CU, through configuring only one next node address in the routing table. 
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