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1 Introduction
In RAN3#104, the following agreement were achieved

	F1AP signaling is used to configure DL forwarding; FFS whether UE-associated or non-UE-associated


However, some issues are still open, e.g., routing configuration for UL forwarding, the F1AP signaling design for DL forwarding. Moreover, in RAN2#106, the following agreements were achieved:

	· 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 is 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.


The above agreements indicate that the IAB node can make local decision for the routing. However, how this local decision is performed is still an open issue. 

In this sense, we would like to address those issues on the routing configuration in this contribution. 

2 Discussions

In the following, we will address the open issues below:

· F1AP design for DL forwarding

· Routing configuration for DL and UL forwarding

· Configuration for local decision make
2.1 F1AP design for DL forwarding
The DL forwarding is performed by IAB-DU or IAB donor DU. It is natural to use the F1AP message to configuration routing for DL forwarding. However, there was a debate in last RAN3 meeting on whether the UE-associated F1AP or non-UE associated F1AP is used. In general, one entry of the routing table contains BAP route ID (including BAP address of destination node for DL and path ID) and the information of the next-hop node (e.g., BAP address). In the following, we will use an initial access procedure of IAB node to explain the routing entry addition procedure in each IAB node. As shown in Fig. 1, a new IAB node, i.e., IAB node 2, accesses the IAB network, and IAB node 1 is its parent node. To establish the routing entry at the IAB node 1 towards the IAB node 2, at least the BH RLC CH for F1AP, i.e., BH RLC CH 2, should be set up between them. In other words, the routing entry towards IAB node 2 can be set up with the BH RLC CH2 at the same time. Thus, it is natural to use UE-associated F1AP to configure the routing entry. On the other hand, the IAB donor DU should set up an entry towards IAB node 2. However, this entry addition does not necessarily trigger the BH RLC CH 1’s modification since this CH is used for F1AP message transfer, which can aggregate F1AP messages of several IAB nodes. In this sense, it is unnecessary to use the UE-associated F1AP message since this does not change the UE context of IAB node 1 at IAB donor DU. Based on this example, we can observe:
Observation 1: if a routing entry addition/modification/deletion at one IAB node will not trigger the configuration update of BH RLC CH served by such node, the non-UE associated F1AP can be used; otherwise, the UE associated F1AP can be used.  
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Fig. 1. Routing table update for a new accessing IAB node
On the other hand, the non-UE associated F1AP message can save the configuration signaling in some cases, e.g., load balance, re-routing due to RLF. For example, IAB donor CU may decide to update several entries with different next-hop nodes at the same time, if non-UE associated signaling is used, one message can finish this job. However, if UE associated signaling is used, the IAB donor CU should use UE-associated F1AP messages related to different next-hop nodes to update the routing table.
Proposal 1: both non-UE associated and UE associated F1AP messages can be used to configure the routing table for DL forwarding. Specifically, non-UE associated F1AP is used when the routing table configuration does not trigger the configuration update (e.g., addition, modification, release) of BH RLC CHs served by such node; otherwise, the UE associated F1AP is used. 
2.2 Routing configuration for DL and UL forwarding
To perform the routing configuration, the IAB-DU and IAB donor DU should configured for DL routing via F1AP, and IAB-MT should be configured for UL routing via RRC. Meanwhile, the routing configuration should include the BAP route ID and the next-hop node information:

· DL forwarding

In DL, the BAP route ID includes the BAP address of the destination node, and path ID. The next-hop node information should be used to identify the next-hop node, which can be BAP address of the next-hop node. Meanwhile, the relationship between BAP address of the next-hop node and the C-RNTI+Serving cell of the next-hop node should be configured during the accessing procedure of such next-hop node. 

· UL forwarding

In BAP route ID, the BAP address can be either source node address or destination node address (e.g., donor DU address). However, there may be several IAB nodes under the same donor DU. To uniquely identify a routing path from one IAB towards the IAB donor DU, the length of Path ID should be able to cover all possible paths under the same donor DU. This will increase overhead over BH links. On the other hand, if the BAP address is the source node address, the path ID can be used to identify the path from such node towards the IAB donor DU, and the BAP address + path ID can uniquely identify the path under the same IAB donor DU. In this case, the length of path ID is determined by the number of possible paths of one source IAB node, which is much small. Thus, in UL, the BAP address of BAP route ID can be the BAP address of the source IAB node. 

Meanwhile, according to the agreement in RAN2#107, i.e., “For upstream, Cell group ID is used to identify next hop/egress link. For downstream FFS.”, the next-hop node information can be set to the cell group ID. 

Proposal 2: The configuration related to routing can include

· DL: BAP route ID (BAP address of destination node + path ID) and BAP address of next-hop node
· UL: BAP route ID (BAP address of source node + path ID) and Cell group ID for next-hop node
2.3 Configuration for local decision make
According to RAN2 agreement, the IAB node may make local decision on routing in some cases, e.g., load balancing, re-routing at RLF. That’s the reason of introducing the Path ID, i.e., in case the local decision is made, the IAB node can change the route to another path. However, how the IAB node make the local decision is not decided yet. Apparently, giving IAB node the full freedom to change the routing path is not a good idea since it will change the load distribution of the network randomly, and IAB donor CU losses the control of the network once multiple paths are configured for an IAB node. Thus, IAB donor should configure some conditions for the local decision. Some possible conditions are given below:
· Some threshold information triggering local decision
The change of the routing path must be result from that the current routing path encounters some problem. The potential problem includes:

· The congestion occurs at such IAB node: to decide the congestion, the intuitive condition is the buffer load. If the buffered data exceed a certain threshold, it can consider congestion occurs. Another condition is the buffering time of the data packets. If such buffering time exceed a certain threshold, it can consider congestion occurs. 

· The channel status of the BH link degrades: the IAB node can detect the channel status. If the channel quality degrades below a threshold, it can consider the current routing path is not a good choice.
· Some special event occurs
An IAB node may detect RLF, or radio link outage, or radio link resume of the BH link serving by itself. In this case, such IAB node can decide to change the routing path. On the other hand, it may receive the notification from its upstream or downstream nodes, such notification can indicate the occurrence of RLF/radio link outage/radio link resume/congestion occurring at the reporting node. In this case, such node can decide to change the routing path. 

· Command from the IAB donor CU

IAB donor CU may decide to change the routing path by itself. In this case, IAB donor CU can send the routing path change command to IAB node, which indicates the new path to be used.

Proposal 3: the IAB donor CU can configure some conditions to trigger the local decision, e.g., some threshold information triggering local decision, some special events (e.g., RLF, radio link outage, radio link resume), and command from the IAB donor CU, etc.
After triggering the local decision, if there are multiple routing paths, IAB node needs to decide which routing path can be selected. Such selection is better under the control of the IAB donor CU. To achieve this, the IAB donor CU can configure the priority level for entries with same BAP address. This is mentioned in RAN2 agreement. Towards one destination IAB node, multiple paths may exist from IAB donor CU. Those paths may share some intermediate nodes, or have completely different intermediate nodes. Thus, it is possible that different paths have different conditions in terms of, e.g., load, channel status, QoS satisfaction capability. Those conditions are known by the IAB donor CU, Thus, it can assign different priorities to different routing paths. In this sense, when an IAB node want to change the routing path, it can select the one with the highest priority. 
Proposal 4: the IAB donor CU can configure the priority for entries with same BAP address. 

3 Conclusions
In this contribution, we discuss routing configuration, and propose:

Proposal 1: both non-UE associated and UE associated F1AP messages can be used to configure the routing table for DL forwarding. Specifically, non-UE associated F1AP is used when the routing table configuration does not trigger the configuration update (e.g., addition, modification, release) of BH RLC CHs served by such node; otherwise, the UE associated F1AP is used. 
 Proposal 2: The configuration related to routing can include

· DL: BAP route ID (BAP address of destination node + path ID) and BAP address of next-hop node
· UL: BAP route ID (BAP address of source node + path ID) and Cell group ID for next-hop node
Proposal 3: the IAB donor CU can configure some conditions to trigger the local decision, e.g., some threshold information triggering local decision, some special events (e.g., RLF, radio link outage, radio link resume), and command from the IAB donor CU, etc.
Proposal 4: the IAB donor CU can configure the priority for entries with same BAP address. 
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