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Introduction

During last RAN2 meeting, low latency scheduling was discussed and the following agreements were reached: 

	Will have “preemptive” BSR. 

R2 assumes that any new triggering rules are only introduced for pre-emptive BSR, i.e. SR triggering is then governed by NR Rel-15 baseline (pre-emptive BSR = regular BSR from SR triggering point of view).

R2 assumes that Both types of triggers for pre-emptive BSR that were discussed (1. based on UL grants provided to child nodes and/or UEs, and 2. based on BSRs from child nodes or UEs) can be supported for IAB Rel-16 operation. FFS what details need to be specified. 


As we can see, pre-emptive BSR will be introduced to mitigate the end-to-end latency caused by the multi-hop IAB network. However, there are some issues to be studied. One of the remaining issues is whether to adopt pre-emptive BSR in multi-connectivity scenario. Before last meeting, the multi-connectivity scenario was discussed via an email discussion. The tentative proposal is that SR and BSR generated by a MAC entity need only be reported to the parent node where the peer of that MAC entity resides. However, for a multi-connected IAB node, the key issue lies in which MAC entity of the IAB node MT is selected to generate the pre-emptive BSR. In this contribution, we will analyze the feasibility of pre-emptive BSR mechanism in multi-connectivity network.  

Discussion

In IAB network, multi-connectivity or route redundancy is supported for back-up purposes, as shown in Figure 1. It is also possible that redundant routes are used concurrently, e.g., to achieve load balancing, reliability, etc. UL data sent by a child node may suffer scheduling delays in IAB network. Considering the multi-hop nature of IAB network, the delays are likely to accumulate with the number of hops. This issue was discussed in RAN2 #107 meeting, and it was agreed that pre-emptive BSR mechanism shall be used to mitigate the end-to-end delay, where the IAB-node can request the uplink resource prior to actual data reception from its child IAB node or access UE. As shown in Figure 1, the IAB-node 4 has only one MAC entity and it can send the pre-emptive BSR to donor DU without ambiguity after receiving the BSR from UE4 or IAB node 6. However, for dual-connected IAB node 7 and IAB node 5, both of them have two MAC entities. It is not clear which MAC entity of the MT is to be selected to generate the pre-emptive BSR based on the BSR from downstream nodes. In this section, we will analyze this issue from access IAB node and intermediate IAB node perspectives, respectively. 
As shown in Figure 1, UE2 establishes two bearers, i.e. bearer1 and bearer2. Both bearer 1 and bearer 2 are associated with the same LCG 1. Suppose donor CU configures IAB node 7 with routing path selection info, and the data packets from bearer1 shall be delivered via routing path 1 while data packets from bearer2 is forwarded via routing path 2. In this case, when the IAB node 7 receives the BSR sent by UE2, it cannot figure out the data volume associated with LCG1 is to be delivered via route path 1, route path 2 or both. As we know, the routing selection and bearer mapping at access IAB node is usually based on the upper layer information associated with a certain data packet. Only based on the per LCG data volume report, it is not possible for IAB node 7 to decide the egress links and the corresponding MAC entity to report the pre-emptive BSR. Some companies propose that the access IAB node MT could assume both egress links shall be used and the two associated MAC entities send pre-emptive BSR to both parent IAB node DUs. But this method would impose plenty of UL resource waste.  
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Figure 1  An example of multi-connectivity IAB network topology
The same issue also exists for intermediate IAB node. As shown in Figure 1, the IAB node 5 is dual connected with IAB node 1 DU and IAB node 2 DU. So it has two MAC entities corresponding to two parent IAB node DUs respectively. For the data packets from one ingress BH RLC channel, they may be associated with different BAP routing ID, which corresponds to different egress links. Only when the data packet arrives at IAB node 5, the BAP layer of IAB node 5 can determine which egress link and egress RLC channel shall be used for subsequent forwarding of this data packet. Since the BSR from IAB node 7 does not provide any routing ID information, IAB node 5 cannot figure out which egress link (MAC entity) shall be used and generate the pre-emptive BSR. 
In summary, for a multi-connected IAB node, the data packets received from the downstream MT/UE may be transmitted through different egress links and corresponding MAC entity. Which egress link and MAC entity is used depends on the routing table and BAP routing ID carried in the data packet. It is impossible for the IAB node to determine the egress link only based on the received BSR, which has no indication of the BAP routing ID of the incoming data packet. Correspondingly, it is hard for the IAB node to decide which egress link and MAC entity to generate the pre-emptive BSR at IAB node MT part. Thus, it is suggested that the pre-emptive BSR is not applied to multi-connected IAB node.

Observation 1: For IAB node with dual connectivity, the data packets from one ingress BH RLC channel may be associated with different BAP routing ID and thus correspond to different egress link and MAC entity. Only when the data packets arrive at IAB node can the IAB node determine the egress link, egress BH RLC channel and MAC entity properly.

Observation 2: Since the BSR from child IAB node does not provide BAP routing ID information, IAB node cannot figure out which egress link and MAC entity shall be used to generate and report the pre-emptive BSR.

Proposal: It is suggested that the pre-emptive BSR is not applied to multi-connected IAB node. 

Conclusion

In this contribution, we analyzed low latency scheduling in multi-hop IAB network. Based on the discussion, we have the following observations and proposal:

Observation 1: For IAB node with dual connectivity, the data packets from one ingress BH RLC channel may be associated with different BAP routing ID and thus correspond to different egress link and MAC entity. Only when the data packets arrive at IAB node can the IAB node determine the egress link, egress BH RLC channel and MAC entity properly.

Observation 2: Since the BSR from child IAB node does not provide BAP routing ID information, IAB node cannot figure out which egress link and MAC entity shall be used to generate and report the pre-emptive BSR.

Proposal: It is suggested that the pre-emptive BSR is not applied to multi-connected IAB node.
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