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Introduction
This paper aims to provide a WI-Rapporteur-based summary on the contributions to R2#113bise, AI 8.4.2 on fairness, latency and congestion (contributions: see section 4), and to extract proposals from these contributions.
The following agreements of the RAN2#113 have been considered:

	· ISSUES: eIAB work on topology-wide fairness will focus on the following issues

IF-1: The scheduler of an IAB node does not have all the information needed (e.g. link quality across multiple hops) to make appropriate upstream or downstream scheduling decisions which take into account the overall route link quality (such as e.g. using downstream link quality measurements to adjust the scheduling weights so as to achieve proportional fairness for different bearers/RLC channels across multiple child-IAB nodes)

IF-2: Congestion conditions on BH RLC channels carrying UE bearers with same or similar QoS requirements can be unbalanced and some channels may even be congested, thereby leading to some users experiencing longer latency and violating fairness requirement.

IF-4: IAB node cannot give more resource to those BH RLC CHs that aggregate more bearers and/or carry bearers with higher load per bearer (i.e. IAB node cannot give more resource to those BH RLC CHs with higher aggregate load)

· ISSUES: In the first instance, eIAB work on multi-hop latency will focus on the following issues:

IL-1: IAB node cannot help ensure that overall or remaining PDB is met for a packet (e.g. by prioritizing bearers with higher number of hops), as it does not have a latency reference for the packets being scheduled, resulting in packets with the same QoS requirement ending up with different latency

IL-2: IAB node may need to report joint buffer status for LCHs which have rather differing QoS requirements, due to the current (Rel-16) limit on the number of LCGs

IL-3: Buffer size calculation for pre-emptive BSR may differ for nodes of different vendors as it is left to implementation in Rel-16

IL-5: The CU is unable to put bearers with lower PDB on routes with less congestion risk (higher resource efficiency) or which are RLF-free

IL-6: The CU is unable to configure routing based on actual (real-time) latency per BH RLC channel

· R2 has concluded that there is sufficient interest among companies to address the following two issues:

IC-1: Long-term downstream congestion on a single link cannot be alleviated using existing Rel-16 DL HbH flow control mechanisms, without having to rely on dropping packets 

IC-7: CU (not having knowledge of local congestion conditions) cannot update the routing path that is experiencing congestion.

· Both IC-1 and CI-7 are related to RAN3. RAN3 seems to also work on this, so to what extent R2 shall work on this is currently not clear. 




2
Discussion
The enhancements proposed in the various contributions have been captured in the following subsections. Some alignment was necessary to consolidate the observations and proposals of the various contributions, and some details were stripped in this process. The WI Rapporteur has formulated draft proposals for all those enhancements that were proposed by at least three companies. 
2.1
Extensions to BAP header
The following enhancements have been proposed:
1. A UE-bearer Id is added to the BAP header so that the scheduler can prioritize some bearers among others in aggregated BH RLC channel (IF1/2/4: R2-2103283 – Fujitsu, IF4: R2-2103499 -Samsung, IL1: R2-2102833 – Intel, IF2: R2-2103138 - ZTE, IF4: R2-2104123 – Huawei).

2. Timing information is added to the BAP header, e.g., a timestamp, remaining delay budget, etc,so that the scheduler can prioritize packets based on latency and discard packets that have expired (IL1: R2-2103081 – Qualcomm, R2-2103349 – vivo, R2-2103353 – Itri, R2-2103499 – Samsung, IL1: R2-2103940 – Ericsson, R2-2103684 - InterDigital).

3. Bearer QoS is added to the BAP header so that the scheduler can prioritize some bearers among others in aggregated BH RLC channel (IF4: R2-2103499 -Samsung).

4. The hop count is added to the BAP header so that the scheduler can enforce PDB (IL1: R2-2102833 - Intel).
5. The number of UE DRBs in a specific BAP packet (IF2: R2-2103940 – Ericsson)

Summary:

6 companies propose adding time information, such as time stamp, remaining PDB, etc., to the BAP header so that the scheduler can prioritize packets based on latency and discard packets that have expired.
Proposal 1: BAP-header is extended with timing information such as a timestamp or remaining PDB. Details are FFS.
5 companies propose that A UE-bearer is added to BAP header so that the scheduler can prioritize some bearers among others in aggregated BH RLC channel.

The WI Rapporteur sees the following technical issues with this enhancement, which have not been addressed in any of the contributions: 

· 1. Issue: RLC AM sequences the incoming packets. Prioritization of individual packets of a specific bearer after sequencing disturbs the SN order which would lead to unnecessary retransmissions. The rapporteur would like to confirm if the intention of this enhancement is to achieve such sub-LC-channel QoS prioritization.
· 2. Issue: In DL direction, the UE-bearer ID has to be added to the BAP header at the donor-DU. The donor-DU has no awareness of the UE-bearer. There is also no mapping from IP header information to the UE-bearer. 

Note that these issues primarily apply to the addition of a UE-bearer-ID since it has the purpose to differentiate packets within an BH RLC CH. They do not apply as much to the other BAP header extensions, which primarily aim to add information (e.g., hop count, timestamp) and have benefit even if applied to the whole RLC CH.
Proposal 2: RAN do discuss adding the bearer-ID to the BAP header.

2.2
L2 signaling enhancements
This includes hop-by-hop signalling and other L2 transport mechanisms of inter-IAB-node message exchange. The following enhancements have been proposed:
1. Hop-by-hop UL flow control (IF1: R2-2103526 – Nokia, IF1: R2-2103684 – InterDigital, IC7: R2-2104123 - HW).

2. Support assistance signaling that includes radio conditions from descendant nodes (IF1: R2-2103499 – Samsung, IF1: R2-2103562 – Sony, IF1: R2-2103955 – AT&T)

3. Support assistance signaling that includes congestion conditions on different routes as well as buffer status, processing delay and switching delay on intermediate nodes (IF1: R2-2103499 – Samsung)

4. Child node DL flow control feedback is forwarded to ancestor node (IC1: R2-2102727 – CATT, R2-2103499 – Samsung)
5. Reduce feedback and message size of DL flow control (R2-2103349 – vivo)

Summary:

3 companies propose UL hop-by-hop flow control to address IF1 and IC7:

Proposal 3: UL hop-by-hop flow control is supported. Details are FFS.

3 companies propose hop-by-hop assistance signaling that includes radio conditions from descendent nodes to address IF1:

Proposal 4: Hop-by-hop assistance signaling is supported that includes radio conditions from descendent nodes. Details are FFS.

2.3
IAB-node configuration enhancements
The following enhancements have been proposed:
1. IAB-node is configured with downstream and upstream number of hops per destination (IF1: R2-2102727- CATT, IF1: R2-2103840 – Apple, IL1: R2-21-3349 – vivo, IL1: R2-2103684 - InterDigital).

2. IAB-node is configured with number of bearers aggregated in BH RLC channel to provide appropriate scheduling weight (IF1: R2-2103685 – InterDigital, IF4: R2-210381 – Qualcomm, R2-2103370 - Kyocera) 

3. IAB-node is configured with each bearer’s or flow’s QoS for aggregated in BH RLC channel to provide appropriate scheduling weight (IF4: R2-2103370 – Kyocera, IF2: R2-2103138 - ZTE). 

4. IAB-node is configured with PDB per BH RLC CH per destination (IL1: R2-2103940 – Ericsson).

5. IAB-node is configured with feedback from on QoS reports by access IAB-node to CU-CP (IF2: R2-2103987 - Futurewei).

6. IAB-node is configured with bitrate to be scheduled per BH RLC CH (IF4: R2-2104123 – Huawei).

7. IAB-node is configured with a discard timer (IL-7: R2-2103353 – ITRI)
8. IAB-node is configured with a end-to-end PDB (IL-7: R2-2103684 – InterDigital)

Summary:

4 companies propose that the IAB-node is configurable with the downstream and upstream number of hops per destination for the support of IF1 and IL1.

Proposal 5: The IAB-node is configurable with downstream and upstream number of hops per destination.

4 companies propose that the IAB-node is configurable with the number of bearers aggregated in BH RLC channel to provide appropriate scheduling weight to address IF4.

Proposal 6: The IAB-node is configurable with the number of bearers aggregated in the BH RLC channel.

2.4 
IAB-node reports to network (e.g. CU-CP)
The following enhancements have been proposed:
1. Report of RLC latency/delay to CU-CP (IF1: R2-2103840 – Apple, IF2/IL1: R2-2103499 – Samsung, IL1: R2-2103283 Fiujitsu, IL5/IL6: R2-2103370 – Kyocera, R2-2103353 – ITRI, IL6: R2-2103138 – ZTE)
2. Report of load/congestion to CU-CP (IF1: R2-2102833 – Intel, R2-2103840 – Apple, IF2: R2-2103138 - ZTE)
3. Report of packet drop rate, aggregate throughput, fairness index satisfaction rate to network (IF1/2/4: R2-2103840 – Apple)

Summary:

6 companies propose that the IAB-node reports RLC latency to the CU-CP to address IF1, IF2, Il1, IL5 and IL6.  There are multiple variations among the proposals. Also, the reporting may include RAN3.

Proposal 7: The IAB-node to report the RLC latency to the CU-CP. Details and involvement of RAN3 are FFS.

3 companies propose that the IAB-node reports load/congestion to the CU-CP to address IF1 and IF2. RAN3 is already working on an F1-AP-based load report.

Proposal 8: The IAB-node to report load/congestion to the CU-CP. RAN2 to discuss enhancements beyond RAN3’s ongoing efforts. 

2.5 
L2 extensions 
The following enhancements have been proposed:
1. Extend LCG range: (IL2: R2-210227 – CATT, R2-2103138 – ZTE, R2-2103349 – vivo, R2-2103370 – Kyocera, R2-2103418 – LGE, R2-2103840 – Apple, R2-2103940 – Ericsson, R2-2103684 – InterDigital)

2. Specify buffer size of P-BSR (IL3: R2-2103370 – Kyocera, R2-2103418 – LGE, R2-2103499 – Samsung, R2-2102833 - Intel) 

3. Extend LC priorities (IL2: R2-2103138 – ZTE, R2-2103283 – Fujitsu)

4. Specify trigger conditions for P-BSR (IL3: R2-2103499 – Samsung, IL3: R2-2103370 – Kyocera)

Summary:

8 companies propose extension of the LCG range for IAB-MT to address IL2. Size of LCG and enhancements to BSR are FFS.

Proposal 9: LCG range to be extended for IAB-MT. Size of LCG and enhancements to BSR are FFS

3 companies propose specification of the buffer size for P-BSR to address IL3.

Proposal 10: RAN2 to specify the buffer size for P-BSR.

2.6
 Routing enhancements
The following enhancements have been proposed:
1. Introduce route priorities (IL5: R2-2103499 – Samsung, IL7: R2-2103562 - Sony)

2. Local rerouting based on latency (IL5: R2-2103499 – Samsung
3
Conclusion
This paper provided a summary on the contributions to R2#113bise, AI 8.4.2 on fairness, latency and congestion (see section 4), and extracted the following proposals.

5 companies propose that a UE-bearer is added to the BAP header so that the scheduler can prioritize some bearers among others in an aggregated BH RLC channel. The WI rapporteur believes that this topic needs more discussion as outlined above.

Proposal 1: RAN do discuss adding the bearer-ID to the BAP header.

3 companies propose adding time stamps to the BAP header so that the scheduler can prioritize packets based on latency and discard packets if expired:

Proposal 2: BAP-header is extended with a timestamp. Details are FFS.

3 companies propose UL hop-by-hop flow control to address IF1 and IC7:

Proposal 3: UL hop-by-hop flow control is supported. Details are FFS.

3 companies propose hop-by-hop assistance signaling that includes radio conditions from descendent nodes:

Proposal 4: Hop-by-hop assistance signaling is supported that includes radio conditions from descendent nodes. Details are FFS.

4 companies propose that the IAB-node is configurable with the downstream and upstream number of hops per destination for the support of IF1 and IL1.

Proposal 5: The IAB-node is configurable with downstream and upstream number of hops per destination.

4 companies propose that the IAB-node is configurable with the number of bearers aggregated in BH RLC channel to provide appropriate scheduling weight.

Proposal 6: The IAB-node is configurable with the number of bearers aggregated in the BH RLC channel.

6 companies propose that the IAB-node reports RLC latency to the CU-CP to address IF1, IF2, Il1, IL5 and IL6.  There are multiple variations among the proposals. Also, the reporting may include RAN3.

Proposal 7: The IAB-node to report the RLC latency to the CU-CP. Details and involvement of RAN3 are FFS.

3 companies propose that the IAB-node reports load/congestion to the CU-CP. RAN3 is already working on an F1-AP-based load report.

Proposal 8: The IAB-node to report load/congestion to the CU-CP. RAN2 to discuss enhancements beyond RAN3’s ongoing efforts. 

8 companies propose the extension of the LCG range for IAB-MT. Size of LCG and enhancements to BSR are FFS.

Proposal 9: LCG range to be extended for IAB-MT. Size of LCG and enhancements to BSR are FFS

3 companies propose specification of the buffer size for P-BSR.

Proposal 10: RAN2 to specify the buffer size for P-BSR.
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