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1	Introduction
In the September 2021 pre-RAN#93 Rel-18 Workshop, XR enhancements was discussed under Email discussion [RAN#93e-R18Prep-05]. The summary of discussion is available in [1] where the following is briefly concluded:

Conclusion:
Identified areas:
· KPIs and QoS
· Potential areas of work on Application Awareness
· XR-specific power consumption aspects
· XR-specific capacity considerations
· XR-specific mobility considerations
Note-i: Rel-17 XR study work is still very much ongoing, hence these conclusions should be understood as a snapshot based on the current status. Further finetuning is expected over the coming months.
Note-ii: Some of the identified areas overlap with each other, consolidation of these may be necessary in the next iteration.
Note-iii: It is understood that many of the areas outlined below have a strong correlation with related SA2 and SA4 work. Hence, close cooperation with these groups is needed both for Objective setting, as well as during the actual work.

In general, we are supportive of proposed way forward by Moderators for different areas under discussion during pre-RAN#93 Rel-18 Workshop as summarized in [1]. On two areas, we would like to provide more clarifications on our views for further discussion in this contribution.
[bookmark: _Ref178064866]2	Follow-up on Workshop discussion points
2.1	On KPIs and QoS
With respect to KPIs and QoS, Moderator proposed the following based on the discussion [1]:
The following areas were widely supported:
1. Study and potentially specify RAN support for enhanced granularity for QoS;
2. Study and potentially specify RAN support for ADU-based QoS;
3. Study and potentially specify RAN support for XR-specific QoS parameters.
4. Study and potentially specify synchronization of QoS flow handling belonging to the same XR service association and corresponding DRB control (in coordination with SA2).
Potential further work on KPIs (both system-level KPIs and KPIs for end-user experience) heavily depends on the outcome of the Rel-17 work on XR and on SA4 work around QoE. Hence, potential enhancements on KPIs can be better identified over the next few months and are left open at this point.

From our perspectives, all items listed are mainly handled by SA2/SA4, e.g., new 5QI values so that it would not be the main scope of RAN. It would be more efficient for RAN to focus on studying what specific information from applications or Core are needed and how this information can be used by RAN. Then, SA2 can study the impact of KPI/QoS based on the needs of RAN. For example, RAN can first investigate the benefit of ADU information for scheduling to justify ADU-based QoS or XR specific parameters. 
Therefore, although we agree with Moderator’s observation that we need very close collaboration especially with SA2, we need to establish a better common understanding of the nature of RAN/SA2&SA4 collaboration.  Moderator’s proposal to revisit this topic at the later time serves this purpose.

[bookmark: _Toc81861627]Better common understanding on collaboration between RAN and SA2 is needed.
[bookmark: _Toc81861628]It would be more efficient for RAN to focus on studying what specific information from applications or Core are needed and how to use it in the area of Application Awareness at RAN. Then, SA2 can study the impact of KPI/QoS based on the needs of RAN. 
2.2	On XR-specific capacity considerations

[bookmark: _Toc81676705]With respect to KPIs and QCs, Moderator proposed the following based on the discussion [1]:
It is understood that the ongoing Rel-17 XR study is addressing many of the capacity aspects, and we should wait for the further progress of that study before finalizing the Rel-18 scope. Currently the following potential areas were identified for Rel18:
1. XR-specific resource allocation and scheduling enhancement, SPS and CG enhancements including dynamic SPS/CG parameter update, multi-TB SPS/CG, HARQ-ACK enhancement etc... to address XR-specific non-integer periodicity and jitter.

We have realized that our input in NWM was mistakenly not uploaded. 
In our view, radio resource allocation is one of important areas for studying both in downlink and uplink. 5G NR already provides a number of tools to support efficient resource allocation via both dynamic and fixed – configured – grants. 
XR video traffic is similar to eMBB services in the sense that its application PDU size is varying just as FTP or web browsing. On the other hand, the arrival time or periodicity of the traffic generation is more predictable than the eMBB services. This is due to the fact that video has a fixed frame refresh rate. From this angle, the traffic characteristic is more similar to periodic traffic such as voice and motion control in industries. Just as industrial control applications, XR requires (a relaxed) bounded latency, and reasonably high reliability. The traditional mechanisms and strategies to perform resource allocation used for eMBB or for the voice/motion control may then be suboptimal for XR.
To deal with a varying frame size, for example, the dynamic scheduling may be the most flexible and best solution. However, dynamic scheduling comes at the costs of overhead control signalling (PDCCH, SR), and potentially increased latency. Considering the large application PDU size, the network will usually need to allocate several slots to deliver all the packets associated with one application PDU. Investigating efficient signalling for fast multiple resource allocations would be beneficial.
[bookmark: _Toc71198171][bookmark: _Toc71198091][bookmark: _Toc71198126][bookmark: _Toc71198136][bookmark: _Toc71198172]For more predictable arrival times, DL and UL configured grants (SPS and CG) have been specified. However, they may not be suitable to handle large and varying video frame sizes, due to their fixed resource allocation. Instead, configured grants are more suitable for fixed, small, and periodic packet sizes. For example, CG may be relevant for pose or for the BSR transmissions resulting from AR video traffic in uplink but existing standards should be studied to be compatible with new XR traffic arrival periodicity. Since a large portion of traffic in AR applications will be also generated at a UE, e.g., video scene for object detection/tracking enhanced UE report mechanisms, for example, to improve the accuracy of uplink AR traffic information which at the end is used for accurate and timely resource allocation, need to be studied. Buffer status report is used to report the aggregated bit information of data regardless of the sophisticated information of a video frame boundary or its size. The lack of additional AR traffic information in uplink can lead to the potential risk of waste of resource by overprovisioning or too late video frame delivery. 
In addition, for services that require bounded latency such as XR, this additional delay by a few HARQ retransmission could be quite harmful. One reason why channel quality estimates are inaccurate to cause the retransmission is interference variations. If the UE estimates the channel quality when the interference is low and performs the corresponding transmissions when the interference is high, there is a large risk that the MCS is not robust enough, causing failed receptions and subsequent HARQ retransmission. The opposite effect could also happen. Hence, improved link adaptation may be beneficial for increased capacity for XR. We note that improved link adaptation is studied in the Rel-17 URLLC WI. The outcome from this work will serve as a baseline for additional enhancements in Rel-18. 
Therefore, we would like to clarify that although we are supportive of XR specific SPS/CG enhancement, it is important to include other potential enhancement study based on dynamic grant which may be more flexible for varying large video data. This includes more accurate UE/BSR report (or UE assistance information), dynamic grant based on multi-TB enhancements, and link adaptation. Furthermore, those enhancements aspects are motivated not only by non-integer periodicity and jitter but also by a large video frame size and low latency. 
Note that these enhancements are different than “enhancements including dynamic SPS/CG parameter update”. Such type of enhancements may be part of the outcome of the Release 18 study but such a specific enhancement cannot be part of the Study Item without any evidence. Therefore, we propose the following update on the Moderator’s proposal for potential areas for XR specific capacity enhancements:
[bookmark: _Toc81861629]Potential areas for XR-specific capacity enhancements include XR specific resource allocation and scheduling enhancement, SPS and CG enhancements including dynamic SPS/CG parameter update, multi-TB SPS/CG, more accurate UE/BSR report, multi-TB dynamic grant enhancements, link adaptation enhancements, HARQ-ACK enhancement etc. to address XR-specific characteristics identified in Rel-17.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Better common understanding on collaboration between RAN and SA2 is needed.
Observation 2	It would be more efficient for RAN to focus on studying what specific information from applications or Core are needed and how to use it in the area of Application Awareness at RAN. Then, SA2 can study the impact of KPI/QoS based on the needs of RAN.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Potential areas for XR-specific capacity enhancements include XR specific resource allocation and scheduling enhancement, SPS and CG enhancements including dynamic SPS/CG parameter update, multi-TB SPS/CG, more accurate UE/BSR report, multi-TB dynamic grant enhancements, link adaptation enhancements, HARQ-ACK enhancement etc. to address XR-specific characteristics identified in Rel-17.
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