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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1 # 110, the following was agreed with regards to XR specific capacity enhancements [1]

	Conclusion
There is no consensus in RAN1 on the benefits of enhancing SPS for the purpose of XR capacity enhancement

Agreement
When DG is used as the baseline scheme, for the performance evaluation scheduling, after SR is triggered, both BSR and UL data can be transmitted using the UL grant after SR.
· Companies are encouraged to provide the size of resources by the first UL grant after SR

Agreement
Whether/how to enhance BSR to improve capacity performance of XR traffic is within RAN2 scope and is not handled by RAN1.
· Note that companies should indicate if and what BSR enhancement is assumed in their RAN1 proposals on CG and DG enhancements.
· RAN1 can evaluate BSR enhancement to improve capacity performance

R1-2207822	Moderator Summary#3 – Study on XR Specific Capacity Improvements	Moderator (Ericsson)

Agreement
Deprioritize the study of CQI report for different BLER and/or different XR traffic to improve XR capacity performance.
Agreement
Deprioritize the study of intra/inter UE prioritization/multiplexing enhancements to improve XR capacity performance.

For future meetings:
Companies are requested to follow the following agreement and conclusion from RAN1#109-e. Check final FL summary for details.
· Agreement
· Rel-17 evaluation methodology for XR capacity enhancement captured in TR 38.838 is used as the baseline evaluation methodology for XR capacity enhancement of Rel-18 SI on XR enhancements.
· Conclusion
· Companies are encouraged to use the capacity Excel sheet attached with TR 38.838 in RP-213652  for recording the simulation results that are provided in their contributions.






In this contribution, we discuss our views on potential capacity enhancements for XR.


2. DG enhancements 
While dynamic scheduling provides most flexible scheduling solutions for XR traffics with varying packet size, this comes at the cost of control overhead. Especially, considering the large packet size of XR applications, more often multiple PDSCHs and/or PUSCH may be necessary to complete the delivery of XR packet and may require multiple control signaling for providing the grant.  Figure 1 and Figure 2 shows the CDF of average number of TBs per packet for DL and UL video traffics when dynamic PF scheduling is used, respectively. 
To reduce the overhead, RAN1 can investigate single DCI based multiple PDSCH and/or PUSCH scheduling. For B52.5GHz, multiple PDSCH/PUSCH scheduling was specified where one DCI can be used to schedule multiple PDSCHs or PUSCH carrying independent TBs so as to alleviate scheduler constraints imposed by short slot duration with a larger SCS, and this can be a good starting point to investigate whether enhancement with respect to the existing solution is needed. With multiple PDSCH and/or PUSCH scheduling, common parameters that are applied to all scheduled PDSCH and/or PUSCH would not need separate indication for each PDSCH and/or PUSCH in the DCI. In one example, DCI can explicitly provide the number of consecutive PDSCH allocations, where the first PDSCH allocation follows the TDRA in the DCI, and the remaining PDSCH allocations have the same length, starting symbol and PDSCH mapping type, and are appended in the following slots. On the other hand, different configurations per PDSCH can also be considered such as separate MCS selection, which can be useful when scheduling packets from multiple flows. Single slot scheduling may provide higher capacity gain than multi-slot PDSCH/PUSCH scheduling if channel is dynamically varying and frequent channel states feedbacks are available. If channel is slowly varying and/or frequent channel updates are not available, multi-slot scheduling may result in comparable performance with single slot scheduling.
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Figure 1. Average number of TBs per packet for DL AR, CG
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Figure 2. Average number of TBs per packet for UL AR

Proposal 1: Since a given XR DL or UL packet may require multiple PDSCH or PUSCHs to complete delivery of packet transmission, RAN1 can investigate single DCI based multiple PDSCHs and/or PUSCHs scheduling to reduce DCI overhead and provide gNB with scheduling flexibility and options.
· Multiple PUSCH/PDSCH scheduling solution adopted for B52.5GHz can be a starting point.

3. Handling multiple flows and CG enhancements
In the capacity evaluation of UL AR [2], significant performance degradation was observed for two stream traffic (pose/control + video) compared to single stream traffic (video) despite the small packet size of pose/control traffic. In Figure 3, it is shown that the capacity decreases from 7.8 to 3.4 for SU-MIMO and from 10.5 to 4.6 for MU-MIMO. This is because the scheduler is not being aware of which stream each packet belongs to and schedules using first in, first out approach. Therefore, it is possible that pose/control packets with more stringent delay requirement fails to be delivered within its PDB due to the long wait time in the buffer while the large video packet is served.

[image: ]
Figure 3. Capacity comparison between UL AR 10Mbps video with and without pose/control

Observation 1: For UL AR two stream traffic, the capacity decreases significantly if the scheduler does not differentiate between the streams and schedules the packets using first in, first out approach.

To address this issue, enhancement in the scheduler is needed so that the packets from different streams can be distinguished at the scheduler and different PDB requirements can be considered in the scheduling decision. In one example, configured grant scheduling can be used for pose/control and dynamic grant scheduling can be used for video. Further discussion is needed whether any enhancements with respect to Rel-16 and 17 CG/DG prioritization and handling are needed.
Observation 2: For multi-stream traffic such as the two-stream traffic in UL, mix of CG (for pose/control) and DG (video) based transmission can be considered. 

On the other hand, CG PUSCH has the benefit over DG PUSCH in terms of saving scheduling delay. To this end, since XR packet (e.g., video) may require multiple PUSCHs for delivery, an enhancement to CG PUSCH can be considered where multiple PUSCH occasions per CG period or single DCI can activate multiple CG configurations, so that at least initial few PUSCHs corresponding to the XR packet can be delivered soon and subsequent PUSCHs can be dynamically scheduled, since gNB may have BSR information already available by then. Depending on TDD slot format configuration, impact of saving scheduling delay can be more and multiple CG occasions within a slot could facilitate delivery of a packet sooner.

Proposal 2: RAN1 should investigate single CG configuration with multiple PUSCH occasions per CG period or single DCI based activation of multiple CG configurations. 

5. Conclusions
In this contribution, we discuss the potential NR enhancement for XR capacity. The following proposals and observations are provided. 
Observation 1: For UL AR two stream traffic, the capacity decreases significantly if the scheduler does not differentiate between the streams and schedules the packets using first in, first out approach.

Observation 2: For multi-stream traffic such as the two-stream traffic in UL, mix of CG (for pose/control) and DG (video) based transmission can be considered. 

Proposal 1: Since a given XR DL or UL packet may require multiple PDSCH or PUSCHs to complete delivery of packet transmission, RAN1 can investigate single DCI based multiple PDSCHs and/or PUSCHs scheduling to reduce DCI overhead and provide gNB with scheduling flexibility and options.
· Multiple PUSCH/PDSCH scheduling solution adopted for B52.5GHz can be a starting point.

Proposal 2: RAN1 should investigate single CG configuration with multiple PUSCH occasions per CG period or single DCI based activation of multiple CG configurations. 
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