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

	Agreement
To study whether/how the enhanced CG candidate techniques are necessary and beneficial for improving XR capacity, focus at least on the following techniques:
· Dynamic indication of the unused CG PUSCH occasion(s) or resource(s) by the UE
· Increase CG PUSCH transmission occasions in a duration 

Conclusion
No further discussion in RAN1 for Rel-18 XR to extend the support of legacy single DCI scheduling multi-PDSCHs for FR2-2, to other SCS in FR1/FR2-1.

Conclusion
The capacity gain performance results in R1-2208661, R1-2209658 and R1-2209198 corresponding to enhancements based on multi-PDSCH scheduling by a single DCI are captured in XR SI TR

Conclusion
Study on enhancement for CBG based HARQ-ACK feedback reporting is down-priorotized in RAN1 XR SI.

Conclusion
The following proposed enhancements techniques to improve XR capacity performance are down-priorotized in RAN1 XR SI:
· (P3-5-3) Study on PHR enhancement based on XR traffic arrival periodicity or UL pose periodicity.
· (P3-5-4) Study mechanism of packet dropping based on the PDB requirement, to avoid resource waste due to the out-of-date packets.

Agreement
· For further study the mechanisms to enable HARQ retransmission of a TB on a different cell than the cell of the initial TB transmission for CA operation on TDD cells, consider at least the following:
· Capacity performance evaluation results
· Complexity analysis and RAN2 impact

Conclusion
· Study of soft HARQ-ACK and Delta MCS in RAN1 XR SI for improving XR capacity is down-priortized.
· Note: The corresponding capacity gain performance results in R1-2210003, R1-2208377 and R1-2203607 are captured in XR SI TR.

Conclusion
· Study on enhanced CQI based on CBG transmission, and study on enhanced CQI based on DMRS for improving XR capacity are down-priortized in RAN1 XR SI.
· Note: The corresponding capacity gain performance results in R1-2208402 and R1-2209536 are captured in XR SI TR.
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Conclusion
Study on Cooperative MIMO via DL interference probing based on SRS enhancement for improving XR capacity is down prioritized in RAN1 XR SI.
Note: The corresponding capacity gain performance results in R1-2208377 are captured in XR SI TR.

Conclusion
No consensus to continue study on differentiation of XR multiple flows based on CG enhancement in RAN1 XR SI.

Conclusion
No consensus to continue study of multi-bits SR mechanisms for capacity improvement of XR traffic in RAN1 XR SI.




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

2. DG enhancements 
During RAN1 # 110bis-e, there were proposals on enabling HARQ retransmission of a TB on a different cell than the cell of the initial TB transmission. We are not convinced that this is a XR specific issue, in particular whether for XR it is worth reducing latency by having same HARQ process pool. Moreover, there is considerable specification impact across RAN1 and RAN2. Moreover, UE and NW implementations may also be significantly impacted.


Proposal 1: Deprioritize discussion on HARQ retransmission of a TB on a different cell than the cell of the initial TB transmission for CA operation on TDD cells in XR agenda.
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.
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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. 

On the other hand, we do not support L1 signaling to update CG resources. We do not see how this can be more beneficial than DG, if L1 signaling is needed anyways. We understand that CG-UCI based indication may have less specification impact and providing assistance information via CG-UCI can be beneficial, however gains with respect to DG scheme needs to be established. We think initial latency can be addressed by CG scheduling and subsequent PUSCHs can be scheduled by DG since gNB can obtain BSR from CG-PUSCH.

Proposal 3: Deprioritize dynamic indication of the unused CG PUSCH occasion(s) or resource(s) by the UE.

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: Deprioritize discussion on HARQ retransmission of a TB on a different cell than the cell of the initial TB transmission for CA operation on TDD cells in XR agenda.
Proposal 2: RAN1 should investigate single CG configuration with multiple PUSCH occasions per CG period or single DCI based activation of multiple CG configurations. 
Proposal 3: Deprioritize dynamic indication of the unused CG PUSCH occasion(s) or resource(s) by the UE.

Reference

[1] RAN1 # 110bis-e Chairman Notes 
[2] R1-2111521, “Performance evaluation results for XR and CG”, Intel Corporation, 3GPP TSG RAN WG1 #107-e.






image1.emf
0 5 10 15

Number of UEs per cell

0

10

20

30

40

50

60

70

80

90

100

S

a

t

i

s

f

i

e

d

 

U

E

s

(

%

)

System capacity for Dense Urban FR1, DDDSU, BLER 1%

AR 10Mbps, SU-MIMO

AR 10Mbps, MU-MIMO

AR 10Mbps+pose, SU-MIMO

AR 10Mbps+pose, MU-MIMO


