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1. [bookmark: _Ref87036880]Introduction
In the last meeting, following agreements have been made for XR SI [1].
	
Agreement
RAN1 to make decision on the following in RAN1#110bis-e
· Support single DCI scheduling multi-PDSCHs/PUSCHs which is currently supported for FR2-2 to other SCS in FR1/FR2

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

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.



2. Discussion
In this contribution, we present our views on the potential enhancements of capacity enhancement techniques for XR. 

2. SPS/CG enhancement for XR-specific capacity improvement
For traffic flow having predictable payload size and periodicity, it is straightforward to use DL SPS or UL CG. However, the problem is that the periodicity cannot be guaranteed in symbol or slot level due to other characteristic like jitter. Moreover, GOP structure of video stream would require different transport block size in time. 
In the last meeting, SR-to-UL grant delay has been discussed in terms of necessity of CG for XR traffic. Since UE has to indicate size/type of data that needs to be transmitted for dynamic scheduling, scheduling request procedure should be precede in advance. Based on the current specification, only one SR can be transmitted at once even when multiple logical channel has triggered SR. In this point of view, it is difficult to predict UE buffet size by SR transmission. 
To derive proper SR-to-UL grant delay, we assume two of PUSCH scheduling, so that second PUSCH can be scheduled based on BSR in the first PUSCH. Other assumptions on gNB processing time are brought from 3GPP TS 38.824, latency analysis in URLLC SI. Following figure shows whole procedure of SR-to-PUSCH transmission.
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Fig.1 SR-to-ULgrant delay analysis
1 SR waiting time: 2 symbol for 7 SR occasion per slot
2 gNB SR processing time: Assume N1 = 10 symbol
3 PDCCH MO waiting time: about 3 symbol for 4 MO per slot.
4 UE PUSCH processing: Assume N2+ PUSCH duration = 18 symbol
5 gNB PUSCH-to-PDCCH processing time: N1+X, X = 2 symbols for SCS = 30 KHz = 12 symbol
6 PDCCH MO waiting time: about 3 symbol for 4 MO per slot.
7 UE PUSCH processing: N2+ PUSCH duration  = 18 symbol

Above is brief analysis since slot alignment of PUSCH or PDCCH hasn’t been considered. Thus, the derived SR-to-UL grant delay is lower bound. As a result, we think 66 symbol ~ 4.7 slots of SR-to-UL grant delay can be considered.
Proposal 1: 4 or 5 slot SR-to-UL grant delay can be considered. 
Considering BSR, UE can be scheduled by gNB without SR if UE is transmitting PUSCH continuously. However, XR traffic like video or audio, has 15 – 30 ms periodicity, which is bit large for continuous PUSCH transmission. We see that CG would be suitable for XR traffic having a moderate periodicity. On the other hand, other XR traffics like pose data wouldn’t suffer from SR-to-UL grant delay, since those traffic have only few milliseconds periodicities. In spite of this characteristic, it seems reasonable to use CG PUSCH for supporting pose data due to an amount of required DCIs. 
Proposal 2: Configured grant is beneficial to support various XR traffic. 
In case of jitter, the impact of jitter can be mitigated by sufficient transmission occasion (TO). For example, UE can be configured with multiple CG configuration having the same periodicity and with different starting offset. Then, multiple TO can be configured around expected traffic arrival time, so that UE can choose nearest TO while maintaining a certain level of waiting time even with some drift. However, it would require a tremendous number of CG only for few traffic flows. Thus, it would be necessary to consider new resource allocation method for CG which supports multiple TO in a periodicity with single configurations.
Proposal 3: At least for jitter handling with CG configuration, it is necessary to allocate multiple TOs in a periodicity with single CG configurations. 
In order to allocate multiple TOs in a periodicity, the single DCI scheduling multiple PDSCH/PUSCH can be re-used if it is supported. For example, gNB can transmit the DCI scheduling multi-PUSCH as an activation DCI for CG configuration. Then, scheduled multiple PUSCH can be obtained as CG PUSCH in the first period and UE can repeat those PUSCH in every period. This would minimize specification impact and save the time to discuss.
Proposal 4: The single DCI scheduling multiple PDSCH/PUSCH can be re-used for SPS/CG activation DCI in order to allocate multiple TOs in a periodicity with single SPS/CG configurations if it is supported. 

On the other hands, some XR services use multiple data flows. For example, in general AR/VR scenarios, it is required to transfer video/audio data with pose data of AR/VR devices. In this case, a number of SPS/CG configurations can be configured for single XR service. Multiple SPS/CG configurations also can be used for GOP structure of video stream in order to cover different payload size between I-frame and P-frame. For those case, when services are switched, UE may need to activate/deactivate at once even SPS and CG together which are configured for same services. In current specification, UE can be indicated with at most one activation DCI per PDCCH monitoring occasion. Thus, it means that it would take a time of a number of PDCCH monitoring occasion. For release, multiple SPS or CG can be jointly released by a single release DCI, however, at least two DCIs are required to release services using both SPS and CG. 
Proposal 5: It can be considered to activate/release multiple SPS/CG and/or other semi-static configuration with least number of DCIs for faster service switching.

Considering XR traffic characteristic, it would be necessary to support non-integer periodicity for CG. It has been proven that non-integer periodicity mitigates misalignment of transmission occasions especially for video frames. 
To minimize specification impact, we would like to propose to have minor change on the equation which determines CG occasion. We only changed yellow part in the following equations, to have aligned slot boundary even with non-integer periodicity, for Type-1/2 CG. In the equations, P is non-interger or interger periodicity of CG PUSCH in unit of symbols. 
For Type 1 CG:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
(timeReferenceSFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + timeDomainOffset × numberOfSymbolsPerSlot + ceil(N × P/ numberOfSymbolsPerSlot)* numberOfSymbolsPerSlot + S) modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot).

For type 2 CG
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
[(SFNstart time × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slotstart time × numberOfSymbolsPerSlot + symbolstart time) + ceil(N × P/ numberOfSymbolsPerSlot)* numberOfSymbolsPerSlot] modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot).

In same manner, non-integer periodicity can be easily supported for SPS as well. Periodicity is non-interger or interger periodicity of SPS PDSCH in unit of milliseconds.
For SPS
(numberOfSlotsPerFrame × SFN + slot number in the frame) = [(numberOfSlotsPerFrame × SFNstart time + slotstart time) + ceil(N × periodicity) × numberOfSlotsPerFrame / 10] modulo (1024 × numberOfSlotsPerFrame)

In the case of 15kHz subcarrier spacing, with current specification without those changes, SPS with 16ms periodicity can serve the traffic having 16.67ms with 7.7ms (=108 symbols) of average waiting time from traffic arrival to transmission occasion. On the other hand, with modified equation, SPS with 16.67ms periodicity can serve the traffic having same periodicity only with 0.33ms (=4.65 symbols) of average delay. In our view, the performance benefit are clear comparing expected specification impact. 
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Fig. 1 Average delay for periodicities of 16ms, 1/60s(≒16.67ms) and 17ms
Proposal 6 : Support non-integer periodicities by modified equation determining SPS/CG occasions. 
· FFS: How to add non-integer periodicities to current periodicity parameter. 


Dynamic scheduling enhancement for XR-specific capacity improvement
In the last meeting, there is a consensus not to consider PDCCH overhead/blockage issues for AR/VR/CG traffic except for UL pose and control traffic, since the number of satisfied UE in a cell are around of 10. 
If PDCCH overhead is not an issue, there wouldn’t be performance benefit to support single DCI scheduling multi-PDSCHs/PUSCHs for XR capacity improvement. Since the single DCI scheduling multi-PDSCHs/PUSCHs could only save the number of DCI with less flexibility as trade-off. Nevertheless, less number of DCI could help changing services faster, and multi-PUSCHs can be utilized for CG enhancement in order to support multiple CG occasion in a period. Thus, it would be beneficial to support single DCI scheduling multi-PDSCHs/PUSCHs for XR if specification impact can be minimized.
One thing is that the capability supporting multi-PUSCH scheduling is for unlicensed-band operation and it has been extended as multi-PUSCH/PDSCH scheduling for higher frequency range like FR2-2. Thus, currently it is not possible to re-use the capability for XR in FR1/2. It would be necessary to wait outcome of related UE feature discussion. 
Proposal 7: It is beneficial to re-use the UE capability of single DCI scheduling multi-PDSCHs/PUSCHs for XR capacity improvement.
· It is necessary to wait the outcome of Rel-17 B52.6G UE feature discussion. 
Once the single DCI scheduling multi-PDSCHs/PUSCHs is supported for XR, gNB would be able to control PDSCH/PUSCH resource size according to XR traffic pattern, like I/P video frame. Considering PDB for XR services, it was proposed to report HARQ-ACK in the middle of multiple PDSCH receptions scheduled by single DCI. However, if DCI overhead is not an issue, it would be sufficient to send two DCI scheduling multi-PDSCHs, in order to have two of HARQ-ACK timings.
Proposal 8: It is not necessary to investigate enhanced HARQ-ACK timing for single DCI scheduling multi-PDSCHs.

In case of uplink, SR may be transmitted for requesting dynamic scheduling. Considering stringent requirement of XR service, any kind of SR enhancement can be considered. SR enhancement would be dependent whether it is possible for UE and gNB to exchange higher layer information including XR-specific traffic characteristic (a.k.a., XR-awareness). 
Proposal 9: For XR-specific capacity improvement, enhancement on SR/BSR can be considered.
If PDB information can be considered in the MAC layer, it would be beneficial to indicate required PDB in scheduling request. For example, 2-bit SR can be considered for PDB indication. Then, UE can request UL resource which meets PDB requirement for certain logical channel. Or, UE can report least PDB of data in UE buffer via BSR information. 
Proposal 10: If scheduling techniques for XR-awareness information is supported, PDB information can be reported via SR/BSR for XR-specific capacity improvement
Some XR traffic requires periodic resources. Therefore, it would be beneficial to request SPS/CG activation DCI via SR/BSR. Clearly, this could save the number of DCI until the gNB gets a traffic information from the UE. On the other hand, UE can report how many symbol/slots are misaligned between traffic arrivals and resource scheduled. Based on that, gNB can adjust time domain resource of CG PUSCH or SR resource. 

Link adaptation to improve XR capacity
In the last meeting, link adaptation techniques such as delta-MCS, Soft HARQ-ACK feedback and CSI report enhancement are proposed and discussed. In general, enhanced link adaptation could achieve faster and correct channel estimation, so that overall system throughput could be increased. However, in the perspective of XR, we think it is difficult to say that link adaptation could be XR-specific. 
To be XR-specific, in our view, the techniques has beneficial point for XR scenarios or XR traffic characteristic. Meanwhile, XR scenario generally assumes periodic traffic for a long time. Considering that, the benefit of faster channel estimation would be limited to only first few transmissions for XR. Also, if it is discussed in terms of capacity, the trade-off between existing CSI and proposed enhancement in terms of resource overhead should be identified first, as it affects UL capacity performance.
Enhanced CQI based CBG could be XR-specific, since CBG operation has beneficial point for XR services. However, as gNB is able to schedule PDSCH/PUSCH repetition only with 10-1 and 10-5 transport block error probability of CQI, gNB is also able to schedule CBGs with considering CBG error probabilities.
Proposal 11: Study on link adaptation techniques could be de-prioritized. 

Conclusion
In this contribution, we shared our views on the potential enhancements of capacity enhancement techniques for XR. Following are proposed for XR-specific capacity improvement:
Proposal 1: 4 or 5 slot SR-to-UL grant delay can be considered. 
Proposal 2: Configured grant is beneficial to support various XR traffic. 
Proposal 3: At least for jitter handling with CG configuration, it is necessary to allocate multiple TOs in a periodicity with single CG configurations. 
Proposal 4: The single DCI scheduling multiple PDSCH/PUSCH can be re-used for SPS/CG activation DCI in order to allocate multiple TOs in a periodicity with single SPS/CG configurations if it is supported. 
Proposal 5: It can be considered to activate/release multiple SPS/CG and/or other semi-static configuration with least number of DCIs for faster service switching.
Proposal 6 : Support non-integer periodicities by modified equation determining SPS/CG occasions. 
· FFS: How to add non-integer periodicities to current periodicity parameter. 
Proposal 7: It is beneficial to re-use the UE capability of single DCI scheduling multi-PDSCHs/PUSCHs for XR capacity improvement.
· It is necessary to wait the outcome of Rel-17 B52.6G UE feature discussion. 
Proposal 8: It is not necessary to investigate enhanced HARQ-ACK timing for single DCI scheduling multi-PDSCHs.
Proposal 9: For XR-specific capacity improvement, enhancement on SR/BSR can be considered.
Proposal 10: If scheduling techniques for XR-awareness information is supported, PDB information can be reported via SR/BSR for XR-specific capacity improvement
Proposal 11: Study on link adaptation techniques could be de-prioritized. 

3. References
RAN1#110-e Chairman’s notes
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