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1. [bookmark: _Ref87036880]Introduction
In the last meeting, following agreements have been made for XR SI [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.

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
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.



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
0. Dynamic indication of the unused CG PUSCH 
In the existing specification, UE can skip CG PUSCH occasion according to its buffer status so that transmit power can be saved. However, at the gNB side, it is highly limited to re-use skipped CG PUSCH occasion, since there is no explicit indication from UE that wouldn’t use the CG PUSCH. In the last meeting, it has been discussed to whether to support dynamic indication of unused CG PUSCH occasion from UE, in short, CG usage indication.
[bookmark: _GoBack]Considering XR traffic characteristic, the purpose of CG usage indication is adaptive resource utilization for XR traffic. For example, based on encoding result of XR video traffic, UE can determine how many PUSCH are required for the encoded video frames. If gNB already schedules a plenty of CG resources for the latency, UE may indicate how many CG occasions would be used via CG usage indication, and gNB may utilize remaining unused UL resources for other purposes. Given that, it is important how to indicate CG usage with the guarantee of the time to re-schedule. 
Proposal 1: If CG usage indication is supported, it is necessary to study the timeline for CG usage indication.

To support CG usage indication, the signaling design should be considered. The signaling design would determine the range, granularity and required number of transmission of the indication per a time unit. It would affect the performance of the CG usage indication directly. 
It would be beneficial to assume that different CG configuration have separated CG usage indication since the necessity of the indication is up to the traffic characteristic. For an example, for deterministic traffic having static size, like pose data, CG usage indication wouldn’t be beneficial. 
Proposal 2: If CG usage indication is supported, CG usage indication is configured per CG configuration. 

In terms of granularity of CG usage indication, we may consider CG-specific unit, such as per CG occasion or per period. Otherwise, HARQ process ID also can be considered. By indicating unused HARQ process ID to gNB, UE can indicate a number of CG occasion corresponding to the same HARQ process without complicated signalling design.
Proposal 3: If CG usage indication is supported, following options can be considered to indicate unused CG PUSCH occasion(s) or resource(s):
· Option 1: Indicating CG occasion that wouldn’t be used at UE side. 
· Option 2: Indicating CG period that wouldn’t be used at UE side. 
· Option 3: Indicating HARQ processes for the CG that wouldn’t be used at UE side. 

In addition, it is also necessary to discuss which channel convey such information. Considering it is a new UCI and related to CG, the CG usage indication can be treated as normal UCI conveyed in PUCCH or CG-UCI conveyed in PUSCH. We think it would be starting point for the further discussion.
Proposal 4: If CG usage indication is supported, following options can be considered to indicate unused CG PUSCH occasion(s) or resource(s):
· Option 1: Multiplexed in PUSCH, as a part of a CG-UCI. 
· Option 2: Multiplexed in PUSCH or PUCCH, as a new type of UCI.
· FFS: How to multiplex CG usage indication with other UCI

0. Increase CG PUSCH transmission occasions in a duration 
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. 
Proposal 5: At least for jitter handling with CG configuration, it is necessary to allocate multiple CG occasions in a periodicity with single CG configurations. 
In order to allocate multiple TOs with single CG configurations 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.
Otherwise, if consecutive transmissions are only required, the design like current PUSCH repetition type-A/B can be considered for simplicity. In this approach, a number of CG occasions for different TB are allocated, as in those are allocated for repetition for a TB. 
Alternatively, it is also possible to re-use existing configured grant design for NR-U, which determines CG occasion by two parameters: cg-nrofPUSCH-InSlot-r16 and cg-nrofSlots-r16. With this two parameters, multiple PUSCH occasion can be configured in a slot, and such slots can be configured at the beginning of each period. To re-use this design, it would be necessary to define how to determine HARQ process for each CG occasion without CG-UCI, since CG-UCI would make another capacity issue due to its reliability bottleneck considering XR traffic requirement. 
Proposal 6: If multiple CG occasion in a periodicity within a single configuration is supported, following options can be considered:
· Option 1: The design of single DCI scheduling multiple PDSCH/PUSCH can be re-used for  activation DCI.
· Option 2: The design of PUSCH repetition in Rel-17 can be re-used.
· Option 3: The design of NR-U configured grant can be re-used.

For another approach, it is possible to utilize multiple CG configuration to emulate multiple CG occasion in a duration. It would have less issues and minimized specification impact. However, 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. To utilize a number of configuration for a service, it is necessary to activate multiple CG at once with a single UL grant. 
Proposal 7: It can be considered to activate/release multiple CG with a single UL grant. 
0. Support of non-integer periodicity for SPS/CG configuration
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. 

[image: ]
Fig. 1 Average delay for periodicities of 16ms, 1/60s(≒16.67ms) and 17ms
Proposal 8 : Support non-integer periodicities by modified equation determining SPS/CG occasions. 
· FFS: How to add non-integer periodicities to current periodicity parameter. 


HARQ re-TX of a TB on a different cell from the cell for initial TX 
In the last meeting, it has been proposed to 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, as an enhancement of dynamic scheduling enhancement of XR. In Rel-17 URLLC WI, it has been studied to enable HARQ-ACK transmission on different cells based on semi-static pattern and dynamic indication to solve the DL-UL collision in TDD environment. To facilitate this kind of mechanism for PDSCH transmission, it should be considered HARQ process management, which is managed by MAC. 
First of all, it is not possible for UE to acquire between DL assignments for a new transmission and re-transmission, but UE can only assume based on the history of scheduling. Thus, the proposed mechanism basically requires to generate a new or existing TB based on a cell, and transmit the TB in the different cell. In this point of view, since TB are generated and managed in MAC layer, it would have MAC layer specification impact than PHY layer specification impact for UE to perform initial transmission and re-transmission on different cells. 
Observation 1: The proposed mechanism has larger impact on MAC layer operation rather than PHY layer behaviour.

On the other hand, if the proposed mechanism is supported, it would double the number of HARQ process can be transmitted in a cell. Considering the hardware limitation, it would likely limit the maximum number of HARQ process per cell, which could bring performance degradation. Also, for XR traffic and its requirement, TDD wouldn’t be a proper XR-specific scenario.
Observation 2: The proposed mechanism may degrade the performance due to practical hardware limitation. 
Observation 3: The proposed mechanism seems not XR-specific. 

Considering those point of view and the usefulness of the proposed mechanism, we think it should be discussed RAN2 since the main operations of the proposal are purely conducted in MAC layer and expected impact of PHY layer are the changes on the scheduling messages, like additional DCI fields. 
Proposal 9: It should be discussed by RAN2 whether to continue studying 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.

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: If CG usage indication is supported, it is necessary to study the timeline for CG usage indication.
Proposal 2: If CG usage indication is supported, CG usage indication is configured per CG configuration. 
Proposal 3: If CG usage indication is supported, following options can be considered to indicate unused CG PUSCH occasion(s) or resource(s):
· Option 1: Indicating CG occasion that wouldn’t be used at UE side. 
· Option 2: Indicating CG period that wouldn’t be used at UE side. 
· Option 3: Indicating HARQ processes for the CG that wouldn’t be used at UE side. 
Proposal 4: If CG usage indication is supported, following options can be considered to indicate unused CG PUSCH occasion(s) or resource(s):
· Option 1: Multiplexed in PUSCH, as a part of a CG-UCI. 
· Option 2: Multiplexed in PUSCH or PUCCH, as a new type of UCI.
· FFS: How to multiplex CG usage indication with other UCI
Proposal 5: At least for jitter handling with CG configuration, it is necessary to allocate multiple CG occasions in a periodicity with single CG configurations. 
Proposal 6: If multiple CG occasion in a periodicity within a single configuration is supported, following options can be considered:
· Option 1: The design of single DCI scheduling multiple PDSCH/PUSCH can be re-used for  activation DCI.
· Option 2: The design of PUSCH repetition in Rel-17 can be re-used.
· Option 3: The design of NR-U configured grant can be re-used.
Proposal 7: It can be considered to activate/release multiple CG with a single UL grant. 
Proposal 8 : Support non-integer periodicities by modified equation determining SPS/CG occasions. 
· FFS: How to add non-integer periodicities to current periodicity parameter. 
Observation 1: The proposed mechanism has larger impact on MAC layer operation rather than PHY layer behaviour.
Observation 2: The proposed mechanism may degrade the performance due to practical hardware limitation. 
Observation 3: The proposed mechanism seems not XR-specific. 
Proposal 9: It should be discussed by RAN2 whether to continue studying 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.
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