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Introduction
[bookmark: _Hlk30969022]In RAN1 #113 meeting, the following agreements were made for XR-specific capacity enhancements:
Agreement
[bookmark: _Hlk141451566]For time domain resource allocation for multi-PUSCH CGs, support
· For TDRA determination (based on NR-U framework)
· For Type-1, follow the rules for DCI format 0_0 on UE specific search space, as defined in Clause 6.1.2.1.1 of TS 38.214.
· Note: To determine the configuration of TDRA, PUSCH repetition type A is assumed according to description in 6.1.2.3 in 38.214 for Type-1.
· [bookmark: _Hlk141451545]It is still an open issue whether repetition is supported. If it is decided repetition is not supported, it implies the corresponding repetition factor for is one.
· For Type-2, the TDRA table is determined by the TDRA table associated with activation DCI, as defined in Clause 6.1.2.1 of TS 38.214.
· Note: The DCI format for activation DCI with pusch-RepTypeA is applicable. 
· It is still an open issue whether repetition is supported. If it is decided repetition is not supported, it implies the corresponding repetition factor for is one.
· N is configured by higher layers
· A single SLIV is determined from TDRA.
· The SLIV used for 1st PUSCH per CG period.
· PUSCH is used in each of N consecutive slots per CG period
· Note: N is configured independently from cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively. N configuration is independent from cgRetransmissionTimer configuration.
· To determine corresponding slots for CG PUSCHs in a period of a multi-PUSCH CG configuration:
· For the first PUSCH in the period, follow the legacy procedures.
· For remaining PUSCHs in the period
· ForType-1 and Type-2, reuse the corresponding procedures for NR-U by applying the RRC parameters N and M, instead of cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively.
Agreement
Indication of UTO-UCI by CG PUSCHs associated to a CG configuration, is enabled by configuration of an RRC parameter.
· FFS on whether/how to extend to multiple CG configurations
Agreement
For a CG configuration with UTO-UCI indication enabled, to determine the indicated CG PUSCH by a UTO-UCI indication, consider the following options for further down-selection:
Option A-1a: 
· Configure the RRC parameter UTO_period.
· FFS range value of UTO_period
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· Alt-2: one or multiple of CG periodicity given by integer values (n=1, 2, ..)
· The starting time of the first period of UTO periodicity starts at the same as starting time of the first period of the CG configuration and ends after UTO_period. The next UTO period(s) are followed after the first UTO period.
· A transmitted CG PUSCH that is confined within a UTO period, carries UTO-UCI that is applicable to the CG PUSCH TOs within the UTO period.
Option A-2a:
· Configure the RRC parameter UTO_period.
· [bookmark: _Hlk141967239]FFS range value of UTO_period
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· [bookmark: _Hlk141967257]Alt -2: one or multiple of CG periodicity given by integer values (n=1, 2, ..)
· Configure the RRC parameter UTO_offset. 
· [bookmark: _Hlk142057243]FFS range value of UTO_offset 
· The starting time of the first period of UTO periodicity starts at the same as starting time of the first period of the CG configuration and ends after UTO_period. The next UTO period(s) are followed after the first UTO period.
· A transmitted CG PUSCH that is confined within a UTO period, carries UTO-UCI that is applicable to the CG PUSCH TOs within the UTO period and after UTO_offset from the end of the transmitted CG PUSCH.
Option B-a:
· Configure the RRC parameter UTO_period.
· FFS range value of UTO_period
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· Alt -2: one or multiple of CG periodicity given by integer value (n=1, 2, ..)
· UTO_offset is the offset value. 
· Alt-1: UTO_Offset is provided by configuration.
· FFS range value of UTO_offset 
· Alt-2: UTO_Offset = 0
· A transmitted CG PUSCH carries UTO-UCI that is applicable to the valid CG PUSCH TOs that are confined within UTO_period starting with UTO_offset from the end of the transmitted CG PUSCH. 
[bookmark: _Hlk141967205]Option B-b2:
· Configure the RRC parameter Nu (Nu is the size of bit-map)
· FFS range value of Nu
· UTO_offset is the offset value. 
· Alt-1: UTO_Offset is provided by configuration.
· FFS range value of UTO_offset 
· Alt-2: UTO_Offset = 0
· A transmitted CG PUSCH, carries UTO-UCI that is applicable to the Nu consecutive and valid CG PUSCH TOs, starting with UTO_offset from the end of the transmitted CG PUSCH.
FFS on whether/how to extend to multiple CG configurations
Note: Above corresponds to Option 2 (w.r.t. agreement in RAN1#112)
In this contribution, we show our views on CG PUSCH enhancements for R18 XR.
1. 
2. 
Discussion
1) Multi-PUSCH CGs
In R16, the maximum number of CG configurations in one BWP is based on UE capability, i.e. 1, 2, 4, 8 and 12. R18 Multi-PUSCH CGs has been supported for efficient transmission of XR packet with large payload size. However, neither the maximum number of multi-PUSCH CG TOs in one period of a CG configuration nor the maximum number of CG configurations with multi-PUSCH CG TOs has been discussed. We think both of the above factors have impact on UE implementation. 
[bookmark: _Hlk141870011]Given the typical XR video with a periodicity of 60 fps (i.e. 16.67 ms) and the maximum number of HARQ processes supported in FR1 is 16, we propose that up to 16 CG-PUSCH TOs in one period of a CG configuration can be supported by UE based on UE capability.
[bookmark: _Hlk141888071]XR frame rates (15, 30, 45, 60, 72, 90 and 120 frames per second) correspond to rational periodicity of 200/3, 100/3, 200/9, 50/3, 125/9, 100/9 and 25/3 ms respectively, where the maximum denominator is 9. So up to 9 CG configurations with multi-PUSCH CGs configured to a UE can solve the issue of non-integer traffic periodicity. We propose the maximum number of CG configurations with multi-PUSCH CGs should be based on UE capability. 
Proposal 1: The maximum number of CG-PUSCH TOs in one period of a CG configuration is based on UE capability, and never exceeds 16 by specification.
Proposal 2: The maximum number of CG configurations with multiple CG-PUSCH TOs is based on UE capability, and never exceeds 9 by specification.
The determination of HARQ process ID for multi-PUSCH CGs, agreed in RAN1 #112bis and 113, cannot be directly applied to PUCCH repetition. Given available TUs are limited, we do not prefer to support PUSCH repetition for multiple CG-PUSCH TOs.
[bookmark: _Hlk141888873]Proposal 3: PUSCH repetition is not supported in Rel-18 for multiple CG-PUSCH TOs per CG period.

2) UTO-UCI
In RAN1 #112b, it was agreed that “The UTO-UCI provides a bitmap where a bit corresponds to a TO within a time duration/range”. In RAN1 #113, four options for UTO-UCI indication were proposed:
· Option A-1a: Periodic UTO window in terms of time duration is defined, and UTO-UCI is applicable to the CG PUSCH TOs within the UTO period. Because the UTO indication window covers the past TOs, redundant information exists. Assume N CG-PUSCH TOs are included in one UTO period, and N-bit UTO-UCI is transmitted in each transmitted CG PUSCH, the proportion of redundant UTO bits caused by past TOs and current TO is about  .
· Option A-2a: Periodic UTO window in terms of time duration is defined, and UTO-UCI is applicable to the remaining valid CG PUSCH TOs within the UTO period. Therefore, the issue of redundant information in Option A-1a 1 is avoided.
· Option B-a/B-b2: Sliding UTO window in terms of a time duration(B-a)/bitmap size(B-b2) is defined, and UTO-UCI can be applicable beyond one single CG period. Because UE can hardly predict the amount of XR traffic in the next period, the indication of traffic distribution in the next CG period can hardly be implemented, and then these two methods will also lead to redundant information (due to setting bitmap bit belonging to next CG period to “not unused” anyway). 
[bookmark: _Hlk142057321]Based on the above analysis, we support Option A-2a for UTO-UCI indication. From the perspective of overhead and the valid indication time, we suggest that the UTO periodicity equals to the CG periodicity. The value range of UTO_offset mainly depends on gNB processing capability, we think that the range of 1-4 TOs is reasonable and enough. The payload size of UTO-UCI transmitted in a CG PUSCH equals to the number of CG PUSCH TOs within the UTO period and after UTO_offset from the end of the CG PUSCH.
Proposal 4: Support Option A-2a for UTO-UCI indication:
· UTO periodicity equals to the CG periodicity;
· [bookmark: _Hlk142490439]The values of UTO_offset can be 1~4 in unit of TO;
· The payload size of UTO-UCI transmitted in a CG PUSCH equals to the number of CG PUSCH TOs within the UTO period and after UTO_offset from the end of the CG PUSCH.

It was agreed that UTO-UCI is included in every CG PUSCH that is transmitted. If uplink skipping is enabled and no data is available for a CG PUSCH, the MAC follows the existing rule, i.e. the MAC does not generate a MAC PDU if there is no HARQ-ACK/CSI to be multiplexed in the CG PUSCH. However, if a DG PUSCH transmission overrides a CG PUSCH transmission in the CG PUSCH TO, as allowed in R17, the UTO-UCI should be multiplexed in the DG PUSCH to avoid the dropping of UTO-UCI.
Proposal 5: If both UTO-UCI and uplink skipping are enabled and no data is available for a CG PUSCH, the MAC is not expected to generate a MAC PDU if there is no HARQ-ACK/CSI to be multiplexed in the CG PUSCH.
Proposal 6: If UTO-UCI is enabled and a DG PUSCH overrides a CG PUSCH in the PUSCH TO as allowed in R17, the UTO-UCI should be multiplexed in the DG PUSCH.

[bookmark: _Hlk134257867][bookmark: _Hlk141448393]When HARQ-ACK is multiplexed into a PUSCH with UTO-UCI of the same priority, the multiplexing can treat UTO-UCI as CG-UCI and reuse the legacy channel coding, rate matching and RE mapping for HARQ-ACK and CG-UCI. Additional dropping of UTO-UCI is not supported.
[bookmark: _Hlk141448449]If uci-MuxWithDiffPrio is configured and HARQ-ACK is multiplexed into a PUSCH with UTO-UCI of the different priority, UTO-UCI should be multiplexed with HARQ-ACK of the same priority first, then reuse R17 intra-UE multiplexing procedure.
Proposal 7: When HARQ-ACK is multiplexed into a PUSCH with UTO-UCI of the same priority, the multiplexing treats UTO-UCI as CG-UCI and reuses the legacy mechanisms.
· Additional dropping of UTO-UCI is not supported.
Proposal 8: If a UE is provided uci-MuxWithDiffPrio and HARQ-ACK of priority X is multiplexed into a PUSCH with UTO-UCI of priority Y (≠X),
· First step: append HARQ-ACK of priority Y, if any, to the UTO-UCI.
· [bookmark: _Hlk141449091]Second step: reuse R17 intra-UE multiplexing procedure by treating the output of the first step as R17 HARQ-ACK of priority Y.
[bookmark: _GoBack]Conclusions
In this contribution, we discuss the CG PUSCH enhancement for supporting XR services with following proposals:
Proposal 1: The maximum number of CG-PUSCH TOs in one period of a CG configuration is based on UE capability, and never exceeds 16 by specification.
Proposal 2: The maximum number of CG configurations with multiple CG-PUSCH TOs is based on UE capability, and never exceeds 9 by specification.
Proposal 3: PUSCH repetition is not supported in Rel-18 for multiple CG-PUSCH TOs per CG period.
Proposal 4: Support Option A-2a for UTO-UCI indication:
· UTO periodicity equals to the CG periodicity;
· The values of UTO_offset can be 1~4 in unit of TO;
· The payload size of UTO-UCI transmitted in a CG PUSCH equals to the number of CG PUSCH TOs within the UTO period and after UTO_offset from the end of the CG PUSCH.
Proposal 5: If both UTO-UCI and uplink skipping are enabled and no data is available for a CG PUSCH, the MAC is not expected to generate a MAC PDU if there is no HARQ-ACK/CSI to be multiplexed in the CG PUSCH.
Proposal 6: If UTO-UCI is enabled and a DG PUSCH overrides a CG PUSCH in the PUSCH TO as allowed in R17, the UTO-UCI should be multiplexed in the DG PUSCH.
Proposal 7: When HARQ-ACK is multiplexed into a PUSCH with UTO-UCI of the same priority, the multiplexing treats UTO-UCI as CG-UCI and reuses the legacy mechanisms.
· Additional dropping of UTO-UCI is not supported.
Proposal 8: If a UE is provided uci-MuxWithDiffPrio and HARQ-ACK of priority X is multiplexed into a PUSCH with UTO-UCI of priority Y (≠X),
· First step: append HARQ-ACK of priority Y, if any, to the UTO-UCI.
· Second step: reuse R17 intra-UE multiplexing procedure by treating the output of the first step as R17 HARQ-ACK of priority Y.
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