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1. Introduction
At RAN#98-e meeting, WID on XR enhancements for NR was approved with the objective as follows [1]:
	Specify the enhancements related to power saving:
-	DRX support of XR frame rates corresponding to non-integer periodicities (through at least semi-static mechanisms e.g. RRC signalling) (RAN2).
Specify the enhancements related to capacity:
-	Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration (RAN1, RAN2);  
-	Dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE (RAN1);
-	BSR enhancements including at least new BS Table(s); (RAN2);
-	Delay reporting of buffered data in uplink; (RAN2);
-	Provision of XR traffic assistance information for DL and UL (e.g. periodicity); (RAN2);
-	Discard operation of PDU Sets (RAN2);
Specify the enhancements for XR Awareness (RAN2, RAN3): TBD (detailed objectives will be further clarified at RAN#99 based on the conclusions of TR38.835, and work to be started only after RAN#99)



In this contribution, solutions for XR capacity enhancement are discussed.
2. Discussions
2.1 Multiple CG PUSCH occasions in a CG period
Compared to IIoT/URLLC service studied in Rel-15/16/17, XR service has larger packet size. It is possible that one PUSCH in one CG period may be not enough to transmit one packet. It was agreed to study multiple CG PUSCHs in one CG period. 
Single DCI scheduling multiple PUSCHs has already been supported in Rel-16 and Rel-17, which can be a starting point for multiple CG PUSCHs in one CG period in Rel-18.
Parameters for multiple CG PUSCH occasions
For TDRA indication/configuration of multiple CG PUSCH occasions, there are two options. Option 1 is separate TDRA indication/configuration for each CG PUSCH occasion. For example, TDRA field in activation DCI indicates a row index with multiple SLIVs for the multiple CG PUSCH occasions. Option 2 is that only TDRA for the first CG PUSCH occasion is indicated/configured, and later CG PUSCH occasions are determined based on the first CG PUSCH occasion. For example, similar to slot based or sub-slot based repetitions, the multiple CG PUSCH occasions are in same time domain location within per slot/sub-slot. Option 1 is more straightforward, and can provide more flexibility for TDRA indication of each CG PUSCH occasion. Moreover, in Rel-16 and Rel-17, TDRA for multiple PUSCHs scheduled by single DCI are separately determined by the multiple SLIVs indicated by the TDRA field. The TDRA indication of multiple CG occasions in one CG period can reuse the Rel-16/17 multi-PUSCH scheduling TDRA table, without additional specification impact. Therefore, option 1 is preferred.
For HPN of the multiple CG PUSCH occasions, legacy HPN calculation rule can be applied for each CG PUSCH separately.
For other parameters than TDRA and HPN (e.g. FDRA, MCS, PHY priority, UL beam, etc), the same indication/configuration can be applied for the multiple CG PUSCH occasions in one CG period, similar to Rel-16/17 multi-PUSCH scheduling design.
Proposal 1: 
· Support separate TDRA indication/configuration for each CG PUSCH occasion, e.g. by TDRA field indicating a row index with multiple SLIVs. 
· HPN for each CG PUSCH occasions is separately calculated.
· Support same indication/configuration of other parameters (e.g. FDRA, MCS, PHY priority UL beam, etc.) applied to multiple CG PUSCH occasions in one CG period.

Activation DCI
In current spec, UE can’t validate a DCI for CG PUSCH activation if the DCI indicates more than one SLIV by the TDRA field according to the highlighted description below. If separate TDRA indication for each CG PUSCH occasion is achieved by TDRA field in the activation DCI indicating multiple SLIVs, the limitation should be relaxed.
	TS38.213 
10.2	PDCCH validation for DL SPS and UL grant Type 2
A UE validates, for scheduling activation or scheduling release, a DL SPS assignment PDCCH or a configured UL grant Type 2 PDCCH if
-	the CRC of a corresponding DCI format is scrambled with a CS-RNTI provided by cs-RNTI or a G-CS-RNTI provided by g-cs-RNTI, and
-	the new data indicator field in the DCI format for the enabled transport block is set to '0', and
-	the DFI flag field, if present, in the DCI format is set to '0', and
-	the time domain resource assignment field in the DCI format indicates a row with single SLIV, and
-	if validation is for scheduling activation and if the PDSCH-to-HARQ_feedback timing indicator field in the DCI format is present, the PDSCH-to-HARQ_feedback timing indicator field does not provide an inapplicable value from dl-DataToUL-ACK-r16. 



Proposal 2: Relax the limitation for validation of CG PUSCH activation DCI, when the TDRA field in the activation DCI indicates multiple SLIVs.

Interaction with PUSCH repetitions
For Rel-17 multi-PUSCH scheduling in FR2-2, joint operation of multiple PUSCH repetitions and single DCI scheduling multiple PUSCHs is not supported due to UE and operation complexity. Similarly, joint operation of multiple CG PUSCH occasions in a CG period and CG PUSCH repetition is not preferred from the similar reasons.
For example, if rep-K is configured with value K in ConfiguredGrantConfig, and the TDRA field in the activation DCI indicates multiple SLIVs, UE may transmit on the multiple CG PUSCH occasions in one CG period, with each CG PUSCH occasion with only one repetition.
Proposal 3: Not support joint operation of multiple CG PUSCH occasions in a CG period and CG PUSCH repetitions. 
· For example, if rep-K is configured with value K in ConfiguredGrantConfig, and the TDRA field in the activation DCI indicates multiple SLIVs, UE may transmit on the multiple CG PUSCH occasions in one CG period, with each CG PUSCH occasion with single repetition.

Usage of the multiple CG PUSCH occasions in a CG period
In previous meetings, some companies seem to support certain limitation, e.g. UE always use the first X CG PUSCH occasions, while the last (N-X) occasions may not be used. It seems to imply certain dependence on usage of each CG PUSCH occasion, e.g. if a former CG PUSCH occasion is not used, the latter CG PUSCH occasions in the period would not be used. We don’t see the necessity of such restriction on usage of multiple CG PUSCH occasions. Independent usage determination for each CG PUSCH occasion is preferred, which is good for latency.
Proposal 4: UE can independently determine the usage of each CG PUSCH occasion in one CG period.

2.2 UE reporting indication of unused CG occasions by UCI
Applicable use case
It seems companies have different understandings on whether the dynamic indication of unused CG occasions should only be applied to the case of multiple CG PUSCH occasions in one CG period. We think clarification for the issue should be discussed first before going into designing details for UE reporting indication of unused CG occasions, as following two options:
· Opt-a: UE can report indication of unused CG occasions by UCI only when multiple CG occasions in one CG period is configured.
· Opt-b: UE can report indication of unused CG occasions by UCI regardless of whether multiple CG occasions in one CG period is configured.
The main motivation to support UE reporting unused CG occasion information is the case of multiple CG occasions in one CG period, and specification impact of Opt-a is expected to be simpler than Opt-b. Therefore, Opt-a is preferred.
Proposal 5: UE can report indication of unused CG occasions by UCI only for the case of multiple CG PUSCH occasions in one CG period, i.e. UE reports indication of unused CG occasions among the multiple CG occasions in one CG period by UCI.

Container to carry the indication of unused CG occasions 
There are two possibilities for UE reporting indication of unused CG occasions:
· Alt 1: via CG-UCI along with CG PUSCH
· Alt 2: via dedicated UCI
Alt 2 has larger specification impact than Alt 1, including e.g., dedicated UCI resource definition, coding, rate matching, multiplexing, etc. Therefore, Alt 1 is preferred. 
Proposal 6: Support UE reporting indication of unused CG occasions via CG-UCI.

Firstly, support of CG-UCI needs to be clarified. In current spec, CG-UCI is only supported in unlicensed spectrum. Therefore, support of CG-UCI in licensed spectrum would be required.
Proposal 7: Support UE reporting indication of unused CG occasions via CG-UCI in licensed and unlicensed spectrum.

The next question is how to to indicate unused CG occasions by CG-UCI bits. Following options are possible:
· Option 1: The CG-UCI field(s) indicate(s) the number of consecutive unused CG PUSCH occasions.
· Option 2: The CG-UCI field(s) indicate(s) a time window (e.g. certain slots/symbols or CG periods), within which all CG occasions are not used.
· Option 3: The CG-UCI field(s) indicate(s) a bitmap indicating whether each of the N consecutive CG PUSCH occasions would be used or not.
· Option 4: The CG-UCI field(s) indicate(s) a bitmap indicating whether CG PUSCH occasions in each of the N slots/slot groups/CG periods would be used or not used.
Option 3/4 with bitmap indication is more flexible than option 1/2. Considering the main use case of UE reporting unused CG occasion information is the case of multiple CG occasions in one CG period, Option 3 is preferred. For example, the indicated N consecutive CG PUSCH occasions can be the later N CG occasions in the same CG period.
Proposal 8: The CG-UCI field(s) indicate(s) a bitmap indicating whether each of the N consecutive CG PUSCH occasions in the same CG period would be used or not. 

Determination of CG-UCI presence also needs to be clarified, i.e. how to determine whether a CG-PUSCH carries such CG-UCI indication of unused CG occasions or not. Following alternatives can be considered:
· Alt a: defined by specification, e.g. such CG-UCI bits are always present along with the first CG-PUSCH occasion in a CG period when there are multiple CG PUSCH occasions in one CG period.
· Alt b: configured by RRC, e.g. for a CG configuration configured with multiple CG PUSCH occasions in one CG period, whether CG-UCI would be present can be RRC configured. To reduce reporting overhead, reporting periodicity/offset (e.g. reporting once every N CG periods) can be configured.
· Alt c: two-stage CG-UCI indication, e.g. the part-1 CG-UCI with 1 bit flag is always present along with each CG PUSCH (of a CG configuration with multiple CG PUSCH occasions in one CG period), and the 1 bit flag indicates whether part-2 CG-UCI present or not. If present, part-2 CG-UCI indicating detailed information of unused CG occasions.
The benefit of Alt c is possible CG-UCI overhead reduction. For example, for Alt a and Alt b, the CG-UCI payload is fixed even though UE doesn’t need to report unused CG occasion information (e.g. each CG occasion is used). With Alt c, only 1 bit flag information is needed for this case.  However, Alt a and Alt b are much simpler than Alt c from specification impact perspective. Therefore, we prefer Alt a or Alt b.
Proposal 9: Presence of the CG-UCI indication may be defined by specification, or configured by RRC.

How to multiplex the CG-UCI
For multiplexing of the CG-UCI, one possibility is to reuse legacy CG-UCI multiplexing rule, which doesn’t require any additional specification effort for multiplexing aspect. In current spec, legacy CG-UCI (for HPN/RV/COT sharing indication in unlicensed) is jointly coded/rate matched with HARQ-ACK if any on CG PUSCH, while separately coded/rate matched from CSI part 1 and CSI part 2. It implies the legacy CG-UCI has the same priority as HARQ-ACK, and higher priority than CSI part 1 and CSI part 2. However, the new CG-UCI for unused CG occasion indication seems not as important as CSI (which is important for link adaptation). Therefore, whether to reuse the legacy CG-UCI multiplexing rule, or define new rules for multiplexing the CG-UCI need to be studied.
Proposal 10: Study whether/how to multiplex the new CG-UCI indication along with CG PUSCH, e.g. whether to reuse the legacy CG-UCI multiplexing rule, or define new rules for multiplexing the CG-UCI.

In Rel-17, single TB processing over multiple slots is supported for dynamically scheduled PUSCH and also CG PUSCH. It needs to be clarified whether such CG-UCI indication can be reported on a CG PUSCH configured with single TB processing over multiple slots. If yes, how to multiplex the CG-UCI with the CG PUSCH in multiple slots need to be studied, e.g. multiplexed on the first slot or multiplexed on each slot.
Proposal 11: Study whether/how to support such CG-UCI indication along with CG PUSCH configured with single TB processing over multiple slots.

In current spec, a CG-PUSCH is not transmitted when there is no UL-SCH. If the CG-UCI for unused CG occasion indication only exists in certain CG PUSCH, e.g. CG-UCI only transmitted on the first CG PUSCH occasion in the CG period when there are multiple CG PUSCH occasions in one CG period, cancellation of the CG-UCI may be not preferred, even if there is no UL-SCH in that CG PUSCH occasion. Therefore, CG-PUSCH skipping may need to be considered when designing CG-UCI indication of unused CG occasions.
Proposal 12: CG-PUSCH skipping may need to be considered when designing CG-UCI indication of unused CG occasions.

3. Conclusion
In this contribution, we discussed possible solutions for XR capacity improvement. We have following 
proposals:
Proposal 1: 
· Support separate TDRA indication/configuration for each CG PUSCH occasion, e.g. by TDRA field indicating a row index with multiple SLIVs. 
· HPN for each CG PUSCH occasions is separately calculated.
· Support same indication/configuration of other parameters (e.g. FDRA, MCS, PHY priority UL beam, etc.) applied to multiple CG PUSCH occasions in one CG period.

Proposal 2: Relax the limitation for validation of CG PUSCH activation DCI, when the TDRA field in the activation DCI indicates multiple SLIVs.
Proposal 3: Not support joint operation of multiple CG PUSCH occasions in a CG period and CG PUSCH repetitions. 
· For example, if rep-K is configured with value K in ConfiguredGrantConfig, and the TDRA field in the activation DCI indicates multiple SLIVs, UE may transmit on the multiple CG PUSCH occasions in one CG period, with each CG PUSCH occasion with single repetition.

Proposal 4: UE can independently determine the usage of each CG PUSCH occasion in one CG period.
Proposal 5: UE can report indication of unused CG occasions by UCI only for the case of multiple CG PUSCH occasions in one CG period, i.e. UE reports indication of unused CG occasions among the multiple CG occasions in one CG period by UCI.
Proposal 6: Support UE reporting indication of unused CG occasions via CG-UCI.
Proposal 7: Support UE reporting indication of unused CG occasions via CG-UCI in licensed and unlicensed spectrum.
Proposal 8: The CG-UCI field(s) indicate(s) a bitmap indicating whether each of the N consecutive CG PUSCH occasions in the same CG period would be used or not. 
Proposal 9: Presence of the CG-UCI indication may be defined by specification, or configured by RRC.
Proposal 10: Study whether/how to multiplex the new CG-UCI indication along with CG PUSCH, e.g. whether to reuse the legacy CG-UCI multiplexing rule, or define new rules for multiplexing the CG-UCI.
Proposal 11: Study whether/how to support such CG-UCI indication along with CG PUSCH configured with single TB processing over multiple slots.
Proposal 12: CG-PUSCH skipping may need to be considered when designing CG-UCI indication of unused CG occasions.
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