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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, remaining issues for XR capacity enhancement are discussed.
2. Discussions
Multi-PUSCH CG and PUSCH repetition
In RAN1#114bis meeting, the issue for support of multi-PUSCH CG and PUSCH repetition was raised and discussed.
According to previous agreement and conclusion, PUSCH repetition is not supported for multi-PUSCH CG.
	Agreement
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.
· 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.
Conclusion
For Type-1 and Type-2 multi-PUSCH CG configuration, Type-A repetition is NOT supported in Rel-18



In the latest specification, it was reflected as following:
	TS 38.214, Clause 6.1.2.3
<********************************************omitted**************************************>
For PUSCH transmissions with a Type 1 or Type 2 configured grant, the number of (nominal) repetitions K to be applied to the transmitted transport block is provided by the indexed row in the time domain resource allocation table if numberOfRepetitions is present in the table; otherwise K is provided by the higher layer configured parameters repK. If a UE is configured with higher layer parameter [nrofSlots_InCGperiod], in a configuredGrantConfig, neither repetition of the transmitted transport block nor the TB processing over multiple slots is supported for the configuredGrantConfig.
<********************************************omitted**************************************>



The current specification text may lead to ambiguity. For example, two options were discussed in RAN1#114bis meeting, while no consensus was reached.
· Option 1: UE doesn’t expect the determined repetition factor larger than 1.
· Option 2: UE assumes repetition factor as 1.
It is better to avoid ambiguity by specification text. Therefore, we think it is necessary to make a decision among the two options and update the specification text accordingly to make UE behavior clearer.
From configuration/indication flexibility perspective, Option 1 may lead to more gNB configuration/indication restriction. For example, for option 1, the TDRA indicated by activation DCI can only be one of the TDRA rows with numberOfRepetitions equal to 1 if numberOfRepetitions is present. It is possible that separate rows with same SLIV need to be configured for multi-PUSCH CG case (i.e. same SLIV with K=1) and other cases (i.e. same SLIV with K>1) respectively. For option 2, the TDRA indicated by activation DCI is possible to be any TDRA row. However, from our perspective, the TDRA row configuration seems not very critical issue. When numberOfRepetitions is present, the maximum number of TDRA entries can be 64. The TDRA entries can be enough even considering separate rows with K=1 for multi-PUSCH CG.
From UE behavior complexity perspective, Option 1 is simpler than option 2, since UE behavior is aligned with gNB indication/configuration.
For the two options, we think both can work. We slightly prefer option 1 due to simplified UE behavior. 
Proposal 1: If a UE is configured with higher layer parameter [nrofSlots_InCGperiod] in a configuredGrantConfig, UE doesn’t expect the repetition factor to be larger than 1.
If option 1 is adopted, there would be impact on RRC parameter configuration. For example, nrofSlots_InCGperiod is NOT configured, if the repK is configured with value larger than 1 or repK-r17 is configured. 
Proposal 2: For RRC parameter configuration,
· nrofSlots_InCGperiod is NOT configured if repK is configured with value larger than 1 in ConfiguredGrantConfig.
· UE doesn’t expect to be simultaneously configured with nrofSlots_InCGperiod and repK-17 in ConfiguredGrantConfig.

There would also be restriction on TDRA indication by activation DCI. For example, when nrofSlots_InCGperiod is configured, the indicated TDRA row is not expected to indicate numberOfRepetitions with value larger than 1. The following TP can be adopted.
	[bookmark: _Hlk149640049]TS 38.214, Clause 6.1.2.3
<********************************************omitted**************************************>
For PUSCH transmissions with a Type 1 or Type 2 configured grant, the number of (nominal) repetitions K to be applied to the transmitted transport block is provided by the indexed row in the time domain resource allocation table if numberOfRepetitions is present in the table; otherwise K is provided by the higher layer configured parameters repK. For PUSCH transmissions with a Type 2 configured grant, if UE is configured with nrofSlots_InCGperiod, UE doesn’t expect the TDRA row indicated by activation DCI indicates numberOfRepetitions value larger than 1.
<********************************************omitted**************************************>



Proposal 3: For type 2 CG, if UE is configured with higher layer parameter [nrofSlots_InCGperiod], UE doesn’t expect the TDRA row indicated by activation DCI indicates numberOfRepetitions value larger than 1.
· Adopt following TP.
	TS 38.214, Clause 6.1.2.3
<********************************************omitted**************************************>
For PUSCH transmissions with a Type 1 or Type 2 configured grant, the number of (nominal) repetitions K to be applied to the transmitted transport block is provided by the indexed row in the time domain resource allocation table if numberOfRepetitions is present in the table; otherwise K is provided by the higher layer configured parameters repK. For PUSCH transmissions with a Type 2 configured grant, if UE is configured with nrofSlots_InCGperiod, UE doesn’t expect the TDRA row indicated by activation DCI indicates numberOfRepetitions value larger than 1.
<********************************************omitted**************************************>



Multi-PUSCH CG and TBoMS
Similar as above issue, it is better to also clarify the meaning of “TBoMS is not supported for multi-PUSCH CG” in the specification.
Similarly, two options can be considered.
· Option 1: UE doesn’t expect number of slots for TBoMS is larger than 1.
· Option 2: UE assumes number of slots for TBoMS is equal to 1.
Similar as discussions above, we slightly prefer option 1 to make UE behavior simpler and clearer.
Proposal 4: For type 2 CG, if UE is configured with higher layer parameter [nrofSlots_InCGperiod], UE doesn’t expect the TDRA row indicated by activation DCI indicates numberOfSlotsTBoMS value larger than 1.
· Adopt the following TP.
	TS 38.214, Clause 6.1.2.3
<********************************************omitted**************************************>
For PUSCH transmissions with a Type 1 or Type 2 configured grant, the number of (nominal) repetitions K to be applied to the transmitted transport block is provided by the indexed row in the time domain resource allocation table if numberOfRepetitions is present in the table; otherwise K is provided by the higher layer configured parameters repK. For PUSCH transmissions with a Type 2 configured grant, if UE is configured with nrofSlots_InCGperiod, UE doesn’t expect the TDRA row indicated by activation DCI indicates numberOfSlotsTBoMS value larger than 1.
<********************************************omitted**************************************>



3. Conclusion
In this contribution, we discussed remaining issues for XR capacity improvement. We have following 
proposals:
Proposal 1: If a UE is configured with higher layer parameter [nrofSlots_InCGperiod] in a configuredGrantConfig, UE doesn’t expect the repetition factor to be larger than 1.

Proposal 2: For RRC parameter configuration,
· nrofSlots_InCGperiod is NOT configured if repK is configured with value larger than 1 in ConfiguredGrantConfig.
· UE doesn’t expect to be simultaneously configured with nrofSlots_InCGperiod and repK-17 in ConfiguredGrantConfig.

Proposal 3: For type 2 CG, if UE is configured with higher layer parameter [nrofSlots_InCGperiod], UE doesn’t expect the TDRA row indicated by activation DCI indicates numberOfRepetitions value larger than 1.
· Adopt following TP.
	TS 38.214, Clause 6.1.2.3
<********************************************omitted**************************************>
For PUSCH transmissions with a Type 1 or Type 2 configured grant, the number of (nominal) repetitions K to be applied to the transmitted transport block is provided by the indexed row in the time domain resource allocation table if numberOfRepetitions is present in the table; otherwise K is provided by the higher layer configured parameters repK. For PUSCH transmissions with a Type 2 configured grant, if UE is configured with nrofSlots_InCGperiod, UE doesn’t expect the TDRA row indicated by activation DCI indicates numberOfRepetitions value larger than 1.
<********************************************omitted**************************************>



Proposal 4: For type 2 CG, if UE is configured with higher layer parameter [nrofSlots_InCGperiod], UE doesn’t expect the TDRA row indicated by activation DCI indicates numberOfSlotsTBoMS value larger than 1.
· Adopt the following TP.
	TS 38.214, Clause 6.1.2.3
<********************************************omitted**************************************>
For PUSCH transmissions with a Type 1 or Type 2 configured grant, the number of (nominal) repetitions K to be applied to the transmitted transport block is provided by the indexed row in the time domain resource allocation table if numberOfRepetitions is present in the table; otherwise K is provided by the higher layer configured parameters repK. For PUSCH transmissions with a Type 2 configured grant, if UE is configured with nrofSlots_InCGperiod, UE doesn’t expect the TDRA row indicated by activation DCI indicates numberOfSlotsTBoMS value larger than 1.
<********************************************omitted**************************************>
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