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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: _Hlk111214318]In RAN#98-e, a follow-up WI on XR enhancements for NR in Rel-18 was approved with the following objectives involving RAN1 [1]: 
	…
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);
...


In RAN1#114 meeting, specification work for the above two objectives was completed successfully, with two corresponding features introduced in RAN1 specifications, i.e. multi-PUSCH CG and UTO-UCI.
In this contribution, remaining issues for XR specific capacity enhancements will be discussed.
2. Discussion
1. 
2. 
2.1 Determination of HARQ process ID for multi-PUSCH CG
Regarding determination of HARQ process IDs for CG PUSCH occasions corresponding to a multi-PUSCH CG configuration, the following agreement was achieved during RAN1#113 meeting. Subsequently, a corresponding LS was sent to RAN2 to convey the following agreement.
	Agreement
From RAN1 perspective, for determination of HARQ process IDs associated to PUSCHs in multi-PUSCHs CG assuming one TB per PUSCH:
· The HARQ process ID for the first configured/valid PUSCH in a period is determined based on the legacy CG procedure when cg-RetransmissionTimer is not configured, and applying the following formula, whichever is applicable
· HARQ Process ID = [X*floor( (CURRENT_symbol ) / periodicity)] modulo nrofHARQ-Processes
· HARQ Process ID = [X*floor((CURRENT_symbol ) / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2
· X= the number of configured PUSCHs in the CG period
· The HARQ process ID of the remaining configured/ and valid CG PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period by one with module operation with nrofHARQ-Processes or module operation with (nrofHARQ-Processes + harq-ProcID-Offset2), whichever applicable.
· Note: A configured CG PUSCH is invalid if the CG PUSCH is dropped due to collision with DL symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or SSB.
Send an LS to RAN2 to convey the above RAN1 agreement. Final LS is in R1-2306233.


Although a minor typo was identified by RAN2 regarding the description of “module operation with (nrofHARQ-Processes + harq-ProcID-Offset2)” in the above agreement, it has no impact on RAN1 common understanding on determination of HARQ process ID for multi-PUSCH CG.
In the endorsed CR for TS38.214 [3] for XR enhancements after RAN1#114bis meeting, determination of HARQ process ID for multi-PUSCH CG is captured by the following text highlighted in yellow.
	[bookmark: _Toc11352138][bookmark: _Toc20318028][bookmark: _Toc27299926][bookmark: _Toc29673199][bookmark: _Toc29673340][bookmark: _Toc29674333][bookmark: _Toc36645563][bookmark: _Toc45810608][bookmark: _Toc146791817]6.1	UE procedure for transmitting the physical uplink shared channel
…
When the UE is configured dl-OrJointTCI-StateList or ul-TCI-StateList, the UE shall perform PUSCH transmission corresponding to a Type 1 configured grant or a Type 2 configured grant or a dynamic grant according to the spatial relation, if applicable, with a reference to the RS for determining UL Tx spatial filter. The RS is determined based on an RS configured with qcl-Type set to 'typeD' of the indicated TCI-State or an RS in the indicated TCI-UL-State. The reference RS in the indicated TCI-State can be a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info. The reference RS in the indicated TCI-UL-State can be a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, an SRS resource in an SRS resource set with the higher layer parameter usage set to 'beamManagement', or SS/PBCH block associated with the same or different PCI from the PCI of the serving cell. When [nrofSlots_InCGperiod] is configured for Type 1 configured grant or Type 2 configured grant, HARQ process ID for the Kth (1 < K ≤ [nrofSlots_InCGperiod]) valid configured PUSCH grant is determined as in clause 5.4.1 of [10, TS 38.321], excluding invalid configured PUSCH grant(s) that are not transmitted due to collision with the DL symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, or a symbol(s) of an SS/PBCH block with index provided by ssb-PositionsInBurst as described in clause 11.1 of [6, TS 38.213].
…


In our understanding, the above highlighted text is not consistent with the above agreement. Specifically, within a given period of a multi-PUSCH CG configuration, the first configured CG PUSCH occasion, as well as all valid CG PUSCH occasions after the first configured CG PUSCH occasion if any, will be considered for determination of HARQ process ID. However, the above highlighted text describes those considered CG PUSCH occasions as “the Kth (1 < K ≤ [nrofSlots_InCGperiod]) valid configured PUSCH grant” in the given period generally, not considering that the first configured CG PUSCH occasion may be invalid.
Actually, for the first configured CG PUSCH occasion, a corresponding HARQ process ID will always be determined irrespective of whether it is valid or invalid. If the first configured CG PUSCH occasion is valid, from the remaining CG PUSCH occasions, the Kth (1 < K ≤ [nrofSlots_InCGperiod]) valid CG PUSCH occasion in the given period will be considered for determination of HARQ process ID. On the contrary, if the first configured CG PUSCH occasion is invalid, HARQ process IDs for valid CG PUSCH occasions from the remaining CG PUSCH occasions should be determined based on the next valid CG PUSCH occasion after the first configured CG PUSCH occasion in the given period, i.e., the range of K is 1 ≤ K < [nrofSlots_InCGperiod] in the given period. 
Observation 1: There is inconsistence between description for determination of HARQ process ID for multi-PUSCH CG in TS38.214 and corresponding agreement, depending on whether the first configured CG PUSCH occasion in a given CG period is valid or invalid.
From our perspective, to incorporate the above two cases when the first configured CG PUSCH occasion is valid or invalid, it is simpler to adopt another indexing method, i.e. considering the (K’) th valid CG PUSCH occasion after the first configured CG PUSCH occasion, which is also consistent with the indexing method adopted in running CR for TS38.321. Therefore, in a given period, besides the first configured CG PUSCH occasion, other CG PUSCH occasion(s) to be considered for determination of HARQ process ID can be referred to as “the Kth (1 ≤ K < [nrofSlots_InCGperiod]) valid configured PUSCH grant after the first configured PUSCH grant”.
Based on the above understanding, to resolve the above inconsistence between specification description and corresponding agreement, a straightforward way is that determination of HARQ process ID for the first configured CG PUSCH occasion, and that for all valid CG PUSCH occasions after the first configured CG PUSCH occasion if any, are described separately in the specification, and the following TP1 can be considered.
	--------------------------------------------------------------TP1--------------------------------------------------------------
6.1	UE procedure for transmitting the physical uplink shared channel
…
When the UE is configured dl-OrJointTCI-StateList or ul-TCI-StateList, the UE shall perform PUSCH transmission corresponding to a Type 1 configured grant or a Type 2 configured grant or a dynamic grant according to the spatial relation, if applicable, with a reference to the RS for determining UL Tx spatial filter. The RS is determined based on an RS configured with qcl-Type set to 'typeD' of the indicated TCI-State or an RS in the indicated TCI-UL-State. The reference RS in the indicated TCI-State can be a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info. The reference RS in the indicated TCI-UL-State can be a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, an SRS resource in an SRS resource set with the higher layer parameter usage set to 'beamManagement', or SS/PBCH block associated with the same or different PCI from the PCI of the serving cell. When [nrofSlots_InCGperiod] is configured for Type 1 configured grant or Type 2 configured grant, HARQ process ID for the Kth (1 ≤< K <≤ [nrofSlots_InCGperiod]) valid configured PUSCH grant after the first configured PUSCH grant is determined as in clause 5.4.1 of [10, TS 38.321], excluding invalid configured PUSCH grant(s) that are not transmitted due to collision with the DL symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, or a symbol(s) of an SS/PBCH block with index provided by ssb-PositionsInBurst as described in clause 11.1 of [6, TS 38.213]. HARQ process ID for the first configured PUSCH grant is determined as in clause 5.4.1 of [10, TS 38.321].
…


Since for determination of HARQ process ID in a CG period, the behavior for the first CG PUSCH occasion and that for the remaining CG PUSCH occasions are different, it is clearer to specify them separately.
[bookmark: _Ref149898197]Proposal 1: Adopt the TP1 for TS38.214 to capture determination of HARQ process ID for the first configured CG PUSCH occasion and that for the remaining CG PUSCH occasions separately, in a period of multi-PUSCH CG.
2.2 Repetition operation for multi-PUSCH CG
As specified in TS38.214 [3] with the following description, for a CG configuration, the repetition factor K is determined based on numberOfRepetitions in the corresponding TDRA table, or based on repK in the corresponding ConfiguredGrantConfig.
	[bookmark: _Toc11352148][bookmark: _Toc20318038][bookmark: _Toc27299936][bookmark: _Toc29673210][bookmark: _Toc29673351][bookmark: _Toc29674344][bookmark: _Toc36645574][bookmark: _Toc45810619][bookmark: _Toc145348752][bookmark: _Toc136943286]6.1.2.3	Resource allocation for uplink transmission with configured grant
…
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.
…


Regarding joint operation of multi-PUSCH CG and repetition, the following conclusion was achieved during RAN1#114 meeting, indicating that repetition for multi-PUSCH CG is not supported in Rel-18.
	Conclusion
For Type-1 and Type-2 multi-PUSCH CG configuration, Type-A repetition is NOT supported in Rel-18


Regarding how to capture the above conclusion properly in specification, during RAN1#114bis meeting, the following updated TP in [2] was discussed without consensus.
	6.1.2.3	Resource allocation for uplink transmission with configured grant
******************** unchnaged text 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 a configuredGrantConfig, If if a UE is configured with higher layer parameter [nrofSlots_InCGperiod], in a configuredGrantConfig, the UE assumes the repetition factor equal to one and does not support repetition for the configuredGrantConfig, and the UE does not support neither repetition of the transmitted transport block nor the TB processing over multiple slots is supported for the configuredGrantConfig.
******************** unchnaged text omitted *****************************


During the discussion, two alternatives can be identified as below.
· Alt.1: The UE always assumes the repetition factor for multi-PUSCH CG is equal to one irrespective of configuration/indication related to repetition, e.g., repK, numberOfRepetitions.
· Alt.2: The gNB guarantees that only repetition factor equal to one is applied to a multi-PUSCH CG configuration by proper configuration/indication.
In our opinion, Alt.2 is preferred which is more straightforward. On the contrary, in Alt.1 new UE behavior is introduced which is not well justified. In addition, based on RAN1#114 agreement, i.e., for Type-1 and Type-2 multi-PUSCH CG configuration, Type-A repetition is NOT supported in Rel-18, a UE does not expect to be enabled simultaneously with multi-PUSCH CG configuration and Type-A repetition. 
[bookmark: _Ref149898279]Observation 2: Since repetition for multi-PUSCH CG is not supported in Rel-18, it is guaranteed by proper gNB’s configuration/indication that only repetition factor equal to one is applied to a multi-PUSCH CG configuration.
Regarding the corresponding TP, the text “assumes the repetition factor equal to one and” in the above updated TP is not need. Alternatively, the following TP2 can be considered.
	--------------------------------------------------------------TP2--------------------------------------------------------------
6.1.2.3	Resource allocation for uplink transmission with configured grant
…
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 a configuredGrantConfig, If if a UE is configured with higher layer parameter [nrofSlots_InCGperiod], in a configuredGrantConfig, the UE expects K shall be equal to one, and the UE does not support neither repetition of the transmitted transport block nor the TB processing over multiple slots is supported for the configuredGrantConfig.
…


[bookmark: _Ref149898199]Proposal 2: Adopt the TP2 for TS38.214 to clarify that Type A repetition is not supported for multi-PUSCH CG in Rel-18.
3. Conclusion
In this contribution, remaining issues for XR specific capacity enhancements are discussed, with the following observations and proposals:
Observation 1: There is inconsistence between description for determination of HARQ process ID for multi-PUSCH CG in TS38.214 and corresponding agreement, depending on whether the first configured CG PUSCH occasion in a given CG period is valid or invalid.
Observation 2: Since repetition for multi-PUSCH CG is not supported in Rel-18, it is guaranteed by proper gNB’s configuration/indication that only repetition factor equal to one is applied to a multi-PUSCH CG configuration.

Proposal 1: Adopt the TP1 for TS38.214 to capture determination of HARQ process ID for the first configured CG PUSCH occasion and that for the remaining CG PUSCH occasions separately, in a period of multi-PUSCH CG.
	--------------------------------------------------------------TP1--------------------------------------------------------------
6.1	UE procedure for transmitting the physical uplink shared channel
…
When the UE is configured dl-OrJointTCI-StateList or ul-TCI-StateList, the UE shall perform PUSCH transmission corresponding to a Type 1 configured grant or a Type 2 configured grant or a dynamic grant according to the spatial relation, if applicable, with a reference to the RS for determining UL Tx spatial filter. The RS is determined based on an RS configured with qcl-Type set to 'typeD' of the indicated TCI-State or an RS in the indicated TCI-UL-State. The reference RS in the indicated TCI-State can be a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info. The reference RS in the indicated TCI-UL-State can be a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, an SRS resource in an SRS resource set with the higher layer parameter usage set to 'beamManagement', or SS/PBCH block associated with the same or different PCI from the PCI of the serving cell. When [nrofSlots_InCGperiod] is configured for Type 1 configured grant or Type 2 configured grant, HARQ process ID for the Kth (1 ≤< K <≤ [nrofSlots_InCGperiod]) valid configured PUSCH grant after the first configured PUSCH grant is determined as in clause 5.4.1 of [10, TS 38.321], excluding invalid configured PUSCH grant(s) that are not transmitted due to collision with the DL symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, or a symbol(s) of an SS/PBCH block with index provided by ssb-PositionsInBurst as described in clause 11.1 of [6, TS 38.213]. HARQ process ID for the first configured PUSCH grant is determined as in clause 5.4.1 of [10, TS 38.321].
…


[bookmark: _GoBack]Proposal 2: Adopt the TP2 for TS38.214 to clarify that Type A repetition is not supported for multi-PUSCH CG in Rel-18.
	--------------------------------------------------------------TP2--------------------------------------------------------------
6.1.2.3	Resource allocation for uplink transmission with configured grant
…
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 a configuredGrantConfig, If if a UE is configured with higher layer parameter [nrofSlots_InCGperiod], in a configuredGrantConfig, the UE expects K shall be equal to one, and the UE does not support neither repetition of the transmitted transport block nor the TB processing over multiple slots is supported for the configuredGrantConfig.
…
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