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Introduction
In RAN#112 [1], XR-specific capacity enhancements was discussed and the following agreements were made.
Agreement
· Multi-PUSCHs CG is supported for Type-1 configured grant.
· Multi-PUSCHs CG is supported for Type-2 configured grant.
Agreement
For determination of the time domain resource allocation of CG PUSCHs associated to a multi-PUSCHs CG, the following alternatives for further study:
· Alt-A: TDRA determination based on repetition framework. 
· Alt-A1: Follow the time domain resource mapping of Type A repetition
· N configured by higher layers or indicated by activation DCI
· Single SLIV is determined from TDRA
· The same SLIV in N PUSCH in consecutive slots per CG period
· FFS for non-consecutive slots
· FFS details, including related RRC parameters
· Alt-A2: Follow the time domain resource mapping of Type B repetition
· N configured by higher layers or indicated by activation DCI
· Single SLIV is determined from TDRA
·  The SLIV used for 1st PUSCH per CG period.
· N consecutive nominal PUSCHs with same duration per CG period
· Note: N is not necessarily the repetition factor.
FFS details, including related RRC parameters
· Alt-B: TDRA determination based on NR-U framework
· N and M configured by higher layers
· Single SLIV is determined from TDRA.
· The SLIV used for 1st PUSCH per CG period.
· M consecutive PUSCH TOs with same duration in slot. The M PUSCH TOs are used in N consecutive slots per CG period
· Note: N and M are configured independently from cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively. M and N configuration is independent from cgRetransmissionTimer configuration.
· FFS details, including related RRC parameters
· Alt-C: TDRA determination based on single DCI scheduling multiple PUSCHs
· Alt-C1: Follow Rel-16 single DCI scheduling multiple PUSCHs
· TDRA configured by pusch-TimeDomainAllocationListForMultiPUSCH-r16 with k2-r16
· A row of TDRA with N entries determines the time domain resources allocation of N PUSCH TOs per period
· Note: N PUSCH TOs should be consecutive PUSCH TOs in consecutive slots.
· FFS details, including related RRC parameters
· Alt-C2: Follow Rel-17 single DCI scheduling multiple PUSCHs
· TDRA configured by pusch-TimeDomainAllocationListForMultiPUSCH-r16 with extendedK2-r17
· A row of TDRA with N entries determines the time domain resources allocation of N PUSCH TOs per period
· Note: N PUSCH TOs can be non-consecutive PUSCHs and/or in non-consecutive slots.
· FFS details, including related RRC parameters
Agreement
For the PUSCHs parameters in a multi-PUSCHs CG configuration, the configuration/indication parameters except MCS and FDRA of CG PUSCHs in a multi-PUSCHs CG configuration are the same
· FFS: For MCS and FDRA, study further to decide whether/how to be different.
· FFS: Applicability to type-1 and type-2
· Note: TDRA and HP ID are not in this scope of the above statement.
Agreement
For determination of HARQ process IDs associated to PUSCHs in multi-PUSCHs CG assuming one TB per PUSCH, consider the following alternatives:
· Alt. 1:  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 period duration divided by X instead of the period duration.
· The HARQ process ID of the remaining PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period.
· Alt 1-1; X = 1
· Alt 1-2: X is the number of configured PUSCHs in a period
· Alt 1-3: X is provided by RRC configuration.
· FFS details
· Alt. 2: Support that UE can decide, as in NR-U, the HARQ IDs for the multiple CG PUSCH transmission occasions and indicate the decided HARQ IDs to gNB if multiple HARQ processes are used for the multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration
· FFS details	
· Alt. 3: The HARQ process ID for the configured PUSCHs in a period is determined based on the legacy CG procedure when cg-RetransmissionTimer is not configured.
· FFS on potential enhancements different from previous alternatives
· Alt 3-1: Note: Same HP ID would be used for all PUSCHs within a period.
· FFS details
· Alt 3-2: Note: Different HP ID could be used for all PUSCHs within a period.
· FFS details
· Alt. 4:  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.
· The HARQ process ID of the remaining PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period
· FFS on potential enhancements different from previous alternatives
· Alt 5: Support that UE can decide, as in NR-U, the HARQ IDs for the first CG PUSCH transmission occasions and indicate the decided HARQ IDs to gNB if multiple HARQ processes are used for the multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration
· The HARQ process ID of the remaining PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period
· FFS details
· Alt 6: FFS other solutions
Note: The case of one TB map to multiple PUSCHs is not considered here.
Agreement
The physical channel that carries the UCI that provides information about unused CG PUSCH transmission occasions is CG PUSCH.
Agreement
Encoding and multiplexing for “the UCI that provides information about unused CG PUSCH transmission occasions” in a CG PUSCH applies encoding and multiplexing procedures for CG-UCI as baseline.
· FFS on details
Agreement
Consider the following alternatives for “the UCI that provides information about unused CG PUSCH transmission occasions” for down-selection or revision
· Alt. 1: “The UCI that provides information about unused CG PUSCH transmission occasions” is defined as a new UCI. 
· FFS on details
· Alt. 2: “The UCI that provides information about unused CG PUSCH transmission occasions” is added as new field(s) to the CG-UCI.
· FFS on details
· Alt. 3: “The UCI that provides information about unused CG PUSCH transmission occasions” replaces/re-purposes some field(s) of the CG-UCI.
· FFS on details
Agreement
For dynamic indication of unused CG PUSCH occasion(s) based on a UCI, the following options for further down-scoping with possible revision, are considered for the transmission occasion of the UCI:
· Option 1: A transmitted CG PUSCH, includes the UCI.
· FFS details
· Option 2: A transmitted CG PUSCH includes the UCI, if it is transmitted in an occasion determined by RRC.
· FFS details
· Option 3: A transmitted CG PUSCH includes the UCI, if it is transmitted in a pre-defined transmission occasion.
· FFS details
· Example of a pre-determined occasion: 1st configured PUSCH TO in a CG period or 1st configured PUSCH TO in a multiple CG periods
· Option 4: A transmitted CG PUSCH includes the UCI, if it is transmitted in a transmission occasion determined satisfying given condition(s).
· FFS details
· Examples of a condition: A first transmitted PUSCH in a CG period, or a first PUSCH transmission within a multiple of CG periods.
Other options are not precluded. Proponent companies to provide details.

Agreement
For dynamic indication of unused CG PUSCH transmission occasion(s) based on a UCI, the following options for further down-scoping, are considered for the information provided by the UCI:
· [bookmark: _Hlk131632546]Option 1: The UCI determines the consecutive CG PUSCH TO(s) that are indicated as “unused” 
· Option 1-1: The UCI provides the number of consecutive TO(s) in time domain. 
· Applicable numbers can be determined from information obtained from configuration.
· FFS details
· Option 1-2: The UCI provides a time duration/range that includes the consecutive TO(s) in time domain. 
· Applicable time duration/range can be determined from information obtained from configuration
· FFS details
· Option 2: The UCI determines the CG PUSCH TO(s) that are indicated as “unused” (consecutive/non-consecutive TO(s) in time domain)
· Option 2-1: The UCI provides a bitmap where a bit corresponds to a TO within a time duration/range. The bit indicates whether the TO is “unused”.
· Applicable time duration/range can be determined from information obtained from configuration
· FFS details
· Option 2-2: The UCI provides a bitmap where a bit corresponds to TOs within a time duration/range. The bit indicates whether all TOs within the time duration/range are “unused”.
· Applicable time duration/range can be determined from information obtained from configuration
· FFS details
· FFS whether/how the unused TO(s) can be associated to multiple CG configuration.
· Other options are not precluded. Proponent companies to provide details.

In the contribution, issues regarding multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration, HARQ process ID determination, and dynamic indication of unused CG PUSCH transmission occasion(s) based on UCI by the UE are discussed.
Discussion
[bookmark: _Hlk127517869]Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration
[bookmark: _Hlk861261]In the last meeting, several alternatives are discussed for determination of the time domain resource allocation of CG PUSCHs associated to a multi-PUSCHs CG. In our view, Alt-A1 and Alt-C2 are preferred.
Alt-A1 is preferred for its simplicity, as only one RRC parameter is needed and the time domain resource mapping of Type A repetition can be reused to support multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration. Specifically, the first CG PUSCH transmission occasions in a period is derived as in legacy, and the other CG PUSCH occasions are in consecutive slots following the first CG PUSCH transmission occasions. The symbol allocation and RB allocation of the multiple CG PUSCH transmission occasions are the same.
[bookmark: _Hlk127520566]Alt-C2 is preferred for its flexibility. The TDRA table for multiple PUSCH scheduling by single DCI introduced in Rel-17 for FR2 can be reused. For Type 1 CG, to configure multiple CG PUSCH transmission occasions, timeDomainAllocation indicates a row of the TDRA table for multiple PUSCH scheduling by single DCI. For Type 2 CG, to activate a CG configuration with multiple CG PUSCH transmission occasions, TDRA field of the activation DCI indicates a row of the TDRA table for multiple PUSCH scheduling by single DCI.
In our view, Alt-A2 and Alt-B should be precluded since they are based on the frameworks related to non-slot based repetition, which are used mainly to reduce the latency, whereas the multi-PUSCH CG is used to accommodate variable packet sizes. Alt-C1 should also be precluded since it is similar to Alt-C2 while Alt-C1 provides less flexibility of resource allocation.
Proposal 1: Adopt Alt-A1 or Alt-C2 for determination of the time domain resource allocation of CG PUSCHs associated to a multi-PUSCHs CG.
[bookmark: _Hlk131628905]HARQ process ID determination
For determination of HARQ process IDs associated to PUSCHs in multi-PUSCHs CG, there are five alternatives discussed in the last meeting. In our view, Alt. 1 should be considered as a baseline. Alt. 1 can provide different HARQ process IDs for different PUSCH transmission occasions in a CG period, and can provide different HARQ process IDs for different PUSCH transmission occasions in adjacent CG periods. Althougn Alt. 2 and Alt. 5 may provide the same benefits of Alt. 1, they come with the overhead of CG-UCI, which may not be reliable. For Alt. 3 and Alt. 4, since the HARQ process ID of the first configured/valid PUSCH in a period is determined based on the legacy CG procedure, the HARQ process IDs for different PUSCH transmission occasions in adjacent CG periods will be largely the same, which reduces the availabe time duration for CG retransmission.
Proposal 2: Adopt Alt. 1 for determination of HARQ process IDs associated to PUSCHs in multi-PUSCHs CG.
Dynamic indication of unused CG PUSCH transmission occasion(s) based on UCI by the UE
In the last meeting, there was discussion about whether the UCI that provides information about unused CG PUSCH transmission occasions is defined as a new UCI or as part of CG-UCI. CG-UCI contains HARQ process ID, NDI, RV, and COT sharing information. As discussed above, HARQ process ID should be determined based on a rule, which should not be carried in CG PUSCH. NDI and RV are only needed if multi-PUSCHs CG can be used for retransmission, which should not be supported as the HARQ process ID is determined based on a rule. The COT sharing information is needed only in unlicensed band which is not a typical scenario for XR services. Hence, the UCI that provides information about unused CG PUSCH transmission occasions should be defined as a new UCI.
Proposal 3: The UCI that provides information about unused CG PUSCH transmission occasions is defined as a new UCI.
[bookmark: _Hlk131632069]There are four options for determining the transmission occasion of the UCI. Option 1 is not preferred since there is overhead for transmitting the UCI in every CG PUSCH transmission occasions. Option 2 is not preferred since additional RRC signaling is needed. Option 3 is not preferred since there may be jitter for the XR traffic, so that the first CG PUSCH transmission occasion in a period may not always be transmitted. In our view, the UCI should be multiplexed in the first transmitted PUSCH in a CG period. 
Proposal 4: The UCI is multiplexed in the first transmitted PUSCH in a CG period.
There are two two options for the information provided by the UCI. In option 1, the UCI determines the consecutive CG PUSCH TO(s) that are indicated as “unused”. In option 2, the UCI determines the CG PUSCH TO(s) that are indicated as “unused” (consecutive/non-consecutive TO(s) in time domain). In general, option 2 can provide more flexibility for indicating the unused PUSCH TO(s) with larger signaling overhead compared to option 1. Even if the signaling overhead is acceptable, the benefit of such flexibility remains doubtful. Considering that the gNB needs some time to process the received UCI and re-allocate the unused CG PUSCH TO(s), the CG PUSCH TO(s) that may be re-allocated should be separated from the CG PUSCH TO carrying the UCI by a certain amount of time. As shown in Figure 1, the shaded CG PUSCH TO(s) (TO 3, TO 4, and TO 5) can be re-allocated. Due to the time separation, it is more likely that the UE determines the re-allocatable CG PUSCH TO(s) are used or unused based on the PDU set size of XR traffic. It may be hard for the UE to determine the re-allocatable CG PUSCH TO(s) are used or unused based on the LCP procedure since the LCP procedure may not have been performed for the re-allocatable CG PUSCH TO(s) before the UCI is transmitted. As such, it is more reasonable to indicate consecutive CG PUSCH TO(s) as unused CG PUSCH TO(s).
Option 1-1 is preferred. More specifically, the UCI indicates the number of the last CG PUSCH TO(s) that are unused. For option 1-2, a specific time duration/range within a CG period can be indicated with larger overhead compared to option 1-1. However, the benefit of such information is also not justified.
[image: ]
Figure 1 Re-allocatable CG PUSCH TO(s)
Proposal 5: The UCI indicates the number of the last CG PUSCH TO(s) that are unused.
Conclusions
In this contribution, we discussed the issues regarding multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration, HARQ process ID determination, and dynamic indication of unused CG PUSCH transmission occasion(s) based on UCI by the UE. We have the following proposals:
Proposal 1: Adopt Alt-A1 or Alt-C2 for determination of the time domain resource allocation of CG PUSCHs associated to a multi-PUSCHs CG.
Proposal 2: Adopt Alt. 1 for determination of HARQ process IDs associated to PUSCHs in multi-PUSCHs CG.
Proposal 3: The UCI that provides information about unused CG PUSCH transmission occasions is defined as a new UCI.
Proposal 4: The UCI is multiplexed in the first transmitted PUSCH in a CG period.
Proposal 5: The UCI indicates the number of the last CG PUSCH TO(s) that are unused.
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