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Introduction
In RAN#112 [1], XR-specific capacity enhancements was discussed and the following agreements were made.
Agreement
For TDRA design for multi-CG PUSCH, prioritize Alt-A1, Alt-B, and Alt-C2 for further downscoping and/or modification from corresponding agreement in RAN1#112.
· FFS: How to address TDD configuration issue
Agreement
For CG PUSCHs in a multi-PUSCHs CG configuration, MCS of the CG PUSCHs in the CG configuration are the same between different PUSCH occasions
Agreement
For CG PUSCHs in a multi-PUSCHs CG configuration, FDRA of the CG PUSCHs in the CG configuration are the same between different PUSCH occassions
Agreement
For dynamic indication of unused CG PUSCH transmission occasion(s) based on a UCI, the indicated “unused” CG PUSCH TO(s), if any, by the UCI in a CG PUSCH for a CG configuration 
· can be consecutive or non-consecutive CG PUSCH TO(s) in time domain [in one CG period]
· FFS whether/how the unused TO(s) can be associated to multiple CG configuration.
Note: FFSs and further details in corresponding agreement in RAN1#112 for the selected option are remained for further discussion
Note: Above corresponds to Option 2 (w.r.t. agreement in RAN1#112)
Agreement
· Option 1: For a CG PUSCH configuration, the UTO-UCI is included in every CG PUSCH that is transmitted (that is Option 1 in corresponding agreement in RAN1#112)
· FFS details
· Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.
Agreement
The UCI that provides information about unused CG PUSCH transmission occasions is defined as a “new UCI” (i.e. Alt. 1 of previous agreement).
Agreement
· With respect to PHY two-level priority, for a configured grant PUSCH configuration, the “UTO-UCI” has the same priority level as the configured grant PUSCH.
· Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.
Agreement
The existing CG-UCI encoding and multiplexing procedures are reused for encoding the “UTO-UCI” in a configured grant PUSCH in absence or presence of other UCIs being multiplexed in the PUSCH, by applying the following adjustments:
· The “UTO-UCI” is used instead of CG-UCI in the corresponding procedures for encoding of CG-UCI and/or HARQ-ACK, whichever is present.
· For determining the beta-offset,
· Beta offset is configured for the “UTO-UCI” 
· If UTO-UCI and HARQ-ACK is not jointly encoded, the beta offset for the “UTO-UCI” is used in the procedures instead of CG-UCI beta offset
· If UTO-UCI and HARQ-ACK is jointly encoded, HARQ-ACK beta offset is used in the procedures instead of CG-UCI beta offset
· FFS on sequence generation order between UTO-UCI and HARQ-ACK
· FFS on dropping rule between UTO-UCI and HARQ-ACK when joint encoding is not configured
· Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.
Agreement
From RAN1 perspective, for determination of HARQ process Ids associated to PUSCHs in multi-PUSCHs CG assuming one TB per PUSCH:
· [bookmark: _Hlk134621990]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 = [floor(X*(CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes
· HARQ Process ID = [floor(X*(CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes + harq-ProcID-Offset2
· FFS whether in formulas above X is outside or inside floor operation, i.e.
· HARQ Process ID = [X*floor( (CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes
· HARQ Process ID = [X*floor((CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes + harq-ProcID-Offset2
· (Working Assumption) The HARQ process ID of the remaining configured/valid CG PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period by Y with module operation with nrofHARQ-Processes or module operation with (nrofHARQ-Processes + harq-ProcID-Offset2), whichever applicable.
· FFS whether X=1 or X= the number of configured PUSCHs in the CG period
· FFS whether Y =1 or a value larger than 1, e.g. Y=2.
· FFS: If Y>1, Y is determined based on RRC
· FFS whether Offset 1= 0 or can be a non-zero value. 
· FFS: If offset1 is non-zero, how offset1 is determined (i.e., based on RRC)
· FFS whether Offset 2= 0 or can be a non-zero value. 
· FFS: If offset2 is non-zero, how offset2 is determined (i.e., based on RRC or dynamically)
· Note1: The equations will be updated accordingly when FFSs are clarified, e.g., if X=1, remove X; if Y=1, remove Y; if non-zero offset1 or Offset 2 is not supported, remove offset 1 or Offset 2.
· Note2: 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.
Agreement
The UTO-UCI provides a bitmap where a bit corresponds to a TO within a time duration/range. The bit indicates whether the TO is “unused”.
· FFS: Details including time duration/range
Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.

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, it was agreed to prioritize Alt-A1, Alt-B, and Alt-C2. 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-B should be precluded since it is 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.
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
It was agreed that 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, HARQ Process ID = [floor(X*(CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes. In our view, X should be equal to the number of configured PUSCHs in the CG period, so that the HARQ process IDs of the TOs in adjacent CG periods can be made different.
There are proposals to support non-zero values for offset1, and the motivations is to address issues such as jitter or non-integer periodicity. In our view, non-zero values for offset1 are not needed since they only results in shifting of HARQ process IDs of the TOs. In other words, non-zero values for offset1 can make the first transmitted TO corresponds to HARQ process 0 (assuming no harq-ProcID-Offset2) in case there is jitter. However, the number of used HARQ processes in a CG period are not affected by offset1.
There are proposals to support non-zero values for offset2, and the motivations is to enable consecutive HARQ process IDs of actually transmitted TOs in adjacent periods, so that separation of TOs corresponding to the same HARQ process ID can be maximized. However, this requires dynamic signaling which may not be reliable and defeats the purpose of using a formula for determination of HARQ process IDs.
Proposal 2: Confirm the working assumption with the following, X= the number of configured PUSCHs in the CG period, Y=1, Offset 1= 0, and Offset 2= 0.
Dynamic indication of unused CG PUSCH transmission occasion(s) based on UCI by the UE
In the last meeting, it was agreed that the UTO-UCI provides a bitmap where a bit corresponds to a TO within a time duration/range. The bit indicates whether the TO is “unused”.
Regarding the time duration/range, 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. As such, it is more reasonable that the bitmap corresponds to CG PUSCH TO(s) that may actually be re-allocated by the gNB. In the example, there are three bits corresponding to TO 3, TO 4, and TO 5 in the bitmap.
[image: ]
Figure 1 Re-allocatable CG PUSCH TO(s)
Proposal 3: Time duration/range of the bitmap takes into account the processing time of UTO-UCI.
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: Confirm the working assumption with the following, X= the number of configured PUSCHs in the CG period, Y=1, Offset 1= 0, and Offset 2= 0.
Proposal 3: Time duration/range of the bitmap takes into account the processing time of UTO-UCI.
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