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Introduction
[bookmark: _Hlk30969022]In RAN1 #112 meeting, XR-specific capacity enhancements were discussed with the following agreements:
Agreement
· Multi-PUSCHs CG is supported for Type-1 configured grant.
· Multi-PUSCHs CG is supported for Type-2 configured grant.
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
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
In this contribution, we show our further views on CG PUSCH enhancements.
Multiple CG PUSCH transmission occasions in a period
1. 
2. 
1) Time domain resource allocation of CG PUSCHs in a multi-PUSCHs CG configuration
[bookmark: _Hlk130904831]The following alternatives were proposed in RAN1 #112 to determine the time domain resource allocation of CG PUSCHs within one multi-PUSCHs CG period:
· Alt-A: TDRA determination based on repetition framework. 
· [bookmark: _Hlk130904961]Alt-A1: Follow the time domain resource mapping of Type A repetition
· Alt-A2: Follow the time domain resource mapping of Type B repetition
· Alt-B: TDRA determination based on NR-U framework
· Alt-C: TDRA determination based on single DCI scheduling multiple PUSCHs
· Alt-C1: Follow Rel-16 single DCI scheduling multiple PUSCHs
· [bookmark: _Hlk130905102]Alt-C2: Follow Rel-17 single DCI scheduling multiple PUSCHs
Because large packet size is one of main characteristics of XR services, large TB sizes are likely to be used for XR transmission as much as possible, in order to minimize the redundant information and reduce the HARQ processes consumed in one CG period. Therefore, multiple PUSCH TOs in one slot does not bring big benefits. In this case, compared to Alt-A1, Alt-B has no obvious advantage and the configuration for Alt-B is more complex. So, we think Alt-B can be excluded from further study.
[bookmark: _Hlk130373447]From the perspective of flexible resource allocation, the methods that can support non-consecutive resource allocation are more attractive. With slight enhancement on RRC configuration, Alt-A1 can support non-consecutive resource allocation. For example, multiple time-offsets can be configured by RRC to determine N slots per CG period. Then the same symbols are determined in each of the N slots as a PUSCH TO. On the other hand, Alt-A2 can hardly support non-consecutive resource allocation. Furthermore, the number of actual PUSCHs may vary in different CG periods and Alt-A2 may result in fragmented PUSCHs, which impacts HARQ process management and reduce transmission efficiency. Therefore, we support to exclude Alt-A2 from further study as well.
For Alt-C, since Alt-C1 has no obvious advantage over Alt-C2, we can focus on Alt-C2. For Alt-C2, different symbols can be allocated in different slots per CG period, which is positive. On the other hand, because TDRA is shared by both CG and DG, Alt-C2 may leave some limitations on time domain resource allocation of dynamic PUSCH.
Proposal 1: Down-select one from the following alternatives for determining the time domain resource allocation of CG PUSCHs within one multi-PUSCHs CG period:
· Alt-A1: Follow the time domain resource mapping of Type A repetition.
· Support non-consecutive-slot allocation.
· Alt-C2: Follow Rel-17 single DCI scheduling multiple PUSCHs

2) PUSCHs parameters in a multi-PUSCHs CG configuration
The CG PUSCH parameters should be configured based on long-term measurements, therefore different PUSCH parameters for CG PUSCHs in a multi-PUSCHs CG configuration seems not necessary. Furthermore, we don’t support increasing DCI overhead only to support different MCSs/FDRAs for CG PUSCHs in a multi-PUSCHs CG configuration.
Proposal 2: It is not supported to indicate different MCSs/FDRAs for the different CG PUSCHs in a multiple CG-PUSCHs configuration.

3) HARQ process ID
The following alternatives for determination of HARQ process IDs associated to PUSCHs in multi-PUSCHs CG were proposed in RAN1 #112:
· 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.
· 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	
· 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.
· Alt 3-1: Note: Same HP ID would be used for all PUSCHs within a period.
· Alt 3-2: Note: Different HP ID could be used for all PUSCHs within a period.
· 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
· 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
For determination of HP IDs associated to PUSCHs in multi-PUSCHs CG configuration, we think the following design principles should be considered:
a) Normal HARQ procedure should be supported, i.e., it should be avoided to use the same HP ID for all PUSCHs within one period.
b) The probability of HP ID collision should be made low as much as possible. One example is shown in Figure 1, where the first PUSCH in each period is determined based on the legacy CG procedure, and HP IDs of the remaining PUSCHs in the same period is determined by ID increment from the previous PUSCH. In this example, three identical HP IDs, {#4,#5,#6}, are used in adjacent periods, which may introduce scheduling limitation.


Figure 1: One example of HP ID collision
c) The impact on the specification should be as little as possible. Obviously, the above Alt.2 has least impact on the specification.
We think Alt.1-2, Alt.1-3 and Alt.2 can satisfy all above principles. We slightly prefer Alt.2, because it has more flexibility and less specification impacts.
[bookmark: _Hlk130457985]Proposal 3: For determination of HARQ process IDs associated to PUSCHs in a multi-PUSCHs CG configuration, solution is selected from {Alt.1-2, Alt.1-3, Alt.2}. 

Dynamic indication of unused CG PUSCH occasion(s) by UCI
1) UCI occasion
The following options for transmission occasion of the UCI used to dynamic indication of unused CG PUSCH occasion(s) were proposed in RAN1 #112 for further down scoping:
· Option 1: A transmitted CG PUSCH, includes the UCI.
· [bookmark: _Hlk130462401]Option 2: A transmitted CG PUSCH includes the UCI, if it is transmitted in an occasion determined by RRC.
· Option 3: A transmitted CG PUSCH includes the UCI, if it is transmitted in a pre-defined transmission occasion.
· Example of a pre-determined occasion: 1st configured PUSCH TO in a CG period or 1st configured PUSCH TO in a multiple-CG period
· Option 4: A transmitted CG PUSCH includes the UCI, if it is transmitted in a transmission occasion determined satisfying given condition(s).
· Examples of a condition: A first transmitted PUSCH in a CG period, or a first PUSCH transmission within a multiple of CG periods.
Option 4 leads to ambiguity between gNB and UE, so we suggest excluding it from the further study. Based on the characteristics of XR service, we think cross-period indication of unused CG PUSCH occasion(s) should not be supported. Therefore, option 1 is also not recommended, due to the redundant information being transmitted at least for the last PUSCH per CG period. 
To leave enough time for gNB to re-scheduling the unused UL resources for other UEs, the UCI should be transmitted as early as possible, i.e. the UCI should be transmitted in the first TO. However, the 1st PUSCH TO may be skipped due to the late packet arrival. Taking into account the impacts of latency and jitter, we propose that a transmitted CG PUSCH includes the UCI, if it is transmitted in the first N PUCCH occasion(s), where N is configured by RRC.
Proposal 4: The UCI is transmitted in the first N PUSCH TO(s) in a multi-PUSCHs CG period, where N is configured by RRC.
To avoid unnecessary drop of the UCI, if a DG PUSCH transmission overrides a CG PUSCH transmission in the CG PUSCH TO which is determined to transmit the UCI, as allowed in R17, the to-be-transmitted UCI should be multiplexed in the DG PUSCH. 
Proposal 5: If a DG PUSCH overrides a CG PUSCH in the PUSCH TO which is determined to transmit a UCI, as allowed in R17, the UCI should be multiplexed in the DG PUSCH.

2) Indication method
The following methods to indicate unused CG PUSCH occasion(s) were proposed in RAN1 #112 for further down-scoping:
· 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. 
· Option 1-2: The UCI provides a time duration/range that includes the consecutive TO(s) in time domain. 
· Option 2: The UCI determines the CG PUSCH TO(s) that are indicated as “unused” (consecutive/non-consecutive TO(s) in time domain)
· [bookmark: _Hlk130463262]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”.
· 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”.
We prefer Option 2-1, because it can indicate non-continuous unused CG PUSCH TOs, which can be caused by the combination of the followings:
· One or more early CG PUSCH TO(s) within a CG period is not used due to the late packet arrival; 
· One or more last CG PUSCH TO(s) is spared due to the small data packet size;
· One specific CG PUSCH occasion is dropped due to collision handling.  
Proposal 6:  Support Option 2-1, i.e. the UCI provides a bitmap where a bit corresponds to a TO within a time duration/range. The bit in the bitmap only confirms a TO is “unused” but does not confirm the TO is “used”.
Conclusions
In this contribution, we discuss the CG PUSCH enhancement for supporting XR services with following proposals:
Proposal 1: Down-select one from the following alternatives for determining the time domain resource allocation of CG PUSCHs within one multi-PUSCHs CG period:
· Alt-A1: Follow the time domain resource mapping of Type A repetition.
· Support non-consecutive-slot allocation.
· Alt-C2: Follow Rel-17 single DCI scheduling multiple PUSCHs
Proposal 2: It is not supported to indicate different MCSs/FDRAs for the different CG PUSCHs in a multiple CG-PUSCHs configuration.
Proposal 3: For determination of HARQ process IDs associated to PUSCHs in a multi-PUSCHs CG configuration, solution is selected from {Alt.1-2, Alt.1-3, Alt.2}. 
Proposal 4: The UCI is transmitted in the first N PUSCH TO(s) in a multi-PUSCHs CG period, where N is configured by RRC.
Proposal 5: If a DG PUSCH overrides a CG PUSCH in the PUSCH TO which is determined to transmit a UCI, as allowed in R17, the UCI should be multiplexed in the DG PUSCH.
Proposal 6:  Support Option 2-1, i.e. the UCI provides a bitmap where a bit corresponds to a TO within a time duration/range. The bit in the bitmap only confirms a TO is “unused” but does not confirm the TO is “used”.
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