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[bookmark: _Ref465963108]Introduction
In RAN1 104 bis-e, the issue of PUSCH skipping with PUSCH repetitions configured was discussed. However, no conclusion was made on this topic. In this contribution, we address this issue with several proposals. 
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[bookmark: _Hlk71105253]PUSCH skipping, together with UCI multiplexing on PUSCH, in UL CA, is a complicated feature. From UE/gNB implementation point of view, it is desired to have unified behavior of PUSCH skipping for PUSCH with and without repetitions. For skipping of PUSCH without repetitions, the principle agreed is that if UCI would be multiplexed on a PUSCH, that PUSCH cannot be skipped, and UCI is multiplexed on that PUSCH. Other PUSCHs could be skipped by UE if MAC has no PDU. For skipping of PUSCH with repetitions, it is desired to follow this agreed principle so a unified behavior can be achieved. 
A restriction in MAC layer specification for PUSCH with repetition is that, MAC has to decide generate or not generate a PDU for the PUSCH before the first repetition occurs and the decision (once made) cannot be overridden for later repetitions. Before of this restriction, if a certain PUSCH repetition overlap with UCI cannot be skipped, UE has to know whether a UCI would overlap with a PUSCH repetition  before the first PUSCH repetition transmission time. This would put some restriction to downlink control/data scheduling. The root cause of this stringent restriction is MAC layer decision to generate PDU or not is a single decision applies to all PUSCH repetitions, which does not allow PUSCH skipping on per repetition basis.  
To remove the above restriction, one could modify the MAC and PHY specification with minimum change to allow per repetition PUSCH skipping. Then for each repetition, the same rule of PUSCH skipping for PUSCH without repetition can be reused, which could unify the design between with and without repetition. 
Proposal 1: For PUSCH with repetitions configured, support PUSCH skipping on per PUSCH repetition basis. For each PUSCH repetition, reuse the agreed skipping rule for PUSCH without repetition.   
The next question is how to modify MAC and PHY specification to support PUSCH skipping per PUSCH repetition. On high level, there are two alternatives can be considered. 
· Alternative 1: allow MAC to decide to generate PDU or not per PUSCH repetition. 
· Alternative 2: MAC always generate a PDU and indicate PHY the PDU is a dummy PDU if it has no data in buffer. PHY decides to skip the PDU or not on per PUSCH repetition basis. 

Regarding the specification change, alternative 1 has smaller specification change. However, alternative 2 is more compliant to current MAC layer behaviour. 
In the feature lead summary [1] in RAN1 104 bis-e, alternative 1 is captured as option 5. Alternative 2 is captured as option 6. However, option 6 in [1] captured that the MAC layer to PHY layer 1-bit indication of the PDU is dummy PDU or real PDU as a UE implementation without specification impact, which is not accurate. The 1-bit indication has to be specified and PHY will need to rely on the 1-bit to decide UCI multiplexing behaviour. 
Therefore, we have the following proposal to slightly update option 6. 
[bookmark: _Hlk71563880]Proposal 2: Update the option 6 (originally captured in feature lead summary R1- 2104073) as the following. 
When PUSCH repetition is configured, 
· MAC layer behavior: For a PUSCH configured with repetitions, MAC always generate a PDU. If MAC has data in buffer, MAC generate a real PDU; otherwise, MAC generate a dummy PDU. MAC use 1-bit to indicate PHY that the PDU is a dummy PDU or a real PDU. 
· PHY layer behavior: Each PUSCH repetition independently check whether it overlaps with a PUCCH or not. 
· If it overlaps with a PUCCH, that PUSCH repetition cannot be skipped, and UCI is multiplexed on the PUSCH repetition. 
· If it does not overlap with any PUCCH, 
· if the 1-bit indication indicates a dummy PDU, this PUSCH repetition is skipped.
· If the 1-bit indication indicates a real PDU, this PUSCH repetition is not skipped. 

If RAN1 has concern that allowing per repetition PUSCH skipping requires too much specification change, one solution can be considered is to allow the functionality of UL skipping with some restrictions. One restriction could be allowing PUCCH overlapping with PUSCH only on the first repetition. With such repetition, PUSCH skipping can be support without any specification change. However, as discussed before, this adds stringent restriction on DL control/data scheduling, as the DL DCI for the PUCCH overlapping with the PUSCH repetitions has to arrive  before the first PUSCH repetition transmission time. To relax this restriction, one could consider support PUSCH skipping by allowing PUCCH overlap with the first 2 PUSCH repetitions. 
Proposal 3: When a PUCCH is overlapped with any of the first two PUSCH repetitions, MAC generates MAC PDU for the PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the PUSCH. All of the PUSCH repetitions are not skipped in this case.
· UE does not expect a PUCCH to overlap with the PUSCH other than the first two PUSCH repetitions.
Conclusions
In summary, we make the following proposals for PUSCH skipping for PUSCH with repetitions. 
Proposal 1: For PUSCH with repetitions configured, support PUSCH skipping on per PUSCH repetition basis. For each PUSCH repetition, reuse the agreed skipping rule for PUSCH without repetition.   
Proposal 2: Update the option 6 (originally captured in feature lead summary R1- 2104073) as the following. 
When PUSCH repetition is configured, 
· MAC layer behavior: For a PUSCH configured with repetitions, MAC always generate a PDU. If MAC has data in buffer, MAC generate a real PDU; otherwise, MAC generate a dummy PDU. MAC use 1-bit to indicate PHY that the PDU is a dummy PDU or a real PDU. 
· PHY layer behavior: Each PUSCH repetition independently check whether it overlaps with a PUCCH or not. 
· If it overlaps with a PUCCH, that PUSCH repetition cannot be skipped, and UCI is multiplexed on the PUSCH repetition. 
· If it does not overlap with any PUCCH, 
· if the 1-bit indication indicates a dummy PDU, this PUSCH repetition is skipped.
· If the 1-bit indication indicates a real PDU, this PUSCH repetition is not skipped. 

Proposal 3: When a PUCCH is overlapped with any of the first two PUSCH repetitions, MAC generates MAC PDU for the PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the PUSCH. All of the PUSCH repetitions are not skipped.
· UE does not expect a PUCCH to overlap with the PUSCH other than the first two PUSCH repetitions.
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