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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 #104-e, agreements of UL skipping for single slot PUSCH, processing rules for Case 1-6 are specified and overlapping group definition for Case 1-5 is clarified as well[1]. However, companies did not converge on how to implement the UL skipping feature for multi-slot PUSCH. In this contribution, the rules for both dynamically scheduled and configured grant PUSCHs with repetitions are discussed separately. In the end, conclusions are proposed for dealing this scenario.
[bookmark: _Ref129681832]UL skipping for PUSCH with repetitions
Two aspects should be considered for UL skipping feature when PUSCH with repetition is enabled. First, the conditions to trigger a MAC PDU generation in high layer and second, principles to deal with the PUSCH repetitions without overlapping if UL skipping is enabled.
Conditions to generate MAC PDU for UCI multiplexing
For single slot PUSCH, if UL skipping feature is reported to support by UE and PUSCH overlaps with PUCCH, a MAC PDU is still generated although there is no actual data needs to be transmitted. So MAC layer delivers a padding MAC PDU due to the overlapping with PUCCH. For multi-slot PUSCH, one or multiple PUSCH repetitions could overlap with PUCCH in time and the overlapping repetitions could be any one of the PUSCHs. Therefore, how to let MAC layer know a padding MAC PDU should be generated is a problem. 
One strict criteria is to look up the repetitions of PUSCH one by one, if any one of the repetitions has overlap with PUCCH, and the UCI on the PUCCH is going to be piggybacked on a PUSCH repetition, then MAC layer should transport a MAC PDU to PHY layer. However, this criteria always requires UE to transmit all PUSCH repetitions which will consume more power from UE side, which the repetitions do not carry actual and effective data. 
The other condition is checking the overlapping for the first repetition of PUSCH. If the first repetition overlaps with PUCCH, and UCI would be multiplexed on the PUSCH, a MAC PDU is generated and delivered to physical layer. This way does consume additional power comparing with single slot. When gNB finds no data is received in the first repetition, it may understand the whole UL transmission is skipped and the UCI would be carried on PUCCH. From this perspective, gNB does not need to decode PUCCH and PUSCH both. Nevertheless, due to unreliable detection of PUSCH DTX, gNB might be not sure whether there is an actual PUSCH transmission or not. For the overlapping slot, to guarantee the UCI can be extracted accurately, not only PUCCH, but also PUSCH with UCI are potentially decoded.
For DG PUSCH and CG PUSCH, the trigger condition to generate MAC PDU is also distinguished. Shown as Figure 1, since the UL grant comes after the DL grant and when the UL grant arrives, UE could know the second PUSCH repetition is going to overlap with PUCCH and HARQ needs to be multiplexed on that repetition. The first condition, i.e. to check the overlapping with every PUSCH repetition, can be utilized. However, for the CG PUSCH transmission, the condition may not work very well, since UL grant is absent and UE is hard to judge whether there is a PUCCH would overlap with repetitions of the PUSCH just before the starting of PUSCH transmission. The example in Figure 2 can illustrate this issue more clearly. In slot n, UE starts to transmit PUSCH, but at that time, UE cannot anticipate a PUCCH scheduled in slot n+5 will overlap the PUSCH repetition in slot n+7 and HARQ information needs to be carried on that repetition. So UE will skip the PUSCH due to no MAC PDU is generated. In slot n+7, HARQ is transmitted on PUCCH because the PUSCH is already canceled. From this point of view, condition 2 is more suitable for CG PUSCH. To have a unified design for both CG and DG, the condition 2 could be also extended to DG PUSCH.
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[bookmark: _Ref61796615]Figure 1. The overlapping between DG PUSCH with repetition and PUCCH
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[bookmark: _Ref61796911]Figure 2. The overlapping between CG PUSCH with repetition and PUCCH
An additional point for CG repetition, UE could start to transmit CG PUSCH at every occasion with RV=0, so the first repetition for CG should be the one with RV=0.
Handling of the PUSCH repetitions not overlapping with PUCCH
Based on the current processing procedure for delivered TB from MAC, PHY cannot tell the usage a TB. In other word, PHY cannot tell a MAC PDU is generated for padding, or data transmitting. So does gNB. Therefore, although UL skipping is enabled, PUSCH is configured for transmitting multiple times, and a padding MAC PDU will be transmitted repeatedly. All repetitions of PUSCH need to be transmitted. Otherwise, a new mechanism to make PHY layer of UE and gNB distinguish the type of MAC PDC has to be introduced.
Therefore, we propose following principles to process UL skipping for DG and CG PUSCH with repetitions:
Proposal: When DG PUSCH skipping is configured and Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions, and when the PUSCH repetition is applied, if the first PUSCH repetition overlapping with PUCCH carrying UCI, all PUSCHs repetitions cannot be skipped and a MAC PDU is generated in MAC layer.
· For DG PUSCH, the first repetition is the first one transmitted actually.
· For CG PUSCH, the first repetition is the first one with RV=0

Conclusions
Based on the discussion above, following proposal is obtained:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal: When DG PUSCH skipping is configured and Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions, and when the PUSCH repetition is applied, if the first PUSCH repetition overlapping with PUCCH carrying UCI, all PUSCHs repetitions cannot be skipped and a MAC PDU is generated in MAC layer.
· For DG PUSCH, the first repetition is the first one transmitted actually.
· For CG PUSCH, the first repetition is the first one with RV=0
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