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Introduction
In previous RAN1 meetings, the PUSCH skipping with repetitions were widely discussed but unfortunately, companies have not reached consensus for this issue. The candidate options which have been discussed are summarized as follows [1]:
	· Option 1: When there’s a UCI to be multiplexed on any of the repetitions of the DG PUSCH, MAC generates MAC PDU for the DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI can be multiplexed on the DG PUSCH.
· MAC generate MAC PDU for all DG PUSCH repetitions
· Note: the UCI multiplexing timeline condition for the first repetition of DG PUSCH should be ensured

· Option 2: 
· When there’s UCI overlapping with the first PUSCH repetition of the DG PUSCH, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. 
· UE does not expect when a UCI is overlapping with the repetitions other than the first PUSCH repetition.

· Option 3: When a PUCCH is overlapped with the first PUSCH repetition, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. All of the PUSCH repetitions are not skipped.
· When a PUCCH is overlapped with the repetitions other than the first PUSCH repetition, if there is no PDU including data delivered from MAC, the DG PUSCH can be skipped. UCI is transmitted on the PUCCH.
· Option 4: Rel-16 PUSCH skipping and PUSCH repetitions are not allowed to be enabled together (error case is defined).

· Option 5: When PUSCH repetition is configured, 
· if a PUSCH repetition overlaps with PUCCH, MAC generates PDU for the repetition, 
· otherwise, MAC does not generate PDU for the repetition if there is no data for the DG PUSCH.
· Note: it requires the MAC layer can  decide whether to generate a MAC PDU for the repetition depending on whether it overlaps with PUCCH, which is different from current MAC behaviour.

· Option 6: When PUSCH repetition is configured, 
· MAC layer behavior: For a PUSCH repetition, MAC always generate a PDU. If MAC has data in buffer, generate a real PDU; otherwise, generate a dummy PDU. And MAC use 1-bit to tell the PHY the PDU is a dummy PDU or real PDU. The 1-bit can be UE internal implementation between MAC and PHY, no need to specify it. 
· PHY layer behavior: Each PUSCH repetition independently check it overlap with a PUCCH or not. 
· If it overlaps with a PUCCH, that PUSCH repetition cannot be skipped. 
· If it does not overlap with any PUCCH, 
· if the MAC PDU is a dummy PDU, PHY can skip this PUSCH repetition
· If the MAC PDU is a real PDU, PHY cannot skip this PUSCH repetition. 

· Option 7: When a PUCCH is overlapped with any of the first X PUSCH repetition, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. All of the PUSCH repetitions are not skipped.
· UE does not expect when a UCI is overlapping with the repetitions other than the first X PUSCH repetition
· The value of X can be 1 or is 2  

· Option 3’: When a PUCCH is overlapped with the first X PUSCH repetition, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. All of the PUSCH repetitions are not skipped.
· When a PUCCH is overlapped with the repetitions other than the first X PUSCH repetition, if there is no PDU including data delivered from MAC, the DG PUSCH can be skipped. UCI is transmitted on the PUCCH.
· The value of X can be 1 or 2.



In this contribution, we continue discuss the pros and cons of each candidate option.
Discussion 
1. 
2. 
In the last RAN1 meeting, the main discussions focus on option 1, option 3, option 5, option 6, option 3’ and option 7 as listed in the introduction part. Among these options, the common part is for PUCCH overlapping with the first PUSCH repetition (case 1 in Figure 1), and the most controversial point is when PUCCH overlaps with PUSCH repetitions other than the initial one (case 2 in Figure 1).


Case 1: PUCCH overlapping with the first PUSCH repetition


Case 2: PUCCH overlapping with repetitions other than the first PUSCH repetition
Figure 1: PUCCH overlapping with PUSCH repetitions 
Option 1 requires MAC to generate MAC PDU for DG PUSCH regardless which PUSCH repetition overlaps with UCI. In other words, UE needs to know UCI presence before first PUSCH repetition any time. As commented by other companies, option 1 introduces complexity for UE implementation since for each potential initial repetition, it requires UE to perform UCI multiplexing check for all the remaining repetitions. Take PUSCH with 4 repetitions and RV sequence {0,3,0,3} as an example, UE needs to perform UCI multiplexing check for 4 times at repetition 1 and 2 times at repetition 3, resulting in totally 6 checks. For other options, like option 3, 2 checks would be enough. Moreover, option 1 may work well for DG PUSCH repetition as restricted by 38.213, the reception of DL grant scheduling PUCCH with HARQ-ACK transmission needs to be earlier than the reception of UL grant scheduling PUSCH transmission, if HARQ-ACK information is multiplexed in PUSCH transmission. However, for CG PSUCH repetition, the multiplexing timeline is defined towards the overlapping repetition instead of the first repetition, that is, UE may be not aware of the overlapping of PUCCH and PUSCH repetition other than the first repetition (case 2 in Figure 1) at the time of MAC PDU generation for the initial repetition. So option 1 may not work well if MAC knows the overlapping of UCI and other PUSCH repetitions after the decision point of MAC PDU generation for 1st PUSCH repetition as described in Figure 2. 
Observation 1: Option 1 introduces complexity for UE implementation and makes it harder to achieve unified solution for DG PUSCH and CG PUSCH.


Figure 2: PUCCH overlapping with CG PUSCH repetition
For option 3, as commented by other companies, the second sub-bullet is against the principle of UL skipping to some extent. gNB may need to decide where the UCI is transmitted based on the detection of the first PUSCH repetition. However, the detection performance based on DMRS is not justified especially for DG PUSCH and when UE is at the cell edge.
Observation 2: Option 3 requires gNB to perform blind detection on PUCCH or PUSCH due to unreliable detection for the first repetition.
For option 5 and option 6, it requires MAC to generate and deliver MAC PDU to PHY if a PUSCH repetition overlaps with PUCCH.  Noted that in current MAC spec [2], all of the PUSCH repetitions are treated as a bundle and MAC PDU can be generated only at the potential initial repetitions. If no MAC PDU has been generated for initial repetition, uplink grant for other repetitions is ignored. So option 5 and option 6 change MAC spec and complicate UE implementation because UE needs to check whether there is UCI multiplex and then whether it generates MAC PDU for each repetition, instead of only for initial repetition. In terms of blind detection on PUCCH or PUSCH at the gNB side, there seems to be little difference among options 1/5/6.
Observation 3: Option 5 and option 6 need to change MAC spec and complicate UE implementation.
[bookmark: _GoBack]Option 3’ and option 7 are proposed as potential compromised solutions to relax gNB’s implementation. However, if we choose X=1 for option 3’, it would fallback to option 3 which shows similar drawback as option 3. On the other hand, if we choose X=2, gNB’s blind detection issue is somehow addressed, but the MAC behavior is changed and UE implementation is complicated in a way similar to option 5 and option 6 as analyzed above. As commented by some companies, for PUSCH with and without repetition, two different behaviors have to be implemented. The main difference between option 3’ and option 7 is the solution for UCI overlapping with the repetitions other than the first X repetition. In such case, option 3’ allows PUSCH skipping and UCI is transmitted on PUCCH while option 7 restricts this kind of scheduling. We are not clear of the meaning to relax UCI overlapping with the first repetition to the first X repetition in option 7 if UE does not expect UCI is overlapping with repetitions other than the first X repetition, since the reliable gNB detection on the first X repetition seems to be useless. Moreover, with X=2 in option 7, similar issues can be observed for MAC spec change and UE implementation complexity, as for option 3’ with X=2.
Observation 4: Option 3’ with X=1 shows similar drawback in terms of gNB blind detection as in option 3, while option 3’ with X=2 and option 7 need to change MAC spec and complicate UE implementation in a way similar to options 5 and 6.
Conclusion
In this contribution, we further discuss the pros and cons of each candidate option, and have the following observations. No candidate solution can be considered perfect. 
Observation 1: Option 1 introduces complexity for UE implementation and makes it harder to achieve unified solution for DG PUSCH and CG PUSCH.
Observation 2: Option 3 requires gNB to perform blind detection on PUCCH or PUSCH due to unreliable detection for the first repetition.
Observation 3: Option 5 and option 6 need to change MAC spec and complicate UE implementation.
Observation 4: Option 3’ with X=1 shows similar drawback in terms of gNB blind detection as in option 3, while option 3’ with X=2 and option 7 need to change MAC spec and complicate UE implementation in a way similar to options 5 and 6.
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