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Introduction
Issues related to PUSCH skipping have been discussed in a few meetings. In this contribution we discuss the remaining open issues for the case when Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions.
Discussion 
DG PUSCH with repetitions
In RAN1#104b-e, the following options were discussed on how to handle DG with repetitions (R1-2104073):
	· 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  




Comparing the 7 options,
· Option 1 introduces significant complexity for UE implementation. It requires the UE to check UCI multiplexing status for all the repetitions. This involves a lot of processing, because for each repetition, the UE needs to check all the PUCCHs, perform the necessary UCI multiplexing on PUCCH (if applicable), and then check if the PUCCH overlaps with the PUSCH repetition, and if yes, check which PUSCH(s) from all CCs overlap with the PUCCH and then determine whether UCI would be multiplexed on this PUSCH repetition. Given that the maximum number of repetitions is 16 (the actual number of repetitions for PUSCH repetition Type B could be even more), the UE needs to be dimensioned for at least 16 times processing power for UCI multiplexing. Therefore, this is very undesirable from UE implementation perspective.
· Note that for Option 1, there should be an added error condition that “when the UCI is overlapping with any repetition other than the first PUSCH repetition and the UCI is to be multiplexed on the overlapped PUSCH repetition on a serving cell, UE does not expect to be scheduled a PUSCH on any different serving cell overlapping with the UCI where the UCI would be multiplexed on the PUSCH on the different serving cell.” This requires gNB’s careful checking when scheduling PUSCH on other carriers.
· Option 2 is friendly for UE implementation, but it is quite restrictive for scheduling.
· Option 3 requires the UE to check the UCI multiplexing for the first repetition only, which is similar to legacy UE behavior. The drawback is that the UCI multiplexing decision for PUCCH overlapping with a PUSCH repetition other than the first one may depend on whether the first PUSCH repetition has been skipped or not. In case of mis-detection of the first repetition at the gNB, there may be ambiguity between UE and gNB on UCI multiplexing. However, this mis-detection probability should be fairly low. If gNB really wants to handle the error cases, it can carefully make scheduling decision so that the UCI multiplexing decision does not depend on whether the first repetition had been transmitted or not. This kind of scheduling constraint should have similar complexity for gNB implementation as in Option 1. As the last resort, the gNB may still choose to perform e.g. two decoding hypotheses for a PUSCH to handle the most likely error cases. Note that the gNB still has ambiguity cases when there is missing DL or UL grant that it may want to handle, and the handling can be very similar.
· Option 5 resolves the ambiguity between UE and gNB on UCI multiplexing by making the MAC PDU construction decision repetition-by-repetition. The potential implication includes:
· It requires MAC behavior change, so that the MAC PDU can be generated before each repetition instead of only before the first repetition. This requires RAN2 involvement.
· With this change, some of the PUSCHs may be transmitted with less repetitions than intended and the gNB may not be able to decode them successfully. Since the gNB does not know whether it contains valid data or just padding PDU, the gNB would always schedule a retransmission.
· This may also require a similar change for CG PUSCH, so that every repetition could be used for initial transmission, instead of repetitions with RV=0 only as in current specification.
· It requires the gNB to blindly detect on which repetition the PUSCH transmission starts, because it can start in any repetition. The DMRS detection performance also impact the PUSCH decoding performance and may corrupt the soft buffer.
· Option 6 resolves the ambiguity between UE and gNB on UCI multiplexing by having MAC also generate PDU and letting PHY decide whether to transmit based on the UCI multiplexing condition. The potential implication includes:
· It requires MAC behavior change, so that MAC always generates a PDU (a data PDU or padding PDU). This requires RAN2 involvement. It also involves unnecessary processing at the UE and consumes power.
· When this is applied to CG, the handling of CG timer may need to be re-considered.
· DMRS detection for PUSCH on a per-repetition basis may be needed. Alternatively, gNB may do some smart handling by having two hypotheses for DMRS detection combining, one hypothesis assuming all repetitions are transmitted (data PDU), or only the repetitions with UCI multiplexed are transmitted (padding PDU).
· Option 7 is modified based on Option 1/2. It reduces UE complexity by having UE check only the first two repetitions, and an error case is defined similar to Option 2 which adds scheduling constraint. From UE complexity point of view, it is much more manageable compared to Option 1 because the UE at most needs to look ahead for a second repetition. However, the UE processing timeline is quite tight already, so the timeline would need to be extended to cover the additional time needed for the extra UCI multiplexing check, which makes the solution a bit more complicated.
Comparing Option 3 vs Option 2/4, Option 3 supports all cases supported by Option 2/4, and it also supports additional cases if the gNB handles it properly. It does not introduce much additional complexity at the UE because the handling is similar to the case without repetition. So it is unclear what advantages we have by adopting Option 2 or 4.
Our main concern on Option 1 is the UE implementation complexity, as explained above. Option 7 alleviates the implementation concern but would still require timeline relaxation. In addition, the scheduling constraints in Option 1/7 and 3 seem to be somewhat similar, and Option 1 may not have obvious advantage over Option 3.
Option 5 and 6 would resolve the ambiguity on UCI multiplexing but both require MAC change. It changes UE behavior compared to the case without UL skipping, but the complexity seems manageable. However, it is not clear if it is too late to make such big changes at a very late stage of R16 maintenance. 
Overall, we feel that Option 3 provides the best tradeoff because it achieves most of the benefit without significantly complicating UE implementation or restricting gNB scheduling.
Lastly, we would like to point out that UL skipping is not the only case that could result in ambiguity in UCI multiplexing. The mis-detection of an UL grant could also cause ambiguity, and there is no way in the standards to handle the issue. If the gNB intends to handle the missed UL grant (which requires DMRS detection for the PUSCH) using multiple hypotheses, the same handling can be used for Option 3.
Proposal 1: For DG PUSCH with repetitions, 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,
· For the first PUSCH repetition,
· If a PUCCH overlaps with the first PUSCH repetition and the UCI would be multiplexed on 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 the remaining PUSCH repetitions are transmitted.
· Otherwise,
· MAC determines whether to generate MAC PDU for the DG PUSCH following the existing procedure.
· If a PUCCH overlaps with the repetition(s) other than the first PUSCH repetition,
· if MAC PDU had been generated by MAC for the DG PUSCH, the DG PUSCH repetition(s) are considered in the UCI multiplexing determination; otherwise, the DG PUSCH repetition(s) are not considered in the UCI multiplexing determination.

CG PUSCH with repetitions
For CG PUSCH with repetitions, it makes sense to follow the same principle as DG PUSCH with repetitions. One difference is that there can be multiple transmission occasions where the CG PUSCH transmission can be initiated (i.e., a new MAC PDU is generated). Due to this, “the first repetition” for CG PUSCH can be defined in two possible ways (R1-2102246):
· Option 1: the first repetition is the first transmission occasion of the actual repetitions among the repetition bundle
· Option 2: the first repetition is any of the transmission occasions of the actual repetitions that are associated with RV=0 for initial transmission
Since the UE would need to determine whether to generate a MAC PDU at each transmission occasion for initial transmission, it is reasonable to adopt Option 2.

Proposal 2: For CG PUSCH with repetitions, when CG PUSCH skipping is configured and Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions,
· For the first PUSCH repetition,
· If a PUCCH overlaps with “the first PUSCH repetition” and the UCI would be multiplexed on “the first PUSCH repetition”, 
· MAC generates MAC PDU for CG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the CG PUSCH. All the remaining PUSCH repetitions are transmitted.
· Otherwise,
· MAC determines whether to generate MAC PDU for the CG PUSCH or not following the existing procedure.
· If a PUCCH overlaps with the repetition(s) other than “the first PUSCH repetition”,
· if MAC PDU had been generated by MAC for the CG PUSCH, the CG PUSCH repetition(s) are considered in the UCI multiplexing determination; otherwise, the CG PUSCH repetition(s) are not considered in the UCI multiplexing determination.
· Here “the first PUSCH repetition” is defined as any of the transmission occasions of the (actual) repetitions that are associated with RV=0 for initial transmission.


Conclusion
In this contribution, we discussed the remaining issues for PUSCH skipping when Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions, and made the following proposals:
Proposal 1: For DG PUSCH with repetitions, 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,
· For the first PUSCH repetition,
· If a PUCCH overlaps with the first PUSCH repetition and the UCI would be multiplexed on 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 the remaining PUSCH repetitions are transmitted.
· Otherwise,
· MAC determines whether to generate MAC PDU for the DG PUSCH following the existing procedure.
· If a PUCCH overlaps with the repetition(s) other than the first PUSCH repetition,
· if MAC PDU had been generated by MAC for the DG PUSCH, the DG PUSCH repetition(s) are considered in the UCI multiplexing determination; otherwise, the DG PUSCH repetition(s) are not considered in the UCI multiplexing determination.
Proposal 2: For CG PUSCH with repetitions, when CG PUSCH skipping is configured and Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions,
· For the first PUSCH repetition,
· If a PUCCH overlaps with “the first PUSCH repetition” and the UCI would be multiplexed on “the first PUSCH repetition”, 
· MAC generates MAC PDU for CG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the CG PUSCH. All the remaining PUSCH repetitions are transmitted.
· Otherwise,
· MAC determines whether to generate MAC PDU for the CG PUSCH or not following the existing procedure.
· If a PUCCH overlaps with the repetition(s) other than “the first PUSCH repetition”,
· if MAC PDU had been generated by MAC for the CG PUSCH, the CG PUSCH repetition(s) are considered in the UCI multiplexing determination; otherwise, the CG PUSCH repetition(s) are not considered in the UCI multiplexing determination.
· Here “the first PUSCH repetition” is defined as any of the transmission occasions of the (actual) repetitions that are associated with RV=0 for initial transmission.
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Appendix: Previous RAN1 Agreements
RAN1#101-e
Agreement
The following text proposal is endorsed in R1-2005044 (TS38.214, Rel-15, CR#0105, Cat. F).
	A UE shall upon detection of a DCI format scheduling a PUSCH PDCCH with a configured DCI format 0_0 or 0_1 transmit the corresponding PUSCH as indicated by that DCI. unless the UE does not generate a transport block as described in [10, TS38.321] and there is no PUCCH with CSI/HARQ-ACK that overlaps in time with the PUSCH. In this release of the specification, the UE behavior is undefined if there would be a PUCCH with CSI/HARQ-ACK overlapping in time with a PUSCH scheduled by a DCI format and if the UE does not generate a transport block as described in [10, TS38.321] when skipUplinkTxDynamic provided by higher layers is set to true.



Conclusion
In case a UL grant without UL-SCH field or UL-SCH =1 (if present) is detected by a UE configured with skipUplinkTxDynamic, Case 2 can be addressed for Rel-16.

RAN1#102-e
For Case 2 (UCI overlapping with PUSCH in case of PUSCH skipping), the following was agreed:
Agreement
For UL skipping of dynamic UL grant in non-CA and CA case, when there is PUCCH carrying UCI overlapping with a set of PUSCHs, the PUSCH with UCI multiplexing from the set cannot be skipped. MAC generates MAC PDU for the PUSCH and the UCI is multiplexed on the PUSCH.

Agreement
Text proposal for maintenance on PUSCH skipping with overlapping UCI on PUCCH is endorsed in R1-2007337 (TS 38.214, Rel-16, CR#0123, Cat F)

RAN1#103-e
The issue was further discussed in RAN1#103-e for the skipping of CG PUSCH when there is PUCCH overlapping with CG PUSCH, focusing on the case when Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions.

Agreement
The text proposal in R1-2008655 is endorsed for TS38.214 as revision of R1-2007337. Endorsed in R1-2009687 (TS38.214, Rel-16, CR#0123rev1, Cat. F). Add the following in the CR cover sheet.
· This CR is expected to submit to RAN plenary for approval together with the corresponding endorsed RAN2 CR.
· Other specs affected: TS 38.321

Agreement:
For the case (Case 1-2) where only one or more CG PUSCHs overlapping with PUCCH
· In Rel.16, for CA and non-CA case, when Rel-16 LCH based prioritization is not configured and there is a single PHY priority for  UL transmissions, and when PUSCH repetition is not applied, in case of one or more CG PUSCHs overlapping with UCI and there is no DG PUSCH overlapping with the UCI and there is no DG PUSCH overlapping with the one or more CG PUSCHs, the CG PUSCH with UCI multiplexing from the one or more CG PUSCHs cannot be skipped.  MAC generates MAC PDU for the CG PUSCH and delivers the MAC PDU to PHY and the UCI is multiplexed on the CG PUSCH. 
 
Conclusion
For the following cases, for CA and non-CA, 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, MAC generates MAC PDU for the DG PUSCH and the UCI is multiplexed on the DG PUSCH. For the case 1-3 and 1-4, MAC does not generate a TB for the CG PUSCH(s) overlapping with the DG PUSCH on the same serving cell.  The GG PUSCH(s) is discarded and does not participate in subsequent physical layer procedure.
· (Case 1-3) DG PUSCH and CG PUSCH are overlapping and both DG/CG PUSCH are overlapping with PUCCH
· (Case 1-4) DG PUSCH and CG PUSCH are overlapping and DG PUSCH is overlapping with PUCCH, and CG PUSCH is non-overlapping with the PUCCH
· (Case 1-5) DG PUSCH and CG PUSCH are non-overlapping and both DG/CG PUSCH are overlapping with PUCCH

Working Assumption:
For the case (Case 1-6) when DG PUSCH and CG PUSCH are overlapping on a serving cell and CG PUSCH is overlapping with PUCCH, and DG PUSCH is non-overlapping with the PUCCH
· In Rel.16, for non-CA case, 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 PUSCH repetition is not applied, in case of one or more CG PUSCHs overlapping with UCI and there is DG PUSCH overlapping with the CG PUSCHs on a serving cell and not overlapping with the UCI
· Opt-3:
· If there is data for DG, MAC generates PDU for DG PUSCH
· UCI is transmitted on PUCCH.
· If there is no data for DG, MAC does not generate PDU for DG or CG PUSCH
· UCI is transmitted on PUCCH.
· Opt-4: 
· If there is data for DG, MAC generates PDU for DG PUSCH
· UCI is dropped together with CG PUSCH.
· If there is no data for DG, MAC does not generate PDU for DG or CG PUSCH.
· UCI is dropped together with CG PUSCH.
Note: In RAN1#104-e, aim to resolve case 1-6 using above options as a starting point, other options are not precluded.

Agreement
Send an LS to RAN2 to convey the above RAN1 agreement, conclusion, and working assumption on PUSCH skipping (Rel-16). The LS is endorsed in R1-2009772.

RAN1#104-e
Agreement
Send an LS to RAN2 to convey the latest RAN1 agreement on PUSCH skipping (Rel-16). LS is endorsed in R1-2102249.

Agreement
For the case (Case 1-6) when DG PUSCH and CG PUSCH are overlapping on a serving cell and CG PUSCH is overlapping with PUCCH, and DG PUSCH is non-overlapping with the PUCCH 
· In Rel-16, when timeline condition is met, for Case 1-6 in non-CA and CA cases, 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 PUSCH repetition is not applied, 
· When one or more CG PUSCH(s) overlap with a PUCCH on a same or different serving cell, a DG PUSCH overlaps with the one or more CG PUSCH(s) on one serving cell and the DG PUSCH does not overlap with the PUCCH, and there is no remaining PUSCH(s) on any serving cell(s) overlapping with the PUCCH, the UCI is transmitted on the PUCCH.
· This is for case 1-6a and 1-6b in Figure 1.
· MAC does not generate PDU for the one or more CG PUSCH(s) 
· If there is data for the DG PUSCH, MAC generates PDU for the DG PUSCH. If there is no data for the DG PUSCH, MAC does not generate PDU for the DG PUSCH 
· When one or more CG PUSCH(s) overlap with a PUCCH on a same or different serving cell, a DG PUSCH overlaps with the one or more CG PUSCH(s) on one serving cell and the DG PUSCH does not overlap with the PUCCH, and there is remaining PUSCH(s) on any serving cell(s) overlapping with the PUCCH, the PUSCH from the remaining PUSCH(s) for UCI multiplexing is determined following the existing UCI multiplexing rules, MAC generates MAC PDU for the PUSCH and delivers the MAC PDU to PHY and the UCI is multiplexed on the PUSCH.
· Note the remaining CG PUSCH(s) are not overlapping with any DG PUSCH on the same serving cell
· This is for case 1-6c in Figure 1.
· MAC does not generate PDU for the one or more CG PUSCH(s) 
· If there is data for the DG PUSCH, MAC generates PDU for the DG PUSCH. If there is no data for the DG PUSCH, MAC does not generate PDU for the DG PUSCH

Conclusion
For Case 1-6 when DG PUSCH and CG PUSCH are overlapping on a serving cell and CG PUSCH is overlapping with PUCCH, and DG PUSCH is non-overlapping with the PUCCH, 
· The time condition is ensured by gNB, i.e. the ending symbol of UL grant for the DG PUSCH should be at least [image: cid:image002.png@01D6FD6C.9AC0A4E0] symbols before the first symbol of the earliest PUCCH or PUSCH among the overlapping group of PUCCH/PUSCH channels.
· RAN1 understands that for Case 1-6 the PUCCH, the CG PUSCH and the DG PUSCH are considered as an overlapping group of PUCCH/PUSCH channels for which the multiplexing timeline needs to be satisfied.
· The overlapping group of PUCCH/PUSCH channels for Case 1-6 is defined in the way such that a PUCCH/PUSCH would be included in a group if it overlaps with any channel in that group, regardless of whether multiplexing between these channels occurs or not.
· FFS whether or not additional spec change is needed

Conclusion
For Case 1-5, i.e. when DG PUSCH and CG PUSCH are non-overlapping and both DG/CG PUSCH are overlapping with PUCCH, PUCCH, CG PUSCH and DG PUSCH are considered as an overlapping group of PUCCH/PUSCH channels.
· No spec change is needed
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