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Introduction
In previous RAN1 meetings, the PUSCH skipping with UCI overlapping for both dynamic grant and configured grant was discussed under the assumption that LCH based prioritization is not configured and PUSCH repetition is not applied.  Following agreements and conclusions were reached [1][2]:
	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:
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
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


In this contribution, we discuss the remaining issues for PUSCH skipping in case of LCH based prioritization is not configured, i.e. PUSCH with repetition, two PHY priorities. Scenarios with LCH based prioritization configured are discussed in our companion paper [3].
Discussion 
1. 
2. 
2.1. PUSCH skipping with PUSCH repetitions
In last RAN1 meeting, DG PUSCH skipping with PUSCH repetitions was discussed and following options were summarized by FL, but unfortunately RAN1 did not reach consensus.
· Option 1: When there’s UCI overlapping with any of the repetitions of the DG PUSCH on a serving cell, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH.
· Option 2: When a PUCCH is overlapped 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 PUCCH is overlapped 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.
· [bookmark: _GoBack]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)
Before we go into any of the options, it is worth to be noted that, in MAC spec [4], 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. When developing and comparing solutions for PUSCH skipping, minimum impact on MAC behavior would be appreciated.
Looking through option 1 ~option 3, the solution is the same 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 1: 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. It 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. 
	A UE does not expect to detect a DCI format scheduling a PDSCH reception or a SPS PDSCH release, or a DCI format including a One-shot HARQ-ACK request field with value 1, and indicating a resource for a PUCCH transmission with corresponding HARQ-ACK information in a slot if the UE previously detects a DCI format scheduling a PUSCH transmission in the slot and if the UE multiplexes HARQ-ACK information in the 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. At such a case, MAC would not generate and deliver MAC PDU to PHY layer if there is no data. 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. As unified solution for DG PUSCH repetition and CG PUSCH repetition is expected, option 1 is not preferred.


Figure 2: PUCCH overlapping with CG PUSCH repetition
For option 2, UE does not expect a PUCCH is overlapped with repetitions other than the first PUSCH repetition. It may work well for DG PUSCH since the above overlapping can be avoided by gNB scheduling dynamically. However, it brings restriction on gNB implementation especially when multiple active configured grant configurations are configured with relatively small periodicity. Therefore, from perspective of flexibility, option 2 is not preferred.
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 of DMRS is not justified especially for DG PUSCH. 
Considering there seems no attractive use cases to enable PUSCH skipping and PUSCH repetition simultaneously and it is maintenance stage now, it is preferred to go with option 4 for simplicity.
Proposal 1: Option 4 is supported: Rel-16 PUSCH skipping and PUSCH repetitions are not allowed to be enabled together (error case is defined).
2.2. PUSCH skipping with TWO PHY priorities
In previous RAN1 meetings, the following 6 cases were discussed and the agreements and conclusions listed in the introduction part were reached when there is a single PHY priority for UL transmissions:
1) Case 1-1: only one or more DG PUSCHs overlapping with PUCCH
2) Case 1-2: only one or more CG PUSCHs overlapping with PUCCH
3) Case 1-3: DG PUSCH and CG PUSCH are overlapping and both DG/CG PUSCH are overlapping with PUCCH
4) 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
5) Case 1-5: DG PUSCH and CG PUSCH are non-overlapping and both DG/CG PUSCH are overlapping with PUCCH
6) Case 1-6: DG PUSCH and CG PUSCH are overlapping and CG PUSCH is overlapping with PUCCH, and DG PUSCH is non-overlapping with the PUCCH

When there exist two PHY priorities, since LCH based prioritization is not configured, MAC behavior remains same with Rel-15, that is, if there exists overlapping between DG PUSCH and CG PUSCH, DG PUSCH is always prioritized and CG PUSCH is skipped. Whether MAC PDU is generated for DG PUSCH depends on if there is UCI multiplexing in DG PUSCH (multiplexing is supported only when DG PUSCH and UCI is the same priority). If UCI and DG PSUCH is the same priority, MAC generates PDU for DG PUSCH and UCI is transmitted on DG PSUCH, otherwise, MAC does not generate PDU for DG PUSCH if there is no data and UCI is transmitted on PUCCH. To clearly elaborate our views, we conclude the intended UE behavior as follows:
· For case 1-1 and case 1-2, if PUCCH and one or more PUSCHs is same priority, the existing agreements can be followed; if PUCCH and one or more PUSCHs is different PHY priority, one or more PUSCHs can be skipped since PUCCH would not multiplex on either PUSCH, UCI is transmitted on PUCCH.
· For case 1-3 and case 1-4, CG PUSCH is skipped, whether DG PUSCH is skipped depends on whether DG PUSCH and PUCCH is the same PHY priority:
· Same PHY priority: DG PUSCH can not be skipped and UCI is multiplexed on DG PUSCH
· Different PHY priority: DG PUSCH is skipped and UCI is transmitted on PUCCH
· For case 1-5: 
· if the priority of PUCCH is the same with one of the PUSCH, then MAC generate MAC PDU for that PUSCH and the other PUSCH is skipped, UCI is multiplexed on that PUSCH;
· if the priority of PUCCH is different from any of the PUSCH, then all the PUSCHs are skipped and UCI is transmitted on PUCCH
· For case 1-6: CG PUSCH is skipped, whether DG PUSCH is skipped depends on if there is data for the DG PUSCH, UCI is transmitted on PUCCH for case 1-6a and 1-6b and 1-6c (if the remaining CG PUSCH is the different priority from PUCCH), UCI is multiplexed on the remaining CG PUSCH for case 1-6c if the remaining CG PUSCH is the same priority with PUCCH.
Proposal 2: For PUSCH skipping with TWO PHY priorities when LCH based prioritization is not configured, existing MAC procedure applies, i.e., DG always overrides CG for overlapping DG/CG. Whether MAC PDU is generated for the overlapping PUSCH depends on if PUCCH and its overlapping PUSCH is the same priority, that is:
· If PUCCH and its overlapping PUSCH is the same priority, the PUSCH cannot be skipped and UCI is transmitted on PUSCH;
· If PUCCH and its overlapping PUSCH is different priority, the PUSCH can be skipped if there is no data and UCI is transmitted on PUCCH.
Conclusion
In this contribution, we discuss the remaining issues for PUSCH skipping in case of intra-UE prioritization is not applied, the following proposal is made:
Proposal 1: Option 4 is supported: Rel-16 PUSCH skipping and PUSCH repetitions are not allowed to be enabled together (error case is defined).
Proposal 2: For PUSCH skipping with TWO PHY priorities when LCH based prioritization is not configured, existing MAC procedure applies, i.e., DG always overrides CG for overlapping DG/CG. Whether MAC PDU is generated for the overlapping PUSCH depends on if PUCCH and its overlapping PUSCH is the same priority, that is:
· If PUCCH and its overlapping PUSCH is the same priority, the PUSCH cannot be skipped and UCI is transmitted on PUSCH;
· If PUCCH and its overlapping PUSCH is different priority, the PUSCH can be skipped if there is no data and UCI is transmitted on PUCCH.
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