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1 Introduction

In the RAN1# 103-e meeting, the PUSCH skipping with UCI for dynamic grant and configured grant was discussed with the following agreement, conclusion and working assumption. An LS in [1] was sent to RAN2 to indicate the progress in RAN1 discussion.
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.

In this contribution, we discuss the remaining issues for PUSCH skipping.
2 Discussion
2.1 Case 1-5

The main idea of the conclusion for case1-2/case1-3/case1-5 is that MAC generates PDU for the DG PUSCH considering that UCI is multiplexed on the DG PUSCH according to current PUSCH selection rule in PHY. However, it may not be true especially considering CA case with different numerologies on different CCs. For example, based on the following conclusion made in RAN1# 97, CG PUSCH will be selected to carry UCI based on the green highlight rule for case 1-5 as shown in Figure 1. 
	Conclusion in RAN1#97:

For the issue raised in the draft CR R1-1906302, the intended UE behavior per specification is commonly understood as follows:

· For UCI multiplexing, within a PUCCH group, on PUSCH, the following two steps are performed with step 1 first, then followed by step 2:

· Step 1: UCI in overlapped PUCCH transmissions is multiplexed into one PUCCH resource (resource Z) on PCC. This step is done per PUCCH slot. 
· Step 2: UCI, that doesn’t include SR

· First priority: PUSCH with A-CSI as long as it overlaps with Z

· Second priority: earliest PUSCH slot(s) based on the start of the slot(s)
· If there are still multiple PUSCHs overlap with Z in the earliest PUSCH slot(s), follow the following priorities (sequentially from high to low)

· Third priority: Dynamic grant PUSCHs > configured grant PUSCHs PUSCHs configured by respective ConfiguredGrantConfig or semiPersistentOnPUSCH
· Fourth priority: PUSCHs on CC serving cell with smaller CC serving cell index > PUSCHs on CC serving cell with larger CC serving cell index

· Fifth priority: Earlier PUSCH transmission > later PUSCH transmission 

Note: The clarification applies to both cases with the same (except the second priority part) and different numerologies among PUCCH and PUSCHs.
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Figure 1: DG and CG PUSCH overlapping with PUCCH in case 1-5
In this case, MAC should generate PDU for the CG PUSCH which is used for UCI multiplexing. Therefore, we propose to update the conclusion in RAN1#103-e for case 1-5 considering the case when UCI is multiplexed in CG PUSCH according to the PUSCH selection rule in PHY as shown in Figure 1.

Furthermore, since there is no overlapping between DG PUSCH and CG PUSCH, whether DG PUSCH skipping and/or Rel-16 LCH based prioritization is configured or not does not have any impact on the solution for always generating PDU for the selected for UCI multiplexing based on the PUSCH selection rule in PHY, which means the same solution could be used for case 1-5 regardless DG PUSCH skipping and/or Rel-16 LCH based prioritization is configured or not.
Based on the above analysis, we propose to update the conclusion for case 1-5 as following:
Proposal 1: For case 1-5, for CA and non-CA, when there is a single PHY priority for UL transmissions and PUSCH repetition is not applied, MAC generates PDU for the PUSCH selected for UCI multiplexing based on the PUSCH selection rule in PHY and the UCI is multiplexed on the selected PUSCH.
In addition, for case 1-5 when DG PUSCH is selected to carry UCI based on the PUSCH selection rule in PHY and DG PUSCH is later than CG PUSCH, one issue is how to let UE know there is a DG PUSCH overlapping with the PUCCH before the last point for CG preparation, so as to allow UE to determine which PUSCH will be used to carry UCI before UE starts to prepare CG PUSCH. As shown in Figure 2, if UL grant for DG PUSCH just satisfies the timeline based on the starting symbol of PUCCH by considering an overlapping group of DG PUSCH and PUCCH, UE may not know there will be a DG PUSCH overlapping with PUCCH before time point t1 and then decide to shift UCI to CG PUSCH and starts to prepare CG PUSCH with UCI, which is not aligned with the PUSCH selection rule in PHY to select DG PUSCH for UCI multiplexing.
To solve the issue, the following alternatives could be considered:

· Alt1: ensure the multiplexing timeline is satisfied for the overlapping group including all UL channels in case 1-5, as shown in Figure 3.
· Alt2: ensure the DCI associated with latest UL channel within the UL channels of DG PUSCH, CG PUSCH and PUCCH is no later than T2 time before the earliest UL channel within the UL channels of DG PUSCH, CG PUSCH and PUCCH. 
The result of Alt2 is actually the same as Alt1 when the latest UL channel is the DG PUSCH in case 1-5, but is different from Alt1 when the latest channel is PUCCH in case 1-6, since only DL grant associated with the PUCCH is required to be earlier enough based the earliest UL channel while no additional requirement for PDSCH associated with the PUCCH in Alt2. In addition, specification impact of Alt1 and Alt2 is different since Alt1 requires new definition of the overlapping group including non-overlapping channels.
Proposal 2: The following two alternatives could be considered for case 1-5 at least when DG PUSCH is selected to carry UCI based on the PUSCH selection rule in PHY and DG PUSCH is the latest channel: 

· Alt1: ensure the multiplexing timeline is satisfied for the overlapping group including all UL channels in case 1-5.

· Alt2: ensure the DCI associated with latest UL channel within the UL channels of DG PUSCH, CG PUSCH and PUCCH is no later than T2 time before the earliest UL channel within the UL channels of DG PUSCH, CG PUSCH and PUCCH.
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Figure 2: Case 1-5 with late UL grant 
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Figure 3: timeline for DG and CG PUSCH overlapping with PUCCH in case 1-5
2.2 Case 1-6
As discussed in RAN1#103-e, Opt-3 and Opt-4 are two candidates for case 1-6 with 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 and when PUSCH repetition is not applied. Considering when there is no Rel-16 LCH based prioritization, DG PUSCH always overrides CG PUSCH according to current MAC behavior, Opt-3 seems more reasonable to avoid UCI dropping. 
By following Opt-3, regardless DG PUSCH skipping is configured or not, Opt-3 still could be used since DG PUSCH is always selected between DG and CG. In addition, for case 1-6 with CA, Opt-3 could be reused. 
Proposal 3: For case 1-6, 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, Opt-3 is adopted.

For case 1-6 with Rel-16 LCH based prioritization, Opt-3 still could be used. However, it means Rel-16 LCH based prioritization is never used in case 1-6. To allow UE to use the Rel-16 LCH based prioritization, the following solution could be considered:
· if the starting point of PUCCH is earlier than the starting point of DG PUSCH, Opt-3 is used as shown in Figure 4; otherwise, MAC could select to deliver PDU to either CG PUSCH or DG PUSCH based on Rel-16 LCH based prioritization, and UCI could be transmitted on CG PUSCH when there is PDU for CG or transmitted on PUCCH when there is no PDU for CG PUSCH, as shown in Figure 5. Since the last point for PUCCH preparation is later than the last point of PDU delivering, UE has enough time to transmit UCI on PUCCH.
In addition, for CA case, when PUSCH selected to carry UCI is not a PUSCH within the overlapping of CG/DG PUSCH, MAC could select to deliver PDU for CG or DG based on Rel-16 LCH based prioritization.
Proposal 4: For case 1-6, when Rel-16 LCH based prioritization is configured and there is a single PHY priority for UL transmissions, and when PUSCH repetition is not applied, if the starting point of PUCCH is earlier than the starting point of DG PUSCH, Opt-3 is used; otherwise, MAC could select to deliver PDU for either CG PUSCH or DG PUSCH based on Rel-16 LCH based prioritization, and UCI could be transmitted on CG PUSCH when there is PDU for CG or transmitted on PUCCH when there is no PDU for CG PUSCH.
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Figure 4: PUCCH starts earlier within the overlapping group in case 1-6
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(a) MAC selects CG PDU                                      (b) MAC selects DG PDU

Figure 5: PUCCH starts later within the overlapping group in case 1-6

One issue for case 1-6 is when either PUCCH with associated DCI or DG PUSCH is the latest UL channel within the group of DG PUSCH, CG PUSCH and PUCCH, UE may not know there is a DG PUSCH or PUCCH overlapping with CG PUSCH, similar as for case 1-5, and the same methods as for case 1-5 with Alt1 or Alt 2 could be reused for case 1-6.
Proposal 5: The following two alternatives could be considered for case 1-6 at least when DG PUSCH is the latest channel: 

· Alt1: ensure the multiplexing timeline is satisfied for the overlapping group including all UL channels in case 1-5.
· Alt2: ensure the DCI associated with latest UL channel within the UL channels of DG PUSCH, CG PUSCH and PUCCH is no later than T2 time before the earliest UL channel within the UL channels of DG PUSCH, CG PUSCH and PUCCH. 
2.3 Other remaining issues
For case 1-2/case1-3/case1-4, when Rel-16 LCH based prioritization is configured, the same solution as for no Rel-16 LCH based prioritization could be reused so as to ensure the same understanding of the PUSCH carrying UCI between UE and gNB and to avoid PUSCH selected in PHY without PDU. For case 1-2/case1-3/case1-4, regardless DG PUSCH skipping is configured or not, DG PUSCH is always selected to carry UCI, which means the same solution as for DG PUSCH skipping could be reused for no DG PUSCH skipping. 

Proposal 6: For case 1-2/case1-3/case1-4, the same solution as for no Rel-16 LCH based prioritization could be reused when Rel-16 LCH based prioritization is configured.

Proposal 7: For case 1-2/case1-3/case1-4, the same solution as for DG PUSCH skipping could be reused when DG PUSCH skipping is not configured.

For PUSCH with repetition, it needs to be clarified that whether multiplexing timeline is satisfied based on the start of a repetition bundle or based on the repetition overlapping with PUCCH. If timeline is based on the start of a repetition bundle, the solution for PUSCH without repetition could be reused. If timeline is based the overlapped repetition, MAC may not know there is a PUCCH overlapping with a repetition of PUSCH in the middle of the repetition bundle, which means MAC could not decide to deliver PDU for such PUSCH for carrying UCI in some of the repetitions. In such case, UCI could be transmitted on PUCCH since UE already knows there is no PDU for such PUSCH from the previous repetition.
Proposal 8: For case 1-2~case1-6 with PUSCH repetition, with assumption that multiplexing timeline is satisfied based on the starting of a repetition bundle, or with assumption that multiplexing timeline is satisfied based on the repetition overlapping with PUCCH and the repetition is the first one within the repetition bundle, the same solutions as for PUSCH without repetition could be reused.
Proposal 9: For case 1-2~case1-6 with PUSCH repetition, with assumption that multiplexing timeline is satisfied based on the repetition overlapping with PUCCH and the repetition is not the first one within the repetition bundle, UCI is transmitted on PUCCH.

3 Conclusion
In this contribution, we discussed the remaining issues for UL skipping with the following proposals.
Proposal 1: For case 1-5, for CA and non-CA, when there is a single PHY priority for UL transmissions and PUSCH repetition is not applied, MAC generates PDU for the PUSCH selected for UCI multiplexing based on the PUSCH selection rule in PHY and the UCI is multiplexed on the selected PUSCH.

Proposal 2: The following two alternatives could be considered for case 1-5 at least when DG PUSCH is selected to carry UCI based on the PUSCH selection rule in PHY and DG PUSCH is the latest channel: 

· Alt1: ensure the multiplexing timeline is satisfied for the overlapping group including all UL channels in case 1-5.

· Alt2: ensure the DCI associated with latest UL channel within the UL channels of DG PUSCH, CG PUSCH and PUCCH is no later than T2 time before the earliest UL channel within the UL channels of DG PUSCH, CG PUSCH and PUCCH.

Proposal 3: For case 1-6, 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, Opt-3 is adopted.

Proposal 4: For case 1-6, when Rel-16 LCH based prioritization is configured and there is a single PHY priority for UL transmissions, and when PUSCH repetition is not applied, if the starting point of PUCCH is earlier than the starting point of DG PUSCH, Opt-3 is used; otherwise, MAC could select to deliver PDU for either CG PUSCH or DG PUSCH based on Rel-16 LCH based prioritization, and UCI could be transmitted on CG PUSCH when there is PDU for CG or transmitted on PUCCH when there is no PDU for CG PUSCH.
Proposal 5: The following two alternatives could be considered for case 1-6 at least when DG PUSCH is the latest channel: 

· Alt1: ensure the multiplexing timeline is satisfied for the overlapping group including all UL channels in case 1-5.
· Alt2: ensure the DCI associated with latest UL channel within the UL channels of DG PUSCH, CG PUSCH and PUCCH is no later than T2 time before the earliest UL channel within the UL channels of DG PUSCH, CG PUSCH and PUCCH. 
Proposal 6: For case 1-2/case1-3/case1-4, the same solution as for no Rel-16 LCH based prioritization could be reused when Rel-16 LCH based prioritization is configured.

Proposal 7: For case 1-2/case1-3/case1-4, the same solution as for DG PUSCH skipping could be reused when DG PUSCH skipping is not configured.

Proposal 8: For case 1-2~case1-6 with PUSCH repetition, with assumption that multiplexing timeline is satisfied based on the starting of a repetition bundle, or with assumption that multiplexing timeline is satisfied based on the repetition overlapping with PUCCH and the repetition is the first one within the repetition bundle, the same solutions as for PUSCH without repetition could be reused.

Proposal 9: For case 1-2~case1-6 with PUSCH repetition, with assumption that multiplexing timeline is satisfied based on the repetition overlapping with PUCCH and the repetition is not the first one within the repetition bundle, UCI is transmitted on PUCCH.
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