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1. Introduction
At RAN1#102-e meeting [1], we discussed PUSCH skip overlapped with PUCCH for Rel-16, and it was agreed as follows that if UCI in a PUCCH is multiplexed on a dynamically scheduled PUSCH, the PUSCH cannot be skipped even when skipUplinkTxDynamic is configured and there is no data to be transmitted. MAC generates MAC PDU for the PUSCH and the PUSCH shall be transmitted with the UCI.
	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)
Agreement
Send an LS to RAN2 to inform them of the latest RAN1 agreement on uplink skipping. LS is endorsed in R1-2007336 R1-2007338


In addition, at RAN1#103-e meeting [2], we discussed CG skip overlapped with PUCCH for Rel-16, and the following was agreed. 
	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.


At the RAN1#104-e meeting [3], we discussed the remaining case (i.e. case 1-6) and the following were agreed.
	Agreement
Send an LS to RAN2 to convey the latest RAN1 agreement on PUSCH skipping (Rel-16). LS is endorsed in R1-21022469).
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 aone 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 Tmuxproc,2 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


However, the above agreements solve non-repetition case. RAN1 needs to discuss repetition case on top of the agreements for non-repetition case. In this contribution, we present our views on the remaining issues involved with PUSCH skip overlapped with PUCCH for Rel-16.

2. Discussions
First of all, note that the following are Rel-16 mechanism for PUSCH repetition.
· DG PUSCH: UE transmits all K repetitions or does not transmit K repetitions at all, based on DG skipping.
· CG PUSCH: UE transmits all K repetitions or transmits from middle of K repetitions or does not transmit K repetitions at all, based on startingFromRV0-r16 and RV.
CG PUSCH repetition is more complicated than DG PUSCH repetition, so DG PUSCH repetition should be concluded first. CG PUSCH repetition can be discussed based on the conclusion.
2.1. DG PUSCH repetition
At the last meeting, the following options were listed [4], [5].
· 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 is multiplexed on the DG PUSCH.
· MAC generate MAC PDU for all DG PUSCH repetitions
· 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 the UCI to be multiplexed on another PUSCH on a different serving cell.
· Note: the UCI multiplexing timeline condition for the first repetition of DG PUSCH should be ensured
· Option 2: When there’s a UCI to be multiplexed on 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 there’s a UCI to 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 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.
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Fig.1: Option 1
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Fig.2: Option 3
Option 2 is too restrictive. For example, if 8 repetitions are configured for PUSCH, quite many slots cannot be indicated for PUCCH. This option should be dropped.
Regarding option 1 and option 3, they have pros and cons in our understanding:
· Wasted transmissions
Pros of option 3 is that wasted PUSCH repetitions can be avoided except UCI in a PUCCH is multiplexed on the first PUSCH of repetitions. Option 1 needs to transmit all repetitions once one of repetitions would be multiplexed with UCI from PUCCH, thereby, option 1 is not preferable from this perspective. 
· Detection probability
Cons of option 3 is that gNB needs to know by power detection of the first repetition whether the PUSCH repetitions are transmitted or not when UCI in a PUCCH is overlapped with repetition other than the first repetition. Reliability of power detection would be low, i.e. PUSCH/PUCCH detection performance would be low quality. This issue does not happen in option 1, hence option 1 is preferable from this perspective.
· PUSCH check for multiplexing
Regarding option 1, in option 1 without the second sub-bullet, one issue happens that UE needs to determine a PUSCH for UCI multiplexing before the first repetition, which is additional UE behaviour. For example, as the following figure, UE determines at the first check point which PUSCH UCI in the PUCCH should be multiplexed on. The PUSCH is repetition, then UE generates MAC PDU for the repetition and all repetitions are transmitted. Meanwhile, UE needs to do the determination again at the second check point. The UCI might be multiplexed on PUSCH other than the repetition. In this figure, PUSCH at CC0 would be this PUSCH. At legacy UE, the second check is needed, while the first check is not used.
We guess the second sub-bullet is added to avoid this situation. However, this second sub-bullet is a gNB scheduling restriction like option 2. Such restriction is not preferable. Option 3 also does not need the first check, therefore option 3 is preferable from this perspective.
[image: ]
Fig.3: Doubled check points in option 1 without the second sub-bullet
As analyzed above, there is no perfect solution for any aspects. We need to select either; otherwise this feature is not supported, which would be not preferred from any companies.
Now we slightly prefer option 1, but without the second sub-bullet. Our current understanding is that PUSCH skip feature will be mainly beneficial for URLLC case. Many transmission occasions are provided but only some of them are transmitted and the remaining are not transmitted. Under this assumption, gNB detection reliability should be considered preferentially. In addition, the case of two priority indices and/or LCH prioritization, which is features mainly for URLLC support, will follow outcome of this discussion. Therefore, option 1 is better. Note that the second sub-bullet is not preferable since it is undesirable scheduling restriction. On the other hand, if PUSCH skip feature is mainly motivated from other use case, then our preference can be option 3.

Proposal 2: 
· For DG PUSCH with repetition,
· Support option 1 without the scheduling restriction, i.e.,
· 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
· 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 the UCI to be multiplexed on another PUSCH on a different serving cell.
· Note: the UCI multiplexing timeline condition for the first repetition of DG PUSCH should be ensured

2.2. CG PUSCH repetition
[bookmark: _GoBack]For CG PUSCH, basically, the same mechanism as that for DG PUSCH can be applied. One question would be UE behavior in the case that UCI in the PUCCH would be multiplexed on repetition that is a middle occasion and that can be first transmission or later of this. Note that CG transmission can be started from a middle occasion of the repetitions. Our view on this issue is that this mechanism should be maintained. That is,
· If option 1 is adopted for DG PUSCH
When UCI in a PUCCH would be multiplexed on m-th repetition of CG PUSCH, MAC PDU shall be generated and the repetitions are transmitted from n-th occasion, where n-th occasion is the last one among occasions that can be first transmission and that is not later than m-th occasion (i.e. n ≤ m).
· If option 3 is adopted for DG PUSCH
When UCI in a PUCCH would be multiplexed on n-th repetition of CG PUSCH that can be first transmission, MAC PDU shall be generated and the repetitions are transmitted from n-th occasion.
When a PUCCH is overlapped with m-th repetition of CG PUSCH that cannot be first transmission, any DG PUSCH is not transmitted if no data.
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Fig.4: Option 1 for CG PUSCH with repetition.
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Fig.5: Option 3 for CG PUSCH with repetition.
Proposal 3: 
· For CG PUSCH with repetition,
· Support the same mechanism for DG PUSCH with repetition with existing mechanism that a middle occasion with RV=0 of CG PUSCH repetitions can be first transmission.

3. Conclusion
In this contribution, we discussed UL skipping with overlapping PUCCH for Rel-16. Proposals are summarized as following: 
Proposal 1: 
· When one or more DG PUSCHs and/or one or more CG PUSCHs are overlapped with PUCCH, and there is a single PHY priority for the UL transmissions,
· UE behavior configured with LCH based prioritization is the same as that not configured with LCH based prioritization.
Proposal 2: 
· For DG PUSCH with repetition,
· Support option 1 without the scheduling restriction, i.e.,
· 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
· 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 the UCI to be multiplexed on another PUSCH on a different serving cell.
· Note: the UCI multiplexing timeline condition for the first repetition of DG PUSCH should be ensured
Proposal 3: 
· For CG PUSCH with repetition,
· Support the same mechanism for DG PUSCH with repetition with existing mechanism that a middle occasion with RV=0 of CG PUSCH repetitions can be first transmission.
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