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[bookmark: _Ref521334010]Introduction
In the RAN1# 103-e and 104-e meetings, the PUSCH skipping with UCI for dynamic grant and configured grant was discussed with the following agreements and conclusions. Two LSs in [1] were sent to RAN2 to indicate the progress in RAN1 discussion.
	In RAN1#103-e meeting:
Agreement:
For the case (Case 1-2) where only one or more CG PUSCHs overlapping with PUCCH
· [bookmark: OLE_LINK36][bookmark: OLE_LINK37]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
[bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK85]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

In RAN1#104-e meeting:
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



In this contribution, we discuss the remaining issues for PUSCH skipping when Rel-16 LCH based prioritization is not configured and there is a single PHY priority.
Discussion
[bookmark: OLE_LINK38][bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK146][bookmark: OLE_LINK147]Remaining issue for Case 1-6
Based on the discussion in the last e-meeting, whether or not additional spec change is needed should be further studied. In order to illustrate the issue, we analyze the timeline descriptions in current 38.213 specification, and highlight some overlapping related descriptions as shown in the following table. 
	[bookmark: _Toc12021480][bookmark: _Toc20311592][bookmark: _Toc26719417][bookmark: _Toc29894852][bookmark: _Toc29899151][bookmark: _Toc29899569][bookmark: _Toc29917306][bookmark: _Toc36498180][bookmark: _Toc45699206][bookmark: _Toc60601323]9.2.5	UE procedure for reporting multiple UCI types
This Clause is applicable to the case that a UE has resources for PUCCH transmissions or for PUCCH and PUSCH transmissions that overlap in time and each PUCCH transmission is over a single slot without repetitions. Any case that a PUCCH transmission is with repetitions over multiple slots is described in Clause 9.2.6. If a UE is configured with multiple PUCCH resources in a slot to transmit CSI reports
-	if the UE is not provided multi-CSI-PUCCH-ResourceList or if PUCCH resources for transmissions of CSI reports do not overlap in the slot, the UE determines a first resource corresponding to a CSI report with the highest priority [6, TS 38.214]
-	if the first resource includes PUCCH format 2, and if there are remaining resources in the slot that do not overlap with the first resource, the UE determines a CSI report with the highest priority, among the CSI reports with corresponding resources from the remaining resources, and a corresponding second resource as an additional resource for CSI reporting 
-	if the first resource includes PUCCH format 3 or PUCCH format 4, and if there are remaining resources in the slot that include PUCCH format 2 and do not overlap with the first resource, the UE determines a CSI report with the highest priority, among the CSI reports with corresponding resources from the remaining resources, and a corresponding second resource as an additional resource for CSI reporting
-	if the UE is provided multi-CSI-PUCCH-ResourceList and if any of the multiple PUCCH resources overlap, the UE multiplexes all CSI reports in a resource from the resources provided by multi-CSI-PUCCH-ResourceList, as described in Clause 9.2.5.2. 
[.…]

If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot and, when applicable as described in Clauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI types in one PUCCH, and at least one of the multiple overlapping PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE multiplexes all corresponding UCI types if the following conditions are met. If one of the PUCCH transmissions or PUSCH transmissions is in response to a DCI format detection by the UE, the UE expects that the first symbol  of the earliest PUCCH or PUSCH, among a group overlapping PUCCHs and PUSCHs in the slot, satisfies the following timeline conditions
-	 is not before a symbol with CP starting after  after a last symbol of any corresponding PDSCH,  is given by maximum of  where for the i-th PDSCH with corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping PUCCHs and PUSCHs, ,  is selected for the i-th PDSCH following [6, TS 38.214],  is selected based on the UE PDSCH processing capability of the i-th PDSCH and SCS configuration , where  corresponds to the smallest SCS configuration among the SCS configurations used for the PDCCH scheduling the i-th PDSCH, the i-th PDSCH, the PUCCH with corresponding HARQ-ACK transmission for the i-th PDSCH, and all PUSCHs in the group of overlapping PUCCHs and PUSCHs. 
-	 is not before a symbol with CP starting after  after a last symbol of any corresponding SPS PDSCH release or of a DCI format 1_1 indicating SCell dormancy as described in Clause 10.3, or of a DCI format 1_1 indicating a request for a Type-3 HARQ-ACK codebook report without scheduling PDSCH.  is given by maximum of  where for the i-th PDCCH providing the SPS PDSCH release or the DCI format 1_1 with corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping PUCCHs and PUSCHs, ,  as described in Clause 10.2, or DCI format 1_1 that requests Type-3 HARQ-ACK codebook report as described in Clause 10.2, or the DCI format 1_1 indicating SCell dormancy without scheduling a PDSCH reception as described in Clause 10.3, where  corresponds to the smallest SCS configuration among the SCS configurations used for the PDCCH providing the i-th SPS PDSCH release or the DCI format 1_1, the PUCCH with corresponding HARQ-ACK transmission for the i-th SPS PDSCH release or the DCI format 1_1, and all PUSCHs in the group of overlapping PUCCHs and PUSCHs. 
-	if there is no aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHs,  is not before a symbol with CP starting after  after a last symbol of 
-	any PDCCH with the DCI format scheduling an overlapping PUSCH, and 
-	any PDCCH scheduling a PDSCH or SPS PDSCH release, or a DCI format 1_1 indicating SCell dormancy, or a DCI format 1_1 indicating a request for a Type-3 HARQ-ACK codebook report without scheduling PDSCH, with corresponding HARQ-ACK information in an overlapping PUCCH in the slot
[bookmark: _Hlk14280248]If there is at least one PUSCH in the group of overlapping PUCCHs and PUSCHs,  is given by maximum of  where for the i-th PUSCH which is in the group of overlapping PUCCHs and PUSCHs, , ,  and  are selected for the i-th PUSCH following [6, TS 38.214],  is selected based on the UE PUSCH processing capability of the i-th PUSCH and SCS configuration , where  corresponds to the smallest SCS configuration among the SCS configurations used for the PDCCH scheduling the i-th PUSCH, the PDCCHs scheduling the PDSCHs or providing the SPS PDSCH releases or providing the SCell dormancy indication with corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping PUCCHs/PUSCHs, and all PUSCHs in the group of overlapping PUCCHs and PUSCHs.
If there is no PUSCH in the group of overlapping PUCCHs and PUSCHs, is given by maximum of  where for the i-th PDSCH or the i-th SPS PDSCH release or the i-th SCell dormancy indication with corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping PUCCHs, , is selected based on the UE PUSCH processing capability of the PUCCH serving cell if configured.   is selected based on the UE PUSCH processing capability 1, if PUSCH processing capability is not configured for the PUCCH serving cell.  is selected based on the smallest SCS configuration between the SCS configuration used for the PDCCH scheduling the i-th PDSCH or providing the i-th SPS PDSCH release or providing the i-th SCell dormancy indication with corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping PUCCHs, and the SCS configuration for the PUCCH serving cell.
-	if there is an aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHs,  is not before a symbol with CP starting after  after a last symbol of 
-	any PDCCH with the DCI format scheduling an overlapping PUSCH, and
-	any PDCCH scheduling a PDSCH, or SPS PDSCH release, or providing a DCI format 1_1 indicating SCell dormancy, or a DCI format 1_1 indicating a request for a Type-3 HARQ-ACK codebook report without scheduling PDSCH, with corresponding HARQ-ACK information in an overlapping PUCCH in the slot
where  corresponds to the smallest SCS configuration among the SCS configuration of the PDCCHs, the smallest SCS configuration for the group of the overlapping PUSCHs, and the smallest SCS configuration of CSI-RS associated with the DCI format scheduling the PUSCH with the multiplexed aperiodic CSI report, and  for  ,  for  and  for 
-	, , , , ,  and are defined in [6, TS 38.214],  is applied only if  of table 5.4-1 in [6, TS 38.214] is applied to the determination of , and  and  are defined in [4, TS 38.211]. 
If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot, one of the PUCCHs includes HARQ-ACK information in response to an SPS PDSCH reception, and any PUSCH is not in response to a DCI format detection, the UE expects that the first symbol [image: ] of the earliest PUCCH or PUSCH satisfies the first of the previous timeline conditions with the exception that components associated to a SCS configuration for a PDCCH scheduling a PDSCH or a PUSCH are absent from the timeline conditions. 
A UE does not expect a PUCCH or a PUSCH that is in response to a DCI format detection to overlap with any other PUCCH or PUSCH that does not satisfy the above timing conditions.
A UE that
-	is not provided coresetPoolIndex or is provided coresetPoolIndex with a value of 0 for first CORESETs on active DL BWPs of serving cells, and
-	is provided coresetPoolIndex with a value of 1 for second CORESETs on active DL BWPs of the serving cells, and
-	is provided ackNackFeedbackMode = separate
does not expect a PUCCH or a PUSCH transmission triggered by a detection of a DCI format in a PDCCH received in a CORESET from the first CORESETs to overlap in time with a PUCCH or a PUSCH transmission triggered by a detection of a DCI format in a PDCCH received in a CORESET from the second CORESETs. 

If there is one or more aperiodic CSI reports multiplexed on a PUSCH in the group of overlapping PUCCHs and PUSCHs and if symbol [image: ] is before symbol [image: ] that is a next uplink symbol with CP starting after [image: ] after the end of the last symbol of 
-	the last symbol of aperiodic CSI-RS resource for channel measurements, and 
-	the last symbol of aperiodic CSI-IM used for interference measurements, and 
-	the last symbol of aperiodic NZP CSI-RS for interference measurements, when aperiodic CSI-RS is used for channel measurement for triggered CSI report [image: ] 
the UE is not required to update the CSI report for the triggered CSI report [image: ]. [image: ]is defined in [6, TS 38.214] and [image: ] corresponds to the smallest SCS configuration among the SCS configurations of the PDCCHs scheduling the PUSCHs, the smallest SCS configuration of aperiodic CSI-RSs associated with DCI formats provided by the PDCCHs triggering the aperiodic CSI reports, and the smallest SCS configuration of the overlapping PUCCHs and PUSCHs and [image: ] for [image: ], [image: ] for [image: ] and [image: ] for [image: ]. 
[…]



From the yellow highlight parts, it can be understood that only overlapping of multiple PUCCH transmissions or overlapping of PUCCH and PUSCH are considered in Clause 9.2.5 for timeline check, which means that in case 1-6, only overlapping of PUCCH and CG PUSCH is included in the procedure of timeline check, while overlapping of DG PUSCH and CG PUSCH is not included in the procedure of timeline check. Therefore, even both PUCCH and DG PUSCH are overlapped with CG PUSCH, it does not mean PUCCH and DG PUSCH without overlapping are included in the procedure of timeline check.
From the green highlight parts, it is not clear enough that how to define a group of overlapping PUCCHs and PUSCHs. Based on the context, it seems that the group of overlapping PUCCHs and PUSCHs only includes the overlapping PUCCHs in a slot or the overlapping PUCCH(s) and PUSCH(s) in a slot, which means DG PUSCH which does not overlap with PUCCH in case 1-6 could not be included in the group of overlapping PUCCHs and PUSCHs. This is a bit different from case 1-5, since in case 1-5 CG PUSCH and DG PUSCH are both overlapped with the same PUCCH and overlapping between PUCCH and any PUSCH are included in the group of overlapping PUCCHs and PUSCHs, which means both CG PUSCH and DG PUSCH could be included in the group of overlapping PUCCHs and PUSCHs. However, in case 1-6, since overlapping between DG PUSCH and CG PUSCH is not included in timeline check in Clause 9.2.5, then even DG PUSCH and PUCCH are both overlapped with the same CG PUSCH, DG PUSCH is not in the group of overlapping PUCCHs and PUSCHs.
Hence, based on the above analysis, we think there should be modification in current specification to capture the new timeline in case 1-6. One potential way is to give a clear definition of the group of overlapping PUCCHs and PUSCHs by considering not only the first UL channel of overlapping PUCCHs or overlapping PUCCH and PUSCH, but also a second PUCCH/PUSCH that overlaps with either one of the first UL channel.
[bookmark: OLE_LINK281][bookmark: OLE_LINK282]Proposal 1: The specification should be modified to capture the overlapping of case 1-6 for timeline check.
Remaining issues for PUSCH with repetition
As discussed in the RAN1#104e meeting, the following options were summarized for overlapping between PUCCH and PUSCH with PUSCH skipping and PUSCH repetition.
	· 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.
· 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.
· 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: the proposal in the 1st round discussion
· 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)



Based on the current specification, it is understood that when UCI from a PUCCH would be transmitted on a PUSCH due to overlapping between the PUCCH and PUSCH, the DL grant associated with PUCCH should be no later than the UL grant associated with the PUSCH. This is true for PUSCH transmission with repetition as well, which means the UE would know whether there is UCI on any PUSCH repetition within a repetition bundle. This gives MAC the possibility to deliver PDU for the first repetition of PUSCH even though PUCCH overlaps with a repetition of PUSCH other than the first repetition. 
However, the UE may still do not know whether there will be PUSCH transmission(s) on other serving cell(s) as shown in Figure 1. For option 1, MAC delivers a padding PDU for PUSCH1 on CC2 from the first repetition of the PUSCH to ensure the UCI transmission on the 4th repetition of the PUSCH. However, given that PUSCH2 is scheduled on CC1 afterwards, the UCI is not transmitted on PUSCH1 on CC2 based on the PUSCH selection rule. This is a completely waste of resource and power since there is actually no real data transmission for the PUSCH repetition. To avoid the waste, gNB scheduling restriction should be introduced by not allowing to schedule PUSCH(s) on other serving cell(s) overlapping with the PUCCH where the UCI would be multiplexed on the PUSCH, which is not preferred.  For option 2 and 4, scheduling restriction should be introduced as well.


Figure 1: overlapping between PUCCH and PUSCH with repetition
For option 3, it gives more flexibility for MAC to decide whether to deliver PDU for PUSCH or not for the first repetition of the PUSCH, which can avoid waste of resource and power to transmit padding PDU. If there is data arrived before the first repetition, MAC may deliver PDU for the PUSCH from the beginning of the repetition, and UCI could be piggybacked on any repetition of the PUSCH if there is overlapping. If there is no data arrived, it is MAC implementation to decide whether deliver PDU to PHY or not, regardless of there is PUCCH overlapping with a later repetition of the PUSCH or not. If MAC decides to deliver a padding PDU, then it is the same as option 1, and if MAC decides to not deliver PDU, UCI could be transmitted on PUCCH when there is no other PUSCH overlapping with PUCCH or UCI could be transmitted on other PUSCH based on the PUSCH selection rule since UE already knows there is no PDU from the first repetition of the PUSCH with repetition. In such case, the gNB behavior is to detect PUSCH at the first repetition and if DTX is detected, gNB may know that UCI is transmitted on PUCCH or other PUSCH with the same rule as UE side and no need to further receive other repetitions of the PUSCH with repetition. If data is detected, gNB may know that UCI is transmitted on a certain PUSCH based on the selection rule. Hence we do not think there may be additional blind detection for gNB.
Based on the above analysis, we prefer to adopt option 3 with some clarification.
[bookmark: OLE_LINK275][bookmark: OLE_LINK276]Proposal 2: For PUCCH overlapping with PUSCH and the PUSCH with repetition and UL skipping, when there is a single PHY priority for UL transmissions, the following rules should be adopted: 
· When a PUCCH is overlapped with the first PUSCH repetition and UCI would be multiplexed on the PUSCH, MAC generates MAC PDU for the PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the PUSCH. All of the PUSCH repetitions are not skipped.
· When a PUCCH is overlapped with the repetition(s) other than the first PUSCH repetition, if there is no PDU including data delivered from MAC, the PUSCH can be skipped. UCI is transmitted on the PUCCH when there is no other PUSCH overlapping with the PUCCH or UCI is transmitted on a PUSCH with PDU based the PUSCH selection rule when there is other PUSCH(s) overlapping with the PUCCH.
Conclusion
In this contribution, we discussed the remaining issues for UL skipping with the following proposals.
Proposal 1: The specification should be modified to capture the overlapping of case 1-6 for timeline check.
Proposal 2: For PUCCH overlapping with PUSCH and the PUSCH with repetition and UL skipping, when there is a single PHY priority for UL transmissions, the following rules should be adopted: 
· When a PUCCH is overlapped with the first PUSCH repetition and UCI would be multiplexed on the PUSCH, MAC generates MAC PDU for the PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the PUSCH. All of the PUSCH repetitions are not skipped.
· [bookmark: _GoBack]When a PUCCH is overlapped with the repetition(s) other than the first PUSCH repetition, if there is no PDU including data delivered from MAC, the PUSCH can be skipped. UCI is transmitted on the PUCCH when there is no other PUSCH overlapping with the PUCCH or UCI is transmitted on a PUSCH with PDU based the PUSCH selection rule when there is other PUSCH(s) overlapping with the PUCCH.
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