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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK3]In RAN1 #103-e meeting, dynamic PUSCH skipping with overlapping CSI/HARQ-ACK on PUCCH was discussed in RAN1 and related conclusions were made below [1].
	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.




In this contribution, we will discuss the remaining issues for PUSCH skipping with overlapping UCI on PUCCH without intra-UE prioritization in Rel-16, including the UE behavior for Case 1-6 and for CA case, PUSCH skipping with PUSCH repetitions.
2. Discussions
2.1 [bookmark: OLE_LINK25]Remaining issue for Case 1-6

	


	Case 1-6



In RAN1 #103e meeting, Case 1-6 for non-CA case was discussed. Following working assumption were made.
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
· [bookmark: _Hlk61419285]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.

For Case 1-6, where DG PUSCH and CG PUSCH are overlapping and CG PUSCH is overlapping with PUCCH, and DG PUSCH is non-overlapping with the PUCCH, there are remaining issues including the UE behavior for non-CA and CA cases.
In RAN1 #103e, two options were identified for Case 1-6, option 3 and option 4. Regarding the option 3 and option 4, the major difference is that whether the UCI is transmitted or not. For option 3, UCI can be transmitted in this case which is beneficial for the performance, especially when the UCI is HARQ-ACK for DL transmission. For option 4, it could be a unified solution for both the cases when Rel-16 intra-UE prioritization is configured or not configured, but whether it can be a unified solution also depends on the decision made for the case when Rel-16 intra-UE prioritization is configured. These options can be the starting point for Case 1-6. 

For non-CA case
In a single CC, for Case 1-6, there may be an issue when the UL grant for DG PUSCH comes after the time for determining UCI multiplexing on CG PUSCH based on the timeline in TS 38.213 Clause 9.2.5, as shown in the Figure 1. In such case, UE may have already decided and started preparation for multiplexing the UCI on the CG PUSCH, e.g. at time instance t1 in the  Figure 1, while after that a UL grant is detected at time instance t2 to schedule a DG PUSCH that is overlapping with the CG PUSCH, t2 > t1. According to current specification, the DG PUSCH will override the overlapping CG PUSCH. Therefore, it is quite challenging for the UE to revert the decision on multiplexing the UCI on CG and prepare to transmit the UCI on PUCCH instead. In result, UCI is not transmitted on PUCCH nor CG PUSCH.
It is noted that in Rel-15 there may be similar timeline issue in Case 1-6 where DG UL skipping is not supported and legacy CG UL skipping is adopted. Therefore, it is necessary to clarify the behavior for this case in Rel-15. If such case is allowed in Rel-15, from our perspective, UE may determine to transmit the UCI on the PUCCH or on the CG PUSCH. If there is data for CG PUSCH by the time of UCI multiplexing, UE determines UCI to be multiplexed on CG PUSCH, otherwise UCI will be transmitted on the PUCCH based on TS 38.213. Regardless there is data for CG PUSCH or not, the DG PUSCH will override the CG PUSCH if timeline satisfied based on TS 38.214. Hence, if UCI is decided to be multiplexed on CG PUSCH when there is data available for CG PUSCH, the UCI will be dropped together with the CG PUSCH. The UE behavior is dependent on the data availability for CG PUSCH. This may cause gNB blind detection issue in Rel-15. 
[bookmark: _Ref61807132]Observation 1: in Rel-15, for Case 1-6, when the UL grant for DG PUSCH comes after the time for determining UCI multiplexing on CG PUSCH based on the timeline in TS 38.213 Clause 9.2.5, UE may determine to transmit the UCI on the PUCCH or drop the UCI together with the CG PUSCH. The UE behavior is dependent on the data availability for CG PUSCH. This may cause gNB blind detection issue.


[bookmark: _Ref61801935]Figure 1. Timeline issues for Case 1-6

To overcome the potential timeline issue, the possible solutions are to define UE behavior when the timeline is not met, or define error case in case of the timeline not met. Hence, following solutions are considered for Case 1-6.
· Option 5: if conditions of timeline for UCI multiplexing and DG overriding CG PUSCH are satisfied simultaneously, UCI is transmitted on PUCCH. 
· Otherwise, UCI is dropped together with CG PUSCH.
· Option 6: if conditions of timeline for UCI multiplexing and DG overriding CG PUSCH are satisfied simultaneously, UCI is transmitted on PUCCH. 
· UE does not expect the UCI multiplexing timeline for the UL grant scheduling the DG PUSCH overlapping with CG PUSCH is not met, i.e. error case is defined.
For option 5, it can be deemed as the combination of option 3 and option 4, with the condition of timeline for UCI multiplexing and DG overriding CG PUSCH. To be more specific, when UE is scheduled by a PDCCH ending in symbol 𝑖 to transmit a DG PUSCH on a given serving cell overlapping in time with CG PUSCH transmission occasion starting in a symbol 𝑗 on the same serving cell, the following conditions need to be met
· Condition 1: the end of symbol 𝑖 is at least 𝑁2 symbols before the beginning of symbol 𝑗, and
· Condition 2: the end of symbol 𝑖 is at least maximum of { , } symbols before the first symbol of S0 of the earliest PUCCH or PUSCH among a group overlapping PUCCHs and PUSCHs in the slot
Option 5 is beneficial to provide flexibility for gNB scheduling while introducing additional UE implementation complexity.
For option 6, error case is defined for the case when conditions of timeline for UCI multiplexing and DG overriding CG PUSCH are not satisfied simultaneously. This may put restriction on gNB scheduling while UE behavior can be consistent for Case 1-6.
[bookmark: _Ref61807149]Therefore, 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,  
· When UE is scheduled by a PDCCH ending in symbol 𝑖 to transmit a DG PUSCH on a given serving cell overlapping in time with CG PUSCH transmission occasion starting in a symbol 𝑗 on the same serving cell, where the DG PUSCH is not overlapping with the UCI,
· Based on the following timeline conditions,
· Condition 1: the end of symbol 𝑖 is at least 𝑁2 symbols before the beginning of symbol 𝑗, 
· Condition 2: the end of symbol 𝑖 is at least maximum of { , } symbols before the first symbol of S0 of the earliest PUCCH or PUSCH among a group overlapping PUCCHs and PUSCHs in the slot 
· following options of UE behaviors are considered
· Option 5: If timeline condition 1 and condition 2 are both satisfied, UCI is transmitted on PUCCH. Otherwise if either the timeline condition 1 or condition 2 is not met, UCI is dropped together with CG PUSCH.
· Option 6: If timeline condition 1 and condition 2 are both satisfied simultaneously, UCI is transmitted on PUCCH. UE does not expect either the timeline condition 1 or 2 is not met, i.e. error case is defined.


For CA case
For Case 1-6 in CA case, following sub-cases are considered.
	

	

	


	Case 1-6a
	Case 1-6b
	Case 1-6c


Figure 2. Different cases for Case 1-6 in CA 

For Case 1-6a, it is similar to Case 1-6 in non-CA case, where CG PUSCH is overridden by DG PUSCH. The possible solutions for Case 1-6 for non-CA case are applicable for this case.
For Case 1-6b, CG PUSCH and DG PUSCH are on different CCs. In such case, CG PUSCH can be transmitted even overlapping with DG PUSCH in time. Therefore, UCI is multiplexed on the CG PUSCH according to the following Rel-15 multiplexing rule. In such case, only UCI multiplexing timeline needs to be satisfied if UE would multiplex UCI on CG PUSCH. For this case, no specification change is needed.
	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, in PUCCH resource Z is multiplexed into one PUSCH, if Z overlaps with at least one PUSCH, following the priorities (sequentially from high to low) as listed below.
· 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



For Case 1-6c, CG PUSCH 1 and DG PUSCH are on the same CC where CG PUSCH 1 is overlapping the DG PUSCH and also overlapping with a PUCCH. CG PUSCH 2 is on the different CC and overlapping with the PUCCH. In such case, the CG PUSCH 1 is overridden by DG PUSCH on the same CC. There may be similar timeline issue as Case 1-6 of non-CA case. To be specific, if the conditions of timeline for UCI multiplexing on CG PUSCH 2 and DG PUSCH overriding CG PUSCH 1 are both satisfied, UCI is multiplexed on the CG PUSCH 2 according to the following Rel-15 multiplexing rule. 
Therefore, for Case 1-6 in CA case, UE multiplexes UCI on CG PUSCH if the CG PUSCH is not overlapping with a DG PUSCH on the same CC. If there is no other CG PUSCH for UCI multiplexing after DG overriding CG PUSCH, UCI is transmitted on the PUCCH which is similar to the non-CA case, if the conditions of timeline for UCI multiplexing on CG PUSCH and DG PUSCH overriding CG PUSCH are both satisfied. If the timeline conditions are not met, UCI is dropped or it is treated as error case.
Above all, based on the possible options for Case 1-6 in non-CA case, following solutions for Case 1-6 in both non-CA and CA cases are considered. The potential specification changes for option 5’ or option 6’ are provided in the Appendix A.1 or A.2.
[bookmark: _Ref61807153]Proposal 1: In Rel.16, for 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, in case of one or more CG PUSCHs overlapping with UCI, 
· when UE is scheduled by a PDCCH ending in symbol 𝑖 to transmit a DG PUSCH on a given serving cell overlapping in time with CG PUSCH transmission occasion starting in a symbol 𝑗 on one or more serving cells, where the DG PUSCH is not overlapping with the UCI,
· Based on the following timeline conditions on the same severing cell as DG PUSCH,
· Condition 1: the end of symbol 𝑖 is at least 𝑁2 symbols before the beginning of symbol 𝑗, 
· Condition 2: the end of symbol 𝑖 is at least maximum of { , } symbols before the first symbol of S0 of the earliest PUCCH or PUSCH among a group overlapping PUCCHs and PUSCHs in the slot 
· following options of UE behaviors are considered
· Option 5’: If timeline condition 1 and condition 2 are both satisfied, the UCI is multiplexed on one of the CG PUSCHs on a serving cell on which there is no DG PUSCH overlapping with the CG PUSCH for the UCI multiplexing, following the existing UCI multiplexing rules; if there is no such CG PUSCH, the UCI is transmitted on PUCCH. 
· Otherwise if either the timeline condition 1 or condition 2 is not met, UCI is dropped together with CG PUSCH.
· Option 6’: If timeline condition 1 and condition 2 are satisfied simultaneously, the UCI is multiplexed on one of the CG PUSCHs on a serving cell on which there is no DG PUSCH overlapping with the CG PUSCH for the UCI multiplexing, following the existing UCI multiplexing rules; if there is no such CG PUSCH, the UCI is transmitted on PUCCH. 
· UE does not expect either the timeline condition 1 or condition 2 is not met, if on a serving cell there is DG PUSCH overlapping with the CG PUSCH on which UCI would be multiplexed.




2.2 PUSCH skipping in case of PUSCH with repetitions
UE behavior for PUSCH skipping with overlapping with UCI in case of PUSCH with repetitions needs to be discussed. 
In case of PUSCH with repetitions, following cases are considered.
	


	
Case 1: PUCCH is overlapping with the first PUSCH repetition

	

	


	
Case 2: PUCCH is overlapping with the PUSCH repetition other than the first one



Figure 3. Example of PUCCH overlapping with PUSCH repetitions

DG PUSCH skipping with PUSCH repetitions
For UCI multiplexing on DG PUSCH, there is restriction for the receiving time of a DL grant scheduling a PUCCH and a UL grant scheduling a PUSCH, where the HARQ-ACK would be multiplexed on the PUSCH, as described in 38.213 Clause 9.2.5.
	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.



For DG PUSCH with K repetitions where K>1, UE should start the initial transmission on the first PUSCH repetition as scheduled by the UL grant. According to the above description in 38.213, the DL grant scheduling the PUCCH overlapping with the DG PUSCH with repetitions needs to be received before the UL grant for the DG PUSCH with repetitions. In such case, the UE can know whether there is a PUCCH overlapping with any PUSCH repetition when the UL grant is detected. Then based on the UL skipping agreement, if one or more than one PUSCH repetition is collide with a PUCCH, the PUSCH should be generated and transmitted with the K repetitions. Therefore, for both case 1 and case 2, there is one PUSCH repetition overlapping with a PUCCH, UE should transmit the DG PUSCH with K repetitions.
[bookmark: _Ref61807136][bookmark: _Hlk61872538]Observation 2: For DG PUSCH skipping with PUSCH repetitions, the DL grant scheduling the PUCCH overlapping with the DG PUSCH with repetitions needs to be received before the UL grant for the DG PUSCH. In result, UE can determine whether to multiplex the UCI on the overlapped PUSCH repetition if any after the UL grant is detected.

CG PUSCH skipping with PUSCH repetitions
For CG PUSCH, if a configured grant configuration is configured with startingFromRV0-r16 set to 'off', the initial transmission of a transport block may only start at the first transmission occasion of the K repetitions. Otherwise, initial transmission of a transport block may start at any of the transmission occasions of the K repetitions that are associated with RV=0, except the last transmission occasion when RV sequence is {0,0,0,0} and K≥8. 
For PUSCH with repetition, the whole PUSCH repetitions are treated as a bundle, according to 38.321. Each transmission within a bundle is a separate uplink grant delivered to the HARQ entity. For CG PUSCH, MAC determines whether to generate a PDU for the PUSCH at any transmission occasion that may be used for initial transmission of a TB.

	TS 38.321
5.4.2.1	HARQ Entity
If REPETITION_NUMBER > 1, after the first transmission within a bundle, REPETITION_NUMBER – 1 HARQ retransmissions follow within the bundle. For both dynamic grant and configured uplink grant, bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle, HARQ retransmissions are triggered without waiting for feedback from previous transmission according to REPETITION_NUMBER for a dynamic grant or configured uplink grant. Each transmission within a bundle is a separate uplink grant delivered to the HARQ entity.
For each uplink grant, the HARQ entity shall:
1>	identify the HARQ process associated with this grant, and for each identified HARQ process:
2>	if the uplink grant is part of a bundle of the configured uplink grant, and may be used for initial transmission according to clause 6.1.2.3 of TS 38.214 [7], and if no MAC PDU has been obtained for this bundle:
3>	else if the MAC entity is not configured with lch-basedPrioritization; or
3>	if this uplink grant is a prioritized uplink grant:
4>	obtain the MAC PDU to transmit from the Multiplexing and assembly entity, if any;




Differently from DG PUSCH case where the DL grant scheduling the PUCCH overlapping with the DG PUSCH with repetitions needs to be received before the UL grant for the DG PUSCH, UE may be scheduled with a PUCCH overlapping with any of the CG PUSCH repetitions by a DL grant, where the receiving time of the DL grant may be before or after the time instance for determining whether to transmit a CG PUSCH. 
To be more specific, in case of CG PUSCH with repetitions, when there is no data for CG PUSCH, MAC will not generate PDU for the CG PUSCH with repetitions. Note that MAC decides whether to generate PDU for CG PUSCH depending on the data availability on the CG PUSCH transmission occasions that can be used for initial transmission.
Meanwhile, a DL grant received after the decision by MAC for not generating CG PUSCH may schedule a PUCCH overlapping with the CG PUSCH repetitions. If following the legacy CG PUSCH skipping behavior, the UCI will not be multiplexed on the overlapped CG PUSCH repetitions. If following Rel-16 CG PUSCH skipping with UCI multiplexing behavior, the UCI should be multiplexed on the CG PUSCH while there is no PDU generated from MAC. In result, there is ambiguity of UE behavior for Rel-16 CG PUSCH skipping with PUSCH repetitions.
For the case 1 where PUCCH is overlapping with the first PUSCH repetition, there is no ambiguity issue since UE will determine whether to generate PDU on the first repetition and a PDU will be generated if there is UCI to be multiplexed on the first repetition.
[bookmark: _Ref61877026]Observation 3: In Rel-16, for CG PUSCH skipping with PUSCH repetitions, when UCI is overlapping with the first PUSCH repetition, UE will determine whether to generate PDU on the first repetition and a PDU will be generated if there is UCI to be multiplexed on the first repetition.

For the case 2 where PUCCH is overlapping with the PUSCH repetition other than the first one, both of the following solutions can be adopted to avoid the ambiguity of UCI multiplexing. The potential specification changes for solution 1 or 2 are provided in the Appendix A.3 or A.4.
· [bookmark: _Hlk58921369][bookmark: _Hlk61532402]Solution 1: if there is no UCI to be multiplexed on the CG PUSCH transmission occasion corresponding to any of the initial transmission opportunity, UE does not expect to be scheduled a PUCCH overlapping with a CG PUSCH transmission occasion corresponding to non-initial transmission opportunity, 
· Otherwise, UE can be scheduled a PUCCH overlapping with a CG PUSCH transmission occasion corresponding to non-initial transmission opportunity



Figure 4. Example of solution 1 for CG PUSCH with repetitions


· Solution 2: if the DCI scheduling the PUCCH is not received before  before the first symbol the earliest symbol of the group of overlapping PUCCHs and CG PUSCH transmission occasion corresponding to an initial transmission opportunity, UE does not expect to be scheduled a PUCCH overlapping with a CG PUSCH transmission occasion corresponding to non-initial transmission opportunity, 
· Otherwise, UE can be scheduled a PUCCH overlapping with a CG PUSCH transmission occasion corresponding to non-initial transmission opportunity 



Figure 5. Example of solution 2 for CG PUSCH with repetitions

[bookmark: _Ref61807156]Proposal 2: For the case 2 where PUCCH is overlapping with the PUSCH repetition other than the first one, both of the following solutions can be adopted 
· Solution 1: if there is no UCI to be multiplexed on the CG PUSCH transmission occasion corresponding to any of the initial transmission opportunity, UE does not expect to be scheduled a PUCCH overlapping with a CG PUSCH transmission occasion corresponding to non-initial transmission opportunity.
· Otherwise, UE can be scheduled a PUCCH overlapping with a CG PUSCH transmission occasion corresponding to non-initial transmission opportunity
· Solution 2: if the DCI scheduling the PUCCH is not received before  before the first symbol the earliest symbol of the group of overlapping PUCCHs and CG PUSCH transmission occasion corresponding to an initial transmission opportunity, UE does not expect to be scheduled a PUCCH overlapping with a CG PUSCH transmission occasion corresponding to non-initial transmission opportunity, 
· Otherwise, UE can be scheduled a PUCCH overlapping with a CG PUSCH transmission occasion corresponding to non-initial transmission opportunity 


3. [bookmark: OLE_LINK16]Conclusion
In this contribution, we provide our views on the remaining issue and solution for PUSCH skipping. The observations and proposals are summarized below.
Observation 1: in Rel-15, for Case 1-6, when the UL grant for DG PUSCH comes after the time for determining UCI multiplexing on CG PUSCH based on the timeline in TS 38.213 Clause 9.2.5, UE may determine to transmit the UCI on the PUCCH or drop the UCI together with the CG PUSCH. The UE behavior is dependent on the data availability for CG PUSCH. This may cause gNB blind detection issue.
Observation 2: For DG PUSCH skipping with PUSCH repetitions, the DL grant scheduling the PUCCH overlapping with the DG PUSCH with repetitions needs to be received before the UL grant for the DG PUSCH. In result, UE can determine whether to multiplex the UCI on the overlapped PUSCH repetition if any after the UL grant is detected.
Observation 3: In Rel-16, for CG PUSCH skipping with PUSCH repetitions, when UCI is overlapping with the first PUSCH repetition, UE will determine whether to generate PDU on the first repetition and a PDU will be generated if there is UCI to be multiplexed on the first repetition.

Proposal 1: In Rel.16, for 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, in case of one or more CG PUSCHs overlapping with UCI,
· when UE is scheduled by a PDCCH ending in symbol 𝑖 to transmit a DG PUSCH on a given serving cell overlapping in time with CG PUSCH transmission occasion starting in a symbol 𝑗 on one or more serving cells, where the DG PUSCH is not overlapping with the UCI,
· Based on the following timeline conditions on the same severing cell as DG PUSCH,
· Condition 1: the end of symbol 𝑖 is at least 𝑁2 symbols before the beginning of symbol 𝑗, 
· Condition 2: the end of symbol 𝑖 is at least maximum of { , } symbols before the first symbol of S0 of the earliest PUCCH or PUSCH among a group overlapping PUCCHs and PUSCHs in the slot 
· following options of UE behaviors are considered
· Option 5’: If timeline condition 1 and condition 2 are both satisfied, the UCI is multiplexed on one of the CG PUSCHs on a serving cell on which there is no DG PUSCH overlapping with the CG PUSCH for the UCI multiplexing, following the existing UCI multiplexing rules; if there is no such CG PUSCH, the UCI is transmitted on PUCCH. 
· Otherwise if either the timeline condition 1 or condition 2 is not met, UCI is dropped together with CG PUSCH.
· Option 6’: If timeline condition 1 and condition 2 are satisfied simultaneously, the UCI is multiplexed on one of the CG PUSCHs on a serving cell on which there is no DG PUSCH overlapping with the CG PUSCH for the UCI multiplexing, following the existing UCI multiplexing rules; if there is no such CG PUSCH, the UCI is transmitted on PUCCH. 
· UE does not expect either the timeline condition 1 or condition 2 is not met, if on a serving cell there is DG PUSCH overlapping with the CG PUSCH on which UCI would be multiplexed.
Proposal 2: For the case 2 where PUCCH is overlapping with the PUSCH repetition other than the first one, both of the following solutions can be adopted
· Solution 1: if there is no UCI to be multiplexed on the CG PUSCH transmission occasion corresponding to any of the initial transmission opportunity, UE does not expect to be scheduled a PUCCH overlapping with a CG PUSCH transmission occasion corresponding to non-initial transmission opportunity.
· Otherwise, UE can be scheduled a PUCCH overlapping with a CG PUSCH transmission occasion corresponding to non-initial transmission opportunity
· Solution 2: if the DCI scheduling the PUCCH is not received before  before the first symbol the earliest symbol of the group of overlapping PUCCHs and CG PUSCH transmission occasion corresponding to an initial transmission opportunity, UE does not expect to be scheduled a PUCCH overlapping with a CG PUSCH transmission occasion corresponding to non-initial transmission opportunity, 
· Otherwise, UE can be scheduled a PUCCH overlapping with a CG PUSCH transmission occasion corresponding to non-initial transmission opportunity 

[bookmark: OLE_LINK20]References
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Appendix – potential TPs

For Case 1-6, the potential TPs for option 5’ and option 6’ are provided in TP #1 and TP #2, respectively.

A.1. TP#1 of 38.213 for option 5’ for Case 1-6
	[bookmark: _Toc52457818][bookmark: _Toc45810608][bookmark: _Toc36645563][bookmark: _Toc29674333][bookmark: _Toc29673340][bookmark: _Toc29673199][bookmark: _Toc27299926][bookmark: _Toc20318028][bookmark: _Toc11352138]-----------------start of TP #1 for 38.213-------------------------
9.2.5	UE procedure for reporting multiple UCI types
<Unchanged part omitted>

If a UE is scheduled by a PDCCH ending in symbol 𝑖 to transmit a PUSCH on a given serving cell overlapping in time with a transmission occasion, where the UE is allowed to transmit a PUSCH with configured grant according to [10, TS38.321], starting in a symbol 𝑗 on the same serving cell if the end of symbol 𝑖 is at least 𝑁2 symbols before the beginning of symbol 𝑗, and the first symbol of S0 of the earliest PUCCH or PUSCH among a group overlapping PUCCHs and PUSCHs in the slot is before a symbol with CP starting after maximum of { , } after symbol i, the UE drops the UCI corresponding to the PUCCH. The value 𝑁2 in symbols is determined according to the UE processing capability defined in Clause 6.4 of TS 38.214, and 𝑁2 and the symbol duration are based on the minimum of the subcarrier spacing corresponding to the PUSCH with configured grant and the subcarrier spacing of the PDCCH scheduling the PUSCH.
----------------end-------------------------




A.2. TP#2 of 38.214 for option 6’ for Case 1-6
	-----------------start of TP #2 for 38.214-------------------------
6.1	UE procedure for transmitting the physical uplink shared channel
<Unchanged part omitted>

A UE is not expected to be scheduled by a PDCCH ending in symbol 𝑖 to transmit a PUSCH on a given serving cell overlapping in time with a transmission occasion, where the UE is allowed to transmit a PUSCH with configured grant according to [10, TS38.321], starting in a symbol 𝑗 on the same serving cell if the end of symbol 𝑖 is not at least 𝑁2 symbols before the beginning of symbol 𝑗, and the first symbol of S0 of the earliest PUCCH or PUSCH among a group overlapping PUCCHs and PUSCHs in the slot, if any, is before a symbol with CP starting after maximum of { , } after symbol i. The and  are determined according to clause 9.2.5 of [6, TS 38.213]. The value 𝑁2 in symbols is determined according to the UE processing capability defined in Clause 6.4, and 𝑁2 and the symbol duration are based on the minimum of the subcarrier spacing corresponding to the PUSCH with configured grant and the subcarrier spacing of the PDCCH scheduling the PUSCH.
----------------end-------------------------




A.3. TP#3 of 38.214 for solution 1 for PUSCH skipping with PUSCH repetitions
	-----------------start of TP #3 for 38.214-------------------------
6.1.2.3   Resource allocation for uplink transmission with configured grant
<Unchanged part omitted>

For both Type 1 and Type 2 PUSCH transmissions with a configured grant, when K > 1, a UE does not expect to be scheduled by a PDCCH indicating a PUCCH transmission overlapping with the PUSCH transmission occasion(s) of the K repetitions that does not correspond to the initial transmission of a transport block, if there is no UCI to be multiplexed on any of the transmission occasions of the K repetitions corresponding to the initial transmission of a transport block.
----------------end-------------------------





A.4. TP#4 of 38.214 for solution 2 for PUSCH skipping with PUSCH repetitions
	-----------------start of TP #4 for 38.214-------------------------
6.1.2.3   Resource allocation for uplink transmission with configured grant
<Unchanged part omitted>

For both Type 1 and Type 2 PUSCH transmissions with a configured grant, when K > 1, a UE does not expect to be scheduled by a PDCCH ending in symbol i indicating a PUCCH transmission overlapping with the PUSCH transmission occasion(s) of the K repetitions that does not correspond to the initial transmission of a transport block, if the first symbol of the latest transmission occasions of the K repetitions corresponding to the initial transmission of a transport block is before a symbol with CP starting after maximum of { , } after symbol i. The and  are determined according to clause 9.2.5 of [6, TS 38.213] 
----------------end-------------------------
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