
[bookmark: OLE_LINK2]3GPP TSG RAN WG1 #104b-e		R1-2102934
e-Meeting, April 12th – 20th, 2021

Source:	vivo
[bookmark: _Hlk53393006][bookmark: _Hlk60230779]Title:	Discussion on PUSCH skipping with overlapping UCI on PUCCH in Rel-16
[bookmark: Source]Agenda Item:	7.1
[bookmark: DocumentFor]Document for:	Discussion and Decision
1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK3]In RAN1 #104-e, PUSCH skipping with overlapping UCI on PUCCH for both DG and CG was discussed in RAN1 and related conclusions were made below [1].
	Agreement
For the case (Case 1-6) when DG PUSCH and CG PUSCH are overlapping on a serving cell and CG PUSCH is overlapping with PUCCH, and DG PUSCH is non-overlapping with the PUCCH 
· In Rel-16, when timeline condition is met, for Case 1-6 in non-CA and CA cases, when DG PUSCH skipping is configured and Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions, and when PUSCH repetition is not applied, 
· When one or more CG PUSCH(s) overlap with a PUCCH on a same or different serving cell, a DG PUSCH overlaps with the one or more CG PUSCH(s) on one serving cell and the DG PUSCH does not overlap with the PUCCH, and there is no remaining PUSCH(s) on any serving cell(s) overlapping with the PUCCH, the UCI is transmitted on the PUCCH.
· This is for case 1-6a and 1-6b in Figure 1.
· MAC does not generate PDU for the one or more CG PUSCH(s) 
· If there is data for the DG PUSCH, MAC generates PDU for the DG PUSCH. If there is no data for the DG PUSCH, MAC does not generate PDU for the DG PUSCH 
· When one or more CG PUSCH(s) overlap with a PUCCH on a same or different serving cell, a DG PUSCH overlaps with the one or more CG PUSCH(s) on one serving cell and the DG PUSCH does not overlap with the PUCCH, and there is remaining PUSCH(s) on any serving cell(s) overlapping with the PUCCH, the PUSCH from the remaining PUSCH(s) for UCI multiplexing is determined following the existing UCI multiplexing rules, MAC generates MAC PDU for the PUSCH and delivers the MAC PDU to PHY and the UCI is multiplexed on the PUSCH.
· Note the remaining CG PUSCH(s) are not overlapping with any DG PUSCH on the same serving cell
· This is for case 1-6c in Figure 1.
· MAC does not generate PDU for the one or more CG PUSCH(s) 
· If there is data for the DG PUSCH, MAC generates PDU for the DG PUSCH. If there is no data for the DG PUSCH, MAC does not generate PDU for the DG PUSCH

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  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



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 PUSCH skipping with PUSCH repetitions.
2. Discussions
2.1 [bookmark: OLE_LINK25]PUSCH skipping in case of PUSCH with repetitions
2.1.1  DG PUSCH skipping with PUSCH repetitions
RAN1 has discussed intensively for UE behavior for PUSCH skipping with overlapping with UCI in case of PUSCH with repetitions during RAN1#104-e
Following options were identified. However, no agreement/conclusion has been achieved yet
· Option 1: 
· When there’s UCI overlapping with any of the repetitions of the DG PUSCH on a serving cell, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH.
· Option 2: 
· When there’s UCI overlapping 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 UCI is overlapping with the repetitions other than the first PUSCH repetition.
· Option 3:
· When there’s UCI overlapping 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 there’s UCI overlapping 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.

It should be noted that for DG PUSCH repetitions, MAC can only generate PDU at the initial transmission occasion for PUSCH with repetitions according to current spec. 
In addition, for all the options, the UCI multiplexing timeline condition should be met for first repetition for DG PUSCH with repetitions according to the following descriptions in spec. 
	38.213
9   UE procedure for reporting control information
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.





Figure 1: Time condition for DG PUSCH and the overlapping PUCCH 
· For option 1, 
· Pros: there is no blind detection issue for gNB, i.e. MAC generates MAC PDU for the whole DG PUSCH repetition and UCI is multiplexed on the overlapped DG PUSCH repetition
· Cons: when there’s UCI overlapping with the repetitions other than the first PUSCH repetition, UE needs to transmit all the repetitions which may increase the UE power consumption
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Figure 2: option 1 for PUSCH skipping with repetitions 

Following case for option 1 was discussed, where PUCCH is scheduled in CC1, PUSCH with repetitions are scheduled by UL grant 1 in CC2. After the UL grant 1, another UL grant, UL grant 2 is received, scheduling PUSCH 2 in CC1. PUCCH, PUSCH 2 and PUSCH 1 repetition 3 are overlapping.
By receiving UL grant 1, UE needs to determine whether or not to generate PDU for the PUSCH 1 repetitions, before decision point 1. UE may need to run the UCI multiplexing rule at decision point 1 to determine the UCI multiplexing. Since UE does not receive the UL grant 2 and UCI is to be multiplexed on the PUSCH 1 repetitions at decision point 1, a MAC PDU is needed to be generated for PUSCH 1 repetitions.
After decision point 1, UL grant 2 is received, which schedules a PUSCH 2 overlapping with the PUCCH. UE needs to run the UCI multiplexing rule again to determine the final PUSCH for UCI multiplexing. Therefore, multiple times for determining the resource for UCI multiplexing may be needed. It should be noted that in Rel-15 there is similar case where UE needs to determine the resource for UCI multiplexing multiple times.
For gNB, it knows which PUSCH will the UCI be multiplexed on, thus no blind detection issue.
For UE, UE makes decision of generating MAC PDU for the PUSCH at the time point, where the PUSCH for UCI to be multiplexed may not be the final PUSCH. In result, dummy PUSCH transmissions may be caused
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Figure 3: PUSCH skipping with repetitions in CA case

[bookmark: _Ref68247188][bookmark: _Ref68247220]Observation 1:  Option 1 is applicable for PUSCH skipping with repetitions in non-CA and CA cases. There is no blind detection issue for gNB. Dummy PUSCH transmission may be caused if UCI is not multiplexed on the PUSCH.

For option 2, following pros and cons are identified.
· Pros: there is no issue for gNB for blind detection on UCI
· Cons: there is restriction on gNB scheduling. So it may not be a feasible gNB implementation
For option 3,
· Pros: when there’s UCI overlapping with the repetitions other than the first PUSCH repetition, UE does not needs to transmit all the PUSCH repetitions, which may save the UE power consumption
· Cons: there is blind detection issue for gNB to detect the resource for UCI multiplexing. Besides, reliable detection on the initial transmission of repetitions is needed for gNB, which may be challenging for gNB especially when the number of repetitions is large or the number of allocated PRBs for PUSCH is small.
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Figure 4: PUCCH overlapping with first PUSCH repetition
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Figure 5: PUCCH overlapping with non-initial PUSCH repetition(s)

Above all the three options, Option 2 has greatly scheduling restriction on gNB and option 3 has blind detection issue for gNB. Either option 2 or option 3 has the feasibility issue that may not be handled easily by implementation.
Compared to option 2 and option 3, option 1 does not have blind detection issue for gNB and it seems workable though there may be increased UE power consumption.
So, we propose to adopt option 1 for UL skipping with PUSCH repetition in non-CA and CA case.
[bookmark: _Ref68247235]Proposal 1: For DG PUSCH 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 applied, 
· [bookmark: _Hlk67564923]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.

2.1.2  CG PUSCH skipping with PUSCH repetitions
For CG PUSCH with repetitions, MAC determines whether to generate a PDU for the PUSCH at any transmission occasion that may be used for initial transmission of a TB. 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. 
[bookmark: _Ref68247224]Observation 2: For CG PUSCH with repetitions, MAC determines whether to generate a PDU for the PUSCH at any transmission occasion that may be used for initial transmission of a TB.

Similar to DG PUSCH skipping with repetition, the same principle can be adopted, i.e. when there’s UCI overlapping with any of the repetitions of the CG PUSCH on a serving cell, MAC generates MAC PDU for CG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the CG PUSCH.
However, differently from DG PUSCH, there is no explicit restriction for the DL grant scheduling the PUCCH overlapping with the CG PUSCH with repetitions. To be specific, 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 or not to transmit a CG PUSCH. 
[bookmark: _Ref68247227]Observation 3: For CG PUSCH with repetitions, 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 or not to transmit a CG PUSCH.

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. On the other hand, in case of CG PUSCH, when there is UCI to be multiplexed on the CG PUSCH, MAC will generate PDU for the CG PUSCH according to the CG PUSCH skipping behavior.
When there’s UCI overlapping with the initial transmission occasions of the repetitions of the CG PUSCH, 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.
When there’s UCI overlapping with only the non-initial transmission occasions of the repetitions of the CG PUSCH, it is necessary to ensure the UCI multiplexing on CG PUSCH with repetitions in case of UCI to be multiplexed on the non-initial transmission of repetitions.
Follow solution can be considered for the case when there’s UCI overlapping with only the non-initial transmission occasions of the repetitions of the CG PUSCH. 
· When UE is scheduled a PUCCH overlapping with a CG PUSCH transmission occasion corresponding to non-initial transmission opportunity, the DCI scheduling the PUCCH needs to be received before  before the CG PUSCH transmission occasion corresponding to an initial transmission opportunity
With such solution, it can be ensured that there is sufficient time for UE when determining UCI multiplexing and generating MAC PDU for the CG PUSCH with repetitions, in case when there’s UCI overlapping with only the non-initial transmission occasions of the repetitions of the CG PUSCH.

[bookmark: _Ref68247243]Proposal 2: For CG PUSCH in Rel.16, for non-CA and CA cases, when CG 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 applied, 
· When there’s UCI overlapping with any of the repetitions of the CG PUSCH on a serving cell, MAC generates MAC PDU for CG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the CG PUSCH.
· UE does not expect to be scheduled a PUCCH overlapping with a CG PUSCH transmission occasion corresponding to non-initial transmission opportunity, if the DCI scheduling the PUCCH is not received before  before the first symbol of CG PUSCH transmission occasion corresponding to an initial transmission opportunity.

2.2 Remaining issue for PUSCH skipping without repetitions
For the case of PUSCH skipping without repetitions, following conclusion for case 1-6 was made
	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  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




The remaining issue is whether or not additional spec change to reflect the conclusion is needed. Based on our observation, the conclusion is clear and there seems no need for additional spec change.
[bookmark: _Ref68247253]Proposal 3: no additional spec change is needed for DG PUSCH skipping for Case 1-6. 

2.3 Multiple CG configurations
In RAN1 #104-e, UL skipping for CG in case of multiple CG with same/different starting time for Rel-16 was discussed.
According to the Rel-16 CG UL skipping behavior, UE and gNB can have the same understanding on the CG PUSCH for UCI multiplexing even though there is no data for the CG PUSCH
In case of UCI overlapping with multiple CG with the same/different starting time, it is up to UE implementation to choose CG configuration from multiple CG configurations according to current spec
It may result in non-aligned understanding between UE and gNB for UCI multiplexing. Note that this issue may only happen in case of multiple CGs in the same CC


Figure 6: Multiple CG configurations with same/different starting time

UL skipping for CG in case of multiple CG with same/different starting time, following understandings were discussed.
· Understanding 1: PHY first determine which CG PUSCH is used to multiplex UCI based on UCI multiplexing rule. MAC then generates PDU for the selected CG PUSCH for UCI multiplexing.
· Understanding 2: MAC first choose a CG PUSCH and generates PDU for transmission. PHY then multiplexes the UCI on the CG PUSCH with MAC delivered PDU.
From our perspective, understanding 1 conforms to the principle of UL skipping discussion. For either understanding, gNB should be able to do detection for CG with multiple hypotheses, if multiple CG configurations are configured with the same starting time.
So, we propose that in case of UCI overlapping with multiple CG with the same/different starting time, it is up to UE implementation to determine the CG resource for UCI multiplexing from multiple CG configurations
[bookmark: _Ref68247257]Proposal 4: In case of UCI overlapping with multiple CG with the same/different starting time, it is up to UE implementation to determine the CG resource for UCI multiplexing from multiple CG configurations.

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:  Option 1 is applicable for PUSCH skipping with repetitions in non-CA and CA cases. There is no blind detection issue for gNB. Dummy PUSCH transmission may be caused if UCI is not multiplexed on the PUSCH.
Observation 2: For CG PUSCH with repetitions, MAC determines whether to generate a PDU for the PUSCH at any transmission occasion that may be used for initial transmission of a TB.
Observation 3: For CG PUSCH with repetitions, 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 or not to transmit a CG PUSCH.

Proposal 1: For DG PUSCH 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 applied,
· 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.
Proposal 2: For CG PUSCH in Rel.16, for non-CA and CA cases, when CG 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 applied,
· When there’s UCI overlapping with any of the repetitions of the CG PUSCH on a serving cell, MAC generates MAC PDU for CG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the CG PUSCH.
· UE does not expect to be scheduled a PUCCH overlapping with a CG PUSCH transmission occasion corresponding to non-initial transmission opportunity, if the DCI scheduling the PUCCH is not received before  before the first symbol of CG PUSCH transmission occasion corresponding to an initial transmission opportunity.
[bookmark: _GoBack]Proposal 3: no additional spec change is needed for DG PUSCH skipping for Case 1-6.
Proposal 4: In case of UCI overlapping with multiple CG with the same/different starting time, it is up to UE implementation to determine the CG resource for UCI multiplexing from multiple CG configurations.
[bookmark: OLE_LINK20]References
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