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In RAN1 #116, an issue is triggered in [1] to clarify whether a PUSCH without a TB should be regarded as a candidate PUSCH for UCI multiplexing, and four remaining issues are left in Chair’s note for further discussion in RAN1#116bis. In this contribution, the current procedure of UCI multiplexing is explained and the remaining issues are also discussed.
Discussion
Discussion background
In RAN1 #116, four issues are left for further discussion, which are listed as below.
	Further discuss the following issues in RAN1#116bis
· Issue#1: Whether “candidate PUSCHs” in TS 38.213 include a CG PUSCH without a TB if the CG PUSCH does not overlap with a DG PUSCH on a same serving cell ?
· Issue#2: Whether the timeline conditions for Rel-16 prioritization procedure should be satisfied for a PUSCH with or without a TB?
· Issue#3: Whether a HP PUSCH with semi-persistent/aperiodic CSI reports without a TB can cancel an overlapping LP PUSCH on the same serving cell or an overlapping LP PUCCH ?
· Issue#4: Whether it is necessary to restrict the cancelled LP PUSCH is a PUSCH with a TB?



It can be understood that the “PUSCH without a TB” here implies neither data transmission nor UCI transmission, e.g. A-CSI/SP-CSI, is scheduled/configured on a PUSCH resource. 
Recalling the discussion history in previous meetings, the issue of overlapping between PUSCH without a TB, including both CG PUSCH and DG PUSCH, overlaps with a PUCCH were discussed comprehensively. The basic principle to resolve such an issue is the PUSCH on which UCI is multiplexed cannot be skipped and a MAC PDU is generated for this PUSCH transmission. Agreements for DG and CG PUSCH are provided below separately.
	Agreement for DG PUSCH
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 for CG PUSCH
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. 


Furthermore, more complicated cases where both CG PUSCH and DG PUSCH are present in the same overlapping group are discussed as well, and the common understanding is the UCI multiplexing/prioritization should be applied first, then to decide whether a MAC PDU has to be generated. (The figures of each cases are added in Appendix)
	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

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


Observation 1: The basic principle to handle the UL skipping issues where a PUCCH overlaps with a PUSCH without a TB is the multiplexed PUSCH cannot be skipped.
Therefore, it could be concluded further that the procedures of UE to process the UL skipping issues, which is also aligned with companies understanding in [2].
· Step 1: Prioritization is applied, and DG overrides overlapping CG.
· Step 2: PUSCH selection, to determine which PUSCH is used for multiplexing regardless of the PUSCH with a TB or not.
· Step 3: MAC PDU is generated for the PUSCH for multiplexing UCI.
The contribution[1] mentions that below agreement might contradict with above observation and processing order. 
	Conclusion
In the Rel-16 multiplexing/prioritization procedures described in TS 38.213 section 9, the UE is expected to apply the procedures to the PUSCH(s) for which a transport block is delivered by MAC, while the PUSCH(s) for which a transport block is not delivered is ignored.


Although the conclusion is not detailed enough, recalling the discussion history, it refers to the overlapping between CG and DG. Combining outcome of discussion in URLLC agenda, DG always overrides CG when lch-BasedPrioritization is configured or not. In this case, only one TB is delivered for DG by MAC and CG transmission is ignored.
	Agreement
In response to RAN2 LSs (R1-2106409, R1-2110755), the following RAN1 responses are agreed.
· RAN1 confirms RAN2’s following working assumption.
· [bookmark: _Hlk162864061]When lch-BasedPrioritization is not configured and Rel-16 CG/DG PUSCH skipping is enabled, DG always overrides CG.
· RAN1 cannot confirm RAN2’s WA on LCH based prio has higher priority than UL skipping, and RAN1 inform RAN2 that when lch-basedPrioritization is configured, Rel-16 UL skipping cannot be enabled in Rel-16.
· RAN1 confirms that the following intended UE behavior can be supported:
· Given the understanding in RAN1 that when lch-basedPrioritization is configured and Rel-16 UL skipping cannot be enabled in Rel-16, for the case of overlapping PUSCH and SR with equal L1 priority and MAC has not yet delivered MAC PDU for the PUSCH to PHY, if SR is prioritized in MAC, MAC shall not deliver the MAC PDU for the PUSCH and shall instruct PHY for SR transmission.
LS is endorsed in R1-2112862.

Agreement
LS for the following RAN1 responses to RAN2 are endorsed in R1-2202734.
· Send following reply to RAN2 LS (R1-2106409 (R2-2106746)) on collision handling between SR and PUSCH when lch-basedPrioritization is configured. 
· RAN1 confirm RAN2’s WA that MAC entity does not generate a MAC PDU for a deprioritized uplink grant even when its associated PUSCH is overlapping with PUCCH. 
· Send following reply to RAN2 LS R1-2007523 (R2-2008599) on collision handling between CG and DG with same/different PHY-priority index, when lch-basedPrioritization is configured. 
· When the MAC entity is configured with lch-basedPrioritization, for all the collision scenarios between CG and DG with same/different PHY-priority index, the behavior described in the LS R2-2008599 is consistent with RAN1’s understanding for Rel-16.

Agreement
When both Rel-16 PUSCH skipping and Rel-16 PHY priorities are configured and lch-basedPrioritization is not configured, for the collision scenario between CG and DG, DG always overrides CG, regardless of the PHY priority indices of DG and CG, regardless of whether any of the DG or CG overlap with PUCCH or not.


Remaining issue from RAN1 #116
In this section, responses are provided for the remaining issues from RAN1 #116.
Issue#1: Whether “candidate PUSCHs” in TS 38.213 include a CG PUSCH without a TB if the CG PUSCH does not overlap with a DG PUSCH on a same serving cell?
· No further discussion is needed. This is the Case 1-6 in previous discussion, and based on the analysis in Section 2.1, UE does not judge whether there is a TB in a PUSCH for UCI multiplexing. Thus, CG PUSCH without a TB could be a candidate.
Issue#2: Whether the timeline conditions for Rel-16 prioritization procedure should be satisfied for a PUSCH with or without a TB?
· No further discussion is needed. Similar timeline issue has been considered and conclusion is provided as below.
	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 [image: cid:image002.png@01D6FD6C.9AC0A4E0] 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



Issue#3: Whether a HP PUSCH with semi-persistent/aperiodic CSI reports without a TB can cancel an overlapping LP PUSCH on the same serving cell or an overlapping LP PUCCH?
· No further discussion is needed. The case before “or” has been discussed in RAN1 #110, and the conclusion is an error case.
	Conclusion
For Case 2, overlap between HP PUSCH with SP-CSI without DCI and LP PUSCH with DCI is an error case


· The case after “or” is already captured in the clause 9 of TS38.213. 
	If a UE would transmit the following channels, including repetitions if any, that would overlap in time
…
· a PUSCH of larger priority index with SP-CSI report(s) without a corresponding PDCCH and a PUCCH of smaller priority index with SR, or CSI, or HARQ-ACK information only in response to PDSCH(s) reception without corresponding PDCCH(s), or
…
the UE is expected to cancel a repetition of the PUCCH/PUSCH transmissions of smaller priority index before the first symbol overlapping with the PUCCH/PUSCH transmission of larger priority index if the repetition of the PUCCH/PUSCH transmissions of smaller priority index overlaps in time with the PUCCH/PUSCH transmissions of larger priority index.

	A UE does not expect to be scheduled to transmit a PUCCH or a PUSCH with smaller priority index that would overlap in time with a PUCCH of larger priority index with HARQ-ACK information only in response to a PDSCH reception without a corresponding PDCCH unless the UE is provided uci-MuxWithDiffPrio. A UE does not expect to be scheduled to transmit a PUCCH of smaller priority index that would overlap in time with a PUSCH of larger priority index with SP-CSI report(s) without a corresponding PDCCH unless the UE is provided uci-MuxWithDiffPrio.


Issue#4: Whether it is necessary to restrict the cancelled LP PUSCH is a PUSCH with a TB?
· Based on the analysis in Section 2.1, UE does not differentiate whether a PUSCH with or without a TB when apply UCI multiplexing or prioritization, thus it is not necessary to discuss the restriction of HP/LP cancellation in terms of PUSCH with a TB.
Based on the analysis above, we have following proposal.
Proposal 1: It is RAN1 common understanding that UE does not differentiate a PUSCH with or without a TB when performs UCI multiplexing or prioritization, and no further discussion on the remaining issues from agenda 7.1 of RAN1 #116 Chair’s note is needed.
Conclusions
According to the above discussions, we have the following proposal:
Observation 1: The basic principle to handle the UL skipping issues where PUCCH overlaps with a PUSCH without a TB is the multiplexed PUSCH cannot be skipped.
Proposal 1: It is RAN1 common understanding that UE does not differentiate a PUSCH with or without a TB when performs UCI multiplexing or prioritization, and no further discussion on the remaining issues from agenda 7.1 of RAN1 #116 Chair’s note is needed.
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Appendix
Following cases are considered for the discussions
· Case 1-1: Only DG PUSCH overlapping with PUCCH
· Case 1-2: Only CG PUSCH overlapping with PUCCH
· Case 1-3: DG PUSCH and CG PUSCH are overlapping and both DG/CG PUSCH are overlapping with PUCCH
[image: ]
· Case 1-4: DG PUSCH and CG PUSCH are overlapping and DG PUSCH is overlapping with PUCCH
[image: ]
· Case 1-5: DG PUSCH and CG PUSCH are non-overlapping and both DG/CG PUSCH are overlapping with PUCCH
[image: ]

· Case 1-6: DG PUSCH and CG PUSCH are overlapping and CG PUSCH is overlapping with PUCCH

	

	


	Case 1-6a
	                        Case 1-6b

	


	Case 1-6c
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