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Introduction
This contribution aims to collect and summarize company views on the multiplexing/prioritization for a PUSCH without a TB as discussed in [1].
Please consider entering the contact information below for better coordination for this discussion. 
	Company
	Contact(s)
	Email address(es)

	Samsung (Moderator)
	Sa Zhang
	sa.zhang@samsung.com

	NTT DOCOMO
	Shohei Yoshioka
	Syouhei.yoshioka.py@nttdocomo.com

	Nokia
	Klaus Hugl
	Klaus.hugl@nokia.com

	vivo
	Na Li
	lina5g@vivo.com

	MTK
	James
	CH.Hsieh@mediatek.com

	Huawei, HiSilicon
	Fan Yang
	James.yangfan@huawei.com

	
	
	

	
	
	


Background
In [1] Samsung proposes to capture the following conclusion made in RAN1#107 meeting.
	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.



It was pointed out by Samsung that the following agreement was made RAN1#104 and the current TS 38.213 is based on the agreement, during the discussion of the agreement, the PUSCH transmission is understood as a PUSCH transmission with or without a TB. The conclusion reverts the previous agreement and should be captured in the specification.

	Agreement
To address collision with semi-static DL symbols and SSB, the following easy way is suggested:
•	Step1: Perform intra UE prioritization (including multiplexing, overriding) according to related working assumption in 102 e-meeting and produce final PUCCHs/PUSCHs.
•	Step 2: Final PUCCHs/PUSCHs is cancelled by semi-static DL symbols and SSB symbols.



The following CR is proposed by Samsung.
	[bookmark: _Toc154999319][bookmark: _Toc12021466][bookmark: _Toc20311578][bookmark: _Toc26719403][bookmark: _Toc29894836][bookmark: _Toc29899135][bookmark: _Toc29899553][bookmark: _Toc29917290][bookmark: _Toc36498164][bookmark: _Toc45699190][bookmark: _Toc122000444]9	UE procedure for reporting control information
*** Unchanged parts are omitted ***
When a UE determines overlapping for PUCCH transmissions with SL HARQ-ACK reports and PUCCH of larger and/or smaller priority index, the UE resolves the overlapping for PUCCH transmissions with SL HARQ-ACK reports and PUCCH of each priority index as described in clause 9.2.5 and 9.2.6 before resolving the overlapping for PUCCH transmissions without SL HARQ-ACK or the overlapping for PUCCH transmissions and PUSCH transmissions.
When a UE determines overlapping for PUCCH and/or PUSCH transmissions, a configured grant PUSCH transmission without a transport block [11, 38.321] or a PUSCH transmission scheduled by a DCI format without a transport block [11, 38.321] is excluded. 
When a UE determines overlapping for PUCCH and/or PUSCH transmissions of the same priority index other than PUCCH transmissions with SL HARQ-ACK reports before considering limitations for UE transmission as described in clauses 11.1, 11.1.1, 11.2A and 15, including repetitions if any, 
-	first, the UE resolves the overlapping for PUCCHs with repetitions as described in clause 9.2.6, if any 
-	second, the UE resolves the overlapping for PUCCHs without repetitions as described in clauses 9.2.5
-	third, the UE resolves the overlapping for PUSCHs and PUCCHs with repetitions as described in clause 9.2.6
-	fourth, the UE resolves the overlapping for PUSCHs and PUCCHs without repetitions as is subsequently described in this clause.
*** Unchanged parts are omitted ***



Discussion
1st round
There are two different views on the understanding of the conclusion based on the online and offline comments from companies. One straightforward understanding on “the PUSCH(s) for which a transport block is not delivered is ignored” is that a UE first excludes a PUSCH without a TB and then resolves the overlapping PUCCHs and/or PUSCHs. However, a different view was pointed out by companies that in 38.321, UE first determines a PUSCH to multiplex UCI and then determines whether a MAC PDU is generated.

	The MAC entity shall:
1>	if the MAC entity is configured with enhancedSkipUplinkTxDynamic with value true and the grant indicated to the HARQ entity was addressed to a C-RNTI, or if the MAC entity is configured with enhancedSkipUplinkTxConfigured with value true and the grant indicated to the HARQ entity is a configured uplink grant:
2>	if there is no UCI to be multiplexed on this PUSCH transmission as specified in TS 38.213 [6]; and
2>	if there is no aperiodic CSI requested for this PUSCH transmission as specified in TS 38.212 [9]; and
2>	if the MAC PDU includes zero MAC SDUs; and
2>	if the MAC PDU includes only the periodic BSR and there is no data available for any LCG, or the MAC PDU includes only the padding BSR:
3>	not generate a MAC PDU for the HARQ entity.




Besides, it should be noticed that a PUSCH without a TB can be a PUSCH with semi-persistent / aperiodic CSI reports which should be considered during multiplexing procedure from Moderator’s understanding.

In addition, it was pointed out by vivo that the discussion of the conclusion focused on prioritization, multiplexing UCI in a PUSCH was not discussed [2]. Companies are encouraged to share the understanding on “candidate PUSCHs” for multiplexing UCI in a PUSCH as described in TS 38.213 copied below.

	When a UE transmits multiple PUSCHs on respective serving cells in a slot with reference to slots for PUCCH transmissions and the multiple PUSCHs overlap with a PUCCH carrying UCI in the slot, the UE selects all the PUSCHs overlapping with the PUCCH as the candidate PUSCHs for UCI multiplexing within the slot.



Q1: What is your understanding on the “candidate PUSCHs” for multiplexing UCI in a PUSCH as described in TS 38.213? 
	Alt 1
	The candidate PUSCH can be a PUSCH with or without a TB, i.e., the existence of a TB does not impact the determination of candidate PUSCHs.

	Alt 2
	The candidate PUSCH can be a PUSCH with a TB or a PUSCH with semi-persistent / aperiodic CSI reports, i.e., the candidate PUSCH cannot be a PUSCH without a TB and without CSI reports.

	Alt 3
	The candidate PUSCH can be a PUSCH with a TB, i.e., the candidate PUSCH cannot be a PUSCH without a TB.



	Company
	View

	QC
	We are not sure about the motivation of the questions. Our view of the CR is that it conflicts with current specification of UCI mux with uplink skipping.

In our understanding of current spec, if there is PUCCH overlap with PUSCH, the following steps are performed.
·	Step 1: DG-PUSCH “clean-up/remove” overlapping CG-PUSCH on the same CC.
·	Step 2: PHY follow UCI mux rule to determine UCI is muxed on which PUSCH. 
·	Step 3: PHY tell MAC that PUSCH (determined in step 2) cannot be skipped.
·	Step 4: MAC has to generated TB for that PUSCH (determined in step 2), while MAC can skip TB generation for other PUSCHs.  
 
The CR suggests to decide which PUSCH has or has not a TB first, then performance UCI mux procedure, which seems opposite of current spec. Therefore, we don’t agree with the CR.

	DCM
	Same feeling with QC.

	Nokia/NSB
	Same understanding as QC. 

	vivo
	[bookmark: OLE_LINK122]Same understanding as QC.

	MTK
	Same understanding as QC. 
To address current prioritization problem in RAN1, we think NW should ensure “URLLC feature FGI 15-6 lch-priorityBasedPriorisation-r16” and “R16 Enhanced-Skip-Tx” are not configured at the same time.

	Apple
	Same view as others. In addition, if UE could supposedly skip the candidate PUSCH for UCI multiplexing, there will be misalignment between UE and gNB…

	Huawei, HiSilicon
	Based on the explanation from Vivo during Monday online, the conclusion cited by moderator does no intend to touch UCI multiplexing. On the other hand, based on UL skipping discussion, it is already agreed the CG overlapped with PUCCH cannot be skipped and agreement is copied as below.
	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.


So, for a typical UE implementation, also explained by others, UE will find which PUSCH resource is used for UCI multiplexing and notify it to high layer, the determined PUSCH will be not dropped in the end.




[closed] Q2: If the answer to Q1 is alt 1 or alt 2, do you agree that the following conclusion made in RAN1#107 is misleading at least for multiplexing UCI in a PUSCH?
	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.



	Company
	View

	
	

	
	

	
	

	
	

	
	

	
	

	
	



[closed] Q3: If the answer to Q1 is alt 2 or alt 3, do you think spec change is necessary?
	Company
	View

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Regarding the conclusion on the Rel-16 prioritization procedure, some clarifications are also necessary. From Moderator’s understanding, the Rel-16 prioritization procedure at least includes two aspects. One is the timeline requirement and the other aspect is cancelling a UL transmission. Considering the network does not know whether a MAC PDU is generated for a PUSCH, if the PUSCH would cancel a PUCCH/PUSCH with a lower priority, network should always ensure the timeline for the PUSCH with or without a TB.

Q4: Do you agree that the timeline conditions for Rel-16 prioritization procedure should be satisfied for a PUSCH with or without a TB.
	Company
	View

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Q5: If the answer to Q4 is YES, do you agree that the conclusion should exclude the timeline conditions?
	Company
	View

	
	

	
	

	
	

	
	

	
	

	
	

	
	



For a HP PUSCH with semi-persistent/aperiodic CSI reports, the PUSCH may not have a TB, the HP PUSCH can cancel an overlapping LP PUCCH/PUSCH. From Moderator’s understanding, this case should be excluded from the conclusion.
Q6: Do you agree that for Rel-16 prioritization 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?
	Company
	View

	
	

	
	

	
	

	
	

	
	

	
	

	
	



In addition, the discussion of [2] focused on the case whether a HP PUSCH cancels a LP PUCCH/PUSCH if the HP PUSCH does not have a TB. Another case for the Rel-16 prioritization is a LP PUSCH is canceled by a HP PUCCH/PUSCH. From Moderator’s understanding, it seems not necessary to require the canceled LP PUSCH not having a TB.
Q7: Do you think whether it is necessary to restrict the cancel LP PUSCH is a PUSCH with a TB?
	Company
	View

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Q8: If the answer to Q7 is YES, do you think whether a LP PUSCH semi-persistent/aperiodic CSI reports without a TB should be considered in Rel-16 prioritization procedure, i.e., cancelled by an overlapping HP PUCCH or PUSCH?
	Company
	View

	
	

	
	

	
	

	
	

	
	

	
	

	
	



2nd round
In the 1st round discussion on the procedure of multiplexing UCI in a PUSCH, companies’ views are quite aligned. Although the spec does not explicitly clarify the order of Step 1 DG-PUSCH “clean-up/remove” overlapping CG-PUSCH on the same CC. The following agreement clarifies the order.

		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



	

	


	Case 1-6a
	Case 1-6b

	


	Case 1-6c



Figure 1: Case 1-6a/1-6b/1-6c for non-CA and CA case




The candidate PUSCHs do not include a CG PUSCH overlapping with a DG PUSCH on a same serving cell based on the above agreement. From Moderator’s understanding, the majority view is the candidate PUSCHs include a CG PUSCH without a TB if the CG PUSCH does not overlapping with a DG PUSCH on a same serving cell based on the agreement below. The assumption is that MAC does not generate a MAC PDU for a CG PUSCH overlapping with semi-static DL symbols
	Agreement
To address collision with semi-static DL symbols and SSB, the following easy way is suggested:
•	Step1: Perform intra UE prioritization (including multiplexing, overriding) according to related working assumption in 102 e-meeting and produce final PUCCHs/PUSCHs.
•	Step 2: Final PUCCHs/PUSCHs is cancelled by semi-static DL symbols and SSB symbols.



However, according to the highlighted text below, the candidate PUSCHs should be the PUSCHs that can be actually transmitted by the UE. Considering the CG PUSCH without a TB cannot be transmitted and thus should not be included in the candidate PUSCHs.
	When a UE transmits multiple PUSCHs on respective serving cells in a slot with reference to slots for PUCCH transmissions and the multiple PUSCHs overlap with a PUCCH carrying UCI in the slot, the UE selects all the PUSCHs overlapping with the PUCCH as the candidate PUSCHs for UCI multiplexing within the slot.



The current specification seems not aligned with the agreement, companies are encouraged to share the views.
Q9: What is your understanding on whether “candidate PUSCHs” include a CG PUSCH without a TB if the CG PUSCH does not overlap with a DG PUSCH on a same serving cell?
	Company
	View

	DCM
	As commented by companies, the thinking order seems to be opposite.
Whether CG PUSCH is with or without TB is decided after candidate PUSCH determination and a PUSCH determination to multiplex UCI. Thus, it CG PUSCH does not overlap with a DG PUSCH on a same serving cell, and when the CG PUSCH is overlapped with a PUCCH, the CG PUSCH is a candidate PUSCH. ‘with TB’ ‘without TB’ do not matter.

	Nokia/NSB
	Agree with DoCoMo. After the step 1 by QC (i.e. CG clean-up if overlap with DG-PUSCH), the UE needs to generate a PDU for the candidate PUSCH selected for UCI multiplexing. 

	
	

	
	

	
	

	
	

	
	



Q10: If the answer to Q9 is YES, do you think spec change is necessary? E.g., the highlighted yellow text “UE transmits multiple PUSCHs” is changed to “UE would transmits multiple PUSCHs”
	Company
	View

	DCM
	This change may be more accurate, but we are not sure whether this correction is essential.

	Nokia/NSB
	Agree with DCM. 

	
	

	
	

	
	

	
	

	
	



Conclusion
The candidate PUSCHs for multiplexing UCI in a PUSCH is discussed, the following issue is brought up in the second round without sufficient discussion and should be further clarified.
Issue#1: Whether “candidate PUSCHs” include a CG PUSCH without a TB if the CG PUSCH does not overlap with a DG PUSCH on a same serving cell?
In addition, the following issues for prioritization is brought up without sufficient discussion.
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?
The following is proposed for further discussion.
Proposed conclusion
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?
Reference
[1] R1-2400703	Correction on UCI multiplexing in a PUSCH transmission	Samsung
[2] R1-2112748 Summary of [107-e-NR-L1enh-URLLC-04] Discussion on remaining issues on UL prioritization and UL skipping Moderator (vivo)
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