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Introduction
This contribution aims to collect and summarize company views on the remaining issue of intra-UE multiplexing and prioritization as discussed in [1] ~ [7].
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

	Nokia
	Karri Ranta-aho
	Karri.Ranta-aho@Nokia.com

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Background
In RAN1#116 meeting, it was pointed out that the conclusion made in RAN1#107 does not correctly capture the common understanding on intra-UE multiplexing/prioritization.
	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.


The following open issues are captured in the Chair’s notes in RAN1#116.
	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?


Discussion
1st round discussion
Issue#1 
On “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? ”, based on the submitted contributions, the answers form ZTE, NEW H3C, Samsung, Nokia and Huawei are YES. Ericsson has a different understanding copied below.
	The answer to the above question depends on if Rel-16 UL skipping is enabled. 
If Rel-16 UL skipping is not enabled, the “candidate PUSCHs” does not include a CG PUSCH without a TB irrespective of whether it is overlapped or not with a DG PUSCH.
If Rel-16 UL skipping is enabled, there is a two-step approach.
· Step 1: All PUSCHs in a PUCCH slot, including any CG PUSCH with or without TB are considered to determine the PUSCH for UCI multiplexing. For this determination, the PUSCH prioritization procedures in 38.213 is applied.
· Step 2: If the outcome of Step 1 is a CG PUSCH without a TB, the CG PUSCH is transmitted with UCI multiplexed in, as described in MAC procedures.



The common part is that “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 for the case where Rel-16 UL skipping is enabled. 
	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.
1>	else if the MAC entity is configured with skipUplinkTxDynamic with value true and the grant indicated to the HARQ entity was addressed to a C-RNTI, or the grant indicated to the HARQ entity is a configured uplink grant:
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.



In 38.321, the above below describes the cases where MAC PDU is not generated. For the case where Rel-16 UL skipping is NOT enabled, there is no description clarifies that MAC PDU should not be generate, therefore, if there is UCI multiplexed on a CG PUSCH, MAC should generate a MAC PDU from Moderator’s understanding. Companies are encouraged to provide comments on the case where Rel-16 UL skipping is NOT enabled.
Q1: Do you agree to conclude that “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 for the case where Rel-16 UL skipping is enabled?
	Company
	View

	Nokia
	Yes. Although in this case the CG PUSCH is not “without a TB” from L1 perspective as MAC has to generate a dummy TB to trigger the PUSCH.

	ZTE
	Yes. The CG PUSCH should be the candidate PUSCH for UCI multiplexing.

	Huawei, HiSilicon
	We provide views in our contribution R1-2403359 on this issue, and we copy it as below. 
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.

	
	

	
	

	
	

	
	



Q2: Do you agree with “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 for the case where Rel-16 UL skipping is NOT enabled?
	Company
	View

	Ericsson
	Thanks for the discussion. I had a recollection that UL skipping is mandatory for configured grant. That is the reason Mac spec only covers the case for uplink skipping, and therefore, the discussion is my view would be needed only in the context of skipping.
I checked the spec and found the following in 38.306 (Re-16)


[image: ]

	Nokia
	Yes, although again the PUSCH is triggered by MAC generating a dummy TB, so from L1 perspective there is a TB to transmit.

	Nokia2
	We do agree with Ericsson, that in context of CG-PUSCH, UL skipping is a mandatory feature and the question on considering a CG-PUSCH without a TB in this context is only relevant if there is another event that triggers the ‘CG-PUSCH without a TB’ transmission.

	ZTE
	We share the same view with other companies. 

	Huawei, HiSilicon
	Yes. Whether R16 UL skipping is always enabled or not, mentioned by Ericsson and Nokia, it can be further checked.

	
	

	
	



In addition, Samsung raised a relevant issue. Whether MAC generates a MAC PDU for a CG PUSCH overlapping with a PUSCH with SP-CSI/A-CSI reports without UL-SCH on a same serving cell? The following is copied from [3].
	A relevant issue is whether MAC generates a MAC PDU for a CG PUSCH overlapping with a PUSCH with SP-CSI/A-CSI reports without UL-SCH on a same serving cell. For a PUSCH with A-CSI reports, there is no essential difference and the same rule can apply, i.e., MAC does not generate a MAC PDU for the CG PUSCH when overlapping a PUSCH with A-CSI reports without UL-SCH on a same serving cell. For a PUSCH with SP-CSI reports, the SP-CSI reports should be dropped if the PUSCH overlaps another PUSCH with a TB based on the text below copied from TS 38.214. However, the current specifications do not clarify whether MAC generates a MAC PDU for the CG PUSCH when overlapping with a PUSCH with SP-CSI reports on a same serving cell.
	If a UE would transmit a first PUSCH that includes semi-persistent CSI reports and a second PUSCH that includes an UL-SCH on the same carrier, and the first PUSCH transmission would overlap in time with the second PUSCH transmission, the UE does not transmit the first PUSCH and transmits the second PUSCH.


If MAC generates a MAC PDU in this case, gNB would need to do blind detection for both the CG PUSCH and SP-CSI reports and is not preferred. In addition, there is no strong motivation to generate a MAC PDU for a CG PUSCH in this case, if gNB would like to transmit the UL-SCH, gNB can dynamically schedule a PUSCH.
Proposal 1: From RAN1’s understanding, MAC does not generate a MAC PDU for a CG PUSCH if the CG PUSCH overlaps with a PUSCH with SP-CSI/A-CSI reports on a same serving cell. A CG PUSCH overlapping with a PUSCH with SP-CSI/A-CSI reports on a same serving cell is excluded from candidate PUSCHs for UCI multiplexing.
· Send RAN2 an LS about the above.



Companies are encouraged to provide views on the above issue.
Q3: What is your view on “Whether MAC generates a MAC PDU for a CG PUSCH overlapping with a PUSCH with SP-CSI/A-CSI reports without UL-SCH on a same serving cell?”
	Company
	View

	Nokia
	A-CSI report on PUSCH would be a DG-PUSCH that should override the CG-PUSCH. So in this case whether or not the PUSCH carrying the CSI report is with or without a TB the same behaviour should apply.

SP-CSI may need further consideration, but we agree with Samsung’s view that configuring the SP-CSI reports and CG-PUSCH transmission occasions to overlap may not be a useful network setup.

	ZTE
	We think A-CSI PUSCH will override the CG PUSCH and this has been captured in the RAN2 spec since A-CSI PUSCH is scheduled by DCI. Therefore, no MAC PDU is generated for the CG PUSCH. This is the same as the SP CSI-RS PUSCH.

	Huawei, HiSilicon
	For A-CSI report on PUSCH, it can be regarded as a dynamic PUSCH, which would override CG (similar as Nokia’s view).
For SP-CSI report on PUSCH, we think both CG-PUSCH and SP-CSI are configured by gNB semi-statically, gNB can avoid such collision.

	
	

	
	

	
	

	
	



Samsung also points out “UE transmits PUSCHs” should be changed to “UE would transmit PUSCHs” based on the common understand. The following is copied from [3].
	Based on the discussion of RAN1#116 [1], the majority view is that after excluding CG PUSCH overlapping with DG PUSCH on a same cell, all the remaining CG PUSCHs are candidate PUSCHs regardless of whether there is a TB or not. However, the highlighted yellow text below is not aligned with the understanding. For “a UE transmits a PUSCH”, the PUSCH should be with a TB or CSI reports.
	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.
If a UE would transmit a single PUSCH scheduled by a DCI format that includes a DAI field on a serving cell in a slot with reference to slots for PUCCH transmissions without any other PUSCH that would be transmitted on any serving cell in the slot and the UE does not determine any PUCCH carrying HARQ-ACK information in the slot, or if the UE indicates the corresponding capability mux-HARQ-ACK-withoutPUCCH-onPUSCH and the UE transmits multiple PUSCHs on respective serving cells in a slot with reference to slots for PUCCH transmissions and the UE does not determine any PUCCH carrying HARQ-ACK information in the slot and at least one of the multiple PUSCHs is scheduled by a DCI format that includes a DAI field, the UE selects the single PUSCH or all the multiple PUSCHs in the slot as the candidate PUSCHs for HARQ-ACK multiplexing within the slot except for any PUSCH among the multiple PUSCHs that is scheduled by a DCI format that includes a DAI field that is equal to 4 in case the UE is configured with pdsch-HARQ-ACK-Codebook = dynamic or with pdsch-HARQ-ACK-Codebook-r16, or is equal to 0 in case the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static.


The above text is based on the agreement below made in RAN1#109 meeting. It is not correctly captured in the specifications because the prioritization rules to select PUSCH for multiplexing is different from legacy operation.
	Agreement
For Rel-16 UEs, in the scenario with more than one PUSCH (overlapping and non-overlapping) and no overlapping PUCCH with HARQ-ACK within a span on one PUCCH slot (both single carrier and UL CA), for a unified design, the following should be specified:
1. Selection of the candidate PUSCH for multiplexing: PUSCHs without UL-TDAI=4 in case Type 2 CB, and without UL-TDAI n.e. 1 in case of Type 1 CB within the PUCCH slot are candidates
1. Prioritization rules to select PUSCH for multiplexing. Prioritization rules are identical to 38.213
1. Limitations for multiplexing
0. UE expects to multiplex HARQ-ACK on only 1 PUSCH selected based on step 2 in the PUCCH slot.
0. All the PUSCHs in the determined candidate set after step 1 have to satisfy Rel-15 UCI multiplexing timeline, defined with respect the starting symbol of the earliest PUSCH transmission in the candidate set.
The above specified behavior is supported subject to a new Rel-16 UE capability [xxxxx]
· FFS: the details of the capability signaling


Observation 1: The following agreement made in RAN1#109 meeting is not correctly captured in the specifications.
	Agreement
For Rel-16 UEs, in the scenario with more than one PUSCH (overlapping and non-overlapping) and no overlapping PUCCH with HARQ-ACK within a span on one PUCCH slot (both single carrier and UL CA), for a unified design, the following should be specified:
1. Selection of the candidate PUSCH for multiplexing: PUSCHs without UL-TDAI=4 in case Type 2 CB, and without UL-TDAI n.e. 1 in case of Type 1 CB within the PUCCH slot are candidates
2. Prioritization rules to select PUSCH for multiplexing. Prioritization rules are identical to 38.213
3. Limitations for multiplexing
0. UE expects to multiplex HARQ-ACK on only 1 PUSCH selected based on step 2 in the PUCCH slot.
0. All the PUSCHs in the determined candidate set after step 1 have to satisfy Rel-15 UCI multiplexing timeline, defined with respect the starting symbol of the earliest PUSCH transmission in the candidate set.
The above specified behavior is supported subject to a new Rel-16 UE capability [xxxxx]
· FFS: the details of the capability signaling






Q4: Do you agree with Samsung’s Observation 1 in [3]?
	Company
	View

	Nokia
	Not fully clear where the issue is and if the specification is broken. The Rel-16 functionality did fix some of the missing pieces of the Rel-15 specification and in that sense some of the Rel-16 behaviour may not be fully aligned with the Rel-15

	ZTE
	We don’t think the spec is broken. There are many descriptions in the current spec saying, ‘if a UE transmit PUCCH/PUSCH, then what the UE behavior is’. The change seems unnecessary. 

	Huawei, HiSilicon
	The agreement only mentions the prioritization rules are reused and rules have captured in the spec. we do not know why SS think there is a misleading here.

	
	

	
	

	
	

	
	



Issue#2 

On “Whether the timeline conditions for Rel-16 prioritization procedure should be satisfied for a PUSCH with or without a TB?” , based on the submitted contributions, the answers form ZTE, Samsung, Nokia and Huawei are YES. Ericsson think the timeline is required to the channels/signals involved in the intra-UE multiplexing/prioritization. But the timeline is NOT required for the channels/signals NOT involved in the intra-UE multiplexing/prioritization. However, from Moderator’s understanding, network may not know whether a CG PUSCH would be transmitted or not, therefore, the timeline should be satisfied for a CG PUSCH with or without a TB.
Q5: Do you agree to conclude that the timeline conditions for Rel-16 prioritization procedure should be satisfied for a PUSCH with or without a TB?
	Company
	View

	Ericsson
	We are fine with the majority of views.

	Nokia
	Yes, we agree.

	ZTE
	We agree with that the timeline should be satisfied. But we are not sure whether a conclusion is needed.

	Huawei, HiSilicon
	From timeline, yes, every multiplexing case should follow the timeline conditions. But, as we mentioned before, UE does not differentiate a TB with or without in PHY.

	
	

	
	

	
	



Issue#3 
On “ 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?” , based on the submitted contributions, the answers form ZTE, Samsung, Nokia, Huawei and Ericsson are YES. 
Q6: Do you agree to conclude that 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

	Nokia
	Yes.

	ZTE
	This issue has been discussed before. The current spec has captured this. The conclusion is not needed. The HP PUSCH with AP CSI/SP CSI can cancel the LP channel.

	Huawei, HiSilicon
	We provide views in our contribution R1-2403359 on this issue, and we copy it as below. 
· 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 
On “Whether it is necessary to restrict the cancelled LP PUSCH is a PUSCH with a TB?” , based on the submitted contributions, the answers form ZTE, Samsung, Nokia, Huawei and Ericsson are YES. 
Q7: Do you agree to conclude that it is NOT necessary to restrict the cancelled LP PUSCH is a PUSCH with a TB?
	Company
	View

	Nokia
	Yes.

	ZTE
	Yes

	Huawei, HiSilicon
	We provide views in our contribution R1-2403359 on this issue, and we copy it as below. 
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.

	
	

	
	

	
	

	
	



Update on previous conclusion.
Samsung and Nokia propose to update previous conclusion, the following proposal is from Samsung [3].
	Proposal 2: Update the conclusion made in RAN1#107 meeting as following.
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 HP PUSCH(s) without A-CSI/SP-CSI reports for which a transport block is not delivered is ignored.




The following is proposed from Nokia [5].
	Observation: In case a need for clarification on the PHY prioritization handling for LP/HP PUSCH with SP-CSI/A-CSI without UL-SCH is seen, the following amendment to the RAN1 conclusion could be considered: 
	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.
Note: 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) with A-CSI/SP-CSI on PUSCH without UL-SCH. 






From Moderator’s understanding, the intention of both proposals is to make the wording more accurate. Samsung’s version is simpler and includes the clarification for Issue 1, 3 and 4. Companies are encouraged to check the two proposals.
Q8: Do you agree to update the following conclusion made in RAN1#107?
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

	Nokia
	Yes. We are fine with the Samsung wording as well.

	ZTE
	In Rel-16 maintenance, the reason we discuss the whether transport block is delivered by MAC is that it may have impact to the UE multiplexing/prioritization. However, for SP/AP CSI PUSCH, there is no need to clarify this because such PUSCH is always there for transmission. Therefore, we don’t see the update is needed.

	
	

	
	

	
	

	
	

	
	



Q9: If the answer to Q8 is YES, which version do you prefer?
Alt 1: Samsung’s version [3]
Alt 2: Nokia’s version [5]
Alt 3: Others
	Company
	View

	Nokia
	We do like the Nokia version better as it adds to the earlier conclusion rather than modifies it, but we are OK with Samsung version as well.

	
	

	
	

	
	

	
	

	
	

	
	



Conclusion
In the first round discussion, companies’ view on the remaining issues are quite aligned.
· For Issue #1, the common understanding is a CG PUSCH without a TB is considered for UCI multiplexing. Therefore, “multiplexing” should be removed from the previous conclusion to be accurate.
· For Issue #3, the common understanding is a HP PUSCH with A-CSI/SP-CSI can cancel a LP UL channel/signal. Therefore, “ without A-CSI/SP-CSI” should be added for the previous conclusion to be accurate.
· For Issue #4, the common understanding is a LP PUSCH should not have such restriction. Therefore, “ HP” should be added for the previous conclusion to avoid misleading.
The following proposal is suggested to reflect the common understanding.
Proposal: Update the conclusion made in RAN1#107 meeting as following.
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 HP PUSCH(s) without A-CSI/SP-CSI reports for which a transport block is not delivered is ignored.
The remaining issues needs further discussion
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