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This document summarizes the following email discussion on the issue of HARQ-ACK multiplexing on PUSCH without PUCCH proposed by [1].
[110bis-e-NR-R16-07] Discussion on HARQ-ACK multiplexing on PUSCH without PUCCH by Oct 14 – Xianghui (ZTE)
Discussion
For PUSCH without repetition, it was agreed in RAN1#107-e and RAN1#109-e that the UE should select the candidate PUSCH and perform HARQ-ACK multiplexing when the UE does not determine any PUCCH carrying HARQ-ACK information in a slot and the UL-TDAI is not equal to 0 for Type-1 codebook and is not equal to 4 for Type-2 codebook. 
	Agreement
For Rel-16 with one PUSCH and no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot (both single carrier and UL CA), if the UL-TDAI is not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook), the UE multiplexes HARQ-ACK following the UL-TDAI into the PUSCH.
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
Agreement
The correction for HARQ-ACK multiplexing on PUSCH in the absence of PUCCCH is endorsed in R1-2205628 (TS38.213, Rel-16, CR#0316, Cat. F) and R1-2205629 (TS38.213, Rel-17, CR#0317, Cat. A).



In case of PUSCH repetition, the following conclusion was reached in RAN1#109-e. 
	Conclusion
In line with RAN1 understanding, for a Rel. 15 UE, when a PUSCH scheduled by DCI is repeated and the corresponding UL grant indicates UL-TDAI but a PUCCH with HARQ-ACK is absent throughout the PUSCH repetition, the UE does not multiplex on any of the PUSCHs.



For multi-PUSCH scheduling, a UL DCI can schedule more than one PUSCHs. The UE behavior is not clear in this case. In RAN1#110, the following three options were discussed [2] while no consensus was reached. 
· Option 1: The UE multiplexes HARQ-ACK following the UL-TDAI into each of the multi-PUSCHs.
· Option 2: The UE multiplexes HARQ-ACK following the UL-TDAI into the first PUSCH of the multi-PUSCHs.
· Option 3: HARQ-ACK is not multiplexed on PUSCH if PDCCH is missed
Table 1 Pros and Cons for the three options
	Options
	Pros
	Cons

	Option 1
	It was argued that Option 1 aligns with current spec, which is based on per PUCCH slot for UCI multiplexing.
More robust for HARQ-ACK transmission.
	There could be two UE behaviors depending on whether or not the UE receives the DL DCI successfully:
· UE behavior#1: If UE correctly receives the DL DCI, the UE only multiplexes the HARQ-ACK information in the PUSCH overlapping with the PUCCH slot.
· UE behavior#2: Option 1.
Given NW does not know whether or not UE would correctly receive the DL DCI, the NW may have to perform blind detection on each of the PUSCH of the multi-PUSCHs.

	Option 2
	More flexibility at NW side. It is up to NW implementation between 1) restricting of scheduling PUCCH carrying HARQ-ACK only in the first slot of the multi-PUSCHs and 2) performing blind detection on PUSCHs in the first slot and the slot scheduled with PUCCH carrying HARQ-ACK.
	If the network schedules the PUCCH carrying HARQ-ACK information in the first slot, no ambiguity exists between NW and UE.
If the network schedules the PUCCH carrying HARQ-ACK information in the slots other than the first slot, NW needs to perform blind detection on PUSCHs in the first slot and the slot scheduled with PUCCH carrying HARQ-ACK.


	Option 3
	Aligned with the behavior for PUSCH repetition
	Similar issue as Option 1.



Based on above, ZTE’s preference is to go with Option 2. 
	Proposal 1: For Rel-16 multi-PUSCHs scheduled by DCI format 0_1, if a UE does not determine a PUCCH with HARQ-ACK that overlaps with the multi-PUSCHs, and if the UL-TDAI is not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook), the UE multiplexes HARQ-ACK following the UL-TDAI into the first PUSCH of the multi-PUSCHs.



First round
Companies are invited to share your views on the three options below. 
· For Rel-16 multi-PUSCHs scheduled by DCI format 0_1, if a UE does not determine a PUCCH with HARQ-ACK that overlaps with the multi-PUSCHs, and if the UL-TDAI is not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook), 
· Option 1: The UE multiplexes HARQ-ACK following the UL-TDAI into each of the multi-PUSCHs.
· Option 2: The UE multiplexes HARQ-ACK following the UL-TDAI into the first PUSCH of the multi-PUSCHs.
· Option 3: HARQ-ACK is not multiplexed on PUSCH if PDCCH is missed

	Company name
	Comments

	Intel
	We prefer Option 2 since there is no blind detection at least when gNB schedules a HARQ-ACK feedback in the first slot of the multi-PUSCHs

	CATT
	We think Option 3 should be adopted, which is inline with the handling of PUSCH repetition. We see no fundamental difference between multi-PUSCH scheduling and PUSCH repetition in the context of the discussion.

	Apple
	We prefer Option 3. The specification text in 38.213 Section 8 can be applicable to the multi-PUSCH case as well as PUSCH repetition and as such the UE  behaviour should be the same. 

	QC
	We prefer option 3. 
If we take option 1, 2, missing DCI would not only impact the PUSCH decoding of the norminal PUSCH slot (which is the slot where NW expect A/N feedback), but it also impact the PUSCH decoding in other slot…
Option 1/2 might also have timeline issue, if NW schedule UE to mux A/N on the second PUSCH, but UE will mux A/N even on the first PUSCH, if missed DL DCI…

	ZTE
	Prefer Option 2. It can avoid/reduce blind detection at gNB side as summarized in the table from moderator. 
We don’t think the specification texts in 38.213 Section 9 could be applicable to multi-PUSCH case. As copied below, the spec texts clearly only apply to a PUSCH with repetitions, instead of multiple PUSCHs scheduled by one DCI. If Option 3 is chosen, we need to change the spec texts like ‘If a UE transmits a PUSCH over multiple slots or multiple PUSCHs over multiple slots that are signalled by SLIVs in the row of the pusch-TimeDomainAllocationListForMultiPUSCH in DCI format 0_1, and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot that overlaps with the PUSCH transmission in one or more slots of the multiple slots…..’.  In addition, this part is very ambiguous and it’s our understanding that it cannot apply to the case we discuss here. But we are also ok to not change this part as it has been discussed multiple times in RAN1 before….
	If a UE transmits a PUSCH over multiple slots and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot that overlaps with the PUSCH transmission in one or more slots of the multiple slots, and the PUSCH transmission in the one or more slots fulfills the conditions in clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, the UE multiplexes the HARQ-ACK and/or CSI information in the PUSCH transmission in the one or more slots. The UE does not multiplex HARQ-ACK and/or CSI information in the PUSCH transmission in a slot from the multiple slots if the UE would not transmit a single-slot PUCCH with HARQ-ACK and/or CSI information in the slot in case the PUSCH transmission was absent.


Regarding QC’s comment on PUSCH decoding, we’d like to highlight that Option 3 has the similar problem when DCI is missed by UE. Regarding the comment on timeline, our understanding is NW would ensure the timeline based on the first PUSCH and it may have no spec impact given UCI multiplexing is performed per PUCCH slot basis. 

	Huawei，HiSilicon
	Option 3 is preferred as it is similar as the case for PUSCH repetition.  To our understanding, NW should be aware of on which slot in the repetition PUSCH and PUCCH maycollide and only perform blind detect on that slot. In such case, option 3 looks even simpler than option 2. 

	DOCOMO
	We prefer Option 3 similar to PUSCH repetition. Option 2 can avoid BD only when PUCCH carrying HARQ-ACK information is scheduled in the first slot, which would limit scheduling flexibility. Option 3 would be simpler solution assuming BD would be necessary anyway.

	Samsung
	We prefer to support Option 2. As stated by ZTE, it can help reduce BDs at gNB side. If majority companies are ok to support option 3, we can live with it since it can provide a common UE behavior for PUSCH repetition and multi-PUSCH transmission.

	vivo
	We support Option 3. The  situation for multi-PUSCH is similar as PUSCH repetition. Same option should be applied. There is only one DAI for multiple slots, gNB may not intend to indicate the UE to multiplex HARQ-ACK in some slots where gNB does not schedule any PDSCH feedback. Option 3 can avoid unnecessary multiplexing and is simplest.

	Nokia, NSB
	Our preference is option 2. We agree with Intel, ZTE and Samsung on the merits of that approach.  

	LGE
	We also prefer Option 3 with same reasons from DOCOMO and vivo. It is desirable to apply same handling between multi-PUSCH and PUSCH repetition due to their similarity, and Option 3 is simpler solution since the BD at gNB would be necessary in order not to restrict the gNB’s scheduling.

	Ericsson
	Technically speaking, with current spec, we would end up with Option 1 when running the procedures slot by slot, as we should.
On the other hand, for PUSCH repetition, we agreed on a different behaviour (no mux) for some reasons 😊.
So, it makes sense to adopt the behaviour for PUSCH repetition for this case as well since the underlying issue is the same (one DCI with UL-DAI field is associated to some PUSCHs-  no matter if they are repeated or not- the DCI indicates mux, but there is no PUCCH with HARQ-ACK). 
Hence, we support Option 3.
We suggest to use the description as in conclusion for PUSCH repetition, to ensure the condition is that :
“.. PUCCH with HARQ-ACK is absent throughout the PUSCHs scheduled by DCI  …”



Summary of first round discussion
First of all, all companies agree that this issue should be addressed. Regarding the arguments in the first round, they basically align with that have been summarized in Table 1 above from moderator. 
Companies’ positions are summarized in the following:
	
	Support 

	Option 2
	Intel, ZTE, Samsung, Nokia, NSB

	Option 3
	CATT, Apple, QC, Huawei, HiSilicon, DOCOMO, vivo, LGE, Ericsson, Samsung (can live with if it is the majority).



Second round
Based on current situation, also considering we have to pick up one option to address the unclear UE behaviour issue, moderator would like to recommend to go with the majority, i.e., Option 3. 
With above, moderator would like to collect companies’ views for the following questions. 

Q1: Do you have strong concerns on adopting Option 3? If so, please indicate in the following table. 
Just in case, companies having strong concerns on Option 2 could also indicate your position in the tale below. 
	
	Support 
	Have concern

	Option 2
	Intel, ZTE, Samsung, Nokia, NSB
	Vivo, QC

	Option 3
	CATT, Apple, QC, Huawei, HiSilicon, DOCOMO, vivo, LGE, Ericsson, Samsung (can live with if it is the majority).
	



Based on the discussion, if we go with Option 3, further clarification in the spec may be needed. Therefore, moderator would like to check companies’ views on Q2 below. 
Q2: Assuming Option 3 is chosen, companies are encouraged to indicate your position on the following two alternatives. 
· Alt 1: Adopt Proposal #1 as agreement and endorse the following Rel-16 CR on Clause 9 of TS 38.213. 
· Alt 2: Adopt Proposal #1 as conclusion. No specification impact is expected.  
	
	Support 
	Have concern

	Alt 1
	ZTE, DOCOMO, vivo, CATT, Intel, Apple, QC, Huawei, HiSilicon, Samsung (with modification)
	

	Alt 2
	
	



	Proposa1 #1
For multi-PUSCHs scheduled by DCI format 0_1 in Rel-16, when the corresponding UL grant indicates UL-TDAI but a PUCCH with HARQ-ACK is absent throughout the multi-PUSCHs, the UE does not multiplex on any of the PUSCHs.



	Potential Rel-16 CR on Clause 9 of TS 38.213: 
If a UE transmits a PUSCH over multiple slots or multiple PUSCHs over multiple slots that are signalled by SLIVs in the row of the pusch-TimeDomainAllocationListForMultiPUSCH in DCI format 0_1, and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot that overlaps with the PUSCH transmission in one or more slots of the multiple slots, and the PUSCH transmission in the one or more slots fulfills the conditions in clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, the UE multiplexes the HARQ-ACK and/or CSI information in the PUSCH transmission in the one or more slots. The UE does not multiplex HARQ-ACK and/or CSI information in the PUSCH transmission in a slot from the multiple slots if the UE would not transmit a single-slot PUCCH with HARQ-ACK and/or CSI information in the slot in case the PUSCH transmission was absent.



Additional comments if any: 
	Company name
	Comments

	ZTE
	We can live with Option 3 assuming the spec texts for UCI multiplexing for PUSCH repetition would also cover the case for multi-PUSCH scheduling. 
When discussing PUSCH repetition, the reason that it was concluded without spec impact is it can be argued to be covered by the text below. However, the whole paragraph is only for PUSCH repetition. If companies prefer to follow the same rule of PUSCH repetition, we need to include multi-PUSCH here also, therefore we support the Potential Rel-16 CR on Clause 9 of TS 38.213. 

If a UE transmits a PUSCH over multiple slots or multiple PUSCHs over multiple slots that are signalled by SLIVs in the row of the pusch-TimeDomainAllocationListForMultiPUSCH in DCI format 0_1, and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot that overlaps with the PUSCH transmission in one or more slots of the multiple slots, and the PUSCH transmission in the one or more slots fulfills the conditions in clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, the UE multiplexes the HARQ-ACK and/or CSI information in the PUSCH transmission in the one or more slots. The UE does not multiplex HARQ-ACK and/or CSI information in the PUSCH transmission in a slot from the multiple slots if the UE would not transmit a single-slot PUCCH with HARQ-ACK and/or CSI information in the slot in case the PUSCH transmission was absent.

	vivo
	We have concern on option 2. The case is different with single PUSCH case where we agreed to do multiplexing following the indication of UL-DAI to have common understanding between gNB and UE on the multiplexing of HAREQ-ACK. However, for multi-PUSCH, this option 2 cann’t solve the issue. Assuming that gNB schedules multiple PUSCHs with one DCI, and schedules HARQ-ACK feedback in a PUCCH overlapped with the PUSCH other than the first PUSCH. The UL-TDAI is not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook) in that case. Following option 2, UE would multiplex HARQ-ACK on the first PUSCH if the UE does not determine a PUCCH with HARQ-ACK that overlaps with the multi-PUSCHs. Then gNB still needs to have different hypothesises to decode the multi-PUSCHs.

	Samsung
	We are generally ok with the intention of the proposed TP. 
The wording of the TP is slightly complicated (singled by SLIV is not a proper term since a SLIV does not do any signalling) and not aligned with the existing description in TS38.213. We would suggest the following:
or multiple PUSCHs over multiple slots that are scheduled by asignalled by SLIVs in the row of the pusch-TimeDomainAllocationListForMultiPUSCH in DCI format 0_1,





Summary of second round discussion
Based on the inputs, all companies support the following, except Samsung with an editorial suggestion on the TP.  
· Alt 1: Adopt Proposal #1 as agreement and endorse the following Rel-16 CR on Clause 9 of TS 38.213. 

@Samsung, Thanks for the suggestion. The wording of the original TP is based on the texts from TS 38.214, while your suggestion should be also ok. 

With above, the following seems agreeable. 
Proposed agreement: 
For multi-PUSCHs scheduled by DCI format 0_1 in Rel-16, when the corresponding UL grant indicates UL-TDAI but a PUCCH with HARQ-ACK is absent throughout the multi-PUSCHs, the UE does not multiplex on any of the PUSCHs.

@All, please check the draft CR in the draft folder. If any further comments, please provide in the reflector directly. 

Conclusion
Agreement: 
· For multi-PUSCHs scheduled by DCI format 0_1 in Rel-16, when the corresponding UL grant indicates UL-TDAI but a PUCCH with HARQ-ACK is absent throughout the multi-PUSCHs, the UE does not multiplex on any of the PUSCHs.
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