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1. Introduction
According to the following note in chair’s note for RAN1#114 meeting [1], [2][3][4][5] were submitted in this meeting. This document is prepared to discuss these issues, according to chair’s guidance.
	For future meetings:
Discussion on draft CRs in R1-2307440 and R1-2307441 are continued in future RAN1 meeting with the following issue.
· For a PUSCH over N slots or N PUSCHs over multiple slots that are scheduled by a DCI format 0_1, when HARQ-ACK is multiplexed on more than one PUSCH transmission from the PUSCH over N slots or the N PUSCHs, whether the HARQ-ACK CB size can be different among the PUSCH transmissions or not.



Continuation of discussions triggered by R1-2307440 from RAN1#114
R1-2310013	Discussion of HARQ-ACK multiplexing on PUSCH repetition or multi-PUSCH	NTT DOCOMO, INC.
R1-2310082	Discussion on UL DAI for multi-PUSCH scheduling	Ericsson
R1-2309751	Discussion on the HARQ-ACK Multiplexing in Multi-PUSCH scheduling	Huawei, HiSilicon
R1-2309815	Discussion on PUSCH with repetitions or multi-PUSCHs with an UL DAI	Apple
To be moderated by Shohei (DOCOMO).


2. Discussion
2.1. [bookmark: _Hlk143694173]Usage of UL DAI for multi-PUSCH scheduling
As discussed at the last meeting [6], and as argued in [2][3], how to use UL DAI for multi-PUSCH scheduling is not specified in the current specification. The first paragraph below covers both PUSCH repetitions and multi-PUSCH scheduling for HARQ-ACK multiplexing behavior, but the third paragraph below does NOT cover multi-PUSCH scheduling for usage of UL DAI field for the multiplexing. 
	If a UE transmits a PUSCH over multiple slots or multiple PUSCHs over multiple slots that are scheduled by a 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.
If a UE transmits a PUSCH with repetition Type B 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, the UE expects all actual repetitions of the PUSCH transmission [6, TS 38.214] that would overlap with the PUCCH transmission to fulfill the conditions in clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, and the UE multiplexes the HARQ-ACK and/or CSI information in the earliest actual PUSCH repetition of the PUSCH transmission that would overlap with the PUCCH transmission and includes more than one symbol. The UE does not expect that all actual repetitions that would overlap with the PUCCH transmission do not include more than one symbol.
If the PUSCH transmission over the multiple slots is scheduled by a DCI format that includes a DAI field, the value of the DAI field is applicable for multiplexing HARQ-ACK information in the PUSCH transmission in any slot from the multiple slots where the UE multiplexes HARQ-ACK information.


Based on companies’ inputs in [6], at least it can be assumed that companies agree with the above issue. Then the detailed correction text is the point to be discussed. 

[2] proposed the following correction. This correction is more concrete.
Correction #A
	[bookmark: _Toc12021466][bookmark: _Toc20311578][bookmark: _Toc29894836][bookmark: _Toc29917290][bookmark: _Toc36498164][bookmark: _Toc45699190][bookmark: _Toc29899135][bookmark: _Toc129774557][bookmark: _Toc26719403][bookmark: _Toc29899553][bookmark: _Hlk147416919]9	UE procedure for reporting control information
<Unchanged parts omitted>
If a UE transmits a PUSCH over multiple slots or multiple PUSCHs over multiple slots that are scheduled by a 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.
If a UE transmits a PUSCH with repetition Type B 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, the UE expects all actual repetitions of the PUSCH transmission [6, TS 38.214] that would overlap with the PUCCH transmission to fulfill the conditions in clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, and the UE multiplexes the HARQ-ACK and/or CSI information in the earliest actual PUSCH repetition of the PUSCH transmission that would overlap with the PUCCH transmission and includes more than one symbol. The UE does not expect that all actual repetitions that would overlap with the PUCCH transmission do not include more than one symbol.
If the PUSCH transmission over the multiple slots or the multiple PUSCHs over multiple slots that are scheduled by a DCI format 0_1 is scheduled by a DCI format that includes a DAI field, the value of the DAI field is applicable for multiplexing HARQ-ACK information in the PUSCH transmission in any slot from the multiple slots where the UE multiplexes HARQ-ACK information.
<Unchanged parts omitted>



[3] proposed the following correction. This correction is simpler.
Correction #B
	9	UE procedure for reporting control information
<Unchanged parts omitted>
If a UE transmits a PUSCH over multiple slots or multiple PUSCHs over multiple slots that are scheduled by a 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.
If a UE transmits a PUSCH with repetition Type B 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, the UE expects all actual repetitions of the PUSCH transmission [6, TS 38.214] that would overlap with the PUCCH transmission to fulfill the conditions in clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, and the UE multiplexes the HARQ-ACK and/or CSI information in the earliest actual PUSCH repetition of the PUSCH transmission that would overlap with the PUCCH transmission and includes more than one symbol. The UE does not expect that all actual repetitions that would overlap with the PUCCH transmission do not include more than one symbol.
If the PUSCH transmissions over the multiple slots is are scheduled by a DCI format that includes a DAI field, the value of the DAI field is applicable for multiplexing HARQ-ACK information in the PUSCH transmission in any slot from the multiple slots where the UE multiplexes HARQ-ACK information.
<Unchanged parts omitted>





2.1.1. 1st round
Q. Which correction should be taken? If you do not think the abovementioned issue is valid, please indicate it in ‘Comment’ column.
	Company
	A or B
	Comment

	DCM
	A
	The same description with the 1st paragraph is preferred to avoid misunderstanding.

	Qualcomm
	A with update
	#A with the following update:
If the PUSCH transmission over the multiple slots or the multiple PUSCHs over multiple slots that are scheduled by a DCI format 0_1 is scheduled by a DCI format that includes a DAI field, the value of the DAI field is applicable for multiplexing HARQ-ACK information in the PUSCH transmission in any slot from the multiple slots where the UE multiplexes HARQ-ACK information.

	Ericsson
	B
	Prefer B since it is simpler.
2nd preference is A, but it would need a minor editorial update:
“If the PUSCH transmission over the multiple slots or the multiple PUSCHs over multiple slots that are scheduled by a DCI format 0_1 is/are scheduled by a DCI format that includes a DAI field …”
.

	Huawei, HiSilicon
	A
	Shared similar view as DCM

	Apple
	A
	Same view as DCM

	Nokia, NSB
	A
	Support the Qualcomm update

	LGE
	A
	OK with QC’s update.

	
	
	

	
	
	

	
	
	



2.1.2. 2nd round
Moderator thanks you for all inputs. Based on the inputs, basically correction #A seems to be preferred with some modifications. Regarding update from QC and E///, QC’s text seems to be incomplete and the intention may be the same with what E/// suggested. Thus, moderator suggests taking E///’s modification. Corresponding draft CR is uploaded. The copy can be found in 2.1.2.1 below.

Proposal
Draft CR in R1-23xxxxx is endorsed.

Q. Do you agree with the draft CR?
	Company
	Y/N
	Comment

	DCM
	Y
	

	LGE
	Y
	

	CATT
	Y
	

	Samsung
	
	For the correction, we’d like to check the operation for multi PUSCHs in a slot. In the case of PUSCH repetition type B, UE multiplexes the HARQ-ACK and/or CSI information in the earliest actual PUSCH repetition of the PUSCH transmission. If the correction is applied, the operation of multi PUSCHs in a slot will be more similar to Type A than to Type B. Therefore, we were wondering confirm if such behavior for multi PUSCHs in a slot is being considered or not.

	DCM
	
	To Samsung
This CR is to clarify how to use UL DAI when UCI is multiplexed on some of multi-PUSCH scheduling. Which slot UCI is multiplexed is not this paragraph but the first paragraph without any correction in this CR. And the UCI multiplexing behavior in multi-PUSCH scheduling case seem to be clear.
Could you elaborate a bit more why the UE behavior is changed by this correction?

	Ericsson
	Y
	

	Qualcomm
	
	It is hard to understand the TP, especially highlighted part.
If the PUSCH transmission over the multiple slots or the multiple PUSCHs over multiple slots that are scheduled by a DCI format 0_1 is/are scheduled by a DCI format that includes a DAI field,

Not sure which part of the following is incomplete. 
If the PUSCH transmission over the multiple slots or the multiple PUSCHs over multiple slots that are scheduled by a DCI format 0_1 is scheduled by a DCI format that includes a DAI field, the value of the DAI field is applicable for multiplexing HARQ-ACK information in the PUSCH transmission in any slot from the multiple slots where the UE multiplexes HARQ-ACK information.

	ZTE
	Y
	We are also fine with QC’s modification. But we are not sure if it would be better to change “scheduled by a DCI format” to “scheduled by a DCI format 0_1”. 
If the PUSCH transmission over the multiple slots or the multiple PUSCHs over multiple slots that are scheduled by a DCI format 0_1 is scheduled by a DCI format that includes a DAI field, the value of the DAI field is applicable for multiplexing HARQ-ACK information in the PUSCH transmission in any slot from the multiple slots where the UE multiplexes HARQ-ACK information.

	Samsung
	Y
	We prefer QC/ZTE’s modification. 
If the PUSCH transmission over the multiple slots or the multiple PUSCHs over multiple slots that is/are scheduled by a DCI format 0_1 is scheduled by a DCI format that includes a DAI field, the value of the DAI field is applicable for multiplexing HARQ-ACK information in the PUSCH transmission in any slot from the multiple slots where the UE multiplexes HARQ-ACK information.

	Moderator 
	
	After further offline discussion with QC, the following text is suggested for easier reading. This is reflected in 2.1.2.1 as well.
---
If the PUSCH transmission over the multiple slots is scheduled by a DCI format that includes a DAI field, or if the multiple PUSCHs over multiple slots are scheduled by a DCI format that includes a DAI field, the value of the DAI field is applicable for multiplexing HARQ-ACK information in the PUSCH transmission in any slot from the multiple slots where the UE multiplexes HARQ-ACK information.
---




2.1.2.1. Draft CR (copy)
	Reason for change:
	According to section 9 in the latest 38.213, it seems that when multi-PUSCH scheduling by a single DCI is received and each of one or more PUSCHs of the scheduled PUSCHs is overlapped with a PUCCH with HARQ-ACK and/or CSI, the UCI is multiplexed on the overlapped PUSCH. 
	If a UE transmits a PUSCH over multiple slots or multiple PUSCHs over multiple slots that are scheduled by a 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.


In other words, PUCCH/PUSCH multiplexing is handled per slot for multi-PUSCH scheduling, and thus, HARQ-ACK can be multiplexed on more than one PUSCH among the PUSCHs. This can be illustrated as below. 
[image: ]

Meanwhile, the paragraph on how to use UL DAI in the same section covers only the case where a DCI schedules PUSCH repetition. The abovementioned case, i.e., multi-PUSCH scheduling by a single DCI, is not included, which means that whether/how to use UL DAI for the case is unclear. But actually the same way would be intended.

	
	

	Summary of change:
	The same UL DAI is applied for any PUSCH of multi-PUSCH scheduling when HARQ-ACK is multiplexed.

	
	

	Consequences if not approved:
	When multi-PUSCH scheduling by a single DCI is received and each of one or more PUSCHs of the scheduled PUSCHs is overlapped with a PUCCH with HARQ-ACK and/or CSI, whether/how to use UL DAI for HARQ-ACK multiplexing for each PUSCH is not specified.



9	UE procedure for reporting control information
<Unchanged parts omitted>
If a UE transmits a PUSCH over multiple slots or multiple PUSCHs over multiple slots that are scheduled by a 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.
If a UE transmits a PUSCH with repetition Type B 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, the UE expects all actual repetitions of the PUSCH transmission [6, TS 38.214] that would overlap with the PUCCH transmission to fulfill the conditions in clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, and the UE multiplexes the HARQ-ACK and/or CSI information in the earliest actual PUSCH repetition of the PUSCH transmission that would overlap with the PUCCH transmission and includes more than one symbol. The UE does not expect that all actual repetitions that would overlap with the PUCCH transmission do not include more than one symbol.
If the PUSCH transmission over the multiple slots is scheduled by a DCI format that includes a DAI field, or if the multiple PUSCHs over multiple slots are scheduled by a DCI format that includes a DAI field, the value of the DAI field is applicable for multiplexing HARQ-ACK information in the PUSCH transmission in any slot from the multiple slots where the UE multiplexes HARQ-ACK information.
<Unchanged parts omitted>


2.2. Different HARQ-ACK CB size for PUSCH repetitions and multi-PUSCH scheduling
As informed in the above captured note in the chair’s note, different HARQ-ACK CB size is one more issue to be discussed in this document. When there are multiple PUSCHs corresponding to one scheduling DCI, and if HARQ-ACK multiplexing on the PUSCHs occurs in more than one slot, whether different HARQ-ACK CB size among the PUSCHs is allowed or not is the problem here. Note that this issue exists for both PUSCH repetition case and multi-PUSCH scheduling case. 
In [2][3][4][5], they input their opinions on this problem, which can be summarized as below.
· Alt 1: Different HARQ-ACK CB sizes are allowed [2][4][5]
· Alt 2: Only same HARQ-ACK CB size is allowed [3]
FYI, Alt 1 can be illustrated as below [4].
[image: C:\Users\h00422829\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\A9675143.tmp]
Although unfortunately companies’ views are not aligned, the concern in [3] seems from gNB perspective and thereby gNB can do scheduling such that same HARQ-ACK CB size is ensured. Therefore, moderator suggests taking Alt 1 with understanding that Alt 2 is possible by gNB implementation.
Besides, at least four companies believe that no spec change is necessary for this issue/outcome. Proposal in this document follows the direction.

2.2.1. 1st round
Proposal for conclusion
For a PUSCH over N slots or N PUSCHs over multiple slots that are scheduled by a DCI format 0_1, when HARQ-ACK is multiplexed on more than one PUSCH transmission from the PUSCH over N slots or the N PUSCHs, the HARQ-ACK CB size can be different among the PUSCH transmissions.
· The HARQ-ACK CB size can be the same among the PUSCH transmissions, by gNB implementation.
· No spec change is necessary.

Q. Do you agree with this proposal?
	Company
	Y/N
	Comment

	DCM
	Y
	

	Qualcomm
	
	We think the conclusion should be something like following.

For a PUSCH over N slots or N PUSCHs over multiple slots that are scheduled by a DCI format 0_1, when HARQ-ACK is multiplexed on more than one PUSCH transmissions from the PUSCH over N slots or the N PUSCHs, the size of HARQ-ACK CB is determined per PUSCH transmission of the more than one PUSCH transmissions size can be different among the PUSCH transmissions. 
· No spec change is necessary


	Ericsson
	Y (with update)
	On further consideration, we agree, that the HARQ-ACK codebook sizes can be different, despite the fact that there is only a single DAI in the DCI 0_1. Based on this we don’t think the 1st sub-bullet is needed.
Proposed Update:
For a PUSCH over N slots or N PUSCHs over multiple slots that are scheduled by a DCI format 0_1, when HARQ-ACK is multiplexed on more than one PUSCH transmission from the PUSCH over N slots or the N PUSCHs, the HARQ-ACK CB size can be different among the PUSCH transmissions.
· The HARQ-ACK CB size can be the same among the PUSCH transmissions, by gNB implementation.
· No spec change is necessary.


	Huawei, HiSilicon
	
	We are fine with the main bullet and 2nd subbullet, or the change from QC.
For the 1st sub bullet, we are not sure how to achieve it without change of the pseudo code.  

	Apple
	
	Support

	Nokia, NSB
	
	In general fine, but would support the Qualcomm or Ericsson version over the original

	LGE
	
	Same view with Huawei.

	
	
	

	
	
	

	
	
	



2.2.2. 2nd round
Now it seems that all companies input above are fine with the direction and some modifications are preferred. Moderator suggests taking QC’s update, which covers E///’s suggestion.

Proposal for conclusion
For a PUSCH over N slots or N PUSCHs over multiple slots that are scheduled by a DCI format 0_1, when HARQ-ACK is multiplexed on more than one PUSCH transmissions from the PUSCH over N slots or the N PUSCHs, the size of HARQ-ACK CB size can be different among the PUSCH transmissions is determined per PUSCH transmission of the more than one PUSCH transmissions.
· The HARQ-ACK CB size can be the same among the PUSCH transmissions, by gNB implementation.
· No spec change is necessary.

Q. If you have concern on this proposal, please comment below.
	Company
	Comment

	DCM
	OK with the proposed conclusion.

	LGE
	OK with the proposed conclusion.

	CATT
	OK with the proposed conclusion.

	Samsung
	OK with the proposed conclusion. 

	Ericsson
	Fine in principle, but we suggest two editorial updates to avoid repetition

Updated Proposal for conclusion
For a PUSCH over N slots or N PUSCHs over multiple slots that are scheduled by a DCI format 0_1, when HARQ-ACK is multiplexed on more than one PUSCH transmissions from the PUSCH over N slots or the N PUSCHs, the size of HARQ-ACK CB size can be different among the PUSCH transmissions is determined per PUSCH transmission of the more than one PUSCH transmissions.
· The HARQ-ACK CB size can be the same among the PUSCH transmissions, by gNB implementation.
· No spec change is necessary.


	Qualcomm
	Either FL proposed conclusion or Ericsson’s updated proposal for conclusion is fine.

	ZTE
	Either way is ok for us.

	Samsung
	Either way is okay for us. 

	Moderator
	Ericsson’s version is proposed in the upcoming online session, as in section 3.

	
	

	
	

	
	

	
	




3. Proposal

Proposal
Draft CR in R1-2310589 is endorsed.

Proposal for conclusion
For a PUSCH over N slots or N PUSCHs over multiple slots that are scheduled by a DCI format 0_1, when HARQ-ACK is multiplexed on more than one PUSCH transmission from the PUSCH over N slots or the N PUSCHs, the size of HARQ-ACK CB is determined per PUSCH transmission.
· No spec change is necessary.
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