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Introduction
It was agreed in RAN1#116 that CSI dropping rules defined for PUCCH do not apply for CSI multiplexed on PUSCH when simultaneousHARQ-ACK-CSI is provided:
	Conclusion
It is clarified that when CSI is multiplexed on a PUSCH, the CSI dropping rules defined for CSI transmission on PUCCH (in TS 38.213 section 9.2.5, section 9.2.5.1 and 9.2.5.2) do not apply
a) Above applies for Rel-17 and onwards.



In [1, 2], companies propose to further clarify whether CSI dropping rules defined for PUCCH would apply when CSI is muxed on PUSCH and simultaneousHARQ-ACK-CSI is not provided to the UE. 
	Ref
	Proposal

	[1]
	Proposed Conclusion 1: RRC parameter simultaneousHARQ-ACK-CSI is NOT applicable to UCI multiplexing in PUSCH. 
· If simultaneousHARQ-ACK-CSI is not provided, and if a first PUCCH carrying HARQ-ACK does NOT overlap with a second PUCCH carrying CSI, and the PUCCHs overlap with a PUSCH, a UE multiplexes both the HARQ-ACK and CSI in the PUSCH if the corresponding timeline conditions are met. 
· Note: at least one of the first and second PUCCH is a short PUCCH
Proposal 1: In case a UE is not provided simultaneousHARQ-ACK-CSI, RAN1 further clarifies a unified UE behaviour for Case 2, i.e., ‘A first PUCCH carrying HARQ-ACK overlaps with a second PUCCH carrying CSI, and the PUCCHs overlap with a PUSCH’. 

	[2]
	Proposed 1: RAN1 conclude that the UE behavior for CSI dropping follows the current specification (copied below) in TS 38.213 Section 9.2.5, without considering potential overlapping between CSI and PUSCH.

Proposed 2: Update the conclusion made in RAN1 116 as following to clarify the conclusion was intended for the scenario when simultaneousHARQ-ACK-CSI is provided. Conclusion
It is clarified that when CSI is multiplexed on a PUSCH, the CSI dropping rules defined for CSI transmission on PUCCH (in TS 38.213 section 9.2.5, section 9.2.5.1 and 9.2.5.2) do not apply. 
· Above applies for Rel-17 and onwards.
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Discussion
SimultaneousHARQ-ACI-CSI not provided. Two non-overlapping PUCCHs overlap with a PUSCH
The first case of concern discussed in Tdocs [1, 2]is when PUCCHs carrying HARQ-ACK and CSI overlap with a PUSCH but do not overlap with each other as shown on the figure below:
[image: ]
According to TDoc [1], the procedures defined in 9.2.5 for determination of PUCCH transmission resources allow to include two PUCCH resources in the resource set Q if one of them is short PUCCH when simultaneousHARQ-ACK-CSI is not provided. This can imply that both PUCCH resources are available for multiplexing on PUSCH. 
According to description, simultaneousHARQ-ACK-CSI is defined in the context of PUCCH formats, i.e. only when multiplexing on PUCCH. 
	simultaneousHARQ-ACK-CSI If the field is present, the UE uses simultaneous transmission of CSI and HARQ-ACK feedback with or without SR with PUCCH Format 2, 3 or 4. See TS 38.213 [13], clause 9.2.5. When the field is absent the UE applies the value off. The field is not applicable for format 1.



Hence, Tdoc [1] proposes to conclude that RRC parameter simultaneousHARQ-ACK-CSI is NOT applicable to UCI multiplexing on PUSCH; so when it is not provided, UE multiplexes non-overlapping HARQ-ACK and CSI carrying PUCCHs (at least one is short PUCCH) in overlapping PUSCH as long as timeline requirements are met.
Tdoc [2] states that for the abovementioned case, when simultaneousHARQ-ACK-CSI is not provided, whether to drop CSI or not depends on the PUCCH format of HARQ-ACK. Per 9.2.5, UE is not allowed to transmit two long PUCCH in one slot. When HARQ-ACK is with long PUCCH format 1/3/4, CSI in long PUCCH format 3/4 is dropped even if it does not overlap with HARQ-ACK.
Feature lead’s view is that two non-overlapping long PUCCHs are not allowed to be multiplexed on PUSCH as stated by [2], but the case can still exist with CSI on long PUCCH (Formats 3/4) and HARQ-ACK on short PUCCH (Formats 0/2) as in [1]. Format 1 cannot be a part of this case as it is a long format that cannot carry CSI and long-long combination is not possible.
Feature lead observation 1: Long PUCCH & long PUCCH time-multiplexed in one slot as discussed in [2] is not allowed, while long – short combination is possible as discussed in [1], and the simultaneousHARQ-ACK-CSI configuration is only provided for the long PUCCH.
Feature lead proposal 1: With simultaneousHARQ-ACK-CSI not provided, for the case with CSI on one PUCCH and HARQ-ACK on another PUCCH, where the two PUCCHs do not overlap with each other, but they do overlap with the same PUSCH, select one of the two alternatives:
b) Alt-1A: As the two PUCCHs don’t overlap, simultaneousHARQ-ACK-CSI configuration is not relevant. Both the CSI and the HARQ-ACK are multiplexed on the PUSCH
c) [bookmark: _Hlk164073135]Alt-1B: The simultaneousHARQ-ACK-CSI configuration is relevant, the CSI is dropped and only the HARQ-ACK is multiplexed on the PUSCH

Question 1: Please provide your views on the above proposal to the table below
	Company
	Comments

	MTK
	We support Alt-1B.

According to 3GPP TS 38.213 (17.6.0), Section 9.2.5, as shown below, our understanding is that even if HARQ-ACK and CSI do not overlap, CSI can still be dropped when simultaneousHARQ-ACK-CSI IE is not set.
[image: ]

Besides, according to 3GPP TS 38.213 (17.6.0), Section 9, as shown below, to our understanding, UE should first do PUCCH arbitration before the arbitration (multiplexing) between PUCCH and PUSCH.
[image: ]

	ZTE
	
Support Alt-1A when one of the PUCCH is short format. The reasons are:

1) Based on the following cyan highlighted spec text, if one of the PUCCH is short format and the two PUCCHs do NOT overlap, both PUCCHs will survive (i.e., not excluded) in set Q. That is, both PUCCHs are resultant PUCCH after the first step of resolving the overlapping between PUCCHs. 

	TS 38.213, Clause 9.2.5
Set [image: ] to the set of resources for transmission of corresponding PUCCHs in a single slot without repetitions where
…
-	if the UE is not provided simultaneousHARQ-ACK-CSI and resources for transmission of HARQ-ACK information include PUCCH format 0 or PUCCH format 2, resources that include PUCCH format 2, or PUCCH format 3, or PUCCH format 4 for transmission of CSI reports are excluded from the set [image: ] if they overlap with any resource from the resources for transmission of HARQ-ACK information
-	if the UE is not provided simultaneousHARQ-ACK-CSI and at least one of the resources for transmission of HARQ-ACK information includes PUCCH format 1, PUCCH format 3, or PUCCH format 4
-	resources that include PUCCH format 3 or PUCCH format 4 for transmission of CSI reports are excluded from the set [image: ]
-	resources that include PUCCH format 2 for transmission of CSI reports are excluded from the set [image: ] if they overlap with any resource from the resources for transmission of HARQ-ACK information
….



2) According to the RRC parameter description of simultaneousHARQ-ACK-CSI, it is clear that this parameter only applies to PUCCH. In other words, simultaneousHARQ-ACK-CSI does NOT apply to UCI multiplexing in PUSCH. 
	simultaneousHARQ-ACK-CSI If the field is present, the UE uses simultaneous transmission of CSI and HARQ-ACK feedback with or without SR with PUCCH Format 2, 3 or 4. See TS 38.213 [13], clause 9.2.5. When the field is absent the UE applies the value off. The field is not applicable for format 1.



@MTK, do you support Alt-1B even if one of the two PUCCHs is short PUCCH? If so, do you agree in such case, both PUCCHs are still in set Q after the first step of resolving the overlapping between PUCCHs? 


	Nokia
	@MTK we tend to agree with ZTE that according to 9.2.5 PUCCH carrying CSI is not excluded from set Q even when simultaneousHARQ-ACK-CSI is not provided. In our understanding, both HARQ-ACK and CSI carrying PUCCH would pass the checks in section 9 and be able to be multiplexed on PUSCH as described below in 9.2.5. Thus, we support alt1-A[image: ]

	New H3C
	OK with alt1-A and share similar view with ZTE and Nokia

	DCM
	1-A.

	Huawei, HiSilicon
	We also share the understanding of Nokia and ZTE, simultaneousHARQ-ACK-CSI is only relevant to multiplexing on PUCCH. For the spec provided by MTK which UE, the condition to exclude the CSI is either overlapping with HARQ (blue highlight) or using another long format (yellow hightlight).

	-	if the UE is not provided simultaneousHARQ-ACK-CSI and resources for transmission of HARQ-ACK information include PUCCH format 0 or PUCCH format 2, resources that include PUCCH format 2, or PUCCH format 3, or PUCCH format 4 for transmission of CSI reports are excluded from the set  if they overlap with any resource from the resources for transmission of HARQ-ACK information
-	if the UE is not provided simultaneousHARQ-ACK-CSI and at least one of the resources for transmission of HARQ-ACK information includes PUCCH format 1, PUCCH format 3, or PUCCH format 4
-	resources that include PUCCH format 3 or PUCCH format 4 for transmission of CSI reports are excluded from the set 
-	resources that include PUCCH format 2 for transmission of CSI reports are excluded from the set  if they overlap with any resource from the resources for transmission of HARQ-ACK information



Thus, for the case moderator provided above, neither conditions are satisfied, alt 1-A is the understanding.

	vivo
	alt1-A. based on current spec, UE first the overlapping between PUCCHs, since CSI and HARQ-ACK PUCCHs are not overlapped, both CSI and HARQ-ACK are survived. When handling the overlapping between PUCCHs and PUSCH, simultaneousHARQ-ACK-CSI is not considered, so both CSI and HARQ-ACK will be multiplexed on PUSCH.

	Spreadtrum
	alt1-A. Similar view as other companies.



SimultaneousHARQ-ACI-CSI not provided. Two overlapping PUCCHs overlap with a PUSCH
Another ambiguity discussed in the TDoc [1] is for the case when simultaneousHARQ-ACK-CSI is not provided and the 2 PUCCHs (carrying HARQ-ACK and CSI each) overlap with each other and a PUSCH. It can be intepreted two ways: either UE can multiplex both HARQ-ACK and CSI in PUSCH, or UE drops CSI and multiplexes only HARQ-ACK in PUSCH. So even though neither PUCCH are selected for UCI multiplexing when simultaneousHARQ-ACK-CSI is not provided, the intepretation in [1] is subject to whether corresponding CSI is kept for further multiplexing on PUSCH. 
[image: ]

Two possible behaviors are identified:
a) As the PUCCHs overlap with PUSCH, simultaneousHARQ-ACK-CSI configuration is not relevant. Nonetheless, specification excludes one of overlapping PUCCH resources in the abpove scenario and CSI is not kept for multiplexing further. 
b) The simultaneousHARQ-ACK-CSI configuration is relevant, the CSI is dropped and only the HARQ-ACK is multiplexed on the PUSCH

Both [1, 2] seem to suggest that for the overlapping PUCCH cases the correct interpretation is that only HARQ-ACK is multiplexed on PUSCH, hence the following feature lead proposal is made regardless of simultaneousHARQ-ACK-CSI configuraiton:

Feature lead proposal 2: With simultaneousHARQ-ACK-CSI not provided, for the case with CSI on one PUCCH and HARQ-ACK on another PUCCH, where the two PUCCHs do overlap with each other, and they do overlap with the same PUSCH:
· The specification is clear, the PUCCH carrying the CSI is dropped and only the HARQ-ACK is multiplexed on the PUSCH

Please provide your views on the the above proposal to the table below: 
	Company
	Comments

	ZTE
	We’d like to first hear more views on this. If this is a common understanding and all UE vendors agree to this unified UE behavior, we are ok to go this way, and suggest having an explicitly conclusion on this. 

	DCM
	Agree with this proposal.

	Huawei, HiSilicon
	Ok with this proposal.

	vivo
	Agree with the proposal.

	Spreadtrum
	Support

	
	



Moderator summary #1 (Tuesday)
Non-overlapping PUCCHs
Majority of companies support Alt1-A that allows multiplexing non-overlapping CSI and the HARQ-ACK on the overlapping PUSCH, when simultaneousHARQ-ACK-CSI not provided and one of the PUCCHs is short PUCCH. Therefore, it is proposed to conclude the following: 

Conclusion:
If simultaneousHARQ-ACK-CSI is not provided, and if a first PUCCH carrying HARQ-ACK does NOT overlap with a second PUCCH carrying CSI, and the PUCCHs overlap with a PUSCH, a UE multiplexes both the HARQ-ACK and CSI in the PUSCH as long as the corresponding timeline conditions are met and at least one of the PUCCHs is a short PUCCH. 

Overlapping PUCCHs
Majority of companies agree with the FL proposal 2 that the specification is clear, when the two PUCCHs overlap with each other, and with a PUSCH, the PUCCH carrying the CSI is dropped and only the HARQ-ACK is multiplexed on PUSCH. Therefore, it is proposed to conclude the following: 
Conclusion:
If simultaneousHARQ-ACK-CSI is not provided, and if a first PUCCH carrying HARQ-ACK overlaps with a second PUCCH carrying CSI, and the PUCCHs overlap with a PUSCH, a UE drops the CSI report and multiplexes only the HARQ-ACK on the PUSCH as long as the corresponding timeline conditions are met.

Given the above, the conclusion of RAN1#116 should only cover the case when simultaneousHARQ-ACK-CSI is provided and the conclusion should be updated as follows:
	Update the RAN1#116 conclusion as follows:
It is clarified that when CSI is multiplexed on a PUSCH, the CSI dropping rules defined for CSI transmission on PUCCH (in TS 38.213 section 9.2.5, section 9.2.5.1 and 9.2.5.2) do not apply. 
· Above applies for Rel-17 and onwards.
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if the UE is not provided simultaneousHARQ-ACK-CSI and resources for transmission of HARQ-ACK.
information include PUCCH format 0 or PUCCH format 2, resources that include PUCCH format 2, or PUCCH
format 3, or PUCCH format 4 for transmission of CSI reports are excluded from the set Q if they overlap with

any resource from the resources for transmission of HARQ-ACK information

if the UE is not provided simultaneousHARQ-ACK-CSI and at least one of the resources for transmission of
HARQ-ACK information includes PUCCH format 1, PUCCH format 3, or PUCCH format 4

- resources that include PUCCH format 3 or PUCCH format 4 for transmission of CSI reports are excluded
from the set O

- resources that include PUCCH format 2 for transmission of CSI reports are excluded from the set O if they
overlap with any resource from the resources for transmission of HARQ-ACK information
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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 111, 1111, 11.2A, 15 and 17.2 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.

- 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
deseribed in this clause.
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- the UE transmits a PUCCH using the PUCCH resource if the PUCCH resource does not overlap in time with
a PUSCH transmission after multiplexing UCI following the procedures described in clauses 9, 9.2.5.1,
9.2.5.2,9.2.5.3 and 18

and does not transmit SR. In case the

PUCCH resource overlaps in time with multiple PUSCH transmissions, the PUSCH for multiplexing HARQ-
ACK information and/or CSI is selected as described in clause 9. If the PUSCH transmission by the UE is not
in response to a DCI format detection and the UE multiplexes only CSI reports, the timing conditions are not
applicable
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PUCCH#1 is not selected, while the HARQ-ACK is not dropped. 

PUCCH#2 is not selected, while the CSI is not dropped. 

PUCCH#3 for HARQ-ACK + CSI

•

If 

simultaneousHARQ-ACK-CSI is set to ‘true’, PUCCH#3 is selected 

and no UCI dropping during PUCCH resource determination procedure. 

Then, HARQ-ACK and all CSI will be multiplexed in PUSCH. 

• Otherwise, PUCCH#3 is NOT selected, and no UCI dropping during 

PUCCH resource determination procedure. Then, HARQ-ACK and all 

CSI will be multiplexed in PUSCH. 


