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In this contribution, we clarify UCI dropping in case UCI is multiplexed on PUSCH.
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[bookmark: _Ref102041626]The issue of UCI dropping or not when UCI is multiplexed on PUSCH was raised in RAN1 115. It was discussed but without conclusion. 
[1] and [2] are submitted to this RAN1 meeting to continue the discussion. According to [1] and [2], the following is the overall framework defined TS 38.213 for UCI multiplexing procedure. A UE first determine a PUCCH resource to transmit UCI (either with or without PUCCH multiplexing on PUCCH). Then, if that determined PUCCH resource overlaps with PUSCHs, the UE multiplexing UCI on PUSCH and not transmit the PUCCH; otherwise, the UE transmit the PUCCH. 
It is clear that, if the determined PUCCH resource does not overlap with any PUSCH, when UE transmit the PUCCH, if the number of REs of the PUCCH resource is not enough to transmit all UCI bits, certain UCI dropping rules are defined in TS 38.213 Section 9.2.5.1 and 9.2.5.2. 
The question is that, when the determined PUCCH resource overlaps with at least a PUSCH, and the UE would eventually transmit UCI multiplexing on PUSCH, if the number of REs of the determined PUCCH resource is not enough for all UCI bits, does UE drop UCI, although later UCI will be multiplexed on PUSCH? 
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According to [1],  current specification TS 38.213 Section 9.2.5 should be interpreted as the following. According on the highlighted green part, after a UE run the Pseudo code to decide the PUCCH resource for merged UCIs, the UE just goes directly to 9.3 to do UCI mux on PUSCH and does not enter 9.2.5.1 and 9.2.5.2. In order words, the Pseudo code only does PUCCH resource determination, not the actual UCI multiplexing. UCI is actually multiplexed on PUSCH, if the determined resources after the running the Pseudo code overlap with one or more PUSCH(s). 
In previous RAN1 #115 meeting, this issue was discussed. Most companies’ understanding of the specification is that when UCI is multiplexed on a PUSCH, the UCI dropping rules defined for UCI transmission on PUCCH (in TS 38.213 section 9.2.5.1 and 9.2.5.2) do not apply. There is also a different understanding of the specification that UCI should be dropped in this case. The different understanding of the specification is mainly based on the concern that UE may not able to know the scheduling of the overlapping of the PUSCH, while UE performing PUCCH multiplexing on PUCCH hence dropped the UCI already. Please see Apple’s input from last RAN1 meeting in the Appendix. Set Q to the set of resources for transmission of corresponding PUCCHs in a single slot without repetitions where
                                          ***     Pseudo code to PUCCH resource merging in set Q is skipped     ***
For each PUCCH resource in the set Q that satisfies the aforementioned timing conditions, when applicable, 
- 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 9.2.5.1 and 9.2.5.2 
- the UE multiplexes HARQ-ACK information and/or CSI reports in a PUSCH if the PUCCH resource overlaps in time with a PUSCH transmission, as described in Clause 9.3, 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 
- the UE does not expect the resource to overlap with a second resource of a PUCCH transmission over multiple slots if the resource is obtained from a group of resources that do not overlap with the second resource.
Clauses 9.2.5.1 and 9.2.5.2 assume the following 
- resources for transmissions of UCI types, prior to multiplexing or dropping, overlap in a slot 
- multiplexing conditions of corresponding UCI types in a single PUCCH are satisfied, and 
- the UE does not transmit any PUSCH time-overlapping with PUCCH in the slot.


To address the concern on the UCI multiplexing timeline raised in last RAN1 meeting, it is recommended to discuss the timeline issue first. Hopefully, after the timeline is clarified, RAN1 can reach a consensus on whether UCI should be dropped in this case. 
FL question 1: Do you think that the timeline in current specification guarantees that at the time that UE is processing PUCCH overlapping (step 1), it is aware of PUSCH overlapping with the resulting PUCCH from step 1? If not, what is the scenario that current timeline specification cannot guarantee the above?
Companies please provide answers to the above question. 
	Company Name
	Answer to the above question

	ZTE
	Yes. Based on the following spec texts, the timeline should be guaranteed even for an intermediate PUCCH in step 1. 

	A UE does not expect a PUCCH or a PUSCH that is in response to a DCI format detection to overlap with any other PUCCH or PUSCH that does not satisfy the above timing conditions.




	vivo
	YES. Current defined timeline can guarantee UE has enough time to do UCI multiplexing on PUSCH even for the case that UE previously determines to multiplex UCI on a PUCCH and then determines to multiplex UCI on a PUSCH. 

	New H3C
	Yes

	Apple
	NO. 
The ZTE, vivo: in the example below, basically intermediate PUCCH does not overlap with PUSCH, so the reference spec is not applicable. 
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	DCM
	Yes

	Nokia, NSB
	We haven’t identified a practical case where the timeline is ambiguous that would be specific to the UCI dropping procedure. If there is a timeline ambiguity in the case Apple is raising, that timeline issue would seem to be present regardless of whether or not UCI dropping procedure is applied for UCI on PUSCH.

In our understanding, in the Apple reference above, the HARQ-ACK that was triggered earlier than the UL-scheduling DCI would not be multiplexed on the PUSCH as the DCI chronology requirement is violated. The multiplexing of P-CSI on a non-overlapping PUSCH in the same slot would not seem to be specific to the question at hand.

	Spreadtrum
	Yes. Agree with ZTE

	Huawei, HiSilicon
	Based on our understanding, at the last point that UE starts to resolve the overlapping, every overlapped channels and related time domain resource are clear to UE. UE can perform multiplexing if the timeline requirements are satisfied accordingly. 
For the example provided by Apple, at the point UE to handle overlapping, the overlapping timeline of HARQ and P-CSI, and timeline of PUSCH and multiplexed PUCCH are satisfied respectively, where such timelines are already defined in the spec.

	MTK
	Fine to further clarify the scenario mentioned by Apple.

	Samsung
	Agree with Apple.




FL question 2: If it is identified, based on discussion in FL question 1, that timeline in current specification indeed cannot guarantee that “at the time that UE is processing PUCCH overlapping (step 1), it is aware of PUSCH overlapping with the resulting PUCCH from step 1”, do you agree to change specification to fix the timeline issue?
Companies please provide answers to the above question. 
	Company Name
	Answer to the above question

	ZTE
	No, as we commented above. 

	Apple
	Yes, a TP could be like this:
“when UE determines overlapping PUCCH resources and the resultant PUCCH overlaps with a PUSCH, where at least one of resources is in response to a DCI format, UE does not expect any PUCCH or PUSCH before or after resolving overlapping among channels does not satisfy the above timing conditions”

	Nokia, NSB
	Yes. However, it is not obvious to us that the Apple proposal is specific to the UCI dropping procedure applicability when UCI is multiplexed on PUSCH. It would appear to be addressing a different concern, and if our interpretation of this is correct, should be discussed as a separate proposal altogether. That said, our first reaction to the proposal is that it seems reasonable, although some more checking is required.

	Huawei, HiSilicon
	We are open for discussing whether a new timeline is needed, but based on our explanation in the Q1, current timelines seems enough and more critical point is whether to have a understanding on the last point UE to perform overlapping resolution. In the current spec, the final PUCCH resource determined based on the last DCI but no clear definition on the last DCI.

	MTK
	Yes and open to discuss.

	Samsung
	No.
The timeline is for multiplexing the UCI in a PUSCH/PUSCH, it is not for the collision resolution procedure. 


	
	



FL question 3: If the timeline issue is fixed, do you agree with the following proposal? If yes, whether the proposal should be captured in specification with a CR?
Proposal: It is clarified that when UCI is multiplexed on a PUSCH, the UCI dropping rules defined for UCI transmission on PUCCH (in TS 38.213 section 9.2.5.1 and 9.2.5.2) do not apply.
Companies please provide answers to the above question. 
	Company Name
	Answer to the above question

	ZTE
	We agree with the proposal. On top of it, there is another case specified in Claus 9.2.5 that could cause CSI dropping and should be included in the table. 

	Clause 9.2.5 of TS 38.213. 
A UE multiplexes DL HARQ-ACK information, with or without SR, and CSI report(s) in a same PUCCH if the UE is provided simultaneousHARQ-ACK-CSI; otherwise, the UE drops the CSI report(s) and includes only DL HARQ-ACK information, with or without SR, in the PUCCH. If the UE would transmit multiple PUCCHs in a slot that include DL HARQ-ACK information and CSI report(s), the UE expects to be provided a same configuration for simultaneousHARQ-ACK-CSI each of PUCCH formats 2, 3, and 4. 



With above, we suggest updating the proposal as follows. 
Proposal: It is clarified that when UCI is multiplexed on a PUSCH, the UCI dropping rules defined for UCI transmission on PUCCH (in TS 38.213 section 9.2.5, section 9.2.5.1 and 9.2.5.2) do not apply.

	Vivo
	Agree 

	New H3C
	Agree

	Apple
	When timeline is concern is resolved, we can accept the proposal by FL.

	DCM
	Agree

	Nokia, NSB
	Agree

	Spreadtrum
	Agree

	Huawei, HiSilicon
	A CR is acceptable. 

	MTK
	Agree

	Samsung
	Agree, with the exception of SR – proposal can be modified accordingly.
The current wording of “UCI” would result in not dropping SR, for example, a PUCCH with SR may be dropped as described in the spec copied below. With the agreement, the SR would be transmitted if the PUCCH with SR does not overlap with the PUSCH.

	If a UE would transmit SR in a resource using PUCCH format 0 and HARQ-ACK information bits in a resource using PUCCH format 1 in a slot, the UE transmits only a PUCCH with the HARQ-ACK information bits in the resource using PUCCH format 1. 






Round 2 discussion
Based on the input so far, the key point is about the timeline. In the following scenario brought up by Apple. FL’s understanding the concern from Apple is the following. A previous DL grant which triggered the HARQ-ACK overlap with P-CSI. That DL grant is not showing in the figure. But assuming it satisfies the timeline requirements for the overlapping between HARQ-ACK and P-CSI, UE could start to perform UCI multiplexing on PUCCH procedure and decided to drop some UCI bits due to insufficient RB in PUCCH resource (blue). Later, an UL DCI schedule a (green) PUSCH which overlap with the blue PUCCH. Timeline again is satisfied between the green PUSCH and blue PUCCH. Then UE has to pick up the dropped UCI and multiplex them on PUSCH. 
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In the above procedure, the key is when UE start to perform the UCI multiplexing procedure and actually drop the UCI, which is up to UE implementation. A UE could perform UCI dropping on PUCCH immediately after UCI multiplexing procedure is kicked off, or it can delay the UCI dropping on PUCCH until the UL DCI arrival hence the dropping is not needed.  
In FL’s understanding, both UE implementations are allowed per today’s specifications. To solve this problem, there are two approaches. 
Approach 1: Clarify all 4 channels (two yellow PUCCH, one blue PUCCH, and one PUSCH) in the above example scenario are in a same overlapping group with ONE timeline check, rather TWO timeline checks for two overlapping group, one for the two yellow channels, the other for the blue and green channels. 
Approach 2: Without further clarifying timeline, conclude this is a corner case and leave it up to gNB implementation to avoid this case. For other nominal cases without this timeline ambiguity, take the proposal as following in principle subject to further editorial refinement.    

Proposal: It is clarified that when UCI is multiplexed on a PUSCH, the UCI dropping rules defined for UCI transmission on PUCCH (in TS 38.213 section 9.2.5, section 9.2.5.1 and 9.2.5.2) do not apply, except that SR dropping when overlapping on PUSCH is still applied (when applicable) per current specification.

FL Question : Companies please comment which of the two approaches are preferred. Or suggest other approaches to solve this issue, if any. 
	Company Name
	Answer to the above question

	Samsung
	We agree with FL’s analysis that the spec does not require the UE to perform UCI multiplexing _proc,2 before the start of the overlapping PUCCHs. There is no need to define the case as error case to put additional restriction on network.

We don’t agree with either of the approaches.

The proposal is acceptable for us for conclusion without spec change.




	ZTE
	As long as the timeline of HARQ and P-CSI, and the timeline of PUSCH and multiplexed PUCCH are satisfied respectively, clarifying additional timeline is not clear to us. 1) As FL analyzed, a UE can delay the UCI dropping on PUCCH until the UL DCI arrival hence the dropping is not needed.  2) Even if a UE chooses to perform UCI dropping on PUCCH immediately after UCI multiplexing procedure, the timeline should be still sufficient to re-perform UCI multiplexing in PUSCH as long as the Tproc,2 timeline is satisfied. Assuming the P-CSI is not transmitted in the yellow instance, and instead is transmitted in the blue instance, the timeline is sufficient to multiplex P-CSI in PUSCH. Then, why there would be an issue for the case below, where P-CSI is transmitted even earlier in the yellow instance.  
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With above, we think the moderator’s proposal is sufficient. 
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Per Chairman’s guidance provided in Wednesday online discussion, we clarify that the case Apple mentioned is an error case.  
[image: A diagram of a diagram

Description automatically generated]
Proposed conclusion 1: It is RAN1’s common understanding the following case is an error case where UE behavior is up to UE implementation. 
The resultant PUCCH resource (denoted as B) from overlapping PUCCH resources (denoted as set A) overlaps with a PUSCH resource (denoted as C), where B overlaps with C but neither B nor C overlaps with set A, and the DCI scheduling C is not received Tproc2 before the earliest PUCCH resource in set A. 
Except the above error case, it is clarified that when UCI is multiplexed on a PUSCH, the UCI dropping rules defined for UCI transmission on PUCCH (in TS 38.213 section 9.2.5, section 9.2.5.1 and 9.2.5.2) do not apply, except that SR dropping when overlapping with PUSCH is still applied (when applicable) per current specification.
	Company Name
	comments

	Samsung
	Suggest to the update as “SR dropping when overlapping on PUSCH”

	
	



If the above proposed conclusion is not agreeable. Apple provided offline comment that they can accept the majority view starting from Rel-17 spec. Before Rel-17, we acknowledge there are different UE implementation already existing and we leave it to NW to handle it. 
Proposed conclusion 2: 
Before R17, different UE behaviors on UCI dropping when a resultant PUCCH resource (from a group of PUCCH resources) overlaps with a PUSCH resource is handled by gNB implementation. 
For example, the resultant PUCCH resource is large enough such that the dropping procedure in 9.2.5.1 and 9.2.5.2 is not triggered. 
For Rel-17 and beyond, it is clarified that when UCI is multiplexed on a PUSCH, the UCI dropping rules defined for UCI transmission on PUCCH (in TS 38.213 section 9.2.5, section 9.2.5.1 and 9.2.5.2) do not apply, except that SR dropping when overlapping with PUSCH is still applied (when applicable) per current specification.
	Company Name
	comments

	Samsung
	The wording is not clear to us. Is the following the correct understanding?

Before R17, there may be different UE behaviors on CSI dropping for the following case
The resultant PUCCH resource (denoted as B) from overlapping PUCCH resources (denoted as set A) overlaps with a PUSCH resource (denoted as C), where B overlaps with C but neither B nor C overlaps with set A, and the DCI scheduling C is not received Tproc2 before the earliest PUCCH resource in set A. 

In addition, suggest to the update as “SR dropping when overlapping on PUSCH”

	
	




Conclusions
TBD 

Appendix: Companies input in RAN1 115
FL question 1: When UCI on a PUCCH resource is eventually multiplexed on a PUSCH, does the UE apply the UCI dropping rules defined for UCI transmission on PUCCH (in TS 38.213 section 9.2.5.1 and 9.2.5.2), if the number of REs of the PUCCH is not sufficient to accommodate all UCI bits?
Companies please provide answers to the above question. 
	Company Name
	Answer to the above question

	DCM
	‘NO’ seems to be correct in the current specification.
Although we thought that the current spec is unclear for the case, now our feeling is that UE behavior is clear based on the ending part of 9.2.5 of 213.

	MTK
	“No” to our understanding.

	Sharp
	“No”. It’s clear from the pseudo code in 9.2.5 of TS38.213 that it only determines the resource for UCI multiplexing.

	OPPO
	No according to current specification. 

	Ericsson
	‘No’ in our understanding.

	ZTE
	‘NO’. The current spec is clear. 

	Samsung
	We would like to ask for clarification that whether the dropping includes both partial dropping and dropping all CSI bits? For the latter one, even though the result PUCCH only includes HARQ-ACK, UE still multiplexes CSI in the PUSCH? 
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	Apple
	YES. At the time that UE is processing PUCCH, it is not necessarily aware of PUSCH overlapping with a PUCCH (yes, multiplexing timeline is something that is specified in 9.2.5 and shall be met by NW). Consider the example below, where HARQ-ACK and PUSCH are associated with DCIs (and they are received much earlier than slot n, so no worries on Tproc,1 and Tproc,2). In this example, HARQ-Ack is 2 bits so overlapping with P-CSI, PRI indicates a PUCCH resource change (the blue resource which carries HARQ-ACK+P-CSI). Question is when should UE start processing the HARQ-ACK and P-CSI resource, so that UE has enough time to determine new resource and then check if that resource is overlapping with a PUSCH or not? If UE waits to get PUSCH (basically back Tproc,2 from the beginning of PUSCH symbol in this example), it will be too late to determine new PUCCH resource and perform multiplexing. 
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FL question 2: What is your suggestion to solve this issue, if companies’ answers to the above question are opposite?
	Company Name
	Answer to the above question

	MTK
	If consensus can not be achieved, we have to rely on gNB to do blind detection or avoid this scenario to happen.

	Sharp
	If we could not reach consensus, we might need to have a conclusion to avoid a scenario.

	OPPO
	If there is no consensus, maybe we can make a conclusion to reflect the situation, and up to gNB implementation for this case. 

	Ericsson
	There should be single interpretation of the current spec.  We suggest to conclude according to views from majority of companies.

	ZTE
	We share the same view with Ericsson that there should be only one interpretation of the spec and we can take the majority of companies view as conclusion since the current spec is clear. 

	Samsung
	Agree with Ericsson and ZTE. Single interpretation of the current specification is strived. 

	Apple
	Given that spec was not clear, and there are different implementations, NW shall avoid this corner case, where a PUCCH resource on which UCI was dropped overlapping with a PUSCH (if any of these two constraints are not met, different implementations result the same behavior)
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