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This document is created to collect company views on the proposals in [1].
Problem description
According to the discussion in last meeting [2], two overlapping cases (case 1 and case 2 below) are identified for further discussion.
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Case 1: PUCCH with SPS HARQ-ACK overlapping with two non-overlapped PUCCH with CSI reports, and CSI report starting earlier is the reference PUCCH determined by the pseudo code in TS 38.213 Section 9.2.5
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Case 2: PUCCH with SPS HARQ-ACK overlapping with two non-overlapped PUCCH with CSI reports, and SPS HARQ is the reference PUCCH determined by the pseudo code in TS 38.213 Section 9.2.5
The UE is NOT provided multi-CSI-PUCCH-ResourceList
For case 1, the UE first performs the pseudo code to identify the overlapped group (Set Q). The overlapping PUCCH group (Set Q) includes PUCCH with CSI report 1 and PUCCH with SPS A/N. Then the UE would multiplex the SPS A/N in the PUCCH with CSI report 1. So, the PUCCH with CSI report 2 is also transmitted.
For case 2, the UE first performs the pseudo code to identify the overlapped group (Set Q). The overlapping PUCCH group (Set Q) includes PUCCH with SPS A/N, PUCCH with CSI report 1 and PUCCH with CSI report 2. Then the UE would multiplex the SPS HARQ-ACK in the CSI PUCCH with the higher priority and drop the CSI PUCCH with the lower priority (i.e. drop the PUCCH with CSI report 2). The corresponding spec is below.
	9.2.5	UE procedure for reporting multiple UCI types
……
If 
-	a UE is not provided multi-CSI-PUCCH-ResourceList, and
-	a resource for a PUCCH transmission with HARQ-ACK information in response to SPS PDSCH reception and/or a resource for a PUCCH associated with a SR occasion overlap in time with two resources for respective PUCCH transmissions with two CSI reports, and
-	there is no resource for a PUCCH transmission with HARQ-ACK information in response to a DCI format detection that overlaps in time with any of the previous resources, and
-	the following pseudo code results to the UE attempting to determine a single PUCCH resource from the HARQ-ACK and/or the SR resource and the two PUCCH resources with CSI reports
the UE 
-	multiplexes the HARQ-ACK information and/or the SR in the resource for the PUCCH transmission with the CSI report having the higher priority, and 
-	does not transmit the PUCCH with the CSI report having the lower priority 



In summary, when the UE is NOT provided multi-CSI-PUCCH-ResourceList the UE behavior for case 1 and case 2 is clear and shown below.
[image: ]
Figure 1 UE behavior for case 1 and case 2 when the UE is NOT provided multi-CSI-PUCCH-ResourceList

The UE is provided multi-CSI-PUCCH-ResourceList
For case 1, the UE first performs the pseudo code to identify the overlapped group (Set Q). The overlapping PUCCH group (Set Q) includes PUCCH with CSI report 1 and PUCCH with SPS A/N. It is similar as that of multi-CSI-PUCCH-ResourceList is not provided, the UE would multiplex the SPS A/N in the PUCCH with CSI report 1and finally both CSI report 1 and 2 are transmitted.
For case 2, the UE first performs the pseudo code to identify the overlapped group (Set Q). The overlapping PUCCH group (Set Q) includes PUCCH with SPS A/N, PUCCH with CSI report 1 and PUCCH with CSI report 2. Then the UE needs to resolve this overlapping in the group to determine a single PUCCH.  But it is not clear about the UE behavior in this case since the condition in the spec (marked below) for the multiplexing rule between SPS A/N and two CSI PUCCHs is not satisfied.
	9.2.5	UE procedure for reporting multiple UCI types
……
If 
-	a UE is not provided multi-CSI-PUCCH-ResourceList, and
-	a resource for a PUCCH transmission with HARQ-ACK information in response to SPS PDSCH reception and/or a resource for a PUCCH associated with a SR occasion overlap in time with two resources for respective PUCCH transmissions with two CSI reports, and
-	there is no resource for a PUCCH transmission with HARQ-ACK information in response to a DCI format detection that overlaps in time with any of the previous resources, and
-	the following pseudo code results to the UE attempting to determine a single PUCCH resource from the HARQ-ACK and/or the SR resource and the two PUCCH resources with CSI reports
the UE 
-	multiplexes the HARQ-ACK information and/or the SR in the resource for the PUCCH transmission with the CSI report having the higher priority, and 
-	does not transmit the PUCCH with the CSI report having the lower priority 



In summary, when the UE is provided multi-CSI-PUCCH-ResourceList the UE behavior for case 1 is clear and shown below, but the UE behavior for case 2 is not clear.
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Figure 2 UE behavior for case 1 and case 2 when the UE is provided multi-CSI-PUCCH-ResourceList 

And the following Rel-15 agreements below only defined the UE behavior for the overlapping between SPS A/N and two non-overlapping CSI PUCCH resources when a UE is NOT configured with multi-CSI-PUCCH report. The overlapping between SPS A/N and two non-overlapping CSI PUCCH resources when a UE is configured with multi-CSI-PUCCH report is missed.

RAN1#94 Agreements:
When a UE is not configured with multi-CSI-PUCCH report,
When SR occasion and/or DL SPS HARQ-ACK and two non-overlapping CSI PUCCH resources contained in Resource A and Set X (as defined in RAN1 #93 meeting) decided by the pseudo code (as in 9.2.5 of TS38.213) in a slot
DL SPS HARQ-ACK/SR is multiplexed on the CSI PUCCH resource with higher priority, and CSI on the CSI PUCCH resource with lower priority is dropped
In case of presence of DL SPS HARQ-ACK, multiplexing occurs if the corresponding timeline requirement is met, otherwise, it is considered as an error case

So, the following TP to resolve this issue is proposed. That is, when a UE is provided multi-CSI-PUCCH-ResourceList but the CSI PUCCHs do not overlap in the slot, if the overlapped group includes SPS A/N and two non-overlapped CSI PUCCH resources, the UE still multiplex the SPS A/N and the higher priority CSI, the lower priority CSI is dropped. It is the same behavior as case 2 in figure 1. 
Please note that the TP does not change the UE behavior for case 1 since the overlapped group for case 1 still only includes SPS A/N and CSI report 1. Then the UE would multiplex the SPS A/N in the PUCCH with CSI report 1. Thus, the PUCCH with CSI report 2 is also transmitted.
Proposal: To endorse following changes on Rel-16 spec of TS 38.213 Section 9.2.5
--------------------------------------------------Start of the TP--------------------------------------------------
If 
-	a UE is not provided multi-CSI-PUCCH-ResourceList or if a UE is provided multi-CSI-PUCCH-ResourceList and PUCCH resources for transmissions of CSI reports do not overlap in the slot, and
-	a resource for a PUCCH transmission with HARQ-ACK information in response to SPS PDSCH reception and/or a resource for a PUCCH associated with a SR occasion overlap in time with two resources for respective PUCCH transmissions with two CSI reports, and
-	there is no resource for a PUCCH transmission with HARQ-ACK information in response to a DCI format detection that overlaps in time with any of the previous resources, and
-	the following pseudo code results to the UE attempting to determine a single PUCCH resource from the HARQ-ACK and/or the SR resource and the two PUCCH resources with CSI reports
the UE 
-	multiplexes the HARQ-ACK information and/or the SR in the resource for the PUCCH transmission with the CSI report having the higher priority, and 
-	does not transmit the PUCCH with the CSI report having the lower priority 
--------------------------------------------------End of the TP--------------------------------------------------
Discussion
1st Round discussion
Companies’ view
Q1: For the scenarios discussed above, do you agree only the UE behavior for case 2 when the UE is provided multi-CSI-PUCCH-ResourceList in Figure 2 should be clarified? If not, please indicate other scenarios to be further clarified?

	Company
	Yes/No
	Comment

	Samsung
	No
	Overall, we think that it is very corner case and it can be avoided by gNB implementation.
Having said that, we think that the case 2 is already covered by the following paragraph. Thus, current specification is clear, and the proposal is detrimental compared to the current specs. 

	If a UE has one or more CSI reports and zero or more HARQ-ACK/SR information bits to transmit in a PUCCH where the HARQ-ACK, if any, is in response to a PDSCH reception without a corresponding PDCCH
-   if any of the CSI reports are overlapping and the UE is provided by multi-CSI-PUCCH-ResourceList with [image: cid:image001.png@01D96BED.D51562B0] PUCCH resources in a slot, for PUCCH format 2 and/or PUCCH format 3 and/or PUCCH format 4, as described in clause 9.2.1, where the resources are indexed according to an ascending order for the product of a number of corresponding REs, modulation order [image: cid:image002.png@01D96BED.D51562B0], and configured code rate [image: cid:image003.png@01D96BED.D51562B0];
-     if [image: cid:image004.png@01D96BED.D51562B0], the UE uses PUCCH format 2 resource [image: cid:image005.png@01D96BED.D51562B0], or the PUCCH format 3 resource [image: cid:image005.png@01D96BED.D51562B0], or the PUCCH format 4 resource [image: cid:image005.png@01D96BED.D51562B0]
-     else if [image: cid:image006.png@01D96BED.D51562B0] and [image: cid:image007.png@01D96BED.D51562B0], [image: cid:image008.png@01D96BED.D51562B0], the UE transmits a PUCCH conveying HARQ-ACK information, SR and CSI report(s) in a respective PUCCH where the UE uses the PUCCH format 2 resource [image: cid:image009.png@01D96BED.D51562B0], or the PUCCH format 3 resource [image: cid:image009.png@01D96BED.D51562B0], or the PUCCH format 4 resource [image: cid:image009.png@01D96BED.D51562B0] 
-     else the UE uses the PUCCH format 2 resource [image: cid:image010.png@01D96BED.D51562B0], or the PUCCH format 3 resource [image: cid:image010.png@01D96BED.D51562B0], or the PUCCH format 4 resource [image: cid:image010.png@01D96BED.D51562B0] and the UE selects [image: cid:image011.png@01D96BED.D51562B0] CSI report(s) for transmission together with HARQ-ACK information and SR, when any, in ascending priority value as described in [6, TS 38.214] 
[bookmark: _Hlk534904159]-   else, the UE transmits the [image: cid:image012.png@01D96BED.D51562B0] bits in a PUCCH resource provided by pucch-CSI-ResourceList and determined as described in clause 9.2.5 




	LGE
	Maybe Yes
	We think the issue seems to need to be resolved since multiple CSI PUCCH resources in a slot would not necessarily to be overlapped in every slots, just due to the reason of configuring multi-CSI-PUCCH-ResourceList. It cause restriction to gNB’s configuration of PUCCH resources.

	Apple
	Yes
	The spec is not defined for the case of discussion and proposed TP resolves the issue

	CATT
	No
	For Case 2 when the UE is provided multi-CSI-PUCCH-ResourceList, our understanding is that Set Q includes PUCCH with SPS HARQ-ACK, PUCCH with CSI report 1 and PUCCH with CSI report 2. HARQ-ACK, CSI report 1 and CSI report 2 are supposed to be multiplexed in a single PUCCH resource. In this case, although the PUCCHs with CSI report 1 and CSI report 2 are not overlapping in time, there is collision between the PUCCHs for CSI reports. In this sense, the CSI reports are overlapping and the spec quoted by Samsung applies which defines UE behavior.

	vivo
	
	We think that UE behavior for case 2 when the UE is provided multi-CSI-PUCCH-ResourceList is not clear. But the case is a corner case and can be avoided by gNB, considering the NBC issue, we think it is better to handle the case by gNB.

	QC
	Yes
	We agree UE behavior in case 2 as mentioned above is not clear in current spec. 
@Samsung, if we read the bullets after the text you highlighted, we go the “else” branch which goes to 9.2.5. While in 9.2.5, it seems case 2 is not covered. 

	Huawei, HiSilicon
	Yes
	As the spec cited by Samsung, the “if” branch requires two CSI reports overlapping with each other, which case 2 is not satisfied. So, UE will go to “else” branch and in clause 9.2.5, the UE behaviors for case 2 is still unspecified.

	ZTE
	
	As long as the PUCCH resource with SPS A/N starts later or at the same time compared with the PUCCH resource with CSI report 1, the UE behavior is clear. With these valid cases, case 2 can be avoided by scheduling and therefore not very essential. 

	Intel
	
	We share similar view as other companies that this can be considered as corner case, and can be avoided by gNB proper scheduling, e.g., as ZTE mentioned. 

	DCM
	No
	Our understanding is the same with Samsung/CATT. We are not sure why the current PUCCH multiplexing of Q determination and subsequent multiplexing mechanisms cannot be applied as it is.



Q2: If Yes for Q1, do you agree the above TP proposed in Section 2.2 to resolve the issue? If not, please indicate the suggested changes?
	Company
	Yes/No
	Comment

	Samsung
	No
	

	LGE
	Maybe Yes
	

	Apple
	Yes
	

	vivo
	
	We have no strong view. The issue can be avoided by gNB. If the TP is agreed, it could be from R17.

	QC
	Yes
	

	Huawei, HiSilicon
	Yes
	

	ZTE
	No
	The TP may cause a new UE behavior for Case 1. For instance, if CSI report 1 is of low priority, the legacy UE behavior is to multiplex HARQ-ACK with CSI port 1 while the new UE behavior is to multiplex with CSI report 2.  

	Intel
	No
	



Q3: If changes in Q2 are needed, since which release of spec do you prefer to capture the changes?
	Company
	Comment

	Apple
	R16 (or R17)

	QC
	R17

	Huawei, HiSilicon
	R16 is preferred.

	
	

	
	


[bookmark: _Ref129681832]
Summary of Companies’ view
On whether the UE behavior for case 2 when the UE is provided multi-CSI-PUCCH-ResourceList in Figure 2 should be clarified or not
· Yes: LGE, Apple, QC, Huawei, HiSilicon --5 companies
· No: Samsung, CATT, DCM --3 companies
· Not clear but corner case: Vivo, ZTE, Intel -- 3 companies
On how to clarify the UE behavior for case 2:
· Adopt the TP in Section 2.2: LGE, Apple, QC, Huawei, HiSilicon --5 companies
· Avoid by gNB implementation: Samsung, Vivo, ZTE, Intel -- 4 companies
· No clarification, already covered by current spec: CATT, DCM -- 2 companies
2nd Round discussion
Based on the summary in Section 3.1.2, there are 8 companies think the UE behavior for case is not clear when multi-CSI-PUCCH-ResourceList is provided. Furthermore, 5 of them prefer to adopt the TP in R1-2303802 (which is copied in section 2.2) to make the spec clear, and 4 companies think this can be avoided by gNB implementation. 
Two companies, CATT and DCM, also questioned whether the current PUCCH multiplexing of Q determination and subsequent multiplexing mechanisms cannot be applied, especially the paragraph cited by Samsung. From moderator perspective, the current spec might not be applied stringently.
UE applies current Q determination procedure first. Then, if the reference PUCCH resource is determined as the PUCCH with SPS A/N or SR, and then Set Q is derived as Case 2 illustrated in either Figure 1 or 2, where the PUCCH with SPS A/N overlap with two non-overlapped PUCCHs with CSI reports. Following the spec cited by Samsung, the yellow part describes multiple CSI reports overlaps with SPS A/N, however, the cyan part of “if” branch requires multiple CSI reports should have overlapping, but Case 2 does not satisfy the requirement. So, UE will go with “else” branch and determine the final PUCCH according to clause 9.2.5 (highlighted in green). However, in the clause 9.2.5, the UE behavior for Case 2 has not defined. 
	If a UE has one or more CSI reports and zero or more HARQ-ACK/SR information bits to transmit in a PUCCH where the HARQ-ACK, if any, is in response to a PDSCH reception without a corresponding PDCCH
-   if any of the CSI reports are overlapping and the UE is provided by multi-CSI-PUCCH-ResourceList with [image: cid:image001.png@01D96BED.D51562B0] PUCCH resources in a slot, for PUCCH format 2 and/or PUCCH format 3 and/or PUCCH format 4, as described in clause 9.2.1, where the resources are indexed according to an ascending order for the product of a number of corresponding REs, modulation order [image: cid:image002.png@01D96BED.D51562B0], and configured code rate [image: cid:image003.png@01D96BED.D51562B0];
-     if [image: cid:image004.png@01D96BED.D51562B0], the UE uses PUCCH format 2 resource [image: cid:image005.png@01D96BED.D51562B0], or the PUCCH format 3 resource [image: cid:image005.png@01D96BED.D51562B0], or the PUCCH format 4 resource [image: cid:image005.png@01D96BED.D51562B0]
-     else if [image: cid:image006.png@01D96BED.D51562B0] and [image: cid:image007.png@01D96BED.D51562B0], [image: cid:image008.png@01D96BED.D51562B0], the UE transmits a PUCCH conveying HARQ-ACK information, SR and CSI report(s) in a respective PUCCH where the UE uses the PUCCH format 2 resource [image: cid:image009.png@01D96BED.D51562B0], or the PUCCH format 3 resource [image: cid:image009.png@01D96BED.D51562B0], or the PUCCH format 4 resource [image: cid:image009.png@01D96BED.D51562B0] 
-     else the UE uses the PUCCH format 2 resource [image: cid:image010.png@01D96BED.D51562B0], or the PUCCH format 3 resource [image: cid:image010.png@01D96BED.D51562B0], or the PUCCH format 4 resource [image: cid:image010.png@01D96BED.D51562B0] and the UE selects [image: cid:image011.png@01D96BED.D51562B0] CSI report(s) for transmission together with HARQ-ACK information and SR, when any, in ascending priority value as described in [6, TS 38.214] 
-   else, the UE transmits the [image: cid:image012.png@01D96BED.D51562B0] bits in a PUCCH resource provided by pucch-CSI-ResourceList and determined as described in clause 9.2.5 


It is a majority view that the current spec is not clear for Case 2 when multi-CSI-PUCCH-ResourceList is provided, and in moderator view, the UE behavior for this scenario should be clarified. Since 2 companies do not want a TP and 4 companies would like to resolve the issue by gNB implementation, a conclusion consider this case as an error case is proposed as below. Let us check whether this is acceptable for companies.
Proposed conclusion:
UE considers it is an error case that PUCCH with SPS HARQ/SR is the reference PUCCH determined by the pseudo code in TS 38.213 Section 9.2.5 and the determined PUCCH overlaps with multiple non-overlapped PUCCHs with CSI reports, when multi-CSI-PUCCH-ResourceList is provided. UE behavior is not specified for this error case.
Companies’ view
Q1: Do you agree the proposed conclusion in section 3.2? If not, please explain why.
	Company
	Yes/No
	Comment

	DCM
	Yes
	Now I understand the issue according to the above explanation; Fan, thank you for explanation. Then we are fine with either way. Considering this situation is not so typical, the proposed conclusion is a good way.

	QC
	Yes
	It is a bit unfortunate that we can not reach consensus for this issue. Although we prefer to fix this case in spec, but it is fine as well to define this as an error case and capture it in Chair’s notes. 

	Huawei, HiSilicon
	Yes
	We prefer to adopt the TP in section 2.2 to clarify the UE behavior, however, it seems hard to make a consensus. Thus, we can live with the conclusion in Chair’s note.

	MTK
	Yes
	We are fine with the TP proposed in Section 2.2. Considering it may be hard to achieve consensus for now, we can also accept the proposed conclusion.

	LGE
	Yes
	We share the same view with QC/Huawei/MTK that it is reasonable to adopt the TP with consideration of NW configuration flexibility. But, since it seems hard to reach consensus, we can live with the proposal conclusion.

	vivo
	Yes
	We can accept the TP from Rel-17. We are also fine with the conclusion.

	
	
	

	
	
	



Conclusions
[bookmark: _Ref124671424][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _GoBack]Conclusion
UE considers it is an error case that PUCCH with SPS HARQ/SR is the reference PUCCH determined by the pseudo code in TS 38.213 Section 9.2.5 and the determined PUCCH overlaps with multiple non-overlapped PUCCHs with CSI reports, when multi-CSI-PUCCH-ResourceList is provided. UE behavior is not specified for this error case.
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