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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
In RAN1 Meeting #94bis, several remaining issues for physical uplink control channel in NR Rel-15 are discussed and resolved. However, due to the limited offline time, there are still some remaining issues unaddressed. In this contribution, some remaining issues which were not discussed in previous meeting are summarized and corresponding solutions are also proposed.
2. [bookmark: OLE_LINK12]Discussion
2.1 Multi-CSI resources with same capacity
In RAN1 #92 meeting, it was agreed that at most 2 multi-CSI PUCCH resources can be configured to the UE per UL BWP, and when one of the resource is used to transmit the colliding CSI reports, UE chooses the multi-CSI PUCCH resource with the smallest capacity but such that the CSI payload of all colliding CSI reports is not larger than the capacity. 
	Agreement (RRC parameter update) [1]:
At most J=2 multi-CSI PUCCH resource can be configured to the UE per UL BWP

Conclusion:
Periodicity of the multi-CSI PUCCH resource does not need to be defined

Agreement:
· Which of the J>=1 multi-CSI PUCCH resources are used to transmit the colliding CSI reports is determined as follows:
· Choose the multi-CSI PUCCH resource with the smallest capacity but such that the CSI payload of all colliding CSI reports is not larger than the capacity
· If no such resource is configured, choose the largest multi-CSI PUCCH resource and apply dropping rules 



One remaining issue is whether a UE can be configured with two multi-CSI resources having the same capacity. In essence, the issue is how to select one PUCCH resource between the two resources.
If UE can be configured with 2 multi-CSI PUCCH with the same capacity, some new rules are needed to introduce, such as selecting a PUCCH with lower code rate, or a PUCCH with smaller resource ID, or up to UE implementation, etc.
However, from our understanding, there is no motivation to configure 2 multi-CSI PUCCH resources with the same capacity. And UE is not expected to be configured with two multi-CSI resources with same capacity.
Proposal 1: A UE does not expect the higher layer parameter multi-CSI-PUCCH-ResourceList provides two multi-CSI resources with the same capacity.
2.2 CSI report(s) piggy-backed on PUSCH 
For the current specification TS 38.213, when PUCCH overlaps with PUSCH with UL-SCH, the PUCCH should be piggybacked on the PUSCH if the timeline is satisfied. However, some company [1] thinks that if there are multiple CSI reports colliding with the same PUSCH with UL-SCH, for example shown in Figure 1 , it should be clarified that whether all CSI reports are piggybacked on the PUSCH, or only the higher priority one is selected.


[bookmark: _Ref528869920]Figure 1. Multiple PUCCHs for CSI report overlap with a same PUSCH
From our understanding, if we follow the current specification of TS 3.213 description in clause 9.2.5, all CSI reports are going to be piggybacked on the PUSCH. In addition, PUSCH in this case is similar to that of multi-CSI PUCCH, it is natural to carry the CSI reports as much as possible on a same PUSCH if there are sufficient resources, considering that the two CSI reports may be different CSI reports for different carriers. In addition, there is a factor of α to control the number of REs that can be punctured by CSI bits, it would have no much impact on the transmission of UL-SCH.
Consequently, following solution is proposed:
Proposal 2: If single slot PUCCHs conveying different CSI report(s) collide with the PUSCH without CSI, all CSI reports are multiplexed on the PUSCH if the timeline requirement is satisfied. And there is no spec impact.
2.3 NULL CSI PUCCH/PUSCH overlapping with other uplink channels
During the last meeting offline discussion, the feature leader summarized an issue of null A-CSI PUSCH overlaps with other uplink channels. But due to the lack of contribution describing the issue, there is no discussion about it. 
So far, NR supports to configure or schedule a CSI report without any CSI reporting information transmission. The use cases are as followings:
1) A CSI report can be used for UE to perform TRS tracking when the CSI report is configured with CSI-ReportConfig with higher layer parameter reportQuantity set to ‘none’ and CSI-RS-ResourceSet with high layer parameter trs-Info configured.
2)  A CSI report can be used for P-3 beam refinement when the CSI report is configured with reportQuantity set to ‘none’ and trs-Info not configured.
That is, when the CSI report is configured with reportQuantity = ‘none’, UE just needs to do CSI measurement but does not need to report any CSI in uplink.
From the resource allocation perspective, NR does not support to configure or schedule a PUCCH or PUSCH without any resource. In essence, for PUCCH resource allocation, configuring an empty PUCCH is impossible (for PUCCH format 4, 1 PRB is allocated; for PUCCH format 2/3, 1-16 PRBs is allocated). For PUSCH resource allocation in time-domain, neither PUSCH mapping type A nor type B can be set with the number of symbols L as 0. In frequency domain, if uplink resource allocation type 0 is configured/indicated, a bitmap with all 0s can be used to indicate a PUSCH without any resource; but if resource allocation type 1 is configured/indicated, the length in terms of virtually contiguously allocated resource blocks configured in the resource indication value (RIV) is at least 1. Therefore, uplink resource allocation type 1 cannot allocate a PUSCH without any resource. 
Thus, we need to consider UE behavior when it’s configured or scheduled with a null CSI report (i.e., a CSI report with reportQuantity = ‘none’). 
1) For a PUCCH with a P/SP-CSI report with reportQuantity = ‘none’
As shown in Figure 2, there are some overlapping cases between CSI PUCCH and other PUCCHs
· For a PUCCH with a normal P/SP-CSI report, when the CSI PUCCH overlaps with dynamic HARQ-ACK PUCCH (case 1), UE will need to check the multiplexing timeline before multiplexing, which may end up with an error case if the starting symbol of CSI PUCCH is earlier than that of HARQ-ACK PUCCH. This procedure is not reasonable for null CSI PUCCH, because there is no multiplexing of HARQ-ACK and CSI at all.
· When a normal CSI PUCCH overlaps with HARQ-ACK for SPS PDSCH (case 2), HARQ-ACK will be multiplexed with CSI on the CSI PUCCH resource. The behavior is not reasonable to just move the HARQ-ACK bits to a CSI PUCCH but without any CSI information if the CSI report is null.
· When a CSI PUCCH overlaps with a SR configuration, 1-bit will be multiplexed with CSI bits on the CSI PUCCH regardless the SR is positive or negative (case 3), if the CSI report is null, it is not reasonable to transmit only one 1-bit SR on a PUCCH carrying more than 2-bit UCI. 
A more appropriate UE behavior should be the UE ignores the PUCCH with null CSI report. Thus, there is no overlapping PUCCHs in case 1/2/3 shown in Figure 2.


[bookmark: _Ref528935092]Figure 2 CSI PUCCH overlaps with PUCCH with HARQ-ACK or SR
Proposal 3: when UE is configured with a null CSI on PUCCH, UE ignores the CSI PUCCH resource.
· i.e., no CSI PUCCH transmission, thus
· no overlapping between the CSI PUCCH and other uplink channels
· Only for PUCCH for a P/SP-CSI report with reportQuantity = ‘none’
2) For a PUSCH with a SP/A-CSI report with reportQuantity = ‘none’ and UL-SCH indicator = ‘0’
gNB can trigger a SP/A-CSI without any CSI report by setting the reportQuantity = ‘none’. This null SP/A-CSI is triggered in the same way as that of normal SP/A-CSI, e.g., by DCI format 1_1. In addition, when UE is triggered with null SP/A-CSI and without UL-SCH, i.e., in the DCI, “UL-SCH indicator” set to 0 and trigger a SP/A-CSI with the setting of reportQuantity = ‘none’, UE has neither CSI report nor UL-SCH to transmit on the corresponding PUSCH.
[bookmark: _GoBack]In Figure 3, we show the cases that PUSCH with null CSI report and without UL-SCH (hereinafter, for the convenience of description, it will be called as empty PUSCH) overlaps with a PUCCH with HARQ-ACK or CSI report or positive SR. 
· When a normal PUSCH (PUSCH with SP/A-CSI report or UL-SCH) overlaps with HARQ-ACK PUCCH, before piggybacking HARQ-ACK on PUSCH, UE needs to check the multiplexing timeline first, which may end up with an error case since the timeline is referred to the earliest symbol among the overlapping channels rather than the starting symbol of PUCCH. For an empty PUSCH, there is no need to multiplex HARQ-ACK transmission on PUSCH, UE should transmit HARQ-ACK on PUCCH without any timeline check.
· When a PUSCH with non-null CSI report(s) overlaps with a PUCCH with CSI report(s), CSI report(s) on PUCCH with be dropped according to the current specification. But a more appropriate UE behavior is to transmit PUCCH with CSI report(s), since no SP/A-CSI reports are carried on the PUSCH. In addition, when the PUSCH with only null CSI report and with UL-SCH, CSI report(s) on PUCCH should be piggybacked on PUSCH.
· When a PUSCH with non-null CSI report(s) and without UL-SCH overlaps with a positive SR, UE should drop the PUSCH and transmit SR on PUCCH. Similarly, when an empty PUSCH overlaps with a positive SR, UE should drop the empty PUSCH and transmit SR on PUCCH.


[bookmark: _Ref528936739]Figure 3 PUSCH with null CSI without UL-SCH overlaps with HARQ-ACK/CSI/SR PUCCH
In general, from our understanding, if UE is scheduled with an empty PUSCH, a more appropriate UE behavior is to ignore the PUSCH transmission and treat it as there is no PUSCH, so for the above three cases shown in Figure 3, there is no collision between the PUSCH and other channels.
Proposal 4: when UE is scheduled a PUSCH with only null CSI report and without ULSCH, UE ignores the CSI PUSCH resource.
· i.e., no PUSCH transmission, thus
· no overlapping between the PUSCH and other channels
· Only for a PUSCH for a SP/A-CSI report with reportQuantity = ‘none’ and corresponding uplink grant UL-SCH indicator = ‘0’
Proposal 5: when UE is scheduled a PUSCH with null CSI report and with UL-SCH, if the PUSCH overlaps with a PUCCH with CSI report(s)
· UE multiplexes the CSI report(s) carrying by PUCCH with UL-SCH on PUSCH
2.4 UCI multiplexing procedure


In TS 38.213 Section 9.2.5.1, if there any overlapped PUCCH resources, UE will run the pseudo code to determine a single resource  to multiplex the UCI for the group of overlapping PUCCH resources.  In the pseudo code it is said that “multiplex UCI for resources  in a single resource as described in Subclauses 9.2.5.1 and 9.2.5.2”. 

	TS 38.213 9.2.5

if 

multiplex UCI for resources  in a single resource as described in Subclauses 9.2.5.1 and 9.2.5.2 
set the index of the single resource to [image: ] 





But in clause 9.2.5.2, when one or more CSI reports and HARQ-ACK/SR information bits are multiplexing in a PUCCH resource, if the UCI payload make it beyond the configured maxCodeRate, UE will drop some CSI reports with lower priority until the code rate is less or equal to the configured maxCodeRate.


Therefore, if we follow the pseudo code, CSI dropping is applied on . This is not appreciated. In other words, it is not need to drop CSI during the while loop. That’s because the determined PUCCH resource may not the final resource to transmit these UCI, it may overlap with another PUCCH or PUSCH. UCI will multiplexed on a new PUCCH resource or PUSCH with enough resource. Therefore, CSI dropping should only be applied to the final resource.
Proposal 6: It is clarified that UCI dropping is applied only on the final determined PUCCH or PUCSH resources after the execution of the pseudo code in TS38.213 Section 9.2.5. 
2.5 Maximum payload of PUCCH format 4
In clause 9.2.5.2 of TS38.213 15.3.0, it’s described that UE multiplexes HARQ-ACK, SR, and periodic/semi-persistent CSI report(s) in a PUCCH transmission using PUCCH format 4, the maximum payload is 115 bits, where 115bits is calculated based on the assumption that the maxCodeRate is 0.8, spread factor is 2, and duration is 14-symbol with two DRMS symbols. Here, the 115bits should also include CRC bits. Therefore, the following TP is proposed.
------------------------------------------Start of Text Proposal -------------------------------------------
9.2.5.2	UE procedure for multiplexing HARQ-ACK/SR/CSI in a PUCCH
< Unchanged parts are omitted >
A UE is configured by higher layer parameter maxCodeRate a code rate for multiplexing HARQ-ACK, SR, and periodic/semi-persistent CSI report(s) in a PUCCH transmission using PUCCH format 2, PUCCH format 3, or PUCCH format 4. If the PUCCH transmission uses PUCCH format 4 and if the total number of UCI bits (including CRC for CSI part 1 and part 2, if any) is more than 115, the UE drops CSI reports as described in [6, TS38.214] until the total number of UCI bits (including CRC for CSI part 1 and part 2, if any) is smaller than or equal to 115.
------------------------------------------ End of Text Proposal -------------------------------------------
3. Conclusion
In this contribution, some remaining issues are discussed including
· Multi-CSI resources with same capacity
· CSI report(s) piggy-back on PUSCH 
· NULL CSI PUCCH/PUSCH overlapping with other Uplink channels
· UCI multiplexing procedure
· Maximum payload of PUCCH format 4
And it is proposed that
Proposal 1: A UE does not expect the higher layer parameter multi-CSI-PUCCH-ResourceList provides two multi-CSI resources with the same capacity.
Proposal 2: If single slot PUCCHs conveying different CSI report(s) collide with the PUSCH without CSI, all CSI reports are multiplexed on the PUSCH if the timeline requirement is satisfied. And there is no spec impact.
Proposal 3: when UE is configured with a null CSI on PUCCH, UE ignores the CSI PUCCH resource.
· i.e., no CSI PUCCH transmission, thus
· no overlapping between the CSI PUCCH and other uplink channels
· Only for PUCCH for a P/SP-CSI report with reportQuantity = ‘none’
Proposal 4: when UE is scheduled a PUSCH with only null CSI report and without ULSCH, UE ignores the CSI PUSCH resource.
· i.e., no PUSCH transmission, thus
· no overlapping between the PUSCH and other channels
· Only for a PUSCH for a SP/A-CSI report with reportQuantity = ‘none’ and corresponding uplink grant UL-SCH indicator = ‘0’
Proposal 5: when UE is scheduled a PUSCH with null CSI report and with UL-SCH, if the PUSCH overlaps with a PUCCH with CSI report(s)
· UE multiplexes the CSI report(s) carrying by PUCCH with UL-SCH on PUSCH
Proposal 6: It is clarified that UCI dropping is applied only on the final determined PUCCH or PUCSH resources after the execution of the pseudo code in TS38.213 Section 9.2.5. 
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