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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
In this contribution, some remaining issues on PUCCH for NR R15 are discussed including,
· One SR collides with two non-overlapping CSI
· More than 2 non-overlapping PUCCH within one slot (At least includes PUCCH for ACK and SR)
· Remaining issues on multi-slot PUCCH
2. [bookmark: OLE_LINK12]One SR overlaps with more than one non-overlapping CSI
It was agreed that when SR overlaps with CSI, SR shall be multiplexed with CSI and transmitted on CSI resource. For the case that one SR resource overlaps with more than one non-overlapping CSI PUCCH resources showed in Fig 1, following alternatives were summary during last meeting:
When one SR PUCCH resource overlaps with two non-overlapping CSI PUCCH resources in a slot, 
· Alt 1: SR is multiplexed and transmitted with CSI on the first CSI PUCCH resource.
· Alt 2: SR is multiplexed and transmitted on each CSI PUCCH resource.
· Alt 3: Choose the smaller code rate PUCCH resource to multiplex SR and CSI. If these two CSI PUCCH resources are configured with a same code rate, the higher priority CSI PUCCH resource is selected.
· Alt 4: This is an error case due to poor configuration. No need for specification.
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Fig 1 example for one SR PUCCH overlaps with two CSI PUCCH
We believe that it is beneficial to have more chances to send SR state. Considering the processing timeline of periodic CSI reports, it may happen that when UE prepares the earliest CSI report, SR state is negative, but before UE start to prepare the later CSI report, new data arrives, positive SR would be sent and multiplexed with the later CSI reports. Therefore, we think alt 2 is perfered from the latency perspective for SR, and if the timeline requirement is satsfied for each CSI and SR transmission. 

3. More than 2 non-overlapping PUCCHs within one slot
In the last meeting, it has discussed and acheived some agreements that when more than 2 non-overlapping PUCCHs which are all for CSI reports within one slot. 
[bookmark: _GoBack]Agreements [1]:
· On a per PUCCH group basis:
· If a UE is configured with overlapping PUCCH resources for CSI-only reporting in a slot,
· If  a UE is configured with multi-CSI-PUCCH-Config, the UE multiplexes all the CSI reports corresponding to CSI only PUCCH resources (overlapping or not) in the slot on a single multi-CSI-PUCCH resource, following the agreed priority rules for CSI reporting.
· If a UE is not configured with multi-CSI-PUCCH-Config, among all the PUCCH resources for CSI reporting, the UE selects maximum two non-overlapping PUCCH resources for CSI reports with the highest priority.
· If two non-overlapping PUCCH resources are selected, they include at least one with PUCCH format 2. 
· For CSI-only reporting in a slot, if a UE is configured with more than two non-overlapping CSI reports in a slot, the UE selects the maximum two PUCCH resources with the highest priority CSI repots.
· If two non-overlapping PUCCH resources are selected, they include at least one with PUCCH format 2.
So far, there are at most two CSI PUCCH, one HARQ-ACK PUCCH and one SR PUCCH within one slot. However, more than 2 non-overlapping PUCCH including at least HARQ-ACK/SR within one slot shold also be considered. The following alternatives can be considered :
· Alt 1: the UE selects at most two PUCCH resources with the highest priority UCI, 
· UCI priority order can be : HARQ-ACK>SR>P-CSI>-SP-CSI
· If two non-overlapping PUCCH resources are selected, they include at least one with PUCCH format 2.
· Alt 2: the UE selects at most two PUCCH resources with the earliest starting symbol, 
· If two non-overlapping PUCCH resources are selected, they include at least one with PUCCH format 2.
· Alt 3: if there is one HARQ-ACK PUCCH in response to a PDSCH reception with a corresponding PDCCH, the UE multiplexes all the UCI in this slot to only one PUCCH determined based on total UCI bits and PRI value. Otherwise, alt 1 or alt 2 can be considered.
Alt 1 is similar to that of multiple non-overlapping CSI PUCCH within one slot which can gurantee the highest priority UCI (especially HARQ-ACK and SR) can be transmitted. 
Alt 2 is simple but seems to be inappropriate in some case. For example, considering two CSI PUCCHs with earlist starting symbol while HARQ-ACK PUCCH in the end of the slot, gNB maybe more desirable to receive dynamic scheduled HARQ-ACK PUCCH rather than periodic CSI reports. 
Alt 3 can gurantee all the UCI to the transmitted if the configured PRB resources is permitted when there is a dynamic scheduled HARQ-ACK PUCCH, but it may increase the latency in the case that short SR PUCCH in the starting of the slot but the determined PUCCH in the end of the slot or with a very long duration. From the analysis above we think that alt 1 is prefered.
Proposal 1 : if a UE is configured with more than two non-overlapping PUCCH including at least HARQ-ACK/SR in a slot, the UE selects at most two PUCCH resources with the highest priority UCI.
· UCI priority order can be : HARQ-ACK>SR>P-CSI>-SP-CSI
· If two non-overlapping PUCCH resources are selected, they include at least one with PUCCH format 2.

4. Remaining issues on multi-slot PUCCH
When it comes to multi-slot PUCCH repetition, it was discussed online whether to support multi-slot only for HARQ-ACK last meeting but no consensus reached. In the current TS 38.331, multi-slot PUCCH repetition is configured per format via IE PUCCH-FormatConfig, that means these parameters that are common for all PUCCH resources which are configured as PUCCH format 1/3/4 (Note : format 0 and 2 don’t support PUCCH repetition). Therefore, for the current NR specification, multi-slot PUCCH repetiton is supported for all kinds of UCI. According to this, some issues are provided for multi-slot PUCCH as follows.
a) Collision between single-slot PUCCH and multi-slot PUCCH
Currently, we have agreed lots of multiplexing rules for different uplink channels overlapping scenarios such as single-slot PUCCH and single/multi-slot PUSCH. Nevertheless, there was no discussion about the collision between single-slot PUCCH and mulit-slot PUCCH. In our view, we can consider this collision from the following subcases.
1) Both single-slot and multi-slot PUCCH are grant based
a) It was agreed at last meeting that UE is not expected to transmit more than one PUCCH with HARQ-ACK in a slot at least for Dec. 2017 drop, so the collision may occur when single-slot PUCCH overlaps with multi-slot PUCCH during the repetition of multi-slot PUCCH. For simplicity, this case can be avoided by gNB’s scheduling. Otherwise, the later scheduled, i.e. single-slot PUCCH should take priority if timeline requirement is satisfied.
2) Single-slot PUCCH is grant based transmission and multi-slot PUCCH is configred transmission
a) Since grant based transmission takes higher priority than configured transmission accroding to agreements in group common PDCCH session. Therefore when single-slot PUCCH and multi-slot PUCCH are collided, UE should transmit single-slot PUCCH and drop multi-slot PUCCH in that slot if timeline requirement is satisfied. One remaining question is that whether UE should postpone multi-slot or cancel PUCCH from the overlapped slot. 
3) Single-slot PUCCH is configured transmission and multi-slot PUCCH is grant based transmission
a) Accroding to agreements in group common PDCCH session, UE should drop single-slot PUCCH and transmit multi-slot PUCCH. The main concern of this processing is if single-slot PUCCH such as PUCCH format 0/1 carrying SR, it may increase the lantency in some sense.
4) Both single-slot and multi-slot PUCCH are configured transmission
a) This case can happen between different CSI reports with different PUCCH format, or HARQ-ACK for SPS PDCCH and CSI/SR, or CSI and SR. In our view, UE should transmit PUCCH with higher priority UCI. The UCI order can be  SR> SPS HARQ-ACK>P-CSI>SP-CSI.
Proposal 2 : if multi-slot PUCCH is suported for all kinds of UCI, we should consider the collison between single-slot PUCCH and multi-slot PUCCH.
b) Collision between multi-slot PUCCH and multi-slot PUCCH
If multi-slot PUCCH repetition is supported for CSI reports, it’s possible that one CSI report collides with another CSI report during the first CSI report transmission across multiple slots. So we need to consider how to handle the collision  between two multi-slot PUCCHs.
For dynamically scheduled PUCCH, it was agreed in the group common PDCCH session that grant based PUCCH take priority over configured PUCCH. But for two configured multi-slot PUCCHs, in our view, thanks to the characteristic of polar code, it’s meaningless to multiplex two overlapped PUCCCH into one PUCCH if these two PUCCH have different start slot or repetiton number. In other words, when two multi-slot PUCCH overlap, if they have different start slot or repetiton number, UE can only choose to transmit one PUCCH and corresponding UCI. In addition, UE should canncel the overlapped PUCCH without deferral to avoid iterative overlapping. UE can select and transmit PUCCH according the following alternatives.
Alt 1 : UE transmits the PUCCH with earliest start slot and its corresponding UCI if timeline requirement is satisfied.
Alt 2 : UE transmits the PUCCH with the highest priority UCI if timeline requirement is satisfied
Alt 3 : if the two PUCCHs have same start slot and repetition number, UE multiplexes these two PUCCHs into one PUCCH resource using the already agreed multiplexing rule. Otherwise, UE selects and transmits one PUCCH based on alt 1 or alt 2.
Alt 1 is the most straightforward and simplest solution which can avoid the interruption of multi-slot PUCCH repetition transmission. By contrast, alt 2 is beneficial to provide sufficient protection of higher priority UCI in the case that the later PUCCH with higher priority. Alt 3 tries to merge and transmit multiple overlapped PUCCHs which can transmit different UCIs as many as possible. The major concern is the condition of this alternative, the possibility of two configured PUCCH with the same start slot and repetition number maybe very low. At this point, we propose
Proposal 3 :  when configured multi-slot PUCCH repetition overlap with configured multi-slot PUSCH repetition in time, 
· UE transmits the PUCCH with the highest priority UCI in the overlapped slots and drops the another PUCCH without deferral if timeline requirement is satisfied.
c) Collsion between multi-slot PUCCH and single/multi-slot PUSCH
Regarding the collsion between multi-slot PUCCH and single/multi-slot PUSCH, the follwing agreements were acheived in the last meeting.
Agreements[1]:
· At least for Dec drop, when multi-slot PUCCH repetition overlap with single/multi-slot PUSCH repetition in time, dropping PUSCH without deferral in overlapping slots if the timeline requirement within overlapping slots is met; otherwise; it is considered as the error case for overlapping slots
The main issue for the follow up design is that the agreement implies that irrelevant what kind of UCI carried on the PUCCH, UE select to drop PUSCH and transmit PUCCH in the case multi-slot PUCCH overlap with PUSCH. However, in our view, it seems unreasonable to drop PUSCH but to transmit multi-slot PUCCH carrying periodic CSI report. The usage case for multi-slot PUCCH mainly for power-limited or cell-edge UEs where periodic CSI report maybe useless because gNB can schedule PUSCH with lowest MCS and code rate. On the other hand, drop PUSCH will impact the gNB’s scheduling significantly and decrease the uplink throughput. Thus, we make the following proposal. 
Proposal 4: when multi-slot PUCCH repetition overlap with single/multi-slot PUSCH repetition in time, 
· If the PUCCH carrying HARQ-ACK, UE drops PUSCH without deferral in overlapping slots if the timeline requirement within overlapping slots is met; otherwise; it is considered as the error case for overlapping slots.
· Otherwise, UE drops PUCCH without deferral in overlapping slots if the timeline requirement within overlapping slots is met; otherwise; it is considered as the error case for overlapping slots

5. Conclusion
In this contribution, some remaining issues are discussed including
· One SR collides with two non-overlapping CSI
· More than 2 non-overlapping PUCCH within one slot (At least includes PUCCH for ACK and SR)
· Remaining issues on multi-slot PUCCH
And it is proposed that
Proposal 1 : if a UE is configured with more than two non-overlapping PUCCH including at least HARQ-ACK/SR in a slot, the UE selects at most two PUCCH resources with the highest priority UCI.
· UCI priority order can be : HARQ-ACK>SR>P-CSI>-SP-CSI
· If two non-overlapping PUCCH resources are selected, they include at least one with PUCCH format 2.
Proposal 2 : if multi-slot PUCCH is suported for all kinds of UCI, we should consider the collison between single-slot PUCCH and multi-slot PUCCH.
Proposal 3 :  when configured multi-slot PUCCH repetition overlap with configured multi-slot PUSCH repetition in time, 
· UE transmits the PUCCH with the highest priority UCI in the overlapped slots and drops the another PUCCH without deferral if timeline requirement is satisfied..
Proposal 4: when multi-slot PUCCH repetition overlap with single/multi-slot PUSCH repetition in time, 
· If the PUCCH carrying HARQ-ACK, UE drops PUSCH without deferral in overlapping slots if the timeline requirement within overlapping slots is met; otherwise; it is considered as the error case for overlapping slots.
· Otherwise, UE drops PUCCH without deferral in overlapping slots if the timeline requirement within overlapping slots is met; otherwise; it is considered as the error case for overlapping slots
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