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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the contribution, we provide our view on some remaining issues for long PUCCH, including:
· Clarification for assumption on CSI part 2
· Assumption on CSI part 2 for multi-CSI reports
· Partial overlapping of single-slot PUCCH and multi-slot PUSCH with different start symbols
· Collision of long PUCCH repetition with other transmissions
2. Discussion
Clarification for assumption on CSI part 2
Regarding the multiplexing of AN/SR and CSI with the same starting symbol, the following agreements were acheived at RAN 1#92 meeting.
Agreements [1]:
· When AN/SR and CSI PUCCH resources have the same starting symbols, one PUCCH resource is used for transmission of AN/SR and CSI.
· If the UE is configured with more than one PUCCH resource sets, the PUCCH resource set is determined based on the total number of AN/SR and CSI. The PUCCH resource is determined based on ARI.
· FFS on UE assumption on the CSI part 2 is present
· FFS if/how to multiplex CSI and AN/SR in case PUCCH format indicated by ARI for AN/SR and CSI is different from the configured PUCCH format for CSI.
· If the UE is configured with only one PUCCH resource set,
· FSS how to determine the PUCCH resource for transmission of UCI
Then for the assumption on the CSI part 2, the following agreements were acheived at RAN 1#92bis meeting.
Agreements [2]:
· When AN/SR and SP-CSI PUCCH resources have the same starting symbol, multiplexing AN/SR and SP-CSI on a PUCCH resource. The reference payload for CSI part 2 is based on assuming by rank 1. 
It was agreed that the reference payload for CSI part 2 to determine the used PUCCH resource set is based on assuming by rank 1. Note that the number of PRBs configured for each PUCCH resource is the maximum number of PRBs UE can be used, and the truly used to transmit UCI is based on the total UCI bits, that is, the number of RBs is determined as the minimum one in the indicated PUCCH resource that achieves a UCI code rate smaller than or equal to the configured code rate. Thus, to avoid the ambiguity in the number of PRBs used to transmit the PUCCH between gNB and UE, a reference CSI part 2 payload is also needed. 
Similarly, when SP-CSI only on PUCCH, if CSI part 2 is present, it also has the ambiguity in the number of PRBs used to transmit the PUCCH between gNB and UE. Therefore, we propose
Proposal 1: For CSI multiplexing in a PUCCH resource indicated for HARQ-ACK, the CSI part 2 payload (if any) for determining the number of PRBs of the PUCCH resource is based on assuming by rank 1.
Proposal 2: For SP-CSI in a configured CSI PUCCH, the CSI part 2 payload (if any) for determining the number of PRBs of the PUCCH resource is based on assuming by rank 1.
Assumption on CSI part 2 for multi-CSI reports
As discussed above, for single CSI report, rank 1 is used to determine the reference payload of CSI part 2. For multi-CSI report, some agreements were achieved at MIMO session at RAN 1#92 meeting [1].
[bookmark: OLE_LINK4]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 
Agreement (RRC parameter update):
· At most J=2 multi-CSI PUCCH resource can be configured to the UE per UL BWP

Agreement:
· When multiple PUCCH-based CSI reports collide with HARQ-ACK/SR
· The colliding CSI reports are first managed according to the CSI only collision mechanism, (potentially multiplexing CSI reports on a multi-CSI PUCCH resource and applying associated dropping rules) outputting a single PUCCH resource carrying one or more CSI reports
· In the second step, collision between the CSI PUCCH resource and HARQ-ACK/SR collision is managed and CSI dropping/omission rules for PUSCH is applied
First of all, when multiple CSI reports collide, if J>=1 multi-CSI PUCCH resources are configured, 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 is chosen. If some of the colliding CSI reports has CSI part 2, the gNB cannot know which of the J multi-CSI PUCCH resources are used or how many PRBs are actually used due to the ambiguity in the payload of CSI part 2. Thus, we need to define a reference payload of CSI part 2 for multi-CSI reports. For simplicity, we can extend the method for single-CSI report to multi-CSI reports, the reference payload for CSI part 2 of each CSI report is based on assuming by rank 1, that is, when N CSI reports collide, the total reference payload for CSI part 2 is equal to {Nref1+ Nref2+…+ NrefN}, in which Nrefi denotes the reference payload for CSI part 2 based on assuming by rank 1 for CSI report i.
Then, when multiple PUCCH-based CSI reports collide with HARQ-ACK/SR, if J>=1 multi-CSI PUCCH resources are configured, multi-CSI reports will be multiplexing with AN/SR using the PUCCH resource determined by total CSI and AN/SR and ARI. The reference payload for multiple CSI part 2 to determine the PUCCH resource set and the number of PRBs within a PUCCH resource can be used the same method as mentioned above for multi-CSI reports.
Proposal 3: For multi-CSI report in multi-CSI PUCCH resource, the reference CSI part 2 payload (if any) for determining the multi-CSI PUCCH resource, the number of PRBs of the PUCCH resource, is based on assuming by rank 1 for each CSI report. 
· The total reference payload for CSI part 2 is equal to {Nref1+ Nref2+…+ NrefN}, in which Nrefi denotes the reference payload for CSI part 2 based on assuming by rank 1 for CSI report i.
Proposal 4: When multiple PUCCH-based CSI reports collide with HARQ-ACK/SR, the reference CSI part 2 payload (if any) for determining the PUCCH resource set, the number of PRBs of the PUCCH resource, is based on assuming by rank 1 for each CSI report.
· The total reference payload for CSI part 2 is equal to {Nref1+ Nref2+…+ NrefN}, in which Nrefi denotes the reference payload for CSI part 2 based on assuming by rank 1 for CSI report i.

Partial overlapping of single-slot PUCCH and multi-slot PUSCH with different start symbols
Regarding overlapping of PUCCH and PUSCH, some agreements were achieved at last meeting as following:
Agreements:
· When a single slot PUCCH overlap with a single slot PUSCH with the same starting symbol and with different ending symbols, PUCCH is not transmitted and UCI is piggybacked on PUSCH using the same multiplexing rules defined in 38.212 for fully overlapped PUCCH and PUSCH. 
· FFS: overlap for multiple slot transmissions.
Agreements:
· In case a single slot PUCCH overlap with a multi-slot PUSCH transmission 
· If the starting symbol of PUCCH and PUSCH are aligned in a slot, piggyback UCI on PUSCH in that slot using the same multiplexing rules defined in 38.212 for fully overlapped PUCCH and PUSCH and drop PUCCH transmission

In case a single slot PUCCH overlap with multi-slot PUSCH transmission, there was an intense offline discussion specifically for PUCCH and PUSCH have different starting symbols.
Some companies claimed that the processing timeline is important, i.e., the ongoing transmission is not expected to be interrupted/cancelled. Based on such principle, it is expected that earlier transmission has higher priority than late transmission. Therefore, if starting symbol of PUCCH is earlier than PUSCH, PUSCH should be cancelled or postponed. If PUSCH is cancelled, then the performance of multi-slot PUSCH is impacted. If PUSCH is postponed, then further rules need to be defined, e.g., what if the postponed PUSCH collided with another PUCCH/PUSCH. 
Therefore, considering the limited timeline for NR Release 15, it is preferred that UE is not expected to be scheduled a single slot PUCCH overlap with a multi-slot PUSCH transmission with different starting symbols.
Proposal 5: it is proposed that UE is not expected to be scheduled a single slot PUCCH overlap with a multi-slot PUSCH transmission with different starting symbols. 

Besides, the collision between long PUCCH repetitions and other transmission need to be decided.
Collision with other transmission PUSCH or SRS during long PUCCH repetition transmission
In LTE, other uplink transmissions, such as SRS or PUSCH, are dropped during the transmission of HARQ-ACK repetition. This is desirable because the HARQ-ACK repetition is intended for the coverage limited UE for which simultaneously transmissions are likely unreliable or even impossible. 
It seems reasonable to reuse such behavior in NR. One may argue that in the case of long PUCCH colliding with URLLC transmission, the later should be prioritized. However, it is questionable whether the URLLC transmission can be reliably transmitted with required PSD for the power limited UE. If indeed necessary, further enhancement is probably needed to enable such transmission, which may not be in the Release-15 timeline. 
[bookmark: _Ref481592423]Proposal 6: UE shall drop other uplink physical signals or channels during long PUCCH repetition transmission. 

(Partially) overlapping of different type of long PUCCH repetitions
On the other hand, it is possible that different type of long PUCCH repetitions are partially overlapping in some slots. In principle, there are two alternatives for this issue:
· Alt.1: Simply drop the other PUCCH transmissions at the duration of an on-going long PUCCH transmission.
· Alt.2: Multiplex the other PUCCH transmissions together with the on-going long PUCCH transmission.
Alt.2 would complicate the design. Moreover, it may not be robust enough to decode both PUCCH transmissions after multiplexing. Finally, such collision can simply be avoided by the gNB scheduler. Therefore, Alt.1 is preferred.
[bookmark: _Ref503552011]Proposal 7: UE shall drop other UCI transmissions (Partially) overlapping with an on-going PUCCH repetition transmission. 
3. Conclusion
In the contribution, we discuss some detailed issues on supporting long PUCCH over multiple slots. Based on the discussion, we propose that,
Proposal 1: For CSI multiplexing in a PUCCH resource indicated for HARQ-ACK, the CSI part 2 payload (if any) for determining the number of PRBs of the PUCCH resource is based on assuming by rank 1.
Proposal 2: For SP-CSI in a configured CSI PUCCH, the CSI part 2 payload (if any) for determining the number of PRBs of the PUCCH resource is based on assuming by rank 1.
Proposal 3: For multi-CSI report in multi-CSI PUCCH resource, the reference CSI part 2 payload (if any) for determining the multi-CSI PUCCH resource, the number of PRBs of the PUCCH resource, the PUCCH resource set, is based on assuming by rank 1 for each CSI report. 
· The total reference payload for CSI part 2 is equal to {Nref1+ Nref2+…+ NrefN}, in which Nrefi denotes the reference payload for CSI part 2 based on assuming by rank 1 for CSI report i.
Proposal 4: When multiple PUCCH-based CSI reports collide with HARQ-ACK/SR, the reference CSI part 2 payload (if any) for determining the PUCCH resource set, the number of PRBs of the PUCCH resource, is based on assuming by rank 1 for each CSI report.
· The total reference payload for CSI part 2 is equal to {Nref1+ Nref2+…+ NrefN}, in which Nrefi denotes the reference payload for CSI part 2 based on assuming by rank 1 for CSI report i.
Proposal 5: it is proposed that UE is not expected to be scheduled a single slot PUCCH overlap with a multi-slot PUSCH transmission with different starting symbols. 
Proposal 6: UE shall drop other uplink physical signals or channels during long PUCCH repetition transmission. 
Proposal 7: UE shall drop other UCI transmissions (Partially) overlapping with an on-going PUCCH repetition transmission. 
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