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1  Introduction
During RAN plenary #78, the release 15 NR specifications were approved. Furthermore, it was agreed that during the first quarter of 2018, RAN1 will continue to focus on the stabilizing of the basic and essential functionalities within the scope of the December drop. 
Significant progress has been made on the short PUCCH in the previous RAN1 meetings. In this contribution we address partially overlapping short PUCCH allocations as well as remaining details on SR and CSI multiplexing. The cases with partially overlapping long PUCCH allocation are discussed in [2] 
2  Discussion 
2.1  Partially overlapping short PUCCH allocations
In RAN1#91 [1], the following agreement was reached: 
Agreements:
· When the transmission of HARQ-ACK bits with PUCCH format 2 or 3 or 4 coincides with a SR opportunity, a bit presenting the state of the SR being absent or present, is appended to the end of HARQ-ACK bits to form the UCI bits.
· FFS: How to distinguish which SR configuration is prioritized for transmission in case of multiple SR configurations in the same occasion.
· Note: when two transmissions coincide, it means they have same starting symbol and duration.
· FFS when PUCCH transmission of SR and HARQ-ACK bits partially overlap in time
This agreement covers the case when PUCCH transmission for SR and HARQ-ACK completely overlap, i.e. they have the same starting symbol and the same duration. It leaves the cases when PUCCH transmission for SR and HARQ-ACK partially overlap open for further studies. 
One of the cases to consider is a situation where HARQ-ACK and/or CSI reporting use 2-symbol PUCCH format 2 while a 1-symbol short PUCCH is configured for SR. The PUCCH resources may partially overlap with different starting symbol. There are several solutions to consider:
1. Delay the SR transmission to the next SR opportunity. This increases latency, making this solution not ideal especially for URLLC type traffic.
2. Drop the HARQ-ACK and/or CSI. This also leads to an increased latency as it leads to the retransmission of the PDSCH in case of HARQ-ACK, or reduced throughput in case of CSI. 
3. SR bit is multiplexed with HARQ-ACK and/or CSI bits and is transmitted on PUCCH format 2 resource. There is no latency penalty for SR, HARQ-ACK or CSI.
Of the three solutions presented above, solution 3 is most attractive from the viewpoints of latency and link performance.
Proposal #1: When UCI transmission using PUCCH format 2 partially overlaps in time with K occasions for SR transmission each configured to use PUCCH format 0, X bits representing the corresponding SR transmission occasion and the SR value are appended to the UCI bits.   
2.2  Overlapping PUCCH format 0 allocations for SR and HARQ-ACK
In RAN1 AH 1801 [3], the following agreement was made on SR multiplexing on PUCCH formats 2, 3 and 4: 
Agreements:
· If a UCI transmission on a PUCCH form a UE using format 2 or 3 or 4 overlaps in time with K PUCCH resources, each configured for a SR, X bits are used to represent a SR being indicated by the UE and appended to the end of the end of HARQ-ACK followed by CSI.
· Note: X is used to indicated both the presence or absence of SR and which of the K configured SR is embedded.
· FFS : X=ceil(log2(K+1))
· FFS PUCCH formats 0 & 1
The agreement considers the case when PUCCH format 2, 3 or 4 allocation overlaps in time with PUCCH resource allocations for K SR processes. However, it leaves open for further studies the case when PUCCH format 0 allocations for K SR processes overlap with a PUCCH format 0 allocation for HARQ feedback.
As PUCCH format 0 uses sequence selection, extending SR+ACK/NACK payload beyond one SR value would increase significantly the number of required sequences and, correspondingly, on amount of PUCCH resources consumed. Hence, only one value can be indicated for the K SR proceses. We see two options for the content of indicated value: 
1. The indicated value represents the SR of the highest priority SR process. This method can indicate whether SR is triggered by the highest priority SR process, but will delay SR transmission for all other SR processes. 
2. The indicated value represents the logical “OR” over all K SR processes. In other words, positive value is indicated if any of the SR processes has a positive SR. Transmission would use the HARQ-ACK/SR resources agreed earlier and, hence, would not increase the overhead. As a drawback, gNB cannot determine which of the SR processes triggered the transmission and adjust the UL scheduling accordingly. 
In our view, solution 2 is attractive as it provides low latency for all SR processes, not only to the highest priority process.
Proposal #2: When ACK/NACK transmission using PUCCH format 0 overlaps in time with K occasions for SR transmission each configured to use PUCCH format 0, logical “OR” over all K SR processes is indicated together with ACK/NACK on the HARQ-ACK/SR PUCCH format 0 resources.
[bookmark: _Hlk506297617]2.3  On HARQ-ACK and CSI multiplexing on PUCCH format 2
In RAN1 #91 [1], HARQ-ACK/SR and CSI report multiplexing on PUCCH format 2 was discussed, leading to the agreement: 
Agreements:
· For simultaneous transmission of HARQ-ACK/SR and CSI report with PUCCH Format 2
· The HARQ-ACK/SR and CSI bits are jointly encoded.
· The number of CSI bits from the CSI report that can be appended to the HARQ-ACK/SR bits is determined such that the UCI bits appended by CRC are encoded with a code rate that does not exceed the maximum configured code rate for PUCCH Format 2. 
· If the coding rate exceeds the maximum configured code rate for PUCCH Format 2, the UE drops the CSI bits using the same priority rules for CSI omission as for CSI on PUSCH.
The agreement considers the case when CSI report is configured to use PUCCH format 2. There is also the case that HARQ-ACK/SR with PUCCH format 2 resource allocation overlaps with CSI reporting using PUCCH format 3 or 4. This issue was discussed in RAN1 AH 1801 [3] with the discussion summarized in [4]. It was identified that agreements are needed on following aspects:
· Whether HARQ-ACK/SR and CSI are multiplexed together or one of them is dropped
· Which PUCCH resource to use if HARQ-ACK/SR and CSI are multiplexed 
· Encoding and RE mapping if HARQ-ACK/SR and CSI are multiplexed
We see that multiplexing of HARQ-ACK/SR and CSI should be supported also in this case, and that the used PUCCH resource is determined based on the same PUCCH resource indicator value as used for HARQ-ACK reporting. The potential change in CSI reporting time instant is not critical and there may be enough resources on selected PUCCH format 2 resource to carry both. Further, using PUCCH resource indicator associated with HARQ feedback helps gNB to identify the error case where UE has missed DL assignment and does not report any HARQ feedback. Multiplexing should be enabled/disabled according to the higher layer parameter on simultaneous HARQ-ACK/SR and CSI transmission on PUCCH format 2.  
During the design of CSI reports, it was seen that PUCCH format 3 and 4 are suited to support large CSI reports with considerable variation in CSI part 2 size. On other hand, CSI reports intended for PUCCH format 2 were designed to support joint encoding of CSI parts with no or only small variation on CSI part 2 size. This allows for the joint encoding of CSI and HARQ-ACK/SR on PUCCH format 2 that was agreed in RAN1#91. We see that the joint encoding approach can be followed also in this case. In other words, CSI part 2 is dropped when present and CSI part 1 bits are appended to the HARQ-ACK/SR bits as long as the maximum code rate configured for PUCCH format 2 is not exceeded.
UE may complete PDSCH processing so late that the UE has already started the CSI report transmission on long PUCCH before being aware of the overlapping PUCCH format 2 transmission. Based on the discussions in [2], our preference is that PUCCH format 2 transmission punctrures the long PUCCH transmission. This seems to have the least impact on overall system performance, as the reserved long PUCCH resources cannot be used for any other purpose. Continuing the long PUCCH transmission increases the probability that (in the case of dense DMRS) the gNB correctly decodes CSI report and obtains the CSI part 2 dropped from the PUCCH format 2 transmission.
Proposal #3: When HARQ-ACK/SR on PUCCH format 2 and CSI report on PUCCH format 3 or 4 partially overlap in time, 
· CSI part 1 bits are appended to the HARQ-ACK/SR bits as long as the maximum code rate configured for PUCCH format 2 is not exceeded.
· PUCCH format 2 resources indicated by PUCCH resource indicator are used for the joint transmission
· CSI part 2 is dropped from the joint transmission on PUCCH format 2 resources
· PUCCH format 2 transmission punctures the long PUCCH transmission if long PUCCH transmission carrying the CSI report is ongoing.
[bookmark: _Hlk492897650]3  Conclusions
[bookmark: _GoBack]In this contribution, we discussed the remaining open issues related to the short PUCCH. The following proposals were made: 
Proposal #1: If a UCI transmission using PUCCH format 2 partially overlaps in time with K occasions for SR transmission each configured to use PUCCH format 0, X bits representing the corresponding SR transmission occasion and the SR value are appended to the UCI bits.
Proposal #2: If ACK/NACK transmission using PUCCH format 0 overlaps in time with K occasions for SR transmission each configured to use PUCCH format 0, logical “OR” over all K SR processes is indicated together with ACK/NACK on the HARQ-ACK/SR PUCCH format 0 resources.   
Proposal #3: When HARQ-ACK/SR on PUCCH format 2 and CSI report on PUCCH format 3 or 4 partially overlap in time, 
· CSI part 1 bits are appended to the HARQ-ACK/SR bits as long as the maximum code rate configured for PUCCH format 2 is not exceeded.
· PUCCH format 2 resources indicated by PUCCH resource indicator are used for the joint transmission
· CSI part 2 is dropped from the joint transmission on PUCCH format 2 resources
· PUCCH format 2 transmission punctures the long PUCCH transmission if long PUCCH transmission carrying the CSI report is ongoing.
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