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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 stabilization of the basic and essential functionalities within the scope of the December drop.
Significant progress has been made on the PUCCH structure in long duration in the previous meetings, this is reflected in the specification. In this contribution, we address the remaining open points on long PUCCH. Specifically, we consider the following points:
· Handling multiplexing of partially overlapping UCI transmissions.
· Multiplexing of HARQ-ACK/CSI with multiple SR occasions
2 	Discussion
2.1	Simultaneous transmission of partially overlapping UCI on PUCCH 
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

In RAN1#AH1801 [2], the following proposal was discussed, and could be used as a starting point for further discussion in the next RAN1 meeting:
Proposals:
· In case the UE determines that AN/SR and CSI PUCCH resources are overlap in time and AN/SR and CSI are transmitted together on one PUCCH resource,
· the UE determines a PUCCH resource after determining a PUCCH resource set for a UCI size based on the number of AN/SR and CSI bits assuming a reference number of CSI bits.
· FFS whether to assume that CSI part 2 is always dropped.
· The PUCCH resource is selected from the PUCCH resources in the PUCCH resource set based on the same PUCCH resource indicator field in the DCI (or with additional implicit mapping if applicable) that was used to determine the PUCCH resource for only HARQ-ACK transmission.
· The AN corresponds to PDSCH scheduled by DCI.
· FFS on reference number of CSI bits
· FFS how to encode CSI and AN/SR
· FFS in case the UE determines that AN/SR and CSI are not transmitted together on one PUCCH resource

The agreement in RAN1#91, 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. However, it leaves open for further study, the case when PUCCH transmission for SR and HARQ-ACK partially overlap. In this section, we consider the case of two UCI transmissions on PUCCH that partially overlap. “Partially overlap” means that the PUCCH of each UCI starts on a different symbol within a slot and/or has different duration. There are two cases to consider:
Case 1: If the PUCCH of the first UCI transmission is a long PUCCH transmission (e.g. Format 1, 3 or 4), and the PUCCH of the other UCI transmission is a short PUCCH transmission (e.g. Format 0 or 2). At the start of the long PUCCH transmission, the presence of the short PUCCH transmission that will later overlap with the long PUCCH and/or the UCI payload carried by the short PUCCH might not be known. When the short PUCCH transmission occurs at a later symbol, while the long PUCCH transmission is still on going, there are several options to consider:
1. Delay the short PUCCH transmission after the end of the long PUCCH. This increases latency, making this solution not ideal especially for URLLC type traffic.
2. Dropping the short PUCCH transmission. This also leads to an increased latency as it leads to the retransmission of the PDSCH (in case of HARQ-ACK), or a transmission of the SR at a later SR opportunity, or not transmitting CSI which leads to a less accurate estimate at the base station of the UE’s CQI impacting DL transmissions. The increased latency makes this solution not ideal especially for URLLC type traffic.
3. The short PUCCH transmission punctures the long PUCCH transmission. There is no latency impact for short PUCCH, however, the puncturing of the long PUCCH transmission can lead to reduced reliability for long PUCCH. The network, in anticipation of potential puncturing of long PUCCH by short PUCCH, can use a less aggressive coding rate for the long PUCCH (if needed). After the long PUCCH transmission resumes, the channel might have changed due to changes in the UE’s filtering and power amplification. However, given that with PUCCH format 1 every other symbol is a DMRS symbol, and with PUCCH formats 3 and 4, there could be up to 4 DMRS symbols in a slot, it would be possible for the receiver to re-calculate the channel estimate after the long PUCCH transmission resumes.
4. The long PUCCH transmission starts until the start of the short PUCCH transmission, at which time the short PUCCH is transmitted and the transmission of the long PUCCH stops. This option has the drawback that as long PUCCH transmission is not resumed after the short PUCCH transmission has completed, there is a higher probability of error for the UCI on the long PUCCH.
5. Joint UCI transmission on the long PUCCH resource. This option suffers from two drawbacks; first at the start of the long PUCCH transmission, the UCI payload of the short PUCCH might not be known, it might not be even known whether that UCI will occur. Second, depending on the end of the long PUCCH and the short PUCCH, the availability of the UCI of the short PUCCH could be delayed which impacts the timeline of that UCI. This increases latency, making this solution not ideal especially for URLLC type traffic.
6. Join UCI transmission on the short PUCCH resource. This option suffers from two drawbacks; first, as in option 5, at the start of the long PUCCH transmission it might not be known whether a short PUCCH will occur later or not. Second, the short PUCCH will typically have less coverage and potentially less payload-carrying capability than then the long PUCCH.

Figure 1 is a diagram presenting these 6 options.


[bookmark: _Ref506309164]Figure 1: Partially overlapping UCI transmissions on long and short PUCCH.
Of the 6 options presented above, option 3 seems to have the least impact on latency and overall system performance. Furthermore, it is possible to combine option 3 with option 6 in the case of CSI transmission on long PUCCH that is punctured with HARQ-ACK transmission on short PUCCH. This is described in our companion contribution on short PUCCH [5]. The long PUCCH transmission contains CSI part 1 and CSI part 2, this is punctured by a short PUCCH transmission containing HARQ-ACK and CSI part 1. 
[bookmark: _Hlk506309271]Proposal 1: In case PUCCH transmissions of 2 UCIs that partially overlap in time, with one of these transmissions using long PUCCH (format 1, 3 or 4) and the other transmission using short PUCCH (format 0 or 2), the short PUCCH transmission punctures the long PUCCH transmission.
Proposal 2: In case a long PUCCH transmission carrying CSI (part 1 + part 2) on PUCCH format 3 or format 4 overlaps a short PUCCH transmission carrying HARQ-ACK on PUCCH format 2. The short PUCCH transmission punctures the long PUCCH transmission. Furthermore, CSI part 1 is multiplexed on the short PUCCH with HARQ-ACK.
Case 2: If both PUCCH transmissions are long PUCCH transmissions that partially overlap. There are several sub-cases to consider here:
· Case 2a: Both long PUCCH transmissions start at the same symbol, but have different durations. In this case, we can follow the multiplexing rules defined for the case of two fully overlapping long PUCCH transmissions. This is shown in Figure 2.
· Case 2b: Long PUCCH for HARQ-ACK and CSI start at different symbols. Both UCI transmissions are on PUCCH format 3 or format 4. In this case, we can follow the multiplexing rules defined for the case of two fully overlapping long PUCCH transmissions, using the HARQ-ACK resources. This is shown in Figure 3.
· Case 2c: Long PUCCH for SR and CSI start at different symbols. In this case, we can follow the multiplexing rules defined for the case of two fully overlapping long PUCCH transmissions, using the CSI resources. This is shown in Figure 4.
· Case 2d: Long PUCCH for SR and HARQ-ACK using PUCCH format 3 or format 4 start at different symbols. In this case, we can follow the multiplexing rules defined for the case of two fully overlapping long PUCCH transmissions, using the HARQ-ACK resources. This is shown in Figure 5.
· Case 2e: Long PUCCH for SR and HARQ-ACK using PUCCH format 1 start at different symbols (see Figure 6). 
· If the long PUCCH for SR starts before the long PUCCH for HARQ-ACK. The HARQ-ACK resource is used to transmit HARQ-ACK in case of negative SR. As the SR resource occurs earlier than the HARQ-ACK resource, it might not meet the HARQ-ACK timing. In this case, the SR is dropped.
· If the long PUCCH for SR starts after the long PUCCH transmission for HARQ-ACK. In this case, we can follow the multiplexing rules defined for the case of two fully overlapping long PUCCH transmissions. Note that, in case of PUCCH format 1, and positive SR, there might be a slight increase in latency if the SR resource ends after the HARQ-ACK resource.



[bookmark: _Ref506318286]Figure 2: Joint transmission of partially overlapping UCI on long PUCCH starting at the same symbol.


[bookmark: _Ref506318313]Figure 3: Joint transmission of partially overlapping HARQ-ACK and CSI on long PUCCH starting at different symbols.



[bookmark: _Ref506318338]Figure 4: Joint transmission of partially overlapping SR and CSI on long PUCCH starting at different symbols.



[bookmark: _Ref506318353]Figure 5: Joint transmission of partially overlapping HARQ-ACK on PUCCH format 3 or format 4 and SR on PUCCH format 1 starting at different symbols.



[bookmark: _Ref506318370]Figure 6: Joint transmission of partially overlapping HARQ-ACK on PUCCH format 1 and SR on PUCCH format 1 starting at different symbols.

[bookmark: _Hlk506318680]Proposal 3: In case of long PUCCH transmission for two UCI transmissions that partially overlap in time, follow the multiplexing rules defined for the case of two fully overlapping long PUCCH transmissions except for the following case: If the SR PUCCH format 1 transmission starts before the HARQ-ACK PUCCH format 1 transmission, in this case the SR is dropped.

2.2	Multiplexing of HARQ-ACK/CSI with multiple SR occasions
In RAN1 AH 1801 [2], the following agreement was made for 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 1 or 0 allocations for K SR processes overlap with a PUCCH format 1 allocation for HARQ feedback. Furthermore, the number of bits appended to PUCCH formats 2, 3 or 4 is FFS.
If a UCI transmission from a UE using PUCCH format 3 or format 4 overlaps with K SR occasions each using PUCCH format 1, there are K+1 states that the UE can indicate to the network. This includes K states of which SR occasion has a positive SR + 1 state if there is no positive SR. This information is conveyed to the network by adding X =  bits.
Proposal 4: If a UCI transmission from a UE using PUCCH format 3 or format 4 overlaps with K SR occasions each using PUCCH format 1, X bits are appended to the UCI payload, where X = .
If a UCI transmission from a UE using PUCCH format 1, 3 or 4 overlaps with K SR occasions each using PUCCH format 0 that are transmitted at different times, then as described in section 2.1, the SR on PUCCH format 0 punctures the long PUCCH transmission in case of positive SR using the resources allocated to SR. This case is shown in Figure 7. As discussed in section 2.1, joint transmission of UCI and SR configured with PUCCH format 0 on long PUCCH can increase the SR latency as the positive SR value may appear during the long PUCCH transmission. The increased SR latency makes the joint transmission on long PUCCH not ideal especially for URLLC type traffic.


[bookmark: _Ref506320904][bookmark: _GoBack]Figure 7: K SR occasions using PUCCH format 0 transmitted at different times overlapping with long PUCCH.
Proposal 5: If a UCI transmission from a UE using PUCCH format 1, 3 or 4 overlaps with K SR occasions each using PUCCH format 0 that are transmitted at different times, the SR on PUCCH format 0 punctures the long PUCCH transmission in case of positive SR.
If K SR occasions, each using PUCCH format 1, overlap with a short PUCCH transmission using PUCCH format 0 or PUCCH format 2, and in case of a positive SR on one of the K SR occasions, the SR resource associated with the positive SR is selected. The PUCCH format 0 or format 2 transmission punctures the SR transmission when it occurs.
Proposal 6: If K SR occasions, each using PUCCH format 1, overlap with a short PUCCH transmission using PUCCH format 0 or PUCCH format 2, and in case of a positive SR on one of the K SR occasions, the SR resource associated with the positive SR is selected. The PUCCH format 0 or format 2 transmission punctures the SR transmission when it occurs.
If a HARQ-ACK transmission from a UE using PUCCH format 1 overlaps with K SR occasions each using PUCCH format 1, in case of negative SR, the HARQ-ACK is transmitted on the HARQ-ACK resource. In case of positive SR, the HARQ-Ack is transmitted on the SR resource corresponding to the positive SR.
Proposal 7: If a HARQ-ACK transmission from a UE using PUCCH format 1 overlaps with K SR occasions each using PUCCH format 1, in case of negative SR, the HARQ-ACK is transmitted on the HARQ-ACK resource. In case of positive SR, the HARQ-Ack is transmitted on the SR resource corresponding to the positive SR.
3	Conclusion
In this contribution, we discussed the remaining open issues related to the structure of PUCCH in the long duration. The following proposals were made:
Proposal 1: In case PUCCH transmissions of 2 UCIs that partially overlap in time, with one of these transmissions using long PUCCH (format 1, 3 or 4) and the other transmission using short PUCCH (format 0 or 2), the short PUCCH transmission punctures the long PUCCH transmission.
Proposal 2: In case a long PUCCH transmission carrying CSI (part 1 + part 2) on PUCCH format 3 or format 4 overlaps a short PUCCH transmission carrying HARQ-ACK on PUCCH format 2. The short PUCCH transmission punctures the long PUCCH transmission. Furthermore, CSI part 1 is multiplexed on the short PUCCH with HARQ-ACK.
Proposal 3: In case of long PUCCH transmission for two UCI transmissions that partially overlap in time, follow the multiplexing rules defined for the case of two fully overlapping long PUCCH transmissions except for the following case: If the SR PUCCH format 1 transmission starts before the HARQ-ACK PUCCH format 1 transmission, in this case the SR is dropped.
Proposal 4: If a UCI transmission from a UE using PUCCH format 3 or format 4 overlaps with K SR occasions each using PUCCH format 1, X bits are appended to the UCI payload, where X = .
Proposal 5: If a UCI transmission from a UE using PUCCH format 1, 3 or 4 overlaps with K SR occasions each using PUCCH format 0 that are transmitted at different times, the SR on PUCCH format 0 punctures the long PUCCH transmission in case of positive SR.
Proposal 6: If K SR occasions, each using PUCCH format 1, overlap with a short PUCCH transmission using PUCCH format 0 or PUCCH format 2, and in case of a positive SR on one of the K SR occasions, the SR resource associated with the positive SR is selected. The PUCCH format 0 or format 2 transmission punctures the SR transmission when it occurs.
Proposal 7: If a HARQ-ACK transmission from a UE using PUCCH format 1 overlaps with K SR occasions each using PUCCH format 1, in case of negative SR, the HARQ-ACK is transmitted on the HARQ-ACK resource. In case of positive SR, the HARQ-Ack is transmitted on the SR resource corresponding to the positive SR.
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