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1. Introduction
The first 5G NR specifications TS38.211, TS38.212, TS38.213, and TS38.214 were approved in RAN plenary meeting, and those specifications have been updated after NR-AH-1801 meeting [1 – 4]. In this contribution, we discuss remaining issues related to long-duration PUCCH for more than 2 UCI bits, i.e., PUCCH format 3 and 4, that need clarifications or corrections.

2. Multiplexing of HARQ-ACK/SR and CSI on PUCCH format 2/3/4
2.1	Determination of PUCCH resource (set) and number of PRBs for CSI report on PUCCH format 3/4
Regarding determination of PUCCH resource and number of PRBs in the PUCCH resource for CSI report on PUCCH format 3/4, the relevant UE behaviours are specified in the current TS38.213 [3] according to UCI combination on PUCCH as the followings. 
(1) Case 1: CSI + HARQ-ACK on PUCCH format 3/4 configured for HARQ-ACK
A. Step 1: select PUCCH resource set according to total UCI size (Nu)
B. Step 2: determine the number of PRBs in the PUCCH resource (indicated by PUCCH resource indicator or ARI) according to the combination of Nu and the maximum UCI coding rate (R)
(2) Case 2: CSI + HARQ-ACK on PUCCH format 3/4 configured for CSI report
A. Step 1: select one of multiple PUCCH resources according to the combination of Nu and R
B. Step 2: determine the number of PRBs in the selected PUCCH resource according to the combination of Nu and R

Besides, according to the current version of TS38.212 [2], the followings are specified for UCI encoding and RE mapping on PUCCH format 3/4.
1) CSI part 1 and HARQ-ACK are jointly encoded, and {CSI part 1+HARQ-ACK} and CSI part 2 are separately encoded
2) Coded bits for {CSI part 1+HARQ-ACK} are mapped first to the symbols/REs adjacent to DMRS, and then coded bits for CSI part 2 are mapped to the remaining REs

However, considering potential variation on the number of CSI part 2 bits, the above procedure seems to cause excessive (or unnecessary) PUCCH resource overhead (to be reserved considering the variation of CSI part 2) and make PUCCH blind detection complicated in the gNB. More specifically, the PUCCH resource set in Case 1 or the PUCCH resource in Case 2 selected by the UE would be different according to the number of CSI part 2 bits, and the gNB would need to reserve multiple PUCCH resources or resource sets and perform blind detection for those resources or sets. Considering efficient resource utilization and gNB detection complexity, it is reasonable to select PUCCH resource or set based on a reference (fixed) number of CSI part 2 bits rather than actual number of CSI part 2 bits. 

Proposal 1: PUCCH resource (set) selection and determination of PRB number for UCI transmission on PUCCH format 3/4 is done based on a reference (fixed) number of CSI part 2 bits rather than actual number of CSI part 2 bits.

As for the reference number of CSI part 2 bits, we can consider maximum, minimum, or average number of CSI part 2 bits. Based on the report setting configured to a UE by gNB, the maximum and minimum number of CSI part 2 bits for the UE can be determined without ambiguity for both the UE and the gNB. The average number of CSI 2 bits can be either the average value of the minimum and maximum numbers of CSI part 2 bits for simplicity or the average value of all the possible numbers of CSI part 2 bits. Or the reference number can be based on the assumption of rank = 1, which provides a large enough number of CSI part 2 bits in most cases. Based on the fact that the expected number of HARQ-ACK bits are different for case 1) and case 2), different reference numbers of CSI part 2 bits can be used for PUCCH resource selection in each case. For the case 1) where HARQ-ACK payload bits can be large considering carrier aggregation, downlink heavy TDD configuration, and CBG based HARQ-ACK transmission, the minimum number of CSI part 2 bits can be used to select the PUCCH resource set and the number of PRBs for PUCCH transmission. For case 2), on the other hand, the expected HARQ-ACK payload bits are small and therefore we can use the maximum number of CSI part 2 bits for PUCCH resource and RB determination.

Proposal 2: The reference numbers of CSI part 2 bits for PUCCH resource (set) and RB determination are set differently based on the expected HARQ-ACK payload bits as follows:
1) Possible minimum number of CSI part 2 bits in case of HARQ-ACK/SR and CSI on PUCCH format 3 and 4 configured for HARQ-ACK
2) Possible maximum number of CSI part 2 bits in case of HARQ-ACK/SR and CSI on PUCCH format 3 and 4 configured for CSI reporting

2.2	Determination of a PUCCH resource when multiple PUCCH resources are configured for multiple CSI reports 
According to the agreement in NR-AH-1801 meeting, one or multiple PUCCH resources per UL BWP for carrying multiple CSI reports can be configured to a UE. The underlying principle of choosing one PUCCH resource out of multiple configured PUCCH resources is to select the PUCCH resource providing the smallest number of REs yet larger than the required REs for carrying CSI reports. Considering the case where two PUCCH resources can have the same number of REs are not prohibited, a tie-breaking rule needs to be developed. There are two cases where different PUCCH resources can bear the same number of REs. Case A) is two different PUCCH formats of different maximum code rates and case B) is two different PUCCH formats of the same maximum code rates. For case A), the PUCCH format with the higher maximum code rate can be prioritized for efficiency because more CSI payload bits can be transmitted on the same number of REs. From the opposite point of view, it can be considered to prioritize the PUCCH resource with the lower code rate for example based on the reasoning that better protection is usually intended for more important or urgent data. However, if we can assume that all of the configured PUCCH resources meet the target performance requirement anyway, then we tend to prefer to prioritize the PUCCH resource with the higher code rate to carry more CSI payload bits. For case B), PUCCH with the short duration can be prioritized in favour of short latency. 
If multiple PUCCH resources of potentially different PUCCH formats are configured and the UE has to select one of them, an alternative principle to choose one of the PUCCH resource among multiple configured PUCCH resources is to select the PUCCH resource providing the smallest number of maximum UCI payload bits (NRERQm, where NRE is the number of PUCCH REs for UCI transmission, R is the configured maximum code rate and Qm is the modulation order) supported by the PUCCH resource yet larger than the required UCI payload bits for carrying multiple CSI reports. The tie-breaking rule in this case is to choose the PUCCH format with the higher maximum code rate for efficiency because the smaller number of REs are occupied for the same CSI payload bits. If the configured maximum code rates of two different PUCCH formats are same, the PUCCH resource having the PUCCH format with the short duration can be prioritized in favour of short latency. For applications where the low latency is of top priority, prioritizing the PUCCH format with shorter duration over that of the higher maximum code rate can also be considered. 

Proposal 3: When UE is configured with multiple PUCCH resources for carrying multiple CSI reports, UE determines one PUCCH resource among multiple configured PUCCH resources based on the maximum UCI payload bits supported by the PUCCH resource.

Proposal 4: If the supportable maximum UCI payload size of different PUCCH resources configured for carrying multiple CSI reports are the same, the PUCCH is selected based on the following priority order:
1) PUCCH resource with the higher maximum code rate (R)
2) PUCCH resource having the PUCCH format with shorter duration (if the configured maximum code rates are the same)

2.3	Multiplexing of HARQ-ACK/SR and two-part CSI on PUCCH format 2 configured for HARQ-ACK
The current specification TS38.213 [3] tells us if a UE has periodic/semi-persistent CSI reports to transmit in a PUCCH and the UE determines a PUCCH format 2 to transmit HARQ-ACK/SR and PUCCH-F2-simultaneous-HARQ-ACK-CSI = TRUE, UE shall transmit the HARQ-ACK/SR and periodic/semi-persistent CSI bits using PUCCH format 2. If the periodic/semi-persistent CSI reports configured with the PUCCH format 2 is multiplexed with HARQ-ACK/SR bits using PUCCH format 2 indicated by a PUCCH resource indicator, there is only one CSI part and therefore the PUCCH resource set is determined based on the total UCI bits which is HARQ-ACK/SR bits + CSI bits. 
However, for the case where the periodic/semi-persistent CSI reports to be multiplexed with the HARQ-ACK/SR bits are configured with PUCCH format 3 or 4 and therefore CSI reports are divided into two parts which are called CSI part 1 and CSI part 2, the UE behaviour for determining a PUCCH resource set and the number of PRBs for actual UCI transmission is not clear. If the scenario (i.e., multiplexing of HARQ-ACK/SR and two-part CSI on PUCCH format 2 using HARQ-ACK resource) is mainly for the case where the gNB intentionally configures a short-duration PUCCH, i.e., PUCCH format 2, in favour of short latency of HARQ-ACK/SR bits, because the latency requirement of HARQ-ACK/SR bits should not be dependent on the amount of CSI bits, the gNB in this case is likely to configure short-duration PUCCHs for all resources indicated by the PUCCH resource indicator across all resource sets. That is UE does not expect PUCCH format 3 or 4 if at least one PUCCH format 2 exists within the PUCCH resources indicated by the PUCCH resource indicator. In this case, the following UE behaviour can be considered.
1) If all the HARQ-ACK resources indicated by the PUCCH resource indicator are configured with PUCCH format 2 only,
A. UE determines one PUCCH resource set based on 
Alt 1) HARQ-ACK/SR + CSI part 1 bits, i.e., assuming reference CSI part 2 bits = 0. 
Alt 2) HARQ-ACK/SR bits only.
B. UE determines the PUCCH resource indicated by PUCCH resource indicator.
C. UE determines the number of PRBs for the actual transmission of HARQ-ACK/SR and CSI part 1 bits (Alt 1) or HARQ-ACK/SR (Alt 2).
2) Else if there exists at least one PUCCH format 2 among HARQ-ACK resources indicated by the PUCCH resource indicator,
A. UE determines one PUCCH resource set based on HARQ-ACK/SR + CSI part 1 bits + CSI part 2 bits.
B. If the PUCCH resource indicated by PUCCH resource indicator is PUCCH format 3 or 4, UE transmits HARQ-ACK/SR + CSI part 1 bits + CSI part 2 bits according to the procedure described in 9.2.5.2 in [3].
C. Else if the PUCCH resource indicated by PUCCH resource indicator is PUCCH format 2, UE transmits one of the following combinations of UCI bits on the selected PUCCH format 2:
Alt.1) HARQ-ACK/SR + CSI part 1 bits
Alt.2) HARQ-ACK/SR bits 
In our view, there are many uncertainties (e.g., the main use case, required payload size of each part of the two-part CSI reports, etc.) that require clarifications before we discuss which solution is more suitable in which aspects. Therefore, we slightly prefer Alt 2) for now in favour of simplicity and minimal impact on the specification. 
3. Others
The pi/2-BPSK which is a low-PAPR modulation scheme can be configured for PUCCH format 3 and 4. It was pointed out during NR-AH-1801 offline discussion that the PAPR can be increased when the pi/2-BPSK is configured for PUCCH format 4 with , where  is the spreading factor (or the OCC multiplexing capacity) for PUCCH format 4. The reason for the increase of the PAPR can be ascribed to the reoccurrence of the 180° phase changes that happen at the boundaries of repetition of UCI bits if the number of UCI bits for repetition are odd numbers which is the case for OCC multiplexing capacity of 4. The increase of PAPR happens only for the OCC sequences with the OCC index n=0 and 2, because for n=1 and 3 the OCC sequence changes the phase of the UCI by 90° per every repetition so as to limit the phase changes at the boundaries of UCI repetitions to 90°. As a proposed solution, different OCC sequences for n=0 and 2 were proposed in NR-AH-1801 meeting. Basically, in our opinion this is an optimization issue primarily on the power limited case and therefore the inclusion of the solution is not essential for Rel.15. If the solution is to be sought within Rel.15, our preferred solution for this optimization would be to leave the DFT based OCC sequence intact and add a pre-processing to the pi/2-BPSK based UCI sequences to smoothing the phase changes at the boundaries. An example of the pre-processing would be a linear phase ramping applied to the pi/2-BPSK modulated UCI symbols to distribute the potential large phase change at the boundaries of the UCI repetitions evenly to the UCI modulation symbols so as to reduce the PAPR. The properties of the adopted DFT based OCC sequence are well established and understood and the current OCC sequence works perfectly for QPSK modulation which is the main use case in our view. Applying the phase ramping before pre-DFT OCC to the pi/2-BPSK modulated UCI sequences would be local to the case where the pi/2-BPSK modulation is configured for PUCCH format 4. 

4. Conclusion
In this contribution, we discussed remaining issues of long-duration PUCCH and our proposals are as follows:

Proposal 1: PUCCH resource (set) selection and determination of PRB number for UCI transmission on PUCCH format 3/4 is done based on a reference (fixed) number of CSI part 2 bits rather than actual number of CSI part 2 bits.

Proposal 2: The reference numbers of CSI part 2 bits for PUCCH resource (set) and RB determination are set differently based on the expected HARQ-ACK payload bits as follows:
1) Possible minimum number of CSI part 2 bits in case of HARQ-ACK/SR and CSI on PUCCH format 3 and 4 configured for HARQ-ACK
2) Possible maximum number of CSI part 2 bits in case of HARQ-ACK/SR and CSI on PUCCH format 3 and 4 configured for CSI reporting

Proposal 3: When UE is configured with multiple PUCCH resources for carrying multiple CSI reports, UE determines one PUCCH resource among multiple configured PUCCH resources based on the maximum UCI payload bits supported by the PUCCH resource.

Proposal 4: If the supportable maximum UCI payload size of different PUCCH resources configured for carrying multiple CSI reports are the same, the PUCCH is selected based on the following priority order:
1) PUCCH resource with the higher maximum code rate (R)
2) PUCCH resource having the PUCCH format with shorter duration (if the configured maximum code rates are the same)
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