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1.	Introduction
In RAN plenary #75, WID on new radio (NR) has been approved [1]. The NR work item targets to specify the NR functionalities for both enhanced mobile broadband (eMBB) as well as for ultra-reliable low-latency-communication (URLLC) as defined in TR38.913 [2]. Frequency ranges up to 52.6 GHz are considered under the NR work item.
In this contribution, we provide our views related to some of the aspects remaining open in the design of long PUCCH, namely to pi/2 BPSK usage and inter-cell randomization.
2.	Discussion
2.1. Usage of pi/2 BPSK
In RAN1#89 [3], it was agreed that long PUCCH for up to 2 bits HARQ ACK uses BPSK or QPSK modulation that is repeated in time domain and multiplied with sequence(s). Time domain OCC can be applied over multiple UCI/DMRS symbols per frequency hop. Usage of pi/2 BPSK together with sequences was left open, as it was seen that pi/2 BPSK might provide coverage enhancement for long PUCCH.
In [4], it was proposed to use binary sequences with long PUCCH instead of ZC or LTE PUCCH sequences. However, several properties of these sequences – detection performance, multiplexing properties within cell, cross-correlation properties across cells against other binary sequences or PUCCH and PUSCH DMRS sequences – have not been investigated or compared against ZC or LTE PUCCH sequences. On other hand, the properties of ZC and LTE PUCCH sequences are well-known. Hence, we see that ZC or LTE PUCCH sequences can be considered also for long PUCCH.
ZC and LTE PUCCH sequences themselves are complex signals in time domain and the benefit from applying pi/2 BPSK with spectral shaping on top of such sequences is not clear. This is seen also from Figure 1, where we show PAPR cdfs of LTE PUCCH sequences with and without spectral shaping. It can be observed that LTE PUCCH sequences have low PAPR which indicates that nearly same PA output power can be delivered as for pi/2 BPSK with spectral shaping.
Observation 1: Benefits from pi/2 BPSK with spectral shaping are not clear for 1-bit long PUCCH format based on use of sequences.
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Figure 1. PAPR for LTE PUCCH sequences a) without spectral shaping b) with spectral shaping of roll-off 0.17.
2.2. Long PUCCH inter-cell randomization
Efficient inter-cell randomization is an important aspect of PUCCH design. PUCCH should provide robust performance under varying interference conditions, as the payload (HARQ ACK, scheduling request, CSI) is latency critical and cannot benefit from e.g. HARQ. Correspondingly, it was agreed in RAN1#88 [5] interference randomization should be enabled for long PUCCH.
LTE supports several mechanisms that are used to randomize inter-cell interference. LTE randomization mechanisms for LTE PUCCH format 1a/1b include sequence hopping, OCC remapping, and hopping of the cyclic shift of spreading sequence. Sequence hopping and hopping of sequence cyclic shift are reasonable options also for NR long PUCCH format for up to 2 bit UCI, while further progress is needed on the details of OCC design before OCC remapping can be considered.    
Proposal 1: Support at least sequence hopping and hopping of sequence cyclic shift for long PUCCH format for up to 2 bit UCI.
It may be only few of the UEs on neighbouring cells that cause significant interference to the detection of PUCCH. The drawback of the mentioned randomization mechanisms is that an UE causing significant interference keeps interfering the transmission from the same victim UE throughout the transmission. In companion contribution [6], we propose for short PUCCH a cell-specific pseudo-random element to the frequency hopping, randomizing interference between cells. In principle, same mechanism can be introduced also for long PUCCH. On the other hand, random offset on the frequency hopping resources may complicate the reuse of vacant PUCCH resources by dynamically scheduled PUSCH. While the associated cost in terms of less efficient RE usage is acceptable for short PUCCH due to its short duration, the cost is larger for long PUCCH. Hence, we see that this mechanism requires further considerations for long PUCCH.
4.	Conclusions
In this contribution, we have considered some of the aspects remaining open in the design of long PUCCH, namely to pi/2 BPSK usage and inter-cell randomization. Based on the discussion, we make the following proposals and observation:
Observation 1: Benefits from pi/2 BPSK with spectral shaping are not clear for 1-bit long PUCCH format based on use of sequences.
Proposal 1: Support at least sequence hopping and hopping of sequence cyclic shift for long PUCCH format for up to 2 bit UCI.
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