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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. 
[bookmark: _GoBack]This contribution focuses on the design of long PUCCH in NR. According to the NR SI agreements, at least DFT-S-OFDM waveform with TDM between RS and UCI is supported for the long PUCCH [3]. It remains open whether CP-OFDM waveform is also supported for long PUCCH. This is addressed in this contribution. We provide further views related to long PUCCH design and formats in companion contributions [4], [5] and [6].
2.	Support of CP-OFDM for long PUCCH
There is a lot of commonality between LTE PUCCH and NR long PUCCH, e.g., DFT-S-OFDM waveform, TDM between RS and UCI, frequency hopping as a diversity mechanism, although also differences exist, e.g., in the flexibility of PUCCH duration and numerology. Hence, it makes sense to reuse the existing LTE PUCCH design as much as possible for NR long PUCCH. 
As discussed in [6], a long PUCCH format is needed to carry large UCI payloads with reasonable coverage. Such long PUCCH format can be based on LTE PUCCH Format 4, which is essentially a PUSCH structure applied as a PUCCH format. For this format, it makes sense to apply same waveform for both PUSCH and long PUCCH, simplifying processing at both ends of the link.
Observation 1: Long PUCCH format for large UCI payloads can have essentially similar structure as PUSCH, and it is attractive to apply same waveform for both transmissions.
A second long PUCCH format can be based on modulation of CAZAC sequence [5]. This is a reasonable format for small UCI payloads and to improve PUCCH coverage. For this kind of PUCCH format there is no real difference between DFT-S-OFDM and CP-OFDM waveforms. 
Observation 2: There is no real difference between DFT-S-OFDM and CP-OFDM waveforms for the long PUCCH format for small UCI payloads using modulation of CAZAC sequence.  
Another open issue relates to CP-OFDM –specific optimization of long PUCCH: Is there a need for complementary design for long PUCCH based on CP-OFDM waveform? This could include e.g. FDM between UCI and DMRS, as well as opportunity for adjusting DMRS power w.r.t. PUCCH data. Such optimizations would diverge the processing for DFT-S-OFDM and CP-OFDM PUCCH formats and add to system complexity. Based on the available simulation results, it seems that CP-OFDM –specific optimization for long PUCCH does not provide enough justification considering added system complexity. It is more desirable to keep the PUCCH format design for both CP-OFDM and DFT-S-OFDM waveforms as similar as possible.
With the lack of CP-OFDM specific optimizations, the only difference between CP-OFDM and DFT-S-OFDM transmissions is the exclusion or inclusion of DFT precoding. Hence, CP-OFDM transmission means less processing steps when compared to DFT-S-OFDM transmission.  
In RAN1#88bis meeting [7], it was agreed that the waveform for RACH message 3 can be DFT-S-OFDM or CP-OFDM. The network signals the waveform for RACH message 3 in the remaining minimum SI as one bit. The same principle can also be applied to determine the waveform for long PUCCH in the System Information. After initial access, long PUCCH waveform can be semi-statically configured together with PUSCH waveform. 
Proposal 1: CP-OFDM waveform is supported for long PUCCH.
Proposal 2: Long PUCCH applies common design for both DFT-S-OFDM and CP-OFDM waveforms. 
3.	Conclusions
In this contribution, we have discussed long PUCCH design aspects for new radio. Based on the discussion, we make the following proposals and observations:
Proposal 1: CP-OFDM waveform is supported for long PUCCH.
Proposal 2: Long PUCCH applies common design for both DFT-S-OFDM and CP-OFDM waveforms. 
Observation 1: Long PUCCH format for large UCI payloads can have essentially similar structure as PUSCH, and it is attractive to apply same waveform for both transmissions.
Observation 2: There is no real difference between DFT-S-OFDM and CP-OFDM waveforms for the long PUCCH format for small UCI payloads using modulation of CAZAC sequence.  
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