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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 the design of long PUCCH formats for large UCI payloads in NR. Our views related to the generic design of long PUCCH are presented in companion contributions [3] and [4]. Our views on the long PUCCH format design for small UCI payloads are presented in [5]. 
2.	Discussion 
It can be noted that LTE PUCCH and NR long PUCCH share multiple design principles:
· In frequency-domain, a PRB (or multiple PRBs) is the minimum resource unit size for UL control channel.
· For UL control channel with long duration, TDM between RS and UCI is supported at least for DFT-S-OFDM
· For PUCCH in long-duration, at least DFT-S-OFDM waveform is supported.
As the multiplexing solutions for LTE PUCCH have been designed to support these design principles, they form a good starting point also for NR. It should be also noted that the LTE PUCCH multiplexing solutions can be applied also with CP-OFDM. Hence, we see that LTE PUCCH multiplexing solutions should be considered also for NR PUCCH. 
Based on the LTE PUCCH design, the main multiplexing options available for large UCI payloads are:
a) LTE PUCCH Format 3, that is, CDM based on inter-symbol orthogonal cover code in time. The main benefit of this approach is that it provides increased payload compared to PUCCH Format 2/2a/2b while maintains reasonably high multiplexing capacity. On the other hand, OCC suffers from limited flexibility in time.
b) LTE PUCCH Format 5, that is, CDM based on orthogonal cover code within DFT-S-OFDM symbol. This approach provides increased UCI payload e.g. compared to CDM based on CAZAC sequences but at price of reduced multiplexing capacity.
c) Frequency domain multiplexing within PRB. Similarly to PUCCH format 5, this approach provides increased UCI payload e.g. compared to CDM based on CAZAC sequences but at price of reduced multiplexing capacity. This multiplexing option was considered for LTE when PUCCH formats supporting large UCI payloads were designed for Rel-13 carrier aggregation enhancement.  
d) LTE PUCCH Format 4, that is, no multiplexing within PRB. This provides highest UCI payload.  
There is a need for a long PUCCH format that can support very large UCI payloads of few hundreds of bits. With so large payloads, there is no space or motivation to support multiplexing within PRB. Instead, the format should simply use DFT-S-OFDM or CP-OFDM modulation, depending on configuration, to provide synergy with PUSCH modulation. Further, possibility to configure multiple PRBs for single PUCCH format should be supported so that the supported payload can be extended as needed. This is in line with RAN1#88 agreement to strive for scalable design with long PUCCH with respect to the number of UCI bits for more than 2 UCI bits [6]. 
Proposal 1: Long PUCCH format not supporting multiplexing within PRB is defined for large UCI payloads. 
Another aspect to consider is the suitable DMRS overhead for the large payload long PUCCH format – how many symbols are allocated for DMRS. In LTE PUCCH format 3, supporting payloads of up to 21 bits, 29-31% of resources are used for DMRS with normal CP. In the case LTE PUCCH format 4 supporting payloads upwards from 22 bits, 14% of resources are used for DMRS. 
Since NR long PUCCH format for large UCI payloads needs to support also payloads down to few bits for cell edge conditions, we see that DMRS overhead roughly on the level of LTE PUCCH format 3 DMRS overhead needs to be supported. It should also be noted that with large UCI payloads, the DMRS overhead should be rather conservative to achieve sufficient reliability even with fluctuating channel conditions. Finally, there is variation on DMRS overhead as function of long PUCCH duration, and e.g. high DMRS overhead is necessary with shorter PUCCH durations and frequency hopping to ensure sufficient channel estimation. The proposed DMRS allocations for different PUCCH durations are tabulated on Table 1.  
Proposal 2: In long PUCCH format for large UCI payloads, 2 DMRS symbols are allocated for PUCCH durations up to 10 symbols, 3 DMRS symbols are allocated for PUCCH duration of 11 symbols and 4 DMRS symbols for remaining PUCCH durations. 
Proposal 3: Full OFDM symbols are allocated for DMRS. 
Table 1. Number of DMRS symbols for long PUCCH format for large UCI payloads.
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During NR SI [7], it was agreed that transmit antenna diversity is supported for long PUCCH. In RAN1#88bis meeting [8], the following schemes were identified as candidates for transmit diversity: low PAPR Alamouti-based transmit diversity applied in frequency or time domain, transparent transmit diversity (e.g. short delay CDD), time domain beam/precoder cycling or SORTD. All these schemes maintain the favorable CM properties of DFT-S-OFDM.
The proposed long PUCCH format for large UCI payloads is essentially a slightly modified PUSCH that is preconfigured and dynamically selected via DL grant. Hence it makes sense to maintain high commonality between the large payload PUCCH format and NR PUSCH. Hence we propose that Long PUCCH format for large UCI payloads applies the same transmit diversity scheme as NR PUSCH.
Proposal 4: Long PUCCH format for large UCI payloads applies the same transmit diversity scheme as PUSCH.
An open item requiring further studies is whether an additional long PUCCH format is needed for medium UCI payloads from few bits to few tens of bits. If such PUCCH format is specified, it can be easily achieved by introducing intra-PRB FDM component to the long PUCCH format for large payloads.
Observation 1: If an additional long PUCCH format is needed for medium UCI payloads, it can be obtained from long PUCCH format for large UCI payloads by introducing intra-PRB FDM.  
3.	Conclusions 
In this contribution, we have considered the multiplexing solutions for long PUCCH to support both wide range of different UCI payloads as well as various long PUCCH lengths. Based on the discussion, we make the following proposals and observation:
Proposal 1: Long PUCCH format not supporting multiplexing within PRB is defined for large UCI payloads.
Proposal 2: In long PUCCH format for large UCI payloads, 2 DMRS symbols are allocated for PUCCH durations up to 10 symbols, 3 DMRS symbols are allocated for PUCCH duration of 11 symbols and 4 DMRS symbols for remaining PUCCH durations. 
Proposal 3: Full OFDM symbols are allocated for DMRS. 
Proposal 4: Long PUCCH format for large UCI payloads applies the same transmit diversity scheme as PUSCH.
Observation 1: If an additional long PUCCH format is needed for medium UCI payloads, it can be obtained from long PUCCH format for large UCI payloads by introducing intra-PRB FDM. 
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