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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 discuss the transmit diversity schemes for short and long PUCCH.
2.	Discussion 
2.1	Short PUCCH with small payload and scheduling request
In RAN1#NR-AH2 ‎[3], the working assumption for one-symbol short PUCCH with small payload is:
· For short-PUCCH with UCI of up to 2 bits (with/without SR), option 4 [sequence selection] is supported.

With option 4, SORTD (Spatial Orthogonal Resource Transmit Diversity) seems to be a reasonable option to use for transmit diversity.

Proposal #1: SORTD is considered for transmit diversity for short PUCCH with small payload (UCI is 1 or 2 bits) and for PUCCH with scheduling request.
[bookmark: _GoBack]2.2	Short PUCCH with large payload
Short PUCCH payload may be only a few bits and, correspondingly, the resource allocation size might span a few PRBs, e.g. 4 PRBs. Furthermore, distributed allocation may be applied to benefit from frequency diversity. Consequently, there may be only a small number e.g. 2 PRBs allocated continuously to the UE. This is quite narrow allocation for one-port transmit diversity schemes like precoder cycling to provide transmit diversity without leading to significant loss on channel estimation. Instead, we see SFBC as a natural transmit diversity option also for short PUCCH at least for UCI payloads >2 bits. It provides also a scalable solution for both 1-symbol and 2-symbol scenarios. 
Proposal #2: SFBC is considered for short PUCCH transmit diversity with UCI > 2 bits.  
2.3	Long PUCCH with small payload and scheduling Request
During NR SI ‎[2], it was agreed that transmit antenna diversity is supported for long PUCCH. In RAN1#88bis meeting ‎[4], the following schemes were identified a 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 (Spatial Orthogonal Resource Transmit Diversity). All these schemes maintain the favorable CM properties of DFT-S-OFDM.
Furthermore, in RAN1#89 ‎[5] the following agreement was made:
Agreements:
· Long duration NR-PUCCH for up to 2 bits in a given slot is composed as the followings:
· HARQ ACK by BPSK or QPSK modulation is repeated in time domain and multiplied with sequence(s)
· FFS: pi/2 BPSK usage
· Two states SR is based on on-off-keying
· Time domain OCC can be applied over multiple UCI/DMRS symbols per frequency hop

Transmit diversity for small UCI payload using BPSK/QPSK modulated sequences and scheduling request using on/off-keying requires specific considerations: STBC or SFBC based on Alamouti coding and requiring even number of symbols/subcarriers cannot be applied to small UCI payload or SR using simple sequence transmission as such. Precoder cycling do not maintain orthogonality of OCC that can be used with small UCI payload or SR to achieve high multiplexing capacity. Hence, long PUCCH format for small UCI payload and SR requires a specific transmit diversity scheme that can be different from transmit diversity scheme applied for long PUCCH with large UCI payload. SORTD remains as feasible transmit diversity scheme for long PUCCH with small UCI payload and for long PUCCH with SR. It achieves full diversity gain and is simple to implement for both UE and gNB, However, the downside is that it requires double amount of PUCCH resources. 
Proposal #3: Long PUCCH format for small UCI payload and long PUCCH for scheduling request uses SORTD.  
2.4	Long PUCCH with large payload
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.
3.	Conclusions
In this contribution, we discussed transmit diversity for PUCCH, the following proposals have been made:
Proposal #1: SORTD is considered for short PUCCH transmit diversity with small payload (UCI is 1 or 2 bits).
Proposal #2: SFBC is considered for short PUCCH transmit diversity with UCI > 2 bits.  
Proposal #3: Long PUCCH format for small UCI payload and long PUCCH for scheduling request uses SORTD.  
Proposal #4: Long PUCCH format for large UCI payloads applies the same transmit diversity scheme as PUSCH.
Table 1 summarizes the PUCCH transmit diversity schemes.
[bookmark: _Ref485134684]Table 1: PUCCH transmit diversity schemes.
	Format
	Trasmit diversity Scheme

	Short PUCCH with small UCI payload (1 or 2 bits)
Short PUCCH with scheduling request
	SORTD

	Short PUCCH with large UCI payload (> 2 bits)
	SFBC

	Long PUCCH with small UCI payload (1 or 2 bits)
Long PUCCH with scheduling request
	SORTD

	Long PUCCH with large UCI payload (> 2 bits)
	Small transmit diversity scheme as PUSCH
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