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Introduction
[bookmark: _Ref129681832]In the 3GPP NR Ad hoc meeting in January, transmit antenna diversity was agreed to be supported at least for long duration PUCCH: 
· For further discussion of PUCCH in short-duration, UCI payload of 1 – at least a few tens of bits (or SR) is assumed.
· For further discussion of PUCCH in long-duration, UCI payload of 1 – at least a few hundreds of bits (or SR) is assumed.
· For PUCCH in long-duration, DFT-s-OFDM waveform is supported.
· [bookmark: _GoBack]For PUCCH in long-duration, transmit antenna diversity is supported.
· FFS: PUCCH in short-duration
An overview on the transmit diversity for PUCCH was provided in our companion paper [1]. In this contribution we will discuss more detail on transmit diversity scheme for short duration PUCCH, based on our proposals on short PUCCH structure in [2][3].
Transmit diversity for short duration PUCCH up to 2 bits
As described in our companion contribution [1], SORTD can be used for DFT-s-OFDM based long duration PUCCH. It can be also used for CP-OFDM based short duration, if orthogonal resources can be available. The orthogonal resource can be defined in code domain or time-frequency domain. As already agreed in RAN1#88bis meeting, PAPR/CM was an important performance metric for up to 2 bits. Furthermore, coverage improvement from low PAPR/CM design was observed in companion contribution [2], Therefore, SORTD is a nature choice.  
· SORTD for 1-symbol PUCCH with up to 2 bits
For 1-symbol PUCCH with up to 2bits, a low PAPR/CM FDM based scheme was provided in our companion contribution [2] and it can be re-depicted in Fig.1, where 12-length sequence was used on 12-subcarriers, even part carrying reference signal and odd part carrying modulation symbols from UCI.  
[image: ]
Figure 1. Low PAPR/CM FDM scheme proposed for 1-symbol PUCCH in [2]
The above sequence can be different (Computer Generated) sequences.  For same CG sequence, 3 cyclic shifts (0, 4, 8) of a same CG (Computer Generated) sequences can be found to be orthogonal. The orthogonal CS (cyclic shift) sequence can be used for different UEs, also can be used for different antennas from the same UE. The latter scheme can achieve transmit diversity, which is a SORTD scheme. 
· SORTD for 2-symbol PUCCH with up to 2 bits
The above scheme can extended to 2-symbol PUCCH, via repetition and frequency hopping, as given in Fig.2, where each symbol will use scheme in Fig.1. Similar as 1-symbol PUCCH, SORTD can be used as the transmit diversity scheme.
[image: ]
Figure 2. Low PAPR/CM FDM scheme proposed for 2-symbol PUCCH
Base on the above discussion, we have the following proposal: 
Proposal 1: For 1&2-symbol PUCCH with up to 2bits, SORTD can be supported.
Transmit diversity for short duration PUCCH with more than 2 bits
For short duration PUCCH, due to limited resource elements, it is difficult for design to send more than 2 bits based on sequence.  Since CP-OFDM NOT DFT-s-OFDM is used, low PAPR/CM will not be a main concern. 
Therefore, CDD, STBC and SFBC are possible transmit diversity schemes for short duration PUCCH with more than 2 bits. Due to requirement of even number of symbols in time domain, STBC cannot be used for one-symbol PUCCH. As already widely evaluated during LTE R8 standardization, CDD for CP-OFDM was worse than the other transmit diversity scheme such as SFBC, for example, from the simulation results from contribution [4]. Therefore, SFBC is promising.  
· SFBC for 1-symbol PUCCH with more than 2 bits
As described in our companion contribution [3], UCI and RS are FDMed for CP-OFDM in short duration PUCCH with more than 2 bits as shown in Figure 3. 
[image: ]
Figure 3. [bookmark: OLE_LINK175]FDM scheme for 1-symbol PUCCH with more than 2bits in [3]


Based on the above FDMed scheme, SFBC can be used as transmit diversity scheme, which is already used for PBCH, PCFICH, PDCCH in LTE. It applied Alamouti scheme on two modulation symbols transmitted on two adjacent sub-carriers, as given in Fig.4, where Si, Si+1 ,… is the modulation symbols. As in LTE R8 to maintain constant power，it should be noted the transmitted symbol sequences after SFBC at port 0 and port 1 are  and , respectively. The symbol after SFBC will be mapped to different RE location for different antenna port, depending on DRMS pattern. More details on DMRS pattern can be found in our companion contribution [3]. 

[image: ]
Figure 4. DMRS based SFBC for PUCCH 

· SFBC for 2-symbol PUCCH with more than 2 bits
The above scheme can be extended to 2-symbol PUCCH, via time domain OCC or joint encoding and frequency hopping, as given Fig.5, where each symbol will use transmit diversity scheme in Fig.4. Similar as 1-symbol PUCCH with more than 2 bits, SFBC can be used.   

[image: ]
Figure 5. FDM scheme for 2-symbol PUCCH with more than 2bits in [3]

Base on the above discussion, we have the following proposal:
Proposal 2: For 1&2-symbol PUCCH with more than 2bits, SFBC can be supported. 
Conclusions
[bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, transmit diversity scheme is discussed for short duration PUCCH. Based on the above analysis and discussion, we have the following proposals:
Proposal 1: For 1& 2-symbol PUCCH with up to 2bits, SORTD can be supported.
Proposal 2: For 1& 2-symbol PUCCH with more than 2bits, SFBC can be supported.
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Appendix
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Figure 6. Performance comparison between SFBC, FSTD, Short CDD and Long CDD from [5]
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