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1. Introduction
In RAN1 #90, it was agreed that the following techniques are supported/studied for UL diversity-based transmission [1]. 
· For CP-OFDM waveform based PUSCH, operation with UL transmission diversity is transparent to specification

· Send an LS to RAN4 to inform the agreements for them to consider for their future work – Cristina (Mitsubishi). LS in R1-1715273, which is endorsed and finally approved in R1-1715274
· For DFTsOFDM waveform based PUSCH, further consider the following alternatives:

· Alt. 1: Alamouti-based transmit diversity is supported for PUSCH with DFTsOFDM 

· Note: there are several possible schemes proposed in various contributions. 

· FFS exact scheme with the aim to finalize in the next meeting

· Alt. 2: Time domain beam/precoder cycling is supported for PUSCH with DFTsOFDM

· FFS exact scheme with the aim to finalize in the next meeting

· If Alt 1 and Alt 2 is not supported or either of them is supported and is not configured

· Alt. 3: For NR in Rel-15, UL transmit diversity is not explicitly supported for PUSCH with DFTsOFDM.
· Companies are encouraged to further perform analysis and evaluations (link and/or system-level) regarding the above schemes
In this contribution, we show our views on diversity based UL transmission schemes. 

2. Discussion 
In NR uplink, both CP-OFDM waveform and DFT-S-OFDM waveform can be supported for PUSCH transmission. CP-OFDM is more suitable to support high throughput transmission, while DFT-S-OFDM is targeted for link-budget limited UEs which are in the scenario that the physical channel is relatively less reliable and the operating SINR is low. This implies that it would be useful to support transmit diversity for PUSCH with DFT-S-OFDM. To maximize power efficiency, the transmit diversity scheme with DFT-S-OFDM based waveform should preserve the single carrier property.
CP-OFDM is targeted to maximize spectral efficiency and is often used in the environment of high SINR, but there are some scenarios that UL channel is changed to be at low SINR by rotation or blockage at UE side. So PUSCH transmit diversity with CP-OFDM should also be supported in NR. In RAN1 #90 meeting, it was agreed that for CP-OFDM waveform based PUSCH, transparent TxD is supported. In the following section, PUSCH/PUCCH transmit diversity with DFT-S-OFDM will be discussed.
2.1 PUSCH transmit diversity with DFT-S-OFDM 
In RAN1 #90 meeting, it was agreed to further consider the following alternatives for DFT-S-OFDM waveform based PUSCH:
Alt. 1: Alamouti-based transmit diversity
SFBC
Traditional SFBC apply Alamouti precoding to adjacent subcarriers after DFT, it would destroy the signal structure after DFT and therefore increase the PAPR. In [1], PAPR preserving SFBC, also named as SC-SFBC, was proposed as the transmit diversity scheme for DFT-S-OFDM. However, SC-SFBC has two main drawbacks. one is that the second antenna waveform cannot preserve pi/2-BPSK structure in time-domain [2], the other is performance degradation in frequency selectively fading channels.  

STBC

Classical STBC can avoid CM increase, but requires even numbers of time domain symbols, which can be difficult to guarantee with a limited number of symbols as can be found in DFT-S-OFDM. To avoid the limitation of classical STBC, split-symbol STBC has been proposed in [3], even number of symbols can be obtained by splitting one OFDM symbol into two half-symbols before DFT. However, to aviod the mutual interference between two half-symbols, sufficient cyclic pre/postfix is required, which will result in spectral efficiency loss. 

Alt. 2: Time domain beam/precoder cycling
Time domain beam/precoder cycling can be categorized into two: transparent precoder cycling and non-transparent precoder cycling. For DMRS based transparent transmission, like closed-loop scheme, DMRS should use the same precoder as the associated data/control signals. For non-transparent methods, data should be multiplied by additional precoder besides the precoder for DMRS. Transparent method can support multiple transmission techniques besides SFBC but may require smaller precoding granularity, which means more overhead of reference signals.  In contrast, non-transparent method has low overhead for reference signals but require some down selection of diversity candidates for standardization. 

For non-transparent method, different co-phasing precoder can be applied on PUSCH in time domain. The co-phasing precoder for different polarized directions is cycled in a predefined co-phasing set ,e.g [1,1]T/sqrt(2), [1,j] T/sqrt(2), [1,-1] T/sqrt(2), [1,-j] T/sqrt(2). It can be easily extended for 2-layer transmission. Furthermore, this scheme can also be used to obtain diversity gain over two TXUs. However, similar to SFBC, it is not scalable enough to support the various numbers of TXUs, and thus it is usually combined with other transmission schemes(e.g. beamforming).
Considering that the uplink transmission schemes are categorized into three types: codebook based, non-codebook based and diversity based transmission schemes, and precoder cycling requires only one transmitter for codebook/non-codebook based transmission and diversity transmission, thus a common framework of transmission scheme will be prefered for NR. 
Proposal 1: To achieve a common framework for codebook/non-codebook based and diversity based transmission scheme, time domain beam/precoder cycling should be supported as transmission diversity scheme for DFT-S-OFDM. 
2.2 PUCCH transmit diversity with DFT-S-OFDM
Coverage and robust transmission is crucial for PUCCH transmission. In RAN1 #88bis meeting, it was agreed that DFT-S-OFDM and transmit diversity are supported for long PUCCH transmission. For PUCCH transmit diversity with DFT-S-OFDM, PAPR property is an important factor that needed to be considered. 

Semi-OL is usually used in the scenarios those accurate CSI is not available to be acquired, such as UE movement, rotation, partial channel reciprocity and so on. One example is shown in Fig. 3(A). UE acquires the information of a wide beam from BS indication or partial reciprocity. Finer beam can be cycled based on the wide beam. Fig. 3(B) is another example, in which wide beam is used for the antennas, but selected antennas are dynamically changed or SFBC/STBC is performed. Fig. 3(C) depicts an example that antennas or beams are cycled to combat blocking without the information on blocked paths. 
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Fig.3 Examples of semi-OL in NR UL MIMO
Since multi-beam transmission is supported for NR-PDCCH, it makes more sense to support multi-beam cycling on NR-PUCCH as well.  This also matches with beam recovery when NR-PUCCH is used to send beam recovery signals. When beam cycling patterns should be indicated by gNB e.g. by QCL association or beam indication.  

For long PUCCH format with UCI up to 2 bits , time domain precoder cycling can be done by transparent or non-transparent way, the transparent way is shown as following Fig.4. 
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Fig.4 Time domain pecoder cycling for long PUCCH format with UCI up to 2bits
For long PUCCH format with UCI more than 2 bits, it’s desirable to have unified diversity scheme for PUCCH and PUSCH with DFT-S-OFDM.  So we have the following proposal:
Proposal 2: Multi-beam cycling in time domain is supported for PUCCH and PUSCH with DFT-S-OFDM.  For time domain beam cycling, mapping of different DMRS port group to different symbol regions is supported.

3. Conclusion
In this contribution, we discuss diversity based UL transmission schemes for NR. From the above discussion, we have the following proposals:
Proposal 1: To achieve a common framework for codebook/non-codebook based and diversity based transmission scheme, time domain beam/precoder cycling should be supported as transmission diversity scheme for DFT-S-OFDM. 
Proposal 2: Multi-beam cycling in time domain is supported for PUCCH and PUSCH with DFT-S-OFDM.  For time domain beam cycling, mapping of different DMRS port group to different symbol regions is supported.
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