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Introduction
In RAN1 #88bis, it is agreed that the following techniques will be studied for NR Diversity transmission for UL[1].
Agreements:
· [bookmark: OLE_LINK8]For DFTsOFDM in data channel, the following schemes are candidates for transmit diversity:
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK9][bookmark: OLE_LINK10]Low PAPR Alamouti-based transmit diversity applied in frequency or time domain, transparent transmit diversity (e.g. short delay CDD, panel selection), time domain beam/precoder cycling

In RAN1 #89, it is agreed that the following techniques will be studied for NR diversity transmission for UL[2].
Agreements:
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]For UL transmit diversity for CP-OFDM, down-select between the following alternatives
· Alt.1: transmit diversity is not explicitly supported for PUSCH in Rel. 15
· Alt.2: non-transparent UL transmit diversity for CP-OFDM (e.g., SFBC, Non-transparent precoder cycling)
· For UL transmit diversity for DFTsOFDM and CP-OFDM, companies are encouraged to provide evaluation results and implementation analysis for the next RAN1 meeting

During the last RAN1 ad-hoc#2 meeting，following conclusions on diversity transmission for UL are as follows [3]:
Conclusion:
· Companies are strongly encouraged to perform analysis and simulations for diversity transmission for both CP-OFDM and DFT-s-OFDM based UL considering various scenarios
· Aim to conclude in the next meeting

In this contribution, we discuss our consideration on UL diversity-based schemes for CP-OFDM and DFT-s-OFDM.
UL diversity-based schemes for CP-OFDM
[bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK17]For CP-OFDM waveform, there are two different types of transmit diversity schemes suggested in the previous meetings. One is transparent, e.g., transparent precoder cycling; the other is non-transparent, e.g., SFBC and non-transparent precoder cycling. By applying a precoder over a pre-defined precoders cyclically, the scheme of precoder cycling can be transparent or non-transparent and be operated in RB- or RE-level，in the frequency domain or in the time domain. The transparent precoder cycling is a scheme, in which the data and DMRS are transmitted with same precoder. The non-transparent precoder cycling is a scheme, in which the data and DMRS are transmitted with different precoders.
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]In the previous meetings, the transparent schemes and the non-transparent schemes in downlink were compared in many respects, such as the diversity gain, the port number of DMRS, the channel estimation accuracy, the complexity, and so on. In addition, the transparent precoder cycling can achieve comparable performance to the non-transparent schemes[4]. Moreover, it was already agreed that the transmit diversity is not explicitly supported for unicast PDSCH in NR[2]. Therefore, by considering the symmetry with DL, it should be also agreed to support the transparent diversity for PUSCH.
Proposal 1: For CP-OFDM waveform, transmit diversity should be not explicitly supported for PUSCH in Rel. 15.
UL diversity-based schemes for DFT-s-OFDM
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]As the DFT-s-OFDM waveform for uplink is mainly targeted for the coverage limited UEs, the low PAPR property should be a key principle to decide the schemes for the diversity transmission. Some candidates were recommended for the DFT-s-OFDM waveform in the previous meetings, such as the low PAPR Alamouti-based transmit diversity(e.g. the PAPR preserving SFBC, split-symbol STBC)[5], the transparent transmit diversity (e.g. short delay CDD, panel selection), the time domain beam/precoder cycling, and so on. In follows, we will elaborate the split-symbol STBC (SS-STBC) scheme and the time domain beam/precoder cycling.
The SS-STBC scheme can maintain the single-carrier waveform’s low PAPR on a single OFDM symbol by virtually splitting the OFDM symbols into two half-symbols at the DFT input. Then two virtual half-symbols can be Alamouti coded as the STBC schemes. In addition, by considering the potential inter half-symbol interference in the SS-STBC scheme, some internal guard intervals will be added at each sub-symbol by padding a few zeros at the expense of the spectral efficiency, so that the interference level can be reduced especially for the channels with large delay spread[6]. 
The time domain beam/precoder cycling which are also the low-PAPR schemes should be supported for the DFT-s-OFDM waveform in NR. For the multi-beam cases, more directions between gNB and UE may be covered simultaneously. The time domain beam cycling, which means that different beams can be used in different slots or sub-slots, can be used to resist the impact of the blockage. For the single-beam cases, the time domain precoder cycling can be used to improve the robustness, where different precoders are used in different slots or sub-slots. More DMRS symbols may be needed in one slot when the time domain beam/precoder cycling is applied with a period inferior to one slot. 
Proposal 2: For DFT-s-DFDM waveform, time domain beam/precoder cycling should be supported in NR. 
Conclusions
In this contribution, we have the following proposals:
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal 1: For CP-OFDM waveform, transmit diversity is not explicitly supported for PUSCH in Rel. 15.
Proposal 2: For DFT-s-DFDM waveform, time domain beam/precoder cycling should be supported in NR. 
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