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1 Introduction
In LTE, UL MIMO is a key feature that has been supported to boost the uplink throughput. In the RAN1#87 adhoc meeting, it was agreed that [1]

· Support at least the following UL transmission schemes for data in NR

· Scheme A: Codebook based UL transmission

· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than X (FFS: Value of X).

· Study codebook design including single-stage and multi-stage, e.g., W1W2 structure, codebook 

· Study the following DL signaling, e.g.,

· One level DCI

· Two level DCI

· MAC CE

· DCI associated with PDSCH (like UCI associated with PUSCH in LTE)

· Scheme B: Non-codebook based UL transmission

· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than Y (FFS: Value of Y).

· Support the indication of DL measurement RS for UE to calculate candidate precoder

· Study the mechanisms for UL precoder determination, e.g. precoded SRS based, non-precoded SRS based, hybrid precoded and non-precoded SRS based

· Diversity-based transmission schemes

· FFS: Whether the scheme has specification impact or not

· FFS: Merging of the schemes

· Support rank determination by gNB

· Support PRB bundling for CP-OFDM

· Study configurability of PRG size for CP-OFDM

· Study the PRG size

· FFS: Single port transmission is supported for the UE capable for multiple antenna port transmission.

In this contribution, we will present our views on the UL MIMO design.

2 Rank 1 Diversity transmission for uplink data channel
RAN1 Ad Hoc Meeting for NR has agreed to support the diversity-based transmission, which aims to provide UL transmission robustness in some scenarios, such as low SNR and high mobility cases. Similar discussion as downlink diversity based transmission schemes, the candidates for uplink transmission may include STBC, SD-CDD, precoding cycling and SFBC.
SFBC is a well-known diversity transmission scheme, which can obtain the full diversity gain and has been widely used in LTE due to its robust performance. In the different cases, SFBC can obtain the most robust performance. In [1] and our companion contribution [2] show the SFBC outperformance other diversity based transmit schemes in DL.
STBC is also one of the candidate schemes to achieve uplink diversity transmission, which can overcome the multipath fading effect well. However, for STBC, it is difficult to guarantee the time domain symbol pairing and also in the high Doppler spread cases the performance also cannot be guaranteed, where the channel of the paired REs cannot be kept constant.  
Small delay CDD (SD-CDD) transmission and precoder cycling, as the similar discussion in our companion contribution [2], the diversity gain is close between each other but less than the SFBC, and they are sensitive to spatial correlation of channels. So the performance of SD-CDD and precoding cycling is worse than SFBC. 
Based on the above discussion, SFBC may be the best choice for rank 1 uplink transmission at least in CP-OFDM. Since, in NR transmission is based on uplink DMRS, which with beamforming gain, can overcome the impact of large path-loss especially in high frequency scenarios. Thus, DMRS based SFBC should be supported in NR UL transmission.
Proposal:  For rank 1, NR should support DMRS based SFBC for uplink data channel at least for CP-OFDM.
In the DMRS based SFBC, the following aspects should be considered: 1) the granularity of beamforming precoder in frequency domain and 2) the mechanisms for UL beamforming precoder determination on DMRS.
3 Conclusion
From the above discussion, we have the following proposal:

Proposal: For rank 1, NR should support DMRS based SFBC for uplink data channel at least for CP-OFDM.
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