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1 Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK5][bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: _GoBack]In RAN1#84bis meeting, it was started to study on new radio access technology (NR) including the new frame structure and waveform [1]. In the new radio interface, MIMO related schemes should be re-designed, especially on high frequency spectrum. 
In this contribution, we presented our views to start discussion of MIMO for NR.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
Currently, the discussion of NR is not only on higher frequency bandwidth but also the lower frequency bandwidth. The flexible Numerology and frame structure may be introduced in the future, and the waveform and multiple access schemes are under discussion. This means that multi-antennas schemes will be re-design no matter lower frequencies or high frequencies. 
However, existing MIMO schemes can be a good starting point at least for lower frequency bandwidth. Based on Rel-14 eFD-MIMO, up to 32 CSI-RS ports will be supported for LTE. Also, beamformed CSI-RS scheme is a good scheme which may be more suitable for large antenna array in high frequency bandwidth in order to compensate larger pathloss. Especially, the existing MIMO schemes can be considered to be reused for OFDM based waveform.
Proposal 1: LTE MIMO schemes can be starting point at least for lower frequencies. 
One main motivation of NR is to increase system capacity by exploiting large bandwidth e.g. 1GHz BW in high frequency spectrum. At mm-wave frequencies, very large number of antenna elements can be set in the small size antenna array, the related MIMO scheme is so called massive MIMO.
In massive MIMO, Beamforming can be performed in the analogue domain, but the performance of the analogue beamforming is constrained by limited signal processing power and unavoidable implementation inaccuracy in the analogue domain. Also, the constraints on the analogue processing include the fact that it is frequency flat.
Digital beamforming provides the best performance in terms of data rate and multiplexing capabilities due to the highest level of flexibility and they are used today in MIMO systems at lower frequencies. Despite offering the most flexibility for the transceiver design, fully digital large scale antenna systems at mm-wave frequencies is a challenge in terms of power consumption, integration and cost. In addition, as the number of TxRUs is increased above a certain number, e.g. 48, the gain brought by full digital beamforming gain may not be large, but the cost will be increased more significantly. So there should be a balance to match the full digital beamforming gain and the cost.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]One possibility to deal with the cost issue in digital beamforming and performance issue in analogue beamforming is hybrid beamforming. Hybrid beamforming which combines the analogue beamforming and digital beamforming may be more suitable for high frequencies, and the best tradeoff can be achieved by the hybrid beamfoming. Importantly, the pure analogue beamforming or full digital beamforming is the extreme example of the hybrid beamforming. Therefore, we propose to prioritize the hybrid beamforming for higher frequencies.
[bookmark: OLE_LINK1][bookmark: OLE_LINK8]Proposal 2: hybrid beamforming should have high priority for the higher frequency spectrum.
For massive MIMO system, the related overhead derived from reference signals for CSI measurement and CSI feedback will be huge for FDD system. For the hybrid beamforming, how to get the analogue beamforming vectors and digital beamforming precoders will be a big challenge for FDD. However, there may be no problem for TDD system because the channel reciprocity can be used. Furthermore, the CSI feedback quantization error can be avoided in TDD system. In addition, for a higher carrier frequency, there are more TDD spectra for the candidate frequency band.
Observation: Massive MIMO is more suitable for TDD system.
3 Conclusion
In this contribution, we discussed the multi-antenna scheme for NR and had following proposals and observation
Proposal 1: LTE MIMO schemes can be starting point.
Proposal 2: hybrid beamforming should have highest priority for the higher frequency spectrum.
Observation: Massive MIMO is more suitable for TDD system.
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