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1 Introduction

Millimeter wave (mmWave) technology is one of the most promising candidates for the next generation wireless cellular communication systems (5G) to address the current challenge of bandwidth shortage [1]. As mentioned in [2], a higher frequency up to 100 GHz will be considered for the new RAT, i.e., the NR mmWave communication. 
Compared with the LTE systems, the most significant difference between 5G NR and 4G LTE is the beam management which has not been introduced in 4G LTE. Hence, most of the current discussion is based on the beam design, e.g., a fundamental framework of CSI feedback for hybrid beamforming in NR is proposed and agreed in RAN1 #86b [3]. Based on such finished WFs, it should be noted that, the digital beamforming should also be considered to be updated from the LTE schemes.
2  Multiple codebooks design for hybrid beamforming
In the LTE systems, the digital beamforming is based on the codeword selection (from the beamforming codebook). Specifically, a predefined codebook is designed which should cover the whole angular space. Once, the CSI is achieved by the UE, it would calculate the best beamforming direction (or definitely speaking, it would select the codeword which match this direction the most) and feedback this information to the BS know as PMI.
Compared with the above process of pure digital beamforming, since the NR digital beamforming is combined with the analog beamforming, i.e, the digital beams are constrained in the corresponding analog beams.
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Fig.1 A typical example of hybrid beamforming with different beam-width. The analog beams are coloured in blue, and the digital beams are coloured in red.
As shown in Fig.1, the analog beam will divide the whole angular space into multiple small parts. With the increasing of the number of transmit antennas corresponding to one digital chain, the analog beam width may be quite narrow.
In LTE systems, the number of the bits of each codeword is fixed and the codebook is predefined. Yet, in NR systems, the number of the bits of each codeword should also be fixed as usual, but eventually we may need to design the digital codebook for each analog beam respectively to obtain optimal performance.
There are two choices for digital beamforming codebook design:
· Option 1: Enlarge the digital beamforming codebook multiple times to ensure the precision of digital BF in each analog beam. And each digital PMI is selected in the corresponding analog beam for computational simplicity.
· Option 2: The digital beamforming codebook is generated each time based on its corresponding analog beam with predefined algorithm (with complexity, e.g, based on the phase shifting).
Considering the number of the bit of each codeword is the same, in the former scheme, a uniform codebook is predefined, yet, the codebook size would be quite large; in the second scheme, multiple codebooks would be generated based on each beam, however, the precision of digital beamforming (or digital beamforming gain) would be huge enough. Moreover, for the analog beamforming with different beam-width, the second scheme may be more flexible and effective; hence, the second scheme should be supported in NR.
Proposal: Option 2 is adopted, i.e., codebook for digital PMI feedback is adaptive to analog PMI feedback, such as analog beamwidth and beam direction.
Moreover, the side lobe leakage of the analog beams is also a critical problem which needs further study. Specifically, to cover the whole angular space, the overlapping of the adjacent analog beams is inevitable (as is shown in Fig. 1. a ). In this condition, it is simpler and more efficient to suppress the side lobe leakage of the signal by using the digital beam rather than adjusting the analog beam. Such work also depends on the digital codebook design which would be proposed in the future work.
3 Conclusions

The observation and proposal are as follows:
Proposal: Codebook for digital PMI feedback is adaptive to analog PMI feedback, such as analog beamwidth and beam direction
4 References

[1] S. Han, C. I, Z. Xu, and C. Rowell, "Large-scale antenna systems with hybrid analog and digital beamforming for millimeter wave 5G," IEEE Communications Magazine, vol. 53, pp. 186 - 194, 2015.
[2] TR38.913, “Study on Scenarios and Requirements for Next Generation Access Technologies (Release 14)”, V0.3.0, Mar. 2016.
[3] R1-1610899, CMCC, Way Forward on CSI feedback framework for hybrid beamforming in NR
