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1 Introduction

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 #86bis [1]. In last NR RAN1#88 meeting, the following agreements are summarized on SRS and CSI-RS transmission [2]. 
Agreements: 
• NR supports both Alt. 1 and Alt. 2 as TX beamformer determination for SRS from previous agreement. 

– Alt.1: UE applies gNB-transparent Tx beamformer to SRS (e.g., UE determines Tx beam for each SRS port/resource) 

– Alt.2: based on gNB indication, e.g. via SRI 

Agreements:

• For NR, the CSI parameter CRI (CSI-RS Resource Indicator) is supported

– FFS the applicability to CSI acquisition/beam management

• CRI functionality includes selection and reporting of indices for N out K NZP CSI-RS resources

– FFS: Maximum value of N (Nmax), including the possibility of having Nmax=1

– FFS using CRI to additionally select NZP CSI-RS resources for interference measurement (if supported)

– If Nmax > 1 is supported, the value of N is included in the associated CSI reporting setting

• The maximum value of N may be a UE capability

• FFS whether N is higher-layer configured or UE selected
The CSI framework is related to the analog and digital beam selection in NR, in this contribution, we discuss the related issues to improve the beamforming gain. 
2  Joint selection of analog and digital beams 
For hybrid beamforming in NR MIMO, the beamforming gain is related to both analog beamforming and digital beamforming. To achieve the best beamforming gain, gNB and UE need to perform analog and digital beam selection. The analog beams divide the whole angular space into multiple parts, and the digital beams are constrained in the corresponding analog beams, i.e., once the analog beam is determined, the digital beamforming gain is constrained.
In different scenarios, the beamforming gain of analog beam and digital beam may have different degrees of importance for achieving the best beamforming gain. Specifically, when UE’s analog beam and TRP’s analog beam are perfectly aligned, the analog beamforming gain will be high. However, if UE’s analog beam is aligned to the side lobe of TRP’s analog beam, the analog beamforming gain is limited, and thus the digital beamforming will be more crucial. 
In the following, we discuss the procedures of joint selection of analog and digital beams to achieve the best beamforming gain. There are two cases to be considered.
-Case1  Beam correspondence holds at both TRP and UE

-Case2  Beam correspondence does not hold at TRP or UE
For case 1, the best beams for DL and UL transmission are the same. The procedure of beam selection and CSI acquisition is shown in Fig.1.
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Fig. 1 The procedure of beam selection and CSI acquisition for case 1
As shown in Fig. 1, firstly, gNB sends RS to UE for TRP analog beam selection, and UE measures the quality of analog beams (e.g., beam RSRP). Then, based on the measurements, UE feeds back multiple preferred TRP analog beams to gNB. The criteria of preferred analog beams can be predefined. After receiving the feeback, gNB indicates the beamformer of SRS to UE via SRI, and UE will transmit SRS via according beams. According to the agreements in RAN1#88, UE can also apply gNB-transparent Tx beamformer to SRS, in this situation, UE sends SRS via the analog beams aligned to the preferred TRP analog beams. We assume that there is channel reciprocity between DL and UL transmission, hence, the DL digital channel information of each selected analog beam can be acquired by gNB, and the hybrid beamforming gain can be derived. After calculating the beamforming gain, gNB jointly selects the analog beam and digital beam with the best beamforming gain. Then, gNB transmits CSI-RS via the best analog and digital beam, and UE feeds back the CQI information to determine the MCS for data transmission.
For case 2, the beam correspondence does not hold at TRP or UE, and thus gNB cannot acquire the digital channel information from SRS as case 1. The procedure of beam selection and CSI acquisition for this case is shown in Fig.2. Firstly, the same as case 1, UE measures the quality of analog beams from received RS and feeds back the preferred analog beams. Then, the digital codebook for each preferred analog beam will be generated to obtain the optimal performance (Considerations of codebook generation adaptive to analog beam is given in our company contribution [3]). In order to achieve the digital PMI of each selected analog beams, multiple CSI-RS resource sets will be configured by gNB (i.e., each CSI-RS resource sets corresponds to one analog beam). The configuration of CSI-RS resources within a set can be adaptive to the corresponding analog beam (e.g., consider different beamwidth and beam direction) to improve the digital beamforming gain. Then, the configured CSI-RS is sent to UE, and UE reports the CQI, PMI, and CRI to determine the optimal digital beamforming vector for each selected analog beam. The functionality of CRI is to indicate the corresponding CSI-RS resource set (or analog beam) to gNB. After receiving the CSI feedback, gNB can determine the best analog and digital beams for data transmission.
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Fig. 2 The procedure of beam selection and CSI acquisition for case 2
Based on above discussion, we have the following proposal:
Proposal: Joint selection of analog and digital beams should be supported in NR for achieving the best beamforming gain, and the configuration of CSI-RS resources within a set should be adaptive to the analog beam.
3 Conclusions

The observation and proposal are as follows:
Proposal: Joint selection of analog and digital beams should be supported in NR for achieving the best beamforming gain, and the configuration of CSI-RS resources within a set should be adaptive to the analog beam.
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