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1 Introduction
MIMO technology can greatly enhance the wireless communication capacity due to the increased degrees of freedom, and has been fully used in LTE/LTE-A systems, in which only full digital beamforming was supported. However, NR massive MIMO needs much more antenna elements at both TRP side and UE side, especially in high frequency bands, in order to overcome the high path loss/penetration loss and improve the capacity, e.g., a TRP may have hundreds of antenna elements and a terminal may also have tens of antenna elements. Theoretically, massive MIMO with full digital beamforming, which requires one dedicated RF chain per antenna element, can yield the optimal performance. However, considering maintaining reasonable cost and power consumption, hybrid analog and digital beamforming could be considered instead of full digital beamforming. Meanwhile, large number of antenna elements lead to very narrow beams at both TRP side and UE side, so multi-beam based data transmission needs to be utilized to cover the whole cell area.
In RAN1#85, it has been agreed that three implementations of beamforming (analog/digital/hybrid) are to be studied in NR massive MIMO, and both multi-beam based approaches and single-beam based approaches need to be studied for NR [1]. In this contribution, some considerations on DL CSI acquisition framework of massive MIMO for NR are presented.
2 Discussion on SU-MIMO
After a UE turns on, the process procedure could be roughly divided into two stages: the access procedure and the data transmission procedure. In access procedure, the UE carries out cell search to find and acquire synchronization to a cell firstly. Then, the UE receives and decodes the system information. Once the system information has been correctly decoded, the UE can access the cell by means of the random access procedure. Apparently, multi-beam based approaches have significant impacts on the access procedure design, and the details are discussed in our companion contribution [2]. In data transmission procedure, L1 control information and UL/DL traffic data are transmitted. CSI acquisition is very important to the success of data transmission in this stage. This contribution mainly focus on the downlink CSI acquisition framework of NR massive MIMO, and taking into account the impacts of hybrid beamforming and multi-beam based approaches.
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Figure 1: DL CSI acquisition framework for NR massive MIMO
Multi-beam based data transmission approaches needs to be utilized to cover the whole cell area since large number of antenna elements lead to very narrow beams at both TRP side and UE side. In order to guarantee the success probability of data transmission, it is necessary to choose proper TRP/UE beams, which means both analog beamforming and digital beamforming should be implemented properly for base station and UE. The detailed downlink CSI acquisition framework of NR massive MIMO, which is illustrated in figure 1, could be divided into the following steps:
· Step 1: Analog beam acquisition/tracking
First of all, the analog beam(s) should be selected properly to provide analog beamforming gain. Analog beam selection includes beam acquisition and beam tracking. Here, we discuss the analog beam selection mechanisms in the following two cases:
· Case 1: Analog beam acquisition could be realized with the help of access procedure if multi-beam based synchronization signals and/or system information are adopted. For example, TRP beam sweeping could be used by the base station to transmit synchronization signals and/or system information, so a terminal could identify its preferred TRP beam(s) by calculating and comparing the power of different beams. Then the preferred beam(s) information could be indicated to the network in or after the random access procedure explicitly or implicitly. 
After the analog beam acquisition, the preferred beam(s) information still may change when the channel condition between the base station and terminal changes, so a mechanism is needed to track the preferred beams. Beam tracking could be realized based on the periodic multi-beam based synchronization signals and/or system information transmission, or new reference signals need to be dedicatedly designed for analog beam tracking.
· Case 2: Analog beam acquisition could not be realized with the help of access procedure if multi-beam based synchronization signals and/or system information are not adopted, which means that a terminal could not derive preferred TRP beams from synchronization signals and/or system information. So new reference signals need to be designed to help to do analog beam acquisition/tracking.
Proposal 1: For the purpose of analog PMI feedback, UE could indicate preferred analog beam(s) to network with the help of multi-beam based initial access or newly designed beam selection reference signals.

· Step 2: (Semi-)Dynamic SRS configuration and transmission

After base station receives the information of a UE’s preferred analog beam(s), network could send SRS configuration to the UE dynamically or semi-dynamically according to its preferred analog beam(s). For example, network may configure a UE to transmit SRS in multiple time instances, each time instance corresponds to an analog TRP beam, if the UE has reported multiple preferred TRP analog beams. Then the base station needs to adjust its analog beams in these time instances so that it can derive the digital channel information corresponding to the preferred TRP beams. The SRS configuration should be sent dynamically or semi-dynamically considering adaptive SU/MU transmission or that the preferred analog beam(s) may change when the channel condition changes.
Proposal 2: For the purpose of digital PMI feedback, network should send SRS configuration to a UE (semi-)dynamically according to the preferred TRP analog beam(s) reported by the UE in step 1.
· Step 3: CSI-RS transmission and CSI feedback
For TDD systems, base station can derive the downlink channel information after step 2, and then the proper digital beamforming and rank information could be calculated. However, in order to determine the proper MCS, base station needs to get the UE’s interference information or CQI report. One method is that the base station can apply the beamforming matrix derived from the SRS to UE-specific beamformed CSI-RS, and then the UE measures the beamformed CSI-RS to derive the CQI and/or PMI information.
Proposal 3: For the purpose of CQI feedback, UE-specific beamformed CSI-RS could be used.
· Step 4: data transmission
After the analog TRP beam(s), digital beamforming matrix, rank information and MCS are determined,  the base station can transmit traffic data to the UE.
3 Preliminary Discussion on MU-MIMO

Based on the current NR evaluation assumption, the antenna elements for analog beam are closely-spaced, which implies better suited for MU-MIMO. On the other hand, the distance between TXRUs is large because they are on either different panel or different polarizations, which mimics that digital beamforming is more suited for SU-MIMO. Therefore, it is proposed that:

Proposal 4: Further study the following MU-MIMO operation: MU-MIMO is based on analog beamforming and SU-MIMO (multi-rank SU) is based on digital domain.
The analog beamformer for MU-MIMO could be different from the analog beamformer used for initial access signals, similar as current LTE MU-MIMO operation, in which the MU precoder can be different from PMI suggested by UE. In addition, SRS reception may need to use the same analog beamformer for MU-MIMO transmission, otherwise channel reciprocity is not kept between SRS channel estimation and DL data transmission. However, enforcing the same analog beamformer between SRS and MU-MIMO may delay the overall MU-MIMO scheduling, which may also degrades MU performance. At this stage, there seems no perfect solution yet and more discussions would be needed.

Proposal 5: MU-MIMO analog beamformer may be different from SU-MIMO (and initial access) analog beamformer. SRS reception analog beamformer is preferred to be the same with MU-MIMO analog beamformer to keep reciprocity, but more detailed discussions are still needed. 

4 Conclusion

In this contribution, some considerations on the DL CSI acquisition framework of NR massive MIMO are provided. It is proposed that for at least SU-MIMO: 
Proposal 1: For the purpose of analog PMI feedback, UE could indicate preferred analog beam(s) to network with the help of multi-beam based initial access or newly designed beam selection reference signals.

Proposal 2: For the purpose of digital PMI feedback, Network should send SRS configuration to a UE (semi-)dynamically according to the preferred TRP analog beam(s) reported by the UE in step 1.
Proposal 3: For the purpose of CQI feedback, UE-specific beamformed CSI-RS could be used.
The evaluation results are presented in our companion contribution based on the above CSI acquisition framework[3].

For MU-MIMO operation, some considerations are as follows:

Proposal 4: Further study the following MU-MIMO operation: MU-MIMO is based on analog beamforming and SU-MIMO (multi-rank SU) is based on digital domain.

Proposal 5: MU-MIMO analog beamformer may be different from SU-MIMO (and initial access) analog beamformer. SRS reception analog beamformer is preferred to be the same with MU-MIMO analog beamformer to keep reciprocity, but more detailed discussions are still needed. 
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