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1 Introduction
In RAN1#86, the following agreements were achieved for unified CSI framework:

Agreements:
· Strive to design a unified CSI framework, avoiding introducing multiple classes/subclasses and redundant (equally performing) configurations, while still covering a wide variety of use cases and frequency bands
· Coupling/Decoupling (e.g. fixed timing relationships, joint configuration) between the following functions should be studied
· RS transmission used for CSI acquisition (CSI-RS transmitted in DL and SRS transmitted in UL)

· Use of other RS(s) is not precluded (e.g., DMRS)

· Note that CSI-RS and SRS may or may not have the same physical signal design
· Note that the reference signal naming can be revisited later
· CSI measurement/reporting
· Multi-antenna transmission method/scheme
· Downlink control signaling

· Study flexible scheduling/configuration of CSI-RS, CSI report and transmission method/scheme for data and control

In this contribution, some considerations on DL CSI acquisition framework of NR MIMO 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, hybrid beamforming and 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 DL CSI acquisition framework of NR 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 DL CSI acquisition framework of NR MIMO, which is illustrated in figure 1, could be divided into the following steps:
· Step 1: TRP/UE analog beam(s) selection
First of all, the TRP/UE analog beam(s) should be selected properly to provide appropriate analog beamforming gain. Concretely, analog beam(s) could be selected based on initial beam acquisition procedure and/or beam tracking procedure. Here, we discuss these two analog beam selection schemes:
· Scheme 1: Analog beam(s) are selected base on initial beam acquisition procedure. For example, the TRP transmits synchronization signals and/or system information with beam sweeping method, and a terminal would calculate and compare the power of different beams to identify its preferred TRP beam(s). Then the preferred TRP beam(s) information could be indicated to the network during or after the random access procedure explicitly or implicitly. 
· Scheme 2: Analog beam(s) are selected base on beam tracking procedure. Beam tracking procedure is needed since the preferred TRP/UE beam(s) may change when the channel condition between the TRP and UE changes. In order to facilitate the beam tracking procedure, a kind of beam selection RS needs to be designed. The beams carried by beam selection RS may be the same as or different from that carried by synchronization signals in the initial beam acquisition procedure. From the perspective of specification, these two kinds of beams, which applied in initial beam acquisition procedure and beam tracking procedure seperately, can be independent.
It should be noted that the UE may need to feedback more that one preferred TRP beams in order to support SU-MIMO and MU-MIMO flexibly. 
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: Dynamic SRS configuration and transmission

After the base station receives the information of a UE’s preferred analog beam(s), it could dynamically configure the UE to transmit uplink SRS on some specific time/frequency/code resources. Then the base station will adjust its analog beam on these time/frequency/code resources to receive the UE’s SRS. The applied TRP analog beams on these resources are transparent to the UE, and they could be flexibly adjusted not only according to the preferred analog beams fedback in step 1 but also according to the base station’s scheduling schemes (e.g., SU-MIMO or MU-MIMO) and/or multi-user pairing schemes. Both periodic and aperiodic SRS transmission could be further investigated, but aperiodic SRS is more flexible than periodic SRS, especially considering that in sometimes SRS are configured to obtain the digital channel information under only one analog beam hypothesis (e.g., only the most preferred single-directional beam to support SU-MIMO transmission), while in some other times SRS are configured to obtain the digital channel information under more than one analog beam hypothesis (e.g., one is the most preferred single-directional beam to support SU-MIMO transmission, another is a two-directional beam to support MU-MIMO transmission).
Proposal 2: For the purpose of digital PMI feedback, network should send SRS configuration to a UE 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 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. 

5 References
[1] 3GPP TSG RAN WG1 Meeting #86, Chairman's Notes RAN1_86
[2] R1-167114, Gradual UE-Specific (GUS) initial access and multi-beam-based mobility

management, CMCC, RAN1 #86
[3] R1-1609305, Updated System Level Evaluation for NR MIMO, CMCC, RAN1 #86bis
