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1 Introduction
In RAN1#86bis, the following agreements were achieved for CSI feedback framework of NR MIMO [1]:

Agreements:
· For hybrid beamforming, at least the following steps for CSI/RSRP acquisition should be studied: 

· Step 1: Beam-based CSI and/or RSRP (e.g., based on beam management procedures)

· To determine at least analog beam

·  Using UE feedback and/or beam-based reciprocity

· With beam-based reciprocity, TRP/UE can obtain DL/UL Tx beam from its Rx beam by multi-beam reception

· Step 2: Port-based CSI

· To determine the precoder for digital beam based on the reported analog beam(s)
·  Using UE feedback and/or port-based reciprocity

· With port-based reciprocity, TRP/UE can obtain DL/UL CSI based on UL SRS/DL RS

· Step 3: CQI 

· To determine CQI for data transmission given the reported analog and digital beam

· Based on UE-specific CSI-RS transmission

· Further optimization of the procedure for reciprocity/non-reciprocity can be considered

· Note: Certain steps may be merged/reordered/repeated

· Study the association between UL and DL RS in/among the above steps
· Note: CSI/RSRP acquisition for full digital or full analog beamforming can be a special case of the above framework

· For single-beam based approach, step 1 may not apply
In this contribution, some further considerations on the above three steps of DL CSI acquisition are presented.
2 Discussion on SU-MIMO
· Step 1: Beam-based CSI and/or RSRP (e.g., based on beam management procedures)
For hybrid analog and digital beamforming, the selection of TRP/UE analog beam(s) is very important since the analog beam(s) determine the scope of available digital beams. So the main objective of step 1 is to obtain the preferred TRP/UE analog beam(s) or beam pair(s). This step could be carried out based on the beam management procedures, which have been extensively discussed in the previous meetings and some agreements have been achieved. 
In RAN1 #86 meeting, it has been agreed that beam management is a set of L1/L2 procedures to acquire and maintain a set of TRP(s) and/or UE beams that can be used for DL and UL transmission/reception, which include at least beam determination, beam measurement, beam reporting and beam sweeping. It also has been agreed that three DL L1/L2 beam management procedures (P-1, P-2 and P-3) should be supported. In RAN1 #86bis meeting, it was agreed that beam management procedures can utilize RS defined for mobility purpose at least in connected mode, e.g, NR-SS or CSI-RS or newly designed RS, and CSI-RS. So, these beam management RS can also be utilized to obtain the analog beam(s) information in step 1. 

In our understanding, multi-beam based NR-SS is transmitted in beam sweeping manner, and the beams conveyed by NR-SS are coarse beams, e.g., analog beams. UE could do beam measurement, beam determination and beam reporting based on NR-SS, e.g., UE determines the preferred TRP/UE analog beam(s) or beam pair(s) whose RSRPs satisfy a certain threshold, and then reports these preferred analog beams and their RSRP to TRP. However, although still under discussion, it is still inclined that NR-SS will only occupy the center system bandwidth, and the best analog beams determined from NR-SS may be different from the best analog beams in the whole system bandwidth considering the frequency selective fading. In addition, the periodicity of NR-SS has not been decided yet, and if longer periodicity of NR-SS, e.g., 40ms or 100ms is adopted in NR in order to save network energy, the preferred analog beams may change in a single NR-SS periodicity. 
Considering that the time and/or frequency density of NR-SS may not satisfy the precision of analog beam(s) measurement, it is preferred that CSI-RS could also be utilized to obtain the analog beam(s) information in step 1. Different from the NR-SS, the time and frequency density of CSI-RS could be very flexible, e.g., the frequency density could be flexibly configured and triggered aperiodically. Thus in a single NR-SS periodicity, the analog beams applied to NR-SS could also be applied to CSI-RS, and the CSI-RS could be aperiodically or semi-persistently transmitted between two NR-SS transmissions to obtain more precise analog beam(s) information.
With regard to the reporting information in step 1, either CSI or RSRP of the preferred analog beams could be considered. However, considering that tens of analog beams needs to be measured and more than one beam information needs to be reported, it is slightly preferred that RSRP is reported in step 1, and some simulations need to be carried out to further evaluate the performance of these two type of reporting.
Proposal 1: Beam management RS, e.g., both NR-SS and CSI-RS, are used in step 1 of CSI acquisition framework to obtain analog beam-based RSRP and/or CSI. It needs to be further evaluated whether RSRP or CSI should be reported in step 1. 
· Step 2: Port-based CSI and Step 3: CQI
For TDD system, both beam-based reciprocity (beam correspondence) and port-based reciprocity could be assumed. Based on the beam correspondence assumption, UE’s preferred uplink Tx beam(s) and TRP’s preferred uplink Rx beam(s) could be inferred from the downlink analog beam(s) information measured and reported by UE in step 1. So the TRP could dynamically configure the UE by DCI or MAC-CE to transmit uplink SRS, which is applied with the preferred uplink Tx beam(s), on some specific time/frequency/code resources corresponding to the preferred uplink Rx beam(s). Then the TRP will adjust its uplink Rx analog beams on these resources to receive the UE’s SRS and obtain the digital channel information (port-base CSI) by exploiting the port-based channel reciprocity. The relationship between the SRS resources and corresponding uplink Rx beams could be flexibly adjusted not only according to the preferred analog beams feedback in step 1 but also according to the TRP’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). When both analog beam(s) information and digital channel information are available at the TRP, UE-specific beamformed CSI-RS could be constructed and transmitted to the UE for CQI calculation in step 3.
For FDD system, UE-specific beamformed CSI-RS, which supports multiple narrow beams, needs to be transmitted to the UE according to the preferred analog beam(s) information derived and reported in step 1. Then UE measures on these CSI-RS resources to derive and report the preferred narrow beam(s). Both beam selection and beam combination could be considered and supported by defining correspond codebooks similar to LTE R13 and ongoing discussion in LTE R14. Besides port-base CSI feedback, e.g., the preferred narrow beam selection or combination, CQI could also be derived and reported base on the CSI-RS.
Proposal 2: For the purpose of port-based CSI feedback, network should dynamically configure UEs by DCI or MAC-CE to transmit SRS according to the preferred analog beam(s) information derived and reported in step 1.
Proposal 3: For the purpose of CQI feedback, UE-specific beamformed CSI-RS could be used.
3 Preliminary Discussion on MU-MIMO

Based on the current NR evaluation assumption, the antenna elements are closely-spaced, which implies that analog beamforming could be suited for MU-MIMO transmission. On the other hand, the distance between TXRUs is large because they are either on different panels or from different polarizations, which indicates that digital beamforming is more suited for SU-MIMO as a result of low correlation among TXRUs. Therefore, it is proposed that:

Proposal 4: Further study the following MU-MIMO operation: multi-user separation is based on analog beamforming, i.e., multiple users are transmitted via different analog beams; while the transmission for each user including multi-rank SU transmission is based on digital domain.  
The analog beams used for MU-MIMO transmission could be different from the analog beams 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 beam as that for MU-MIMO transmission, otherwise channel reciprocity is not kept between SRS channel estimation and DL data transmission. However, enforcing the same analog beams between SRS and MU-MIMO may delay the overall MU-MIMO scheduling, which may also degrade MU performance. At this stage, there seems no perfect solution yet and more discussions would be needed.

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

The evaluation results of MU-MIMO based on analog beamforming are presented in our companion contribution [3]. 
4 Conclusion

In this contribution, some further considerations on the above three steps of DL CSI acquisition are  provided. It is proposed that: 
Proposal 1: Beam management RS, e.g., both NR-SS and CSI-RS, are used in step 1 of CSI acquisition framework to obtain analog beam-based RSRP and/or CSI. It needs to be further evaluated whether RSRP or CSI should be reported in step 1. 
Proposal 2: For the purpose of port-based CSI feedback, network should dynamically configure UEs by DCI or MAC CE to transmit SRS according to the preferred analog beam(s) information derived and reported in step 1.
Proposal 3: For the purpose of CQI feedback, UE-specific beamformed CSI-RS could be used.
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. 

The evaluation results of MU-MIMO based on analog beamforming are presented in our companion contribution [2]. 
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