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Introduction
At the RAN1 #85 meeting, there were intensive discussions on high-level design of multi-antenna schemes for NR with respect to MIMO transceiver implementation, beamforming schemes, CSI feedback schemes, RS design, etc. Several agreements were reached as follows.
	Agreements:
· Following three implementations of beamforming are to be studied in NR
· Analog beamforming
· Digital beamforming
· Hybrid beamforming 
· Note: The physical layer procedure design for NR can be agnostic to UE/TRP with respect to the beamforming implementations employed at TRP/UE, but it may pursue beamforming implementation specific optimization not to lose efficiency
Agreements:
· RAN1 to study the beamforming procedures and their system impacts at least for multi beam based approach
· Physical layer procedures for beamforming optimizing different metrics such as overheads and latencies  in multi beam and single beam based approaches 
· Physical layer procedures in multi beam based approach that require beam training, i.e. steering of transmitter and/or receiver beams
· E.g. Periodic/Aperiodic downlink/uplink TX/RX beam sweeping signals, where periodic signals may be semi-statically or dynamically configured (FFS)
· E.g. UL sounding signals
· Other example is not precluded
Agreements:
· Both intra-TRP and inter-TRP beamforming procedures are considered.
· Beamforming procedures are considered with/without TRP beamforming/beam sweeping and with/without UE beamforming/beam sweeping, according to the following potential use cases:
· UE movement, UE rotation, beam blocking:
· Change of beam at TRP, same beam at UE
· Same beam at TRP, change of beam at UE
· Change of beam at TRP, change of beam at UE
· Other cases are not precluded
Agreements:
· In NR multi-antenna schemes, studies on CSI acquisition framework  include
· CSI reporting schemes
· Implicit CSI feedback
· Parameters indicating channel quality based on a set of transmission and receiving hypotheses associated with one particular UE, e.g. CQI, PMI, RI, CRI
· Explicit CSI feedback: for both quantized and unquantized/analog CSI feedback
· Parameters representing channel coefficients or some reduced-space representation thereof
· Reciprocity-based feedback
· For example, take into account interference and/or receiver hypothesis can be included
· Note: including aperiodic, periodic and semi-persistent, and single/wide band and sub-band feedback
· Mixed feedback is not precluded
· Interference measurement
· FFS: CSI measurement and/or reporting and/or triggering can be ‘self-contained’ in at least time domain
Agreements:
· The following DL multi-antenna transmissions to be studied for NR
· Closed-loop/(Semi)Open-loop spatial multiplexing
· Single/Multi-point transmissions
· SU/MU-MIMO
· Transmit diversity, 
· e.g., Single/Multi panel spatial diversity
· Combination of above techniques
· Other DL multi-antenna transmissions and related techniques are not precluded
· This does not imply that used transmission technique needs to be known to the UE


In this contribution, we present our views on CSI acquisition schemes for NR. We also discuss our views on beam management and RS structure in our companion contributions [1, 2].
Discussion 
General
In the previous RAN1 meetings, there were intensive discussions on antenna configurations for higher frequency bands. It was concluded that TRP equips up to 256 and 1024 antenna elements (AEs) for the carrier frequency of 30 and 70 GHz, respectively. Firstly, it is very important that the CSI acquisition schemes for NR should be flexible enough to support different antenna configurations in terms of horizontal and vertical number of AEs and antenna ports (APs), panel configuration, etc. As is well known, TRP can generate larger-gain beams according to the increase in the number of AEs. It also means that TRP requires higher resolution CSI for determining the precoder. In order to effectively obtain higher resolution CSI, enhanced CSI acquisition schemes should be considered. One potential scheme is a step-wise CSI acquisition scheme. In this scheme, as an initial step, coarse CSI such as long-term/wideband and/or partial CSI are obtained. It may be also beneficial to obtain inter-TRP interference and multi-user pair selection related information. Higher resolution CSI is obtained in following step(s). One of the fundamental components in this step is additional precoder information on top of that for the initial step, e.g., short-term/subband precoder information. MCS is to be determined considering the beamforming gain. This scheme has been discussed in the way of hybrid CSI acquisition and double codebook structure in LTE-A and these are good baseline technologies for NR.
Proposal 1: CSI acquisition schemes for NR should flexibly work for different antenna configurations. 
Proposal 2: Step-wise CSI acquisition should be studied to obtain higher resolution CSI.
Relationship to beam management for initial access
Generally, there should be high relationship between the beams for initial access and those for CSI acquisition. Thus, it is beneficial that the beam management information for initial access can be superseded to the following CSI acquisition. That information can be used as rough CSI in the step-wise CSI acquisition scheme as presented above. The beam management schemes for initial access are categorized into single- and multi- beam based approaches [3]. Design of beam management can be studied firstly in terms of required beamforming gain to achieve enough coverage area for each scenario and frequency. Subsequently, details such as the number of selected beams and the layers per beam can be discussed. This design should be optimized to accommodate different scenarios and frequency bands, e.g., larger pathloss and blockage for higher frequency.
Proposal 3: Study benefit for superseding beam information from initial access to CSI acquisition. 
· Required beamforming gain should be firstly studied for beam management design.


CSI acquisition for precoding
Table I summarizes three potential schemes on CSI acquisition for precoding operation.
Table I: Potential schemes on CSI acquisition for precoding
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Implicit CSI feedback is a basic scheme in LTE and LTE-A. PMI feedback based precoding was introduced in Rel. 8 LTE and highly effective especially for the MIMO system with limited number of Tx antennas. Recently, MIMO systems with enhanced Tx antenna attracts more interests, in which larger number of Tx antennas are arranged in planar domain. There are a number of antenna configurations for the enhanced MIMO and the codebook should be designed for each of the antenna configurations. In this sense, beam selection based CSI acquisition, which can be realized by Rel. 13 CRI feedback, achieves certain benefit in terms of specification simplicity. It is also advantageous in the scenarios with larger propagation loss, since beamforming gain is achieved for CSI-RS. Here, considering that there is larger number of antennas available for NR, MU-MIMO may be more promising. The benefit to have CSI acquisition for MU-MIMO (MU-CSI) should be studied. In addition, some simple mechanism for beam tracking should be studied as well. Explicit CSI feedback is another option for CSI acquisition. There are several candidates for the channel components to be fed back, e.g., raw channel, covariance matrix, Eigen vector and value, etc. These schemes should be compared in terms of achievable gain and feedback overhead. Analogue feedback is another candidate of CSI acquisition, in which received downlink RS is amplified and forwarded back to TRP in order to estimate whole channel information including both of downlink and uplink channels. Downlink CSI is also estimated with uplink RS. This scheme may be effective for the systems, which is not fully calibrated to achieve reciprocity based precoding, since channel information in transmitter and receiver circuit can be also estimated by this method. Finally, reciprocity based precoding is promising for higher frequency band scenarios using TDD. Although partial CSI can be obtained based on channel reciprocity, additional mechanism to obtain full CSI, e.g., higher resolution CSI, interference, MCS, etc., should be studied with realistic calibration error modeling.
Observation: Beam selection based CSI acquisition is effective in terms of coverage gain and specification simplicity.
Proposal 4: Following CSI feedback schemes should be studied together with reciprocity based operation.
· Implicit CSI feedback: PMI, CRI
· Explicit CSI feedback: raw channel, covariance matrix, Eigen vector and Eigen values and analogue feedback
Proposal 5: For reciprocity based operation, additional mechanism to obtain full CSI, e.g., higher resolution CSI, interference, MCS, etc., should be studied with realistic calibration error modeling.
Interference measurement and MCS selection
There are two types of interference which mainly affects downlink performance. First one is the inter-TRP interference. This will still be a dominant factor for NR system but may require some optimization on its measurement mechanism. Firstly, some of the recent system-level evaluations show that higher frequency scenarios are not in interference-limited but more in noise-limited environment. Furthermore, according to the increase in beamforming gain, interference level fluctuates more significantly and dynamically, i.e., flash-light effect. These factors should be studied for designing inter-TRP interference measurement for NR. Inter-user interference is another factor to be measured in order to achieve effective MU-MIMO operation. Detailed design can be discussed with achievable gain by applying enhanced inter-user interference measurement. Finally, mechanism for MCS selection, e.g., CQI feedback, can be studied after SINR distribution, which is affected by beamforming design, is clarified. 
Proposal 6: Inter-TRP interference measurement scheme should be designed considering
· Noise-limited environments for higher frequency bands
· Impact of flash-light effect for massive Tx array system
Proposal 7: Inter-user interference measurement scheme should be studied with achievable gain by applying enhanced measurement.
Summary
In this contribution, we presented general views on CSI acquisition schemes for NR. Based on the discussion, we made the following observations and proposals.
Proposal 1: CSI acquisition schemes for NR should flexibly work for different antenna configurations. 
Proposal 2: Step-wise CSI acquisition should be studied to obtain higher resolution CSI.
Proposal 3: Study benefit for superseding beam information from initial access to CSI acquisition. 
· Required beamforming gain should be firstly studied for beam management design.
Observation: Beam selection based CSI acquisition is effective in terms of coverage gain and specification simplicity.
Proposal 4: Following CSI feedback schemes should be studied together with reciprocity based operation.
· Implicit CSI feedback: PMI, CRI
· Explicit CSI feedback: raw channel, covariance matrix, Eigen vector and Eigen values and analogue feedback
Proposal 5: For reciprocity based operation, additional mechanism to obtain full CSI, e.g., higher resolution CSI, interference, MCS, etc., should be studied with realistic calibration error modeling.
Proposal 6: Inter-TRP interference measurement scheme should be designed considering
· Noise-limited environments for higher frequency bands
· [bookmark: _GoBack]Impact of flash-light effect for massive Tx array system
Proposal 7: Inter-user interference measurement scheme should be studied with achievable gain by applying enhanced measurement.
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Example of content Major study issues

Implicit CSI

•

PMI

•

CRI

•

MU-MIMO performance (MU-CSI)

•

New mechanism for beam change, e.g., tracking

Explicit CSI

•

Raw channel

•

Covariance matrix

•

Eigen vector (values)

•

Analogue feedback

•

Identify critical component for explicit CSI

Reciprocity -

•

Calibration error modeling and possible solutions

•

Interference measurement for reciprocity based CSI acquisition.

•

Additional CSI, e.g., higher resolution CSI feedback, etc.

•

Transparency of channel reciprocity to UEs


