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Introduction
At the RAN1 #86 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 on CSI acquisition schemes as follows.
	Agreements:
· A simplified CSI acquisition framework should be studied in NR, which could support
· CSI measurement based on CSI-RS (if supported)
· Implicit and explicit CSI feedback
· CSI acquisition based on different degree of reciprocity
· Other features to be supported
· The implicit CSI feedback methods should be studied in NR
· Codebook design
· Interference measurement based on interference measurement resource which could be one or more of the following options
· ZP CSI-RS (if supported)
· NZP CSI-RS (if supported)
· DMRS (if supported)
· Other resources are not precluded
· CSI feedback based on DMRS (if supported)
· The explicit CSI feedback methods should be studied in NR
· Feedback of channel covariance matrix
· Feedback of channel matrix 
· Feedback of  channel eigenvector
· Both quantized and unquantized/analog feedback
· Other methods are not precluded
· CSI measurement and reporting with the following components should be studied in NR
· Wideband/long-term CSI
· Subband/short-term CSI
· Explicit CSI
· Implicit CSI
· Configuration of the above components individually or jointly is FFS
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
· DL DMRS and UL DMRS based spatial multiplexing (SU-MIMO/MU-MIMO) is supported
· FFS: Necessity of sidelink spatial multiplexing
· At least 8 orthogonal DL DMRS ports is supported for SU-MIMO scheduling
· At least 8 orthogonal DL DMRS ports is supported for MU-MIMO scheduling
· Support dynamic switching between transmission methods/schemes, e.g. between
· Transmit diversity
· Spatial multiplexing
Agreements:
Study aperiodic CSI reporting in conjunction with aperiodic RS transmission:
· Dynamic indication of aperiodic RS and interference measurement resource including
· Aperiodic RS for channel measurement for CSI reporting
· Aperiodic interference measurement resource for interference measurement,  including using non-zero/zero power RS, demodulation RS;
· Resource pool sharing for aperiodic channel and interference measurement resources
· Study the timing requirement among aperiodic RS triggering, CSI reporting triggering, aperiodic RS transmission, and CSI reporting.  
· Timing between CSI triggering and aperiodic RS transmission X
· Timing between aperiodic RS transmission and CSI reporting Y
· Notes: Consider the single triggering for RS transmission and CSI reporting;
· Others are not precluded
· Note: aperiodic triggering doesn’t preclude on-demand (using activate/release mechanism) triggering 
Agreements:
· Support at least one of the following schemes for CSI reporting:
· Scheme 1: periodic CSI reporting analogous to LTE
· Scheme 2: semi-persistent CSI reporting (e.g. activate/release mechanism analogous to LTE SPS)
· Scheme 3: aperiodic CSI reporting 
· FFS: Possible signaling support   
· Strive to design NR periodic, semi-persistent, and/or aperiodic CSI reporting, considering at least following aspects
· UL coverage
· Required RS
· Reporting information type
· Forward compatibility
· Energy efficiency
· RS and CSI reporting overhead
· Study whether to avoid specifying dependency between CSI reports in different reporting instances 
· Such dependencies, if any, can be different for periodic, semi-persistent, and/or aperiodic CSI reporting
Agreements:
· Study flexible timings of RS indication/transmission for CSI measurement, CSI feedback triggering/reporting. Following aspects should be considered at least for periodic CSI (where appropriate)/aperiodic/semi-persistent CSI reporting
· Linkage between each timing
· Details FFS. Some non-exhaustive exemplary timing relationships include:
· Ex1) RS indication and CSI feedback triggering 
· Ex2) RS indication and RS transmission 
· Ex3) RS indication, RS transmission, CSI feedback triggering and CSI reporting in the same [SF]
· Signaling method for timing, if needed (if so, details)
· Feasible time gap between RS transmission and CSI reporting taking CSI computation delay/complexity, propagation delay, channel coherence time, and UL timing advance into account
· Signaling overhead needs to be taken into account
· Note: the timing above refers to layer 1 control signaling, higher-layer signaling or a combination thereof
· Note: RS indication can be RS triggering or RS activation/deactivation, and can include RS resource configuration. 
· Note: This doesn’t preclude a fixed timing based RS transmission for CSI measurement, CSI feedback reporting.


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 
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 1: Study benefit for superseding beam information from initial access to CSI acquisition. 
· [bookmark: _GoBack]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 2: 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 3: 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 4: 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 5: 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: 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 2: 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 3: 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 4: 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 5: 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


