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Discussion and decision
1
Introduction
Massive MIMO with large scale antenna arrays promise to significantly boost the coverage and capacity performance for the new Radio. A key aspect of the design of Massive MIMO is the problem of channel state information acquisition and reporting. In RAN1#85, the following agreements were reached regarding CSI reporting schemes [1]:
	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



In this contribution we discuss the topic of CSI reporting schemes and provide a view into the performance of advanced CSI feedback schemes.  
2 
Performance of Advanced CSI Feedback 
In order to achieve clear gain over legacy system, advanced CSI feedback should be considered. Explicit feedback with direct quantization is one example of advanced CSI feedback. Within explicit CSI feedback, we consider two ways to implement this quantization. One is eigen-vector based quantization, and another is covariance matrix based implementation. Normally per element quantization for vector or matrix is used. In the figure 1, we present results comparing Rel-8 codebook and covariance matrix based explicit feedback in a 4×4 MIMO configuration.    
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                          Figure-1 explicit feedback performance 
In the above, three feedback cases for SU-MIMO transmission are evaluated: PMI feedback, quantized R feedback with 16QAM constellation, no quantization R feedback. R is the covariance matrix of channel information. In simulation, real channel estimation is used, with MMSE interpolation in the assigned 6 PRB resource. For rank1 and rank 2, there is 10% throughput gain respectively.
Observation 1: High resolution CSI feedback can provide clear gain over legacy PMI feedback.
In [2], the concept of eigenvector feedback was considered where the coefficients of the dominant eigenvector were estimated at the UE based on CSI-RS and then quantized with some number of bits for gain and some number of bits for phase. It was observed that eigenvector feedback requires both gain and phase quantization of the coefficients, otherwise significant degradations in performance will occur. It was also shown that using less than 2 bits for gain quantization (even with infinite precision on the phase) results in a significant performance gap with the case with ideal channel knowledge. Using less than 4 bits for phase quantization (even with infinite precision on the gain) also results in a significant performance gap.  
Observation 2: Quantized eigenvector feedback with MU-MIMO requires 2 bits of precision for gain and 4 bits of precision for phase, otherwise there will be a significant performance gap with the case with ideal channel knowledge.
Another issue to consider with advanced CSI feedback is whether the array configuration is a hybrid array or a full digital array. The hybrid array operating with best beam selection will be forming a relatively small number of ports for the UE data transmission (where the ports corresponds to the beams forming the data transmission). However, a full digital array could operate with a large number of antenna ports (where the ports correspond to the antenna elements, where for example each antenna element is driven by a transceiver). The use of advanced CSI-RS for a beam based data transmission may have significantly different performance characteristics than a data transmission leveraging a full digital architecture.  
Observation 3: The use of advanced CSI-RS for a beam based data transmission may have significantly different performance characteristics than a data transmission leveraging a full digital architecture.  

We make the following proposals:
Proposal 1: Study the use of high resolution CSI feedback for operation with a hybrid array (i.e., a relatively few ports used in the data transmission) and for operation with a full digital array (i.e., relatively large number of ports used in the data transmission). 
3
Conclusion
In this contribution CSI reporting schemes were discussed and the following observations and proposals are made:

Observation 1: High resolution CSI feedback can provide clear gain over legacy PMI feedback.
Observation 2: Quantized eigenvector feedback with MU-MIMO requires 2 bits of precision for gain and 4 bits of precision for phase, otherwise there will be a significant performance gap with the case with ideal channel knowledge.

Observation 3: The use of advanced CSI-RS for a beam based data transmission may have significantly different performance characteristics than a data transmission leveraging a full digital architecture.  

Proposal 1: Study the use of high resolution CSI feedback for operation with a hybrid array (i.e., a relatively few ports used in the data transmission) and for operation with a full digital array (i.e., relatively large number of ports used in the data transmission). 
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Appendix:

	Simulation parameters  

	PRB 
	6

	System BW (MHz)
	10

	Link adaptation 
	On 

	Channel model  
	EPA

	Waveform 
	CP-OFDM

	Carrier frequency 
	2.0 GHz

	Channel estimation
	Real

	UE speed 
	3.0 km/h

	Antenna configuration 
	4T * 4R

	CSI quantization method 
	Option 1: ideal R feedback
Option 2: quantized R feedback
Option 3: PMI feedback


