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1. Introduction
The WI for further enhancing FD-MIMO, a.k.a. eFD-MIMO, was agreed in RAN#71, with one of the objectives being to extend specification support for CSI reporting in the following areas:

· As second priority, evaluate and, if needed, specify enhancement on CSI reporting based on non-precoded and beamformed CSI-RS to improve eNB precoding (such as new feedback methodologies in addition to codebook-based CSI feedback) and interference measurement to support efficient multi-user transmissions (e.g. further enabling interference estimation from NZP or ZP CSI-RS)
· Analog feedback is not precluded

In this paper, we present some initial simulation results and discussion on advanced CSI reporting schemes.  
2 Advanced CSI feedback for MU-MIMO
The performance of SU and MU MIMO is well known to be affected by the quality (e.g., timeliness and accuracy) of the CSI at the eNB.  SU-MIMO attempts to obtain a coherent processing gain and also a spatial multiplexing gain to one user at a time, whereas MU-MIMO attempts to send information to multiple users at a time.  The best performance with MU-MIMO is generally obtained when the transmit weights can effectively point maximum response of the array towards the spatial channel of the desired user while pointing nulls towards the spatial channel of the other paired users thereby minimizing the multi-user cross-talk at the UEs.  Link adaptation accuracy also affects performance in general, but MU-MIMO performance tends to be much more sensitive to the quality of the CSI compared with SU-MIMO.  
An example CSI reporting mechanism is for the UE to measure the downlink channel from the CSI-RS and compute and feedback an encoded form of the dominant eigenvector of the channel. The encoding takes the form of a number of bits to quantize the gain and some number of bits to quantize the phase of each entry of the dominant eigenvector.  For an array with M elements, we can normalize one entry to have a value of 1, and perform gain and phase quantization of the remaining M-1 coefficients. In this contribution we provide an early look at the effect on the link level MU-MIMO performance of different numbers of quantization bits for the gain and phase of the components of the dominant eigenvectors. 
3 Simulation Results
In this section, we present initial link level simulation results on the effect on MU-MIMO performance of the gain and phase quantization of the dominant channel eigenvector.  
A link level simulation was chosen for this preliminary performance evaluation so that the effect of the quantization on performance could be isolated from the other aspects that may impact performance. A 40 element 2D cross-polarized antenna array with M=10, N=2, P=2, dV=0.9, dH=0.5 was chosen for the study.  MU-MIMO was simulated with 8 co-scheduled UEs each with rank 1 transmission and with simple randomized pairing.  Each UE had the same SNR, the same 3kmph speed, and the feedback delay was 5msec.  In the performance curves shown below, the sum throughput as measured in bits per resource element was plotted against the UE SNR for different numbers of bits in the gain and phase  of eigenvector quantization.  The 3GPP 3D-UMa-OI LOS channel model was simulated with idealized link adaptation based on perfect knowledge of the transmit weights and the overall downlink channel aged by the feedback delay. The frequency allocation was 6RBs in the frequency domain with no frequency selective scheduling.  The transmit weight calculation and downlink receiver processing were based on ideal channel estimation, but the transmit weights and link adaptation were based on the delayed channel response. The sum throughput was estimated based on the EESM methodology. The purpose of this idealized link simulation was to isolate the effects of the eigenvector quantization on the overall sum throughput performance.  The true effect on system performance would require system level simulations, which is beyond the scope of this contribution.  
In Figure 1 below, there are six plots which show the effect gain and phase quantization of the dominant channel eigenvector.  In the red curves of each plot, we fix the number of bits used to quantize gain and plot curves for 2, 3, 4, and an infinite number of bits for quantizing the phase.  In each plot, the blue curve is the performance with infinite number of bits used to quantize both gain and phase of the eigenvector coefficients.  The label “GainUnQuant” means the gain has infinite resolution (infinite number of bits), whereas the label “GainSnap1” means the gain is forced to be 1 (zero bits of feedback for the gain) and only the phase is quantized.  We make the following observation and proposal: 
Observation #1: To achieve the same performance as ideal (but delayed) channel knowledge, both gain quantization and phase quantization are required with dominant eigenvector feedback.  
Observation #2: Using less than 2 bits for gain quantization (even with infinite precision on the phase) results in a significant performance gap with the ideal channel knowledge case.  Using less than 4 bits for phase quantization (even with infinite precision on the gain) also results in a significant performance gap.  
Proposal: Investigate the performance of eigenvector quantization techniques with both gain and phase quantization.  
4 Conclusion
This contribution gives our initial performance evaluation on advanced CSI reporting with quantized eigenvector feedback. We made the following observations and proposals:

Observation #1: To achieve the same performance as ideal (but delayed) channel knowledge, both gain quantization and phase quantization are required with dominant eigenvector feedback.  
Observation #2: Using less than 2 bits for gain quantization (even with infinite precision on the phase) results in a significant performance gap with the ideal channel knowledge case.  Using less than 4 bits for phase quantization (even with infinite precision on the gain) also results in a significant performance gap.  

Proposal: Investigate the performance of eigenvector quantization techniques with both gain and phase quantization.  
[image: image1.emf]-10 -5 0 5 10 15 20 25 30

2

4

6

8

10

12

14

16

18

20

22

SINR (dB)

Sum Throughput (bits per RE)

Array=4x10, de=0.9, 3GPP-UMa-OI-LOS, 6RBs, 3kph, FBdelay=5msec, EVEC

 

 

GainUnQuant - PhaseUnQuant

GainUnQuant - PhaseBits=4

GainUnQuant - PhaseBits=3

GainUnQuant - PhaseBits=2

 [image: image2.emf]-10 -5 0 5 10 15 20 25 30

2

4

6

8

10

12

14

16

18

20

22

SINR (dB)

Sum Throughput (bits per RE)

Array=4x10, de=0.9, 3GPP-UMa-OI-LOS, 6RBs, 3kph, FBdelay=5msec, EVEC

 

 

GainUnQuant - PhaseUnQuant

GainBits=4 - PhaseUnQuant

GainBits=4 - PhaseBits=4

GainBits=4 - PhaseBits=3

GainBits=4 - PhaseBits=2

 [image: image3.emf]-10 -5 0 5 10 15 20 25 30

2

4

6

8

10

12

14

16

18

20

22

SINR (dB)

Sum Throughput (bits per RE)

Array=4x10, de=0.9, 3GPP-UMa-OI-LOS, 6RBs, 3kph, FBdelay=5msec, EVEC

 

 

GainUnQuant - PhaseUnQuant

GainBits=3 - PhaseUnQuant

GainBits=3 - PhaseBits=4

GainBits=3 - PhaseBits=3

GainBits=3 - PhaseBits=2

 [image: image4.emf]-10 -5 0 5 10 15 20 25 30

2

4

6

8

10

12

14

16

18

20

22

SINR (dB)

Sum Throughput (bits per RE)

Array=4x10, de=0.9, 3GPP-UMa-OI-LOS, 6RBs, 3kph, FBdelay=5msec, EVEC

 

 

GainUnQuant - PhaseUnQuant

GainBits=2 - PhaseUnQuant

GainBits=2 - PhaseBits=4

GainBits=2 - PhaseBits=3

GainBits=2 - PhaseBits=2

 [image: image5.emf]-10 -5 0 5 10 15 20 25 30

2

4

6

8

10

12

14

16

18

20

22

SINR (dB)

Sum Throughput (bits per RE)

Array=4x10, de=0.9, 3GPP-UMa-OI-LOS, 6RBs, 3kph, FBdelay=5msec, EVEC

 

 

GainUnQuant - PhaseUnQuant

GainBits=1 - PhaseUnQuant

GainBits=1 - PhaseBits=4

GainBits=1 - PhaseBits=3

GainBits=1 - PhaseBits=2

 [image: image6.emf]-10 -5 0 5 10 15 20 25 30

0

5

10

15

20

25

SINR (dB)

Sum Throughput (bits per RE)

Array=4x10, de=0.9, 3GPP-UMa-OI-LOS, 6RBs, 3kph, FBdelay=5msec, EVEC

 

 

GainUnQuant - PhaseUnQuant

GainSnap1 - PhaseUnQuant

GainSnap1 - PhaseBits=4

GainSnap1 - PhaseBits=3

GainSnap1 - PhaseBits=2


Figure. 1 Sum Throughput (bits per resource element) as a function of number of gain bits and number of phase bits in quantized eigenvector feedback.  2D cross pol array M=10, N=2, P=2, dV=0.9, dH=0.5.  MU-MIMO with 8 co-scheduled UEs, each with rank 1.



