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1 Introduction
CSI feedback enhancement for DL MIMO is agreed as one of objectives in the DL MIMO enhancement WID [1], especially for practical antenna configurations and non-uniform network deployments. The deployment scenario A-C and evaluation assumptions are agreed for DL MIMO enhancement in [2].As per the RAN1#66 agreement, Scenarios A and C will be studied with a higher priority compared to scenario B and the feedback solution optimized for single point transmission (Scenarios A/C) can be further optimized for multi-point transmission (Scenario B). Simulation assumptions for the high priority scenarios are further refined in Email discussion document [3]. A target performance gain of 15% using MU-MIMO was proposed and considered as highly desired. Furthermore, antenna configuration for Scenario C was refined in RAN1#66bis meeting [4].
We have shown that 15% performance gain can be achieved for Scenario A with different antenna configurations and antenna spacing by exploiting CSI feedback enhancement based on Adaptive Codebook (AC) in [5]. In this contribution, AC based CSI feedback enhancement will be further evaluated and discussed for scenario C1/C2 under the agreed simulation assumption and antenna configuration[3][4] and the agreed receiver options [10]. Discussion on other aspects of CSI feedback enhancement can be found in the companion contribution [6].
2 Adaptive codebook design
For adaptive codebook (AC) based CSI feedback, The UE recommended precoding matrix can be given by 


[image: image1.wmf](

)

1212

,

1

iiii

WnormWW

r

=

 















where function norm(*) obtains a matrix with columns orthogonal to each other and each column is of norm 1. Rank = r. Matrix 
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can be from the 2/ 4Tx codebook in LTE Rel.8. Matrix 
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 is a Hermitian matrix, which can be based on covariance matrix (denoted as R) quantization. A rather general quantization approach was studied in [7] and a low-overhead R quantization approach was proposed in [8][9].  
3 Performance evaluation for Adaptive Codebook
To evaluate the potential performance gain of above CSI feedback enhancement for 4Tx antenna configuration at eNB, a system level simulation has been conducted for Scenarios C1 and C2 [3] and different antenna configuration [4]. The detailed simulation assumptions are provided in Appendix A. 
Simulation assumptions applicable to baseline simulations:
· Rel-8 codebook

· Feedback mode: PUSCH mode 3-1 

Simulation assumptions applicable to all simulations (including the baselines):
· Dynamic switching SU/MU MIMO transmission (Transmission mode 9)
·  Up to one layer per UE (for both SU MIMO transmission and MU MIMO transmissions in such simulations, i.e. no rank adaptation) 

·  Rel-8 SU-MIMO evaluation with rank adaptation is also presented for comparison
· PUSCH mode 3-1 or mode 3-2 (subband PMI and subband CQI report) 
· MMSE Receiver Option 1 and Option 2 [10]
· ULA antenna configuration with 0.5 or 4.0 wavelength spacing (Cross-polarized antenna configuration with 0.5 or 4.0 wavelength spacing results to be provided later)
· Fairness was adjusted so that it is sufficient to tell if the target performance gain of 15% is met or not by only considering cell average throughput gain while cell-edge performance remain the same
In this simulation, the low-overhead adaptive codebook approach in [8] is used.  
3.1 Simulation results for Scenario C1
Fig.1 and Fig.2 illustrate, for Scenario C1, the spectrum efficiency (SE) performance gains of Adaptive Codebook with different quantization accuracy for the agreed antenna configuration and antenna spacings [4], where Rel-8 codebook with PUSCH mode 3-1 is as baseline. It can be seen that AC with PUSCH mode 3-2 can bring large performance gain. The performance of R8 codebook with PUSCH mode 3-2 is also included to clarify the gain origin. More detailed simulation results can be found in Appendix C. To demonstrate that the performance gain with ideal R can be approached by using practical CSI feedback design, a 48 bit scalar quantization method that directly quantizes each off-diagonal elements of R without exploring any structure property quantization was also evaluated, as shown in Fig.1,Fig.2 and Appendix C.
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Fig.1 – Scenario C1, Cell average SE gain vs antenna configuration and spacing for MMSE Receiver Option 1
[image: image5.emf]0.0%

2.0%

4.0%

6.0%

8.0%

10.0%

12.0%

14.0%

16.0%

ULA 0.5 ULA 4.0

Cell Avg Tput gain %

Antenna configuration and spacing (x wavelength)

Scenario C1, MMSE Option 2 Cell Avg SE gain

R8 3-2,TM9

AC 3-2,ideal R

AC 3-2,48bit R

AC 3-2,16bit R

AC 3-2,6bit R

 
Fig. 2 – Scenario C1, Cell average SE gain vs antenna configuration and spacing for MMSE Receiver Option 2

Observation:
· The Adaptive codebook leads to large performance gain over the baselines 
· The Adaptive codebook shows robust performance gain with antenna spacings, including the configuration with widely-spaced ULA antennas. Quantization of R reduces the gain of adaptive codebook while close to 10%~15% performance gain can still be achieved with reasonable overhead in most cases
· Higher performance gain can be achieved with higher feedback overhead

· The performance gain of about 10%~15% can be met with reasonable feedback overhead 
· For ULA antenna configurations, MMSE Options 1 and 2: 16 bit R quantization may be sufficient

· It is likely to further reduce feedback bits while maintaining promising performance gain.

It is remarked that if the knowledge of channel matrix (instead of the long term covariance matrix of the channel) is fed back to the transmitter, higher performance gain can be achieved, at the cost of higher feedback overhead.
3.2 Simulation results for Scenario C2
Figures 3 and 4 illustrate, for Scenario C2, the performance gains of Adaptive Codebook with different quantization accuracy for the agreed antenna configuration and antenna spacings [4]. More detailed simulation results can be found in Appendix D.
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Fig.3 – Scenario C2, Cell average SE gain vs antenna configuration and spacing for MMSE Receiver Option 1
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Fig.4 – Scenario C2, Cell average SE gain vs antenna configuration and spacing for MMSE Receiver Option 2

Observation:
· Similar achievability conclusions can be drawn for Scenario C2 and Scenario C1 with ULA
4 Conclusions
In this contribution, Adaptive Codebook based CSI feedback enhancement was evaluated for scenario C (including C1 and C2) with different antenna spacings for ULA antenna configuration. Based on the simulation results and the discussion we have the following observations and proposals:
Conclusion:
·  For networks of outdoor low-power node, the Adaptive Codebook design shows robust performance gain (about 10%~15%) with the antenna spacing for ULA antenna configuration [4], with reasonable additional feedback overhead.
Proposal:
· Strive for a unified feedback framework with robust performance in various deployment scenarios. Adaptive Codebook technique is a strong candidate for consideration.
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6 Appendix A – System level simulation assumptions

	Parameter
	Value

	Channel models
	Per Scenario 3 in CoMP simulation assumptions

	Central Frequency
	2GHz

	Fading Scenario
	Per Scenario 3 in CoMP simulation assumptions

	Antenna configuration
	4 Tx at eNodeB with 0.5 to 10.0 lambda spacing

ULA 

	
	2 Rx at UE with 0.5 lambda spacing

ULA

	
	ideal antenna calibration
3D antenna pattern, with 15 degrees down-tilt

	Sample density
	15.36M sample/second

	UE Speed
	3km/h

	System Bandwidth
	50RBs

	FFT length
	1024

	Subband size
	6RBs 

	Scheduler
	Proportional Fair scheduling in the frequency and time domain. 

	Number of UEs per cell
	30

	MU-MIMO 

precoding technique
	Zero-forcing beamforming with totally maximum 2 layers

Up to one layer for each scheduled UE

	MCS
	according to transport formats in LTE R8

	Channel estimation
	Ideal

	Receiver
	MMSE receiver(Options 1, 2 in [10])

	Hybrid ARQ
	Maximum 4 transmission

	Subband CQI feedback
	according to CQI Table in LTE R10

	Feedback Delay
	4ms

	Feedback 
	Under the assumption of SU–MIMO transmission with rank adaptation

	
	For PUSCH 3-1 and 3-2: CQI reporting triggered per 5ms.

	
	R feedback: 150ms

	Overhead
	3 symbols for DL CCHs and DM-RS with 12 REs per PRB.


7 Appendix C – Scenario C1 MMSE Options 1, 2 detailed Results
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8 Appendix D – Scenario C2 MMSE Options 1, 2 detailed Results
[image: image9.emf]SU 3-1 1 3.075 0.0607 -5.8% 2.5% 3.281 0.059 0.0% 0.0%

SU 3-2 1 3.085 0.0602 -5.5% 1.6% 3.346 0.0599 2.0% 1.5%

R8 3-1,TM9 1 3.265 0.0592 0.0% 0.0% 3.098 0.0607 -5.6% 2.8%

R8 3-2,TM9 1 3.28 0.0588 0.5% -0.7% 3.111 0.0608 -5.2% 3.0%

AC 3-1,ideal R 1 3.844 0.0597 17.7% 0.8% 3.627 0.061 10.5% 3.3%

AC 3-2,ideal R 1 3.928 0.0617 20.3% 4.2% 3.736 0.0595 13.8% 0.8%

AC 3-1,48bit R 1 3.817 0.0598 16.9% 1.0% 3.619 0.0601 10.3% 1.8%

AC 3-2,48bit R 1 3.892 0.0613 19.2% 3.5% 3.714 0.0589 13.2% -0.2%

AC 3-1,16bit R 1 3.532 0.0593 8.2% 0.2% 3.382 0.0602 3.1% 2.0%

AC 3-2,16bit R 1 3.595 0.0605 10.1% 2.2% 3.469 0.0598 5.7% 1.3%

AC 3-1,6bit R 1 3.511 0.0586 7.5% -1.0% 3.358 0.0587 2.3% -0.6%

AC 3-2,6bit R 1 3.557 0.0605 9.0% 2.2% 3.434 0.0597 4.7% 1.1%

R8 3-1,TM9 2 3.728 0.0598 0.0% 0.0% 3.719 0.0609 0.0% 0.0%

R8 3-2,TM9 2 3.737 0.0604 0.3% 1.0% 3.747 0.0594 0.7% -2.5%

AC 3-1,ideal R 2 4.132 0.0597 10.8% -0.2% 4.081 0.0596 9.7% -2.1%

AC 3-2,ideal R 2 4.181 0.0598 12.2% 0.0% 4.145 0.0584 11.4% -4.1%

AC 3-1,48bit R 2 4.104 0.0594 10.1% -0.7% 4.077 0.059 9.6% -3.1%

AC 3-2,48bit R 2 4.15 0.0594 11.3% -0.7% 4.141 0.0597 11.3% -2.0%

AC 3-1,16bit R 2 3.91 0.0602 4.9% 0.7% 3.913 0.0601 5.2% -1.3%

AC 3-2,16bit R 2 3.941 0.0603 5.7% 0.8% 3.97 0.0608 6.7% -0.2%

AC 3-1,6bit R 2 3.886 0.0581 4.3% -2.8% 3.897 0.0585 4.8% -3.9%

AC 3-2,6bit R 2 3.918 0.0602 5.1% 0.7% 3.943 0.0603 6.0% -1.0%

codebook

MMSE 

option

ULA 0.5 ULA 4.0

cell 

avg edge

cell avg 

% edge %

cell 

avg edge

cell 

avg % edge %


































































































































































































































































































































































































_1374657013.unknown

_1374928858.unknown

_1374656846.unknown

