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1. Introduction 

In RAN1#63，Vector Quantization Error Angle (VQEA) feedback was introduced as an enhanced CQI scheme to handle inter-user interference in MU-MIMO[1]. In [1], comparisons between the VQEA feedback and Rel-8/9 CQI feedback were performed and some simulation results were provided. To ensure the full capability, CQI feedback for MU-MIMO is still in need of improvements.
In this contribution, we provide some simulation results for MU-MIMO with VQEA in scenarios A and C.

2. VQEA feedback 

In MU-MIMO transmission, it is difficult to choose the best paired users with Rel-10 CSI feedback because the inter-user interference is unpredictable in the eNB due to the channel quantization errors in the PMI feedback. This results in inaccurate CQI for MU-MIMO in the current CQI feedback scheme. In order to enhance the Rel-10 feedback scheme for MU-MIMO transmission, an enhanced feedback that handles such quantization error is implemented. In the proposed VQEA feedback scheme, 2-bit VQEA information is used and is fed back to the eNB. 

    The 2-bits VQEA information indicates the difference between CQIs in SU-MIMO and MU-MIMO and is used to calculate MU-MIMO CQI in eNB. 
The VQEA information is calculated as follows:
1. Calculate the precoding matrix for each PMI: 
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where 
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is the quantized channel matrix (selected from codebook) for candidate paired user , 
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is the extended channel matrix of leakage information, and 
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 is the number of antennas for each receiver.

2. Calculate MU-MIMO SNR for each precoding matrix: 
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3. Find maximum MU-SNR: 
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4. Calculate CQI difference: 
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5. Map CQIdif to VQEA: 

VQEA = 0

if
CQIdif ≤ 0 
VQEA = CQIdif
if 
0 < CQIdif < 3

VQEA = 3 

if 
CQIdif ≥ 3

3. User paring scheme
The user pairing procedure is as follows:
1) Choose the first UE from each cell to be the first paring UE using PF (Proportional Fairness) scheduling algorithm. 
2) Calculate the precoding matrix for the first UE to be paired:
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3) Find the UEs with their correlation of precoding matrices less than 0.2 with regard to the first UE. Then, evaluate their VQEA values.

4) Choose the UE with the smallest VQEA value (< 3) as the second UE to be paired.

The above user selection scheme can provide some advantages over the traditional PF user scheduling with the Rel-10 CQI feedback due to the VQEA information. Some of the advantages of the VQEA feedback scheme are:
1) The eNB can select the users with small inter-user interference, which can greatly enhance the performance in DL MU-MIMO.

2) The eNB can choose the most preferable transmission modulation and coding rates for MU-MIMO. 

3) It is possible that MU-MIMO transmission can be used only when VQEA value is small. If VQEA value is 3, the eNB does not choose the UE for MU-MIMO because such UE will show poor performance in the MU-MIMO. This avoids undesirable MU-MIMO user pairing.
4) The VQEA feedback scheme will be applicable to any codebook configurations, including 2Tx, 4Tx transmissions.
4. Simulation results
To evaluate the proposed scheme, numerical simulations are performed. For the MU-MIMO scenarios, we use scenario A and C, which are home generous macro network (4Tx) and outdoor low-power Tx points with macro cell on the same carrier frequency, respectively. [2]
(1) Simulation assumptions 

Table 1 and Table 2 show the simulation assumptions in scenario A and scenario C, respectively.
Table 1 System simulation assumptions (scenario A).
	Parameter
	Assumption

	Cell type 
	Macro

	Number of cells
	57

	Average number of UEs per cell
	25

	Antenna Configuration
	For macro eNB, 

4Tx, 2 columns, cross-polarized on each column, closely-spaced: X X.
For low power node,
4Tx, 0.5 λ-spaced cross-polarized: X X.
For UE,
2Rx cross-polarized: X.

	path loss
	Urban Macro (UMa)

	Lognormal Shadowing
	4dB(LoS),  6dB(NLoS)

	Transmission schemes in DL
	MU-MIMO

	System Noise
	-174dbm/Hz

	Centre Frequency
	2 GHz

	System Bandwidth
	10MHz

	UE Feedback
	Ideal/ PMI/VQEA

	Channel model
	Use the macro part of the baseline channel of scenario 4 in the CoMP SI with indoor-outdoor modeling


Table 2 System simulation assumptions (scenario C).
	Parameter
	Assumption

	Layout
	19 macro sites with 3 cells (sectors) each and wrap-around

	Number of RRHs per macro-cell
	4

	Average number of UEs per cell
	30

	UE distribution
	Configuration #4b: Clustered UE placement for hotzone cells

	Antenna Configuration
	eNB, RRH: 4Tx, cross-polarized; UE: 2Rx, cross-polarized

	Distance-dependent path loss
	Macro-cell-to-UE
	ITU UMa with 25 m Tx antenna height

	
	Low power node-cell-to-UE
	ITU UMi with 10 m Tx antenna height

	Shadowing standard deviation
	Macro-cell-to-UE
	ITU UMa

	
	Low power node-cell-to-UE
	ITU UMi

	Transmission schemes in DL
	MU-MIMO

	System Noise
	-174dbm/Hz

	Centre Frequency
	2 GHz

	System Bandwidth
	10MHz

	UE Feedback
	Ideal/ PMI/VQEA

	Channel model
	ITU, UMa for macro; UMi for RRH


(2) Simulation results
Table 3 and 4 show simulation results for scenario A and scenario C, respectively. The system performance between Rel-10 feedback and our proposed VQEA feedback are compared in terms of spectral efficiency for the cell average and cell edge.

Table 3 Simulation results in scenario A. 
	Schemes
	Cell average SE (bps/Hz/cell)
	5% cell edge SE (bps/Hz/cell)

	Ideal feedback
	5.87
	0.0642

	Rel-10 feedback
	5.39
	0.0435

	VQEA feedback
	5.80
	0.0462

	VQEA/Rel.10 improvement
	7.6%
	6.2%


Table 4 Simulation results in scenario C. 
	Schemes 
	Cell average SE (bps/Hz/cell) 
	5% cell edge SE (bps/Hz/cell) 

	Ideal feedback
	5.96 
	0.0889 

	Rel-10 feedback 
	5.54 
	0.0622 

	VQEA feedback
	5.91 
	0.0694 

	VQEA/Rel.10 improvement
	6.7 % 
	12% 


In the table, ideal feedback shows the ideal performance when no quantization error is taken into account. As shown above, compared with the Rel-10 CQI feedback, the VQEA feedback presents better performance:

· The VQEA solution can improve the Rel-10 feedback performance by about 8% and 6% in terms of cell average and cell edge, respectively, in scenario A.

· Similarly, in scenario C, the VQEA scheme presents about 7% and 12% improvement.
· With the VQEA scheme, the spectral efficiencies in cell average can be close to those in the ideal feedback. 
5. Conclusion

In this contribution, an enhanced CQI feedback scheme for MU-MIMO is proposed. The proposed solution could enhance MU-MIMO performance for both scenarios A and C with 4Tx configuration.  Simulation results show that the VQEA solution can enhance the MU-MIMO performance by about 6 - 12% in the cell average/edge spectral efficiencies in scenario A and C.
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