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1. Introduction

In RAN1 #62, it has been agreed that [1]: 
· 2Tx Rel.10 codebook is the 2Tx Rel.8 codebook

· 4Tx Rel.10 codebook is the 4Tx Rel.8 codebook

· 2 & 4 Tx Rel.10 CQI, and if possible PMI/RI, feedback accuracy is to be enhanced in a straightforward way targeting both MU-MIMO and SU-MIMO improvement, taking the performance/overhead tradeoff into account
· 8 Tx Rel.10 CQI (at least) feedback accuracy is to be enhanced in a straightforward way targeting both MU-MIMO and SU-MIMO improvement, taking the performance/overhead tradeoff into account

The CQI feedback accuracy will be enhanced for both MU-MIMO and SU-MIMO. In LTE, the CQI calculation is based on the SU-MIMO hypothesis. For MU-MIMO, because of the interference between paired users unable to be calculated based on quantized PMI, the accurate CQI could not be obtained. In some scenarios, the performance of MU-MIMO will be decreased significantly because of the inaccurate CQI feedback
 In this contribution, an enhanced CQI feedback for MU-MIMO by adding VQEA(Vector Quantization Error Angle) informantion has been proposed. Then the reporting mode for this solution is dicussed.
2. VQEA Feedback


In MU-MIMO transmission mode, the vector quantization error exists in PMI feedback, so eNodeB could not know the perfect CSI for user pairing. And there are more than one orthogonal precoding vectors for one PMI, then it’s difficult to choose the best paring users based on the Rel-8/9 CSI feedback. Because of the inter-user interference could not be restrained based on Rel-8/9 feedback scheme, the MU-MIMO performacne will be limited by user pairing algorithm and CSI feedback. In the proposed enhanced CQI feedback scheme, 2 bits VQEA value is added to help eNodeB calculating the MU-MIMO CQI. The VQEA could be obtained as the following. 
1. Calculate the vector quantization error.
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 is channel matrix between UE and eNodeB. 
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is precoding matrix determined by the PMI feedback.
2. Calculate the least MU-MIMO interference level through all the orthogonal precoding vectors.
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 is the orthogonal vector to precoding matrix
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in the codebook. 
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 is the evaluated interference level between the orthogonal paired users.
3. Evaluate MU-MIMO SNR.
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 is the received SNR measured by UE.
4. Calculate difference of MU-MIMO CQI with SU-MIMO CQI.
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 is the mapping of SNR to CQI. 
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 is the CQI to be fed back to eNodeB in Rel-8/9.
5. Map 
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VQEA stands for the CQI difference between single user transmission and MU-MIMO transmission. The eNodeB can adopt VQEA to adjust transmission modulation and coding rates for MU-MIMO. The MU-MIMO transmission mode could be adopted while VQEA equals to 1-3 and the CQI will be modified to CQI-VQEA for MU-MIMO. If VQEA equals 0, it means that the MU-MIMO performance would be poor, eNodeB will not consider MU-MIMO transmission for this UE. The VQEA feedback scheme will be suitable for both 4Tx, 8Tx transmission and any coodbook configuration.
3. Simulation Results
Link level and system level simulations are performed for 4Tx and 8Tx configuraion. Closed-loop precoding for 4Tx is based on the LTE codebook and 8Tx codebook is based on the agruements in RAN1 #62[2].
3.1. Link level simulation of VQEA feedback

The link level simulation parameters are shown in Table 1. eNodeB is equiped with 4 or 8 antennas and each UE is equiped with 1 antenna. The performance enhancement for the rank-1 MU-MIMO is compared between enhanced VQEA feedback and Rel-8/9 CQI feedback.
Table 1. Link-level Simulation Assumptions

	Number of eNodeB transmit antennas
	4Tx ULA
8Tx XPOL

	Element spacing
	0.5 lambda

	Number of antennas per UE
	1 Rx

	MU-MIMO precoding technique
	Zero-Forcing

	Channel model
	SCM 

	Center Frequency
	2 GHz

	System Bandwidth
	10MHz

	Number of UEs per cell
	K = 20

	Number of scheduled UE
	2

	Number of UE layers
	1
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Figure 1. 4Tx performance
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Figure 2. 8Tx performance

The performance results are shown in Figure 1 and Figure 2 for 4Tx and 8Tx respectively. It can be observed that the performance enhancement is shown both for 4Tx and 8Tx configuration. The performance enhancement is obvious in high SNR region which is more than 50%. In low SNR region, the VQEA feedback cannot bring throughputs improvement because the quantization error has little impacts on low order modulation and low coding rate. The performance enhancement is larger in 4Tx than in 8Tx.
3.2. System level simulation of VQEA Feedback

In system level simulation, the detailed parameters are shown in Table 2. Performance enhancements are evaluated for the VQEA feedback compared with Rel-8 CQI feedback.
Table 2. System Simulation Assumptions

	Parameter
	Assumption

	Inter-site distances (m)
	500

	Number of cells
	7

	Average number of UEs per cell
	10/20/30

	Antenna Configuration
	4 Tx eNB, 0. 5 lambda, ULA

8 Tx eNB, 0. 5 lambda , XPOL
1 Rx UE

	Distance-dependent path loss
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	Lognormal Shadowing
	8dB

	System Noise
	-174dbm/Hz

	Centre Frequency
	2 GHz

	System Bandwidth
	10MHz

	UE Feedback
	PMI/CQI/VQEA
Ideal feedback


The results are shown in Figure 3 and Figure 4 for 4Tx and 8Tx respectively.
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Figure 3. 4Tx performance
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Figure 4. 8Tx performance

The MU-MIMO performance increases with the number of users increases, because there are much more candidate pairing users which are suitable for MU-MIMO transmission. The VQEA can enhance the performance about 15%-45% for different user number per cell, especially with large user number.
4. Feedback Reporting Mode. 

The feedback reporting mode has been dicussed in recent RAN1 meetings. Most of the new modes are extention from LTE feedback mode. Three modes (PUCCH mode 1-1, PUCCH mode 2-1, PUSCH mode 3-1) are utilized for MU-MIMO in LTE. It is noted that the VQEA feedback solultion is applicable for these three modes and also supports new PUSCH mode 3-2. The feedback reporting extension for VQEA is listed in Table 3.
Table 3. Extension of VQEA feedback reporting modes for 8Tx
	
	PMI1
	PMI2
	VQEA
	CQI
	RI

	Periodic feedback（PUCCH）

	Mode 1-1
	One PMI
	One PMI
	One VQEA
	One CQI
	RI

	Mode 2-1
	One PMI
	One PMI
	Multiple VQEA
	Multiple CQI
	RI

	Aperiodic feedback（PUSCH）

	Mode 3-1
	One PMI
	One PMI
	One VQEA
	One CQI
	RI

	Mode 3-2
	One PMI
	Multiple PMI
	Multiple VQEA
	Multiple CQI
	RI



In the extension mode, VQEA will be added besides PMI, CQI and RI feedback. This will ensure the MU-MIMO performance for different precoding matrices. In order to show the performance enhancement for different feedback reporting modes, simulation results for both PUSCH mode 3-1 and PUSCH mode 3-2 with 4Tx and 8Tx configuration have been shown in Table 4 and Table 5.
Table 4. Performance results for 4Tx
	SCM 4x1 ULA, 0.5 λ
	Low Spread
	High Spread

	Rel8/9 feedback
	2.3983 bit/Hz
	1.6779 bit/Hz

	PUSCH Mode 3-1 + single 2 bit VQEA
	2.4713 bit/Hz
	1.7785 bit/Hz

	PUSCH Mode 3-2 + multiple 2 bit VQEA
	2.6840 bit/Hz
	2.8046 bit/Hz


Table 5. Performance results for 8Tx
	SCM 8x1XPOL, 0.5 λ
	Low Spread
	High Spread

	Rel8/9 feedback
	0.7787 bit/Hz
	0.7502 bit/Hz

	PUSCH Mode 3-1 + single 2 bit VQEA
	0.7806 bit/Hz
	0.7942 bit/Hz

	PUSCH Mode 3-2 + multiple 2 bit VQEA
	1.1679 bit/Hz
	1.1893 bit/Hz


It can be observed that the PUSCH mode 3-1 plus VQEA information only increases throughputs a little (less than 5%), while PUSCH mode 3-2 plus VQEA information can enhance the throughput significantly especially in high spread channel situation (more than 10% in low spread scenario and more than 50% in high spread scenario). So it is suggested that the PUSCH mode 3-2 should be supported to enhance the MU-MIMO performance.
5. Conclusions

In this contribution, VQEA feedback scheme to improve MU-MIMO performance has been proposed. The proposed solution could enhance MU-MIMO performance both for 4Tx and 8Tx configuration. In high SNR region, the performance enhancement could be achieved up to 50%. The VQEA can enhance the system performance about 15%-45% for different user number per cell, especially with large user number.
Based on the simulation results of PUSCH Mode 3-1 and 3-2, it is suggested that the PUSCH Mode 3-2 should be supported to enhance the MU-MIMO performance.
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