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1. Introduction

For 4Tx, it has been agreed that CQI enhancement is necessary (instead of PMI accuracy) to realize the potential gains of MU-MIMO [1-2]. To this end, it has been captured in Chairman’s notes that 

· 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
While the CQI computation at the UE is straightforward for the SU-MIMO hypothesis, the UE is unaware of the potential intra-cell interference for the MU-MIMO hypothesis. The CQI feedback without considering the intra-user interference is inefficient for MU-MIMO. It has been shown in [3] that providing best/worst companion PMI and CQI improves the MU-MIMO performance significantly.  However, best companion or worst companion PMI/CQI reporting reduces the flexibility of the scheduler. Furthermore, the feedback overhead is also doubled which is a drawback.  In this contribution, we address the performance/overhead trade-off by providing a 2 bit MU CQI for the SU PMI /CQI. 
2. CQI Refinement
It has been well observed that MU performance gain is mainly due to rank 1 MU transmission per UE.  Therefore we propose to provide rank 1 MU CQI regardless of the rank of the SU PMI/CQI. For rank 1, SU PMI feedback, we define the MU SNR as
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where v is SU PMI. The above expression assumes interference is spread equally in all transmit directions orthogonal to the selected SU PMI. This can also be implemented by accounting for the intracell interference covariance matrix in the UE’s estimate of the noise covariance matrix.
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The above generalization works well for any UE reported rank and for any number of total transmission layers at NB.
Another alternative is to average MU SNR for each of the NT-1 vectors orthogonal to the reported PMI. Let SNRi be the SNR corresponding to interference from the i-th orthogonal PMI, then MU SNR can be defined as
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(2)
Where ui are the orthogonal vectors. A yet another alternative is for the orthogonal vectors to consist of the orthogonal PMI’s in the codebook. For example, in Rel 8 Householder codebook, 8 codevectors have 5 orthogonal vectors each. The remaining 8 vectors have 3 orthogonal vectors each. So the SNR averaging can be done in the orthogonal PMIs set. 
The MU SNR is quantized with 2 bits as a differential to SU CQI. Let x be the 4 bit MCS level (out of 16 levels) corresponding to SU CQI, and let y be the MU CQI; the quantization scheme is described by table 1.



	MCS Level Difference Region
	Differential Quantization Value

	x-y <=1
	1

	x-y =2
	2

	x-y=3
	3

	x-y>=4
	4


Table 1: Differential quantization levels for MU CQI
For rank 2 feedback, MU CQI is calculated assuming v to be column in the precoder matrix whose CQI value is the highest. In the next section, we provide simulation results for enhanced MU CQI based on equation (1). The other alternatives produced smaller gains.
3. Simulation Results

In the following tables, we provide simulation results for both ULA and XPOL configurations. Both per-SB and WB MU-CQI are evaluated, and SB-PMI is assumed as well. It can be observed that the SB MU-CQI achieves about 5% gain in both average and cell edge performance in ULA and XPOL 0.5 λ configurations for both low and high spread.  For the case of XPOL 4λ, the cell average gains by 1-2 % while the cell edge gains by about 5%. 
	SCM 4x2 ULA, 0.5 λ
MUMIMO, PUSCH 3-2
	Low Spread
	High Spread

	SU CQI
	3.39/0.135
	3.10/0.114

	SU CQI + 2 bit SB MU CQI
	3.55/0.143
	3.29/0.119

	SU CQI + 4 bit WB MU CQI
	3.45/0.137
	3.17/0.117


	SCM 4x2 XPOL, 0.5 λ
MUMIMO, PUSCH 3-2
	Low Spread
	High Spread

	SU CQI
	2.63/0.092
	2.51/0.087

	SU CQI + 2 bit SB MU CQI
	2.77/0.097
	2.62/0.092

	SU CQI + 4 bit WB MU CQI
	2.68/0.095
	2.55/0.090


	SCM 4x2 XPOL, 4 λ
MUMIMO, PUSCH 3-2
	Low Spread
	High Spread

	SU CQI
	2.38/0.078
	2.27/0.074

	SU CQI + 2 bit SB MU CQI
	2.42/0.082
	2.31/0.077

	SU CQI + 4 bit WB MU CQI
	2.37/0.080
	2.25/0.074


Table 2: MU CQI versus SU CQI Performance 
4. Conclusions

We proposed a simple MU CQI enhancement scheme with an overhead of 2 bits per CQI/PMI feedback. The gains are substantial: about 5% in most scenarios. The overhead may be reduced by making the MU-CQI wideband instead of subband, but then the gains decrease as well. We recommend RAN1 to consider this proposal as a potential CQI enhancement for 4Tx.
5. References
[1] R1-105032, Way Forward on Enhancement for Rel.10 DL MIMO, Madrid RAN1#62
[2] Chairman Notes, RAN1#62

[3] R1-104477, Higher CSI feedback accuracy proposals for 4/8Tx Rel.10 DL MIMO, Texas Instruments, Madrid RAN1#62
[4] R1-104474, Views and simulation results on 4Tx codebook enhancements, Texas Instruments, , Madrid RAN1#62 

[5] R1-104398, Further analysis of companion feedback performance and feedback signalling overhead reduction, ALU, Madrid RAN1#62
6. Appendix: 
6.1. Simulation Assumpons

	Parameter
	Assumption

	Antenna Configuration
	4 Tx eNB 0. 5 & 4 lambda, XPOL and ULA

2-Rx UE 0.5 & 4 lambda, XPOL and ULA

	Channel Model
	3GPP case1,  3D , SCM-UMa with low and high spread

	Traffic Model
	Full Buffer

	Duplex method 
	FDD 10MHz

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 sectors per site with wraparound

	Number of users 
	10 (on average)

	UE Feedback
	PMI/CQI 

	Feedback Granularity
	1 CQI/PMI report for 5 PRBs, (Wideband W1 and Subband W2) 

	Feedback Impairments
	Reporting period: 5 ms for PMI/CQI.   

Delay: 5 ms

	Scheduler Type
	Proportional fair

	MU-MIMO Precoder
	Zeroforcing

	MU-MIMO UE Pairing
	Chordal distance of 1.8 

	Rank-adaptation
	1-layer per UE and 2 UEs in MU-MIMO
Dynamic Switching with maximum of rank 1 per UE

	HARQ Scheme
	Chase Combining 

	Maximum number of retransmissions
	3

	OLLA
	On with Target BLER=20% and warm-up time=1s

	Inter-cell interference modelling
	4 strongest interfering cells are explicitly modelled.

	Receiver Configuration
	Ideal MMSE  (Perfect intercell and intracell interference knowledge)

	Overhead
	30.3 % (Agreed overhead assumption for performance evaluation for ITU submission (LTEA MIMO/CoMP, L=3 control symbols))
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