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1. Introduction

Multi-user MIMO is a closed loop method where channel knowledge of the different users is exploited to schedule multiple users on the same resource blocks (RB). Multiplexed users on the same RBs can be separated in the spatial dimension by designing appropriate transmit and receive antenna weight vectors. Under limited feedback conditions, quantized version of the MIMO channels are fed back by each user (UE) to the Node B instead of the true estimated channel. 
In this contribution, we propose a closed loop scheme for multi-user MIMO where the Node B and the UE are equipped with multiple antennas. In the proposed scheme each UE designs a receive beamformer, v, based on the estimate of the DL MIMO channel matrix, H, and quantizes the effective vector channel (Hv) using a vector codeword from a known codebook. The index of the codeword is fed back to the NODE B along with an estimate of the CQI based on a blind prediction of the multi-user interference term. The NODE B implements a variant of zero-forcing beamforming to separate the scheduled users (treating their vector codewords as their channels). Similar proposals have been made for a single antenna UE [1,2]. This proposal is fundamentally different from the proposed PU2RC scheme [3] in that the user separation is implemented by the NODE B – see [5] for details. In PU2RC the separation of the multi-user interference is done at the UE – this places stringent requirements on the processing at the UE and further makes it infeasible to multiplex UEs with different number of antennas in the same block. Further, under spatially correlated channel conditions, it becomes increasingly difficult to separate different user streams at the UE. By implementing the spatial separation at the NODE B the above issues are addressed. Since the NODE B only depends on the quantized version of Hv, the NODE B is oblivious to the number of antennas at each UE; hence UEs with different number of antennas can be scheduled on the same RB. Further, spatial correlation does not affect multi-user separation at the NODE B as adversely since the channels between different users are independent. In addition, the feedback overhead of ZF method is smaller than PU2RC scheme since feedback of only one CQI is required. For many reasons motivating zero forcing methods see [5].
We recommend this scheme for implementing the MU-MIMO method for the great flexibility and performance benefits that it offers.

2.  Multi-user MIMO Downlink System
The proposed MU-MIMO scheme is described in Figure 1. Each UE estimates the MIMO channel matrix for each resource block. Based on the channel estimate each UE designs a receive beamformer, elects an appropriate codeword from a given codebook of vector and computes the effective CQI independently for each RB. The codeword u is selected from a codebook for each RB to best represent the vector quantity Hv where v is the receive beamformer and H is the channel matrix corresponding to the RB (with Nt rows and Nr columns; Nt, Nr are the number of NODE B and UE antennas respectively). This mapping is represented by the vector quantization function Q(.) in Fig.1. 


[image: image1]
Figure 1. Multi-user MIMO DL System
Note that the codeword u can be selected from a unitary matrix codebook by selecting a preferred codematrix and preferred column. The selected codeword, u, and the corresponding estimated CQI are fed back to the NODE B. This information is used by the NODE B to schedule 2 users (in our example) per resource block. The transmit beamformers for each user per RB are calculated using regularized zero forcing beamforming [4] – specifically the transmit beamformer weights are given by the normalized columns of the matrix W where W = X[XHX + αI]-1 and where X = [u1 u2], u1 and u2 being the codewords corresponding to the two users scheduled in the RB. I is the 2x2 identity matrix and α is a small constant.
Note that the CQI that is fed back is calculated by each UE without prior knowledge of the other user’s code or transmit beamformer. Since the NODE B implements zero-forcing beamforming, the interference due to the other user’s transmission arises due to imperfect knowledge of Hv at the NODE B due to the quantization process. Hence the interference seen by each UE is proportional to the quantization error eq2 where eq2 = || Hv/||Hv|| - u ||2 where u
 is the selected codeword. Hence UE 1 estimates the CQI to be fed back using the following formula
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where P is the transmit SNR.

This CQI is estimated based on the assumption that u1 is used for transmit beamforming – however, due to the zero-forcing constraint imposed by the NODE B the actual transmit beamformer used for user 1, say w1 may be different from the requested u1. Hence the CQI value fed back by each UE is adjusted by the Node B to account for this effect. The NODE B computes a more realistic estimate of the CQI, CQIeff  by applying the following correction
CQIeff  = CQI . |w1Hu1|2                                                              (2)
Note that the above correction accounts for the penalty due to the zero-forcing constraint thereby providing a more accurate estimate of the actual CQI.

2.1 Selecting the codeword u and receive beamformer v

The codeword u and the beamformer v are jointly chosen with the objective of maximizing the CQI using the formula in (1). In one case, u may be chosen to be the dominant left singular vectors of the channel matrix H, that is, u maybe chosen to represent the codeword which is closest to the dominant left singular vector of H. Given this choice of u the receive beamformer v  may be designed to maximize the metric in Eq. (1). Additionally, the metric in (1) may be jointly optimized over possible v and u to get the best performance. 
3. Simulation Results
We show representative narrowband simulation results to illustrate the proposed MIMO system. We plot spectral efficiency with the proposed MIMO scheme for different codebook sizes and different number of active users in the system. The average sum-rates are plotted against the number of active users in the system as shown in Fig. 2. The results are shown for Rayleigh flat fading channel and the transmit SNR is assumed to be 10dB. Channel estimation errors are modelled as a white Gaussian process of spectral height -10dB. The scheduler selects the 2 best users from the system such that their sum-rate is maximized. 
It can be seen from the results that improvement in spectral efficiency arises both due to increasing number of users and increasing codebook size. Theoretically, any two users choosing different codewords can be multiplexed together. Scheduling decisions are based on both the instantaneous channel quality of the different users as well as the distance between the multiplexed users’ selected codewords. Hence the scheduler exploits two degrees of freedom in selecting an appropriate set of users.
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Figure 2. Spectral efficiency of proposed MIMO system

In Figure 3 we present some initial system level simulation results with assumptions given in Table 1.
Feedback in system level simulations: 

PU2RC : 5 bits (CQI1) + 3 bits (1/2 CQI) + 1 bit (codebook) + 1 bit (preferred vector) = 10 bits
ZF Scheme: 5 bits (CQI1) +  3 bits (codebook) = 8 bits
Observe that even with smaller feedback requirements the ZF scheme outperforms PU2RC. 

We note that for higher number of users the SE of ZF scheme starts to saturate at 15 users since a small codebook is used. We observe that based on the above link level simulations, better performance is expected for ZF for higher codebook sizes => hence with equal feedback we expect even better performance.

Note that rather conservative assumptions for have been used ZF. There is no feed forward assumed in the ZF scheme and presented simulations – so the decoder is blind to the precoding used at the transmitter. In case that information is available, for example, in the form of precoded pilots as may be possible in SU-MIMO, we can obtain even higher gains by using that information.

We will present further results in subsequent meetings under various channel conditions and feedback overhead.
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Figure 3. System level simulations: Relative Spectral efficiency of proposed MIMO system

	Parameter
	Assumption

	Scheduling algorithm
	Proportional Fair

	Channel model
	TU (Typical Urban) and Kronecker model for correlation

	Traffic model
	Full buffer traffic

	Frequency re-use
	1

	Transmission bandwidth 
	10MHz

	Inter-site distance
	0.5km

	Cellular layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Shadowing correlation between cells / sectors
	0.0 / 1.0

	Modulation schemes 
	QPSK, QAM16, QAM64

	Channel coding rates
	QPSK: 1/6, 1/5, ¼, 1/3, ½, 2/3, ¾, 4/5, QAM16: ½, 1/3, 2/3, 3/4, 4/5

QAM64: ½, 1/3, 2/3, 3/4, 4/5

	Propagation Loss
	20

	UE speed
	3km

	Number of Drops
	100

	Number of SUBFRAMES Per Drop
	100

	FFT size
	512

	NumTXAnt
	2

	NumRXAnt
	2

	Number of Resource Blocks
	24

	BS_TX_Power
	46dBm

	Thermal noise density
	-174 dBm/Hz

	Control delay in scheduling and AMC 
	3 SUBFRAMES

	Max Number of HARQ Retransmissions (Chase Combining)
	4


Table 1. Simulation Assumptions

4. Conclusion

We conclude that the proposed scheme offers great benefits and performance improvements for implementing a MU-MIMO system.
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