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1. Introduction

In a LTE-Advanced system, many enhanced techniques have been discussed, the most promising ones are MU- MIMO, CoMP and relay.  MU-MIMO is among the spatial processing techniques which is able to achieve the ITU spectral efficiency requirements. And it is generally agreed that MU-MIMO should be supported, this transmission configuration could bring significant peak data rate and system throughput gain.
Especially, major throughput comes from close loop (CL) MIMO operation, therefore, it is straightforward to employ CL-MIMO configuration. There have been two approaches to accomplish CL-MIMO, one is based on codebook as the LTE system, and the other is based on CSI feedback. CL-MIMO has trade-off between performance and feedback overhead, SVD based CL-MIMO using channel state information (CSI) feedback provides the optimal performance if there is no limit for feedback amount. In TDD mode, the CSI estimation can be obtained at eNB by exploiting channel reciprocity. Release 8 LTE supports SVD-based precoder (rank-1 transmission) using channel reciprocity, but this is limited to single-user MIMO [6]. In [8], MU-MISO Downlink (DL) TX-RX Design Based on SVD is presented, and SVD based MU-MIMO uplink (UL) transmission is proposed in [9]. However, few reports about the feasible multi-cell MU-MIMO DL transmission based on SVD have been found. 
Multi-cell multiuser joint transmission (JT) has potentially significant capacity and coverage benefits, making it worth a more detailed consideration in LTE-Advanced. There are several different MU-MIMO JT algorithms for each UE, such as ZF, BD, DPC etc. The basic concept of BD (Block Diagonalization) is to use special transmit beamforming vectors orthogonalizes the MIMO channels of different users so that the received signals are free from multiuser interference, this resulting multiuser MIMO channel matrix has a block diagonal form. This allows precoder based on SVD to be carried out individually for each user. The main challenge with BD is that the global CSI is estimated at all receivers or an additional training phase is needed so that each user can estimate their equivalent channel and perform detection. Another disadvantage of BD is that it can not be used for MU-MIMO UL.
In this proposal, we focus on the discussion of MU-MIMO JT based on SVD for single-cell and multi-cell scenario, and present a SVD based JT scheme to decompose the MU-MIMO system into multi-streams parallel SU-MIMO channel.
2. Single-Cell Downlink MU-MIMO with SVD Based JT
We consider the MU-MIMO DL system which has a single eNB and
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UEs, as shown in Fig. 1. The eNB is equipped with
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 transmit antennas, whereas the each UE has
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 receive antennas. The symbol vector 
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is transmitted to the kth UE, it is preprocessed before its transmission by multiplying it with precoder matrix
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The signal broadcast by the eNB to the K UEs can be expressed as
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The received signal of the kth UE is given by
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where the second term is multiuser interference (MUI),
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 is the channel gain matrix,
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is the additive Gaussian noise with each element having a variance equal to
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Assuming that 
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, the SVD of 
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 is represented by
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where
[image: image21.wmf]k

L

denotes a nonnegative diagonal, 
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are unitary matrices, and 
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is constituted by the eigenvectors corresponding the nonzero eigenvalues of 
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is constituted by the eigenvectors corresponding the zero eigenvalues of 
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.The received signal of kth UE is as following,
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The overall received signal of all K UEs is given
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where 
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In order to suppress the MUI, the precoder matrix
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is chosen to satisfy
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so the
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can be computed as
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The received signal of All UEs can be simplified to
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and the signal vector of kth UE is given by
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From the above equation, we can see that the MUI is removed. However, the inter-stream interference (ISI) among antennas is still existed. Consequently, the post-processing matrix
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of received signal is introduced to cancel the ISI, and multiuser MIMO channel is decomposed into parallel SU-MIMO channels.
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From above parallelized the streams of per antenna per user, assuming the total transmitted power is fixed, it is easy to perform the water-filling (WF) algorithm to approach the maximum capacity
[image: image42.wmf]1

logdet

=

éù

æö

=+

ç÷

êú

èø

ëû

å

K

H

k

SVDkk

k

SNR

CE

M

IHH

.


[image: image43.emf]P

1

Q

1

H

2

H

K

H

2

Q

K

Q


Fig.1 Single-Cell Downlink SVD-JT
3. Multi-Cell Downlink MU-MIMO with SVD Based JT
We extend the single cell SVD-JT to the multi-cell scenario, and assume 
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is the number of cooperative eNBs in the system. Then the signal transmitted from all eNB to all UEs can be given by
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where 
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precoding matrix.
The received signal at the kth UE can be expressed as
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Furthermore, the signal received by all K UEs from all eNBs is obtained by
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Where
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The SVD of 
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The overall received signal of all K UEs is obtained by
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The precoder matrix
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is set to be 
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, consequently, the received signal at the kth UE is given by
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Finally, the post-processing matrix
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is utilized to recover the transmitting signal,
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4. Simulation Results
Computer simulations are performed to evaluate the performance of SVD-JT scheme. The simulations are link level based on single isolated cell which is composed of one eNB and two users. Simulation parameters are summarized in the table below.
	Carrier frequency
	2 GHz

	Bandwidth
	5 MHz

	Duplex Method
	TDD

	Channel Model
	UMa

	Antenna Configuration
	Tx (eNB): 4 ant. ULA,1/2 lambda

Rx(UE): 2 ant. ULA,1/2 lambda

	Channel Code 
	3GPP Turbo code

Code rate 1/2

	Modulation
	QPSK

	Channel Estimation
	Ideal

	FFT size
	512


Table 1. Details of simulation assumptions
The system ergodic capacity is computed by the SNR of each sub-channel and is represented in Fig.2, it is found that the capacity of SVD-JT superior to BD-JT.
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Fig. 2 System Capacity v. SNR
5. Discussion and Conclusion

Comparing to SVD, BD is another form of zero-forcing beamforming [2]. The same characteristics of SVD and BD are:

· The channel information in the transmitter to different users are needed. 
· Muti-users interferences can be cancelled.
Comparing to the BD-JT, SVD-JT has the following advantage: 
· It can be utilized for MU-MIMO UL and DL, the unified MU-MIMO transmission framework based on SVD can be easily built and implement, but the BD is only suitable for DL. 

· To approach sum rate, the global CSI is not necessary to be estimated by each receiver, only each UE’s own CSI is needed, so the receivers coordination is not required and it is more practicable.
· Furthermore, in theory SVD-JT system capacity is superior to BD-JT. 
However, SVD-JT is also restricted to channels where the number of transmit antennas is no smaller than the total number of receive antennas, so the users scheduling and selection should be performed in advance.  From the above analysis, we conclude that joint SVD-JT and users scheduling is a reasonable solution for MU-MIMO transmission scheme in LTE-Advanced system.
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