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1. Introduction

In a LTE-Advanced system, many enhanced techniques have been discussed, the most promising ones are MIMO enhanced, CoMP and relay. MIMO enhanced techniques, including DL MU-MIMO and 8-layer transmission, UL SU-MIMO, which are able to achieve the ITU spectral efficiency requirements. And it is generally agreed that MU-MIMO 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 direct 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 capacity. Comparing SVD based scheme, codebook based approach has been adopted as a reasonable method since the practical system has limited feedback capacity. However, MU-MIMO system based on codebook requires more feedback overhead to achieve the comparable performance as SVD based CL-MIMO. 

In this proposal, we focus on the discussion of SU/MU-MIMO transmission based on direct CSI feedback. In TDD mode, the CSI estimation can be obtained at eNB by exploiting channel reciprocity. Release 8 LTE supports SVD-based beamforming (rank-1 transmission) using channel reciprocity. However, each of the parallel sub-channels have different gain for higher rank transmission. In order to achieve better performance, different modulation and code scheme (MCS) would be applied to different data-stream , but this requires additional feedback and control message. Moreover, assigning the MCS for each of the data stream in real time is a challenging task. In particular, we consider another CL-MIMO transceiver based on geometric mean decomposition (GMD) [4], the performance of GMD based successive interference cancellation (SIC) or beamforming (BF) is evaluated and some design aspects are discussed.
2. GMD BF in LTE-A

2.1 System Model
For CL-MIMO system, the transmitter applies a precoding matrix 
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Where
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 is the channel gain matrix at the kth data subcarrier, the entries of 
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are assumed to be zero mean, unite variance, circularly, complex Gaussian random variable. And 
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is the additive Gaussian noise with each element having a variance equal to
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2.2 SVD BF
The SVD channel decomposition in subcarrier k is expressed as follows:
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Where
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are semi-unitary matrices, and 
[image: image11.wmf]{

}

1N

ll

L=

L

k

diag

denotes a nonnegative diagonal matrix, and N represents the rank of
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. The optimal beamforming vector from the information theoretic point of view is
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is found via the water filling process. The output of the receiver is then written as 
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And the SNR of the nth sub-channel can be written as 
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The SVD produces sub-channel with highly unequal SNR, depending on the channel matrix. As results, it requires bit loading and/or low rate channel coding to reach the optimal capacity, and much control information is need for the adaptive modulation and coding, it seems not be a optimal solution for SU/MU-MIMO system.

2.3 SU GMD BF
2.3.1 GMD SIC at receiver
To design the GMD SIC at receiver end, we decomposed
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[image: image20.wmf]=

HH

kkkk

HQRP










(5)

Where both 
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 and 
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 are unitary matrices and 
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is an upper triangular matrix. The diagonal elements of 
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Let the transmitted signal 
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be encoded via the precoding matrix 
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, the received signal at the receiver be passed through the equalizer 
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or
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Where
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, using DFE receiver, which is equivalent to VBLAST detection. And the SNR of the nth sub-channel of GMD scheme can be represented as 
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2.3.2 GMD SIC at transmitter
Instead of performing SIC at receiver, dirty paper coding (DPC) based GMD SIC at the transmitter can approach the optimal MIMO capacity. The principle of  GMD DPC is shown in Figure 1, the feedback filter
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 is added to the intended transmitted vectors 
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’s to pre-eliminate the interference from precious data-streams, and the resultant signals are fed to modulo-operators, which serve to limit the transmit power. The output signals of modulo operators are transformed to further remove the interference. 
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Fig. 1 GMD SIC at transmitter
The operational steps of GMD DPC are illustrated as following. Denote 
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as the transmitted signal before precoding and the transmitted signal is precoded as
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. The received signal at the receiver is passed through the equalizer 
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. From (6), in order to achieve interference-free reception for each sub-channel, it is expected that
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Thus the transmitted signals,
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, for each sub-channel can be calculated accordingly. Through this method, the transmission power for 
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 will increase dramatically. The DPC based on Tomlinson-Harashima precoding (THP) is introduced a modulo operator at the transmitter to sustain the power constraint
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Where 
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 denote the modulo operation. For PAM constellation, the modulo operation is defined as:
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, where M is the constellation size, d is the constellation symbol distance. We see that the transmitting SIC can pre-subtract the inter-stream interference before the signal is launched into wireless channel, all the operation is at transmitter end, and this GMD based BF scheme leads MIMO sub-channels will be interference-free. 

2.4 MU GMD BF 

The above single user GMD BF can be extended to the MU-MIMO scenario by the block diagonal (BD) GMD scheme. Let
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. The BD GMD has the following form: 
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 is block diagonal matrix. Utilizing the BD GMD decomposition, different sub-channels with identical SNRs are to be created for each user. The MU GMD transceiver is described in Fig. 2.

[image: image57.emf]UE2

UE1

data

Modulo

B-I

W

(Precoding

Matrix)

UE2

UE1

data

Modulo

-

1

H

U

H

P

1

H Q

H

U

Q


Fig. 2 MU GMD transceiver
2.5 Complexity Analysis

· Computation complexity
A quantitative comparison about complexity of decomposition complexity comparison between SVD and GMD-based decomposition schemes is presented in [6] as follows,

	
	complex multiplications
	complex additions

	SVD
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	GMD
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Table 1. Computation Complexity
Where Nt is the number of transmitting antennas, it is clear that the decomposition complexity of both SVD and GMD are comparable.
· Feedback overhead

For SVD MIMO system, adaptive MCS is utilized for different spatial sub-channels to achieve optimal capacity, the MCS selection is based on the SNR of each spatial sub-channel, but this resulting CQI feedback overhead becomes proportional to the number of codewords. When a MIMO channel is decomposed using GMD, all the spatial sub-channels will have identical SNR. The SNR are related to the geometric mean of the singular values of the MIMO channel. Having identical SNR among the sub-channels is more convenient to design MCS than SVD MIMO systems which have different SNR among spatial data-streams. For 8Tx antenna with two codewords in LTE system, the GMD BF requires feedback only one 4 bits CQI, in contrast, SVD BF need to feedback two CQI message, i.e.8 bits for all spatial data streams. Furthermore，in HARQ process the modulation mode need to be selected based on the SNR of each data-stream, the total amount of HARQ feedback overhead of GMD BF is also reduced by half compared to SVD BF.
3. Simulation Results
Computer simulations are performed to evaluate the performance of GMD BF approach. The simulations are link level based on single isolated cell. Simulation parameters are summarized in the table below.
	Carrier frequency
	2 GHz

	Bandwidth
	5 MHz

	Duplex Method
	TDD

	Channel Model
	UMa

	Antenna Configuration
	Tx: 8 ant. ULA,1/2 lambda

Rx: 8 ant. ULA,1/2 lambda

	Channel Code 
	3GPP Turbo code

Code rate 3/4

	Modulation
	QPSK

	Channel Estimation
	Ideal

	FFT size
	512


Table 2. Details of simulation assumptions
We compare the BLER performance of GMD BF and SVD BF, Fig.3 shows the BLER performance of single codeword SU MIMO as a function of SNR, the BLER performance of two codewords MIMO is indicated in Fig.4.  Inspection of Fig.3 and Fig.4 suggests that GMD BF has better BLER performance than SVD BF. The theoretical system capacity is computed by the SNR of each sub-channel and is represented in Fig.5, it is found that the SVD BF is a little better than GMD BF, but the capacity gap my be close to each other when the practical discrete MCS is applied.
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Fig. 3 Performance comparison (8TX-8RX,1/2 lambda, single codeword)
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Fig. 4 Performance comparison (8TX-8RX, 1/2 lambda, two codeword)
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Fig. 5 Theoretical system capacity v. SNR (8TX-8RX, 1/2 lambda)
4. Conclusion

In this contribution, we have analyzed the GMD BF based SU/MU-MIMO transmission scheme. Comparing to the SVD BF, GMD BF has the following advantage:

· Better BLER performance: GMD based approach can decompose the MIMO channel into spatial sub-channel with more evenly distributed signal gains, it can overcome the disadvantage of the overall BLER performance of SVD BF is usually dictated by the sub-channel with the smallest singular values. Furthermore, GMD and SVD decomposition have the comparable computation complexity.
· Feedback reduction: Only one CQI is required to feedback for GMD BF system, however, the feedback overhead is proportional to the number of codewords for SVD BF. Further more, GMD BF only needs one HARQ ACK/NACK, and SVD BF needs several (times of number of codewords) HARQ ACK/NACK. 
From the above analysis, we conclude that GMD BF is an attractive solution for SU/MU-MIMO transmission scheme in LTE-Advanced system.
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