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1. Introduction
To maximize the spectral efficiency of E-UTRA, pre-coding MIMO has been introduced. MIMO transmission with pre-coding is a closed loop method which allows improvement in link performance based on channel knowledge. Two different pre-coding methods have been introduced, codebook based pre-coding and non-codebook based pre-coding method. Non-codebook based pre-coding is more suitable to TDD mode to exploit the channel reciprocity. 
Node B utilizes the channel information to form pre-coding matrix extracted from the channel matrix. SVD can be used to generate the pre-coding matrix. This paper presents potentials in system throughputs of downlink SU-MIMO using non-codebook based pre-coding in EUTRA TDD. 

2. Non-codebook based pre-coding 
The predicted downlink channel matrix from uplink is H, The channel matrix H has SVD as
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is a rectangular matrix whose diagonal elements are non-negative real numbers and whose off-diagonal elements are zeros. The diagonal elements 
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 are the ordered singular values of the matrix H, where n=min (M, N). The channel matrix H possesses some non-zero singular values. For each non-zero singular value, there is a corresponding eigen-vector, which can convert the MIMO channel into a set of parallel flat fading sub-channels. The parallel channels have generally a different gain, i.e. the corresponding eigen-values are different. And power/bits should be adaptively allocated, on each sub-channel to match its capability.
One MIMO scheme with pre-coding can be illustrated in Figure 1. It is assumed that 4 transmit antennas and two receive antennas are used. Two independent layers are pre-coded and sent over 4 transmit antennas.
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Figure 1,   MIMO transmission scheme with pre-coding 
We consider a few desirable aspects in designing the DL E-UTRA pre-coding:

· The transmitter uses two of eigen-vectors corresponding to largest non-zero singular values to form the pre-coding matrix.
· Pre-coding of  eigen​-mode can improve the throughput and reliability by:

· Power Allocation: allocating different levels of transmitted power to different layers

· Bit Allocation: allocating different levels of coding rate and modulation sets to different layers 
· Avoiding power loss transmitted over the null-space

· More efficient decoder due to lowering cross-talk between different layers
· The UE sends a set of CQI’s to the node B which reflects the selected MCS, typically two CQI’s are needed, where each CQI corresponds to one of the independent data streams. 
3. Simulations
3.1. Assumptions
In this contribution, single user throughput simulations are done for non-codebook based pre-coding. The pre-coding matrix for non-codebook based pre-coding is generalized with SVD, The link level simulation results for non-codebook based pre-coding (SVD) can be found in [3].
The detailed simulation parameters are listed in table 1. 
Table 1, Single user throughput simulation parameters for downlink pre-coding MIMO
	Parameter
	Assumption

	Bandwidth
	5MHz

	Carrier frequency 
	2.0GHz

	Basic transmission parameters
	See Table 7.1.1-2 in TR25.814 [1] with alternative TDD frame structure

	Number of used PRBs
	1

	PRB size
	12

	Modulation and coding rates
(for adaptive MCS)
	QPSK (R=1/5  1/4  1/3  1/2  2/3  3/4  4/5) 
16-QAM (R=1/2  2/3  3/4  4/5)

 64-QAM (R=2/3  3/4  4/5 )

	Code type
	3GPP turbo code

	Retransmission number in HARQ
	3

	Antenna configuration
	4x2, The antenna spacing at transmit is 4 wavelengths

	Channel model
	SCM, TU 12ray

5 degrees RMS angle spread at Node B

35 degrees RMS angle spread at UE

	Channel estimation
	IDEAL

	MIMO detector
	MMSE

	UE speed
	3km/h

	Delay between uplink and downlink
	0.675ms

	Target BLER
	1%


All the simulations are based on 2 codewords, i.e. two separately-coded data streams with different MCS for each stream. Different pre-coding matrix is calculated for each consecutive 12 sub-carriers (i.e., 1PRB).  
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Figure 2. Throughput results for pre-coding
3.2. Simulation Results

The Simulation results are shown in figure 2. In this figure, the red curve is the simulation result with non-codebook based pre-coding (SVD), the blue curve is the simulation result without pre-coding in 2x2 antenna configuration for reference, which antenna spacing is set as 10 wavelengths. 

From these simulation results, it is found that about 60% throughput  gain can be achieved with  non-codebook based pre-coding (SVD) over the reference at Es/N0=10dB.
4. Conclusions

In this contribution, the single user throughput simulation result for non-codebook based pre-coding are given. The detail of non-codebook based pre-coding is based on singular value decomposition (SVD). From the simulation results, it can be found that the performance gain is significant for non-codebook based pre-coding. So it is proposed that using non-codebook based pre-coding in EUTRA TDD to exploit the channel reciprocity.
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