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1. Introduction
Two different pre-coding methods have been introduced, codebook based pre-coding and non-codebook based pre-coding method. However any method can be used to FDD mode and TDD mode, non-codebook based pre-coding is more suitable to TDD mode to exploit the channel reciprocity. 

In this document, the link level simulation results for non-codebook based pre-coding in EUTRA TDD will be given. The detail of non-codebook based pre-coding is based on singular value decomposition (SVD).
2. Simulation Setup
2.1. Non-codebook based pre-coding (SVD)
For TDD operation, if the CSI is learned from uplink at Node B, non-codebook based pre-coding can be used to enhance the performance of downlink MIMO transmission. One of the non-codebook based pre-coding method is based on singular value decomposition (SVD). 
It is assumed that the number of transmit antennas at Node B is M, and the number of receive antennas at UE is N. The predicted downlink channel matrix from uplink is H, its dimension is N by M. The channel matrix H has SVD as
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Where matrix U and V are unitary matrices with dimension NxN and MxM. 
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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 unitary matrix V can be used the pre-coding matrix applied to both the data and pilot symbols. This can be illustrated in formula below. 
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In the formula above, Y is the received symbol vector, X is the transmitted symbol vector using the same time-frequency unit, V is the pre-coding matrix, H is the true channel matrix, N0 is the noise vector and HE is the equivalent channel matrix. The pre-coding can convert the antenna domain MIMO signal processing into the beam domain processing. Because the data and pilot symbols are both pre-coded, the receiver only needs to estimate the equivalent channel matrix HE for each beam.
2.2. Simulation Parameters
The simulation parameters are listed in table 1. 
Table 1, Link level 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
	25

	PRB size
	12

	Modulation
	QPSK

	Channel coding
	TC, 1/2

	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


3. Simulation Results

The Simulation results are shown in figure 1. In this figure, the blue curve is the simulation result with non-codebook pre-coding (SVD), and the red curve is the simulation result without pre-coding in 2x2 antenna configuration for reference, which antenna spacing is set as 10 wavelengths. For SVD-based non-codebook pre-coding, the pre-coding matrix for each PRB is calculated itself.
From these simulation results, it is found that about 4 dB gain can be achieved with non-codebook pre-coding (SVD) over the reference at BLER=1%. 
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Figure 1, The BLER curve for non-codebook pre-coding (SVD)

4. Conclusions

In this contribution, the link level simulation results for non-codebook based pre-coding in EUTRA TDD 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 the link level performance gain is considerable with fixed MCS (QPSK, 1/2 TC). 
It is proposed that using non-codebook based pre-coding in EUTRA TDD to exploit the channel reciprocity.
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