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1 Introduction

The optimal choice of precoding matrix for a single carrier system is well-known to be the right singular matrix of the channel matrix. However, feeding back these singular matrices can be very expensive, especially when fast update is needed. In this contribution we evaluated the codebook-based procoding performance with PARC MIMO scheme and LMMSE receiver.

2 Codebook-based Procoding Technique
In this section we describe the design of the precoding codebook and the code selection criterion. The codebook structure is chosen according to [1]. In this case, a 2×2 general unitary matrix format is given by
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The 2×2 unitary matrix can be uniquely described by two independent parameters 
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. In this way the codebook elements can be obtained by quantizing 
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 in their definition field (
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). When the codebook size is 4, 
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 is fixed to
[image: image9.wmf]2

2

, 
[image: image10.wmf]q

 is 4-order quantized uniformly, the structure of codebook element is given by
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When the codebook size is 16, 
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 is 2-order quantized and chosen to be 
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 is 8-order quantized uniformly in its definition field. When the codebook size is increased to 32, 
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 is 4-order quantized and chosen to be 
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 is 16-order quantized. In simulation results we use “U4”, “AA16” and “AA32” mark the size-4, size-16 and size-32 codebook respectively. With the codebook size increasing the density of distribution of precoding matrix set is increased in the unitary space, the system performance can be gradually approach the performance with optimal precoding matrix.

The code selection criterion used by the UE to determine the best precoding matrix is maximizing the sum throughput.
3 Simulation Assumptions
In this section we describe the simulation setup used to obtain the results presented later. For single-carrier MIMO precoding simulation we use flat Rayleigh fading channel, the frame length remains to 150 symbols. There are 10 kinds of MSC schemes listed in Figure 1.
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Figure 1 MCS schemes and BLER under AWGN

For OFDM MIMO precoding simulation, the important simulation parameters are listed in Table 1.

Table 1 List of simulation parameters

	System Bandwidth
	10MHz

	Frame duration
	0.5ms

	Symbols/frame
	7

	FFT Size
	1024

	Useful Carriers
	600 (24 RB)

	MCS
	QPSK, Rate 1/3

QPSK, Rate 1/2

QPSK, Rate 2/3

QPSK, Rate 3/4

16QAM, Rate 1/2

16QAM, Rate 2/3

16QAM, Rate 3/4

64QAM, Rate 1/2

64QAM, Rate 2/3

64QAM, Rate 4/5

	Channel Estimation
	Error-free channel estimates assumed

	Channel Model
	SCM PB 30km/h

	Antenna Configuations
	(2Tx ,2Rx)

	Receiver
	LMMSE Receiver


4 Simulation Results

In this section we present simulation results to demonstrate the precoding performance for single-carrier and multi-carrier MIMO system.

4.1 Precoding for single-carrier MIMO system
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Figure 2 Performance for different precoding matrix sets with 2×2 antenna configuration

Figure 2 illustrate the single-carrier precoding performance with 2×2 antenna configuration by using different precoding matrix sets. Compared with non-precode “pure PARC”, there are about 1～2dB gains can be obtained by using precoding. Moreover, it can be observed from figure 2 that with the codebook size increasing, the throughput is also increased. When the codebook size is 4, the performance gain is about 1dB compared with “pure PARC”. In case of size-16 codebook, the performance gain increased to about 2dB. But when the codebook size is 32, the performance gain is not increasing significantly anymore.
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Figure 3 Precoding performance comparison between 4×2 and 2×2 configuration

When the antenna configuration is 4×2, “pure PARC” use the fixed precoding matrix 
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 in the simulation. [3] defined the preocder set form for 4×2 configuration 
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, where 
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. In the simulation we use size-16 codebook (
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) and “TI16” mark the result in Figure3. In Figure 3 we observe that the system throughput can not be increased by only adding the number of transmit antenna and without any open-loop transmit diversity scheme. When we use size-16 codebook-based precoding, there are about 4～5dB performance gain with 4×2 configuration than 2×2 configuration.

4.2 Precoding for MIMO OFDM system

The granularity of precoding matrix used will affect the performance in OFDM system because of the channel difference among subcarriers. Usually the range of precoding matrix is determined in one RB. When the channel is flat single-path channel, the precoding performance for multi-carrier is similar with singl-carrier instance. But with the maximal multipath delay of channel increasing, the channel correlation of neighbour subbcarrier becomes weakly; it can not be ensured that the precoding matrix is optimal in each subcarrier. The steps of chosing codebook-based precoding matrix are the following:
· Calculate the channel and the corresponding output SINR of all subcarriers.
· Combine the output SINR of all subcarriers with EESM.

· Chose the precoding matrix for current RB according to the maximal sum throughput criterion.
Figure 4 illustrate the precoding performance with 2×2 antenna configuration by using different precoding matrix sets. 
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Figure 4 Performance for different precoding matrix sets with 2×2 antenna configuration

5 Conclusion

In this contribution, we evaluated the codebook-based procoding performance with PARC MIMO scheme and LMMSE receiver. 16 can be chosed for the appropriate codebook size when the antenna configuration is 2×2. When the transmit antenna increased to 4, the precoding performance can be upgraded significantly than using 2 transmit antenna.
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