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1. Introduction
One of the candidate MIMO schemes for the E-UTRA is a closed loop pre-coding MIMO[1]. Various contributions for the codebook design of the scheme have been proposed until now. But it is not easy to design an efficient codebook showing a good throughput performance when considering the limited feedback information and delay time. In this contribution, we will introduce an efficient codebook design scheme showing a better throughput performance than the conventional schemes and an algorithm to reduce the iteration complexity to select the best column vector from the code book for the 4 transmission antenna system in the downlink pre-coding MIMO. And we will show the proposed scheme has a better throughput performance over the conventional schemes through a link level computer simulation. Further research will be continued for the extension into 4 by 2 antenna system (rank 2) in the aspect of a single user MIMO.

2. Codebook design for the 4 transmission antenna system

The proposed codebook scheme is very simply designed by using a unitary matrix, B, and a phase shift matrix, A, like (1).
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,where beam patterns of each column vector are orthogonal to each other in the virtual array antenna system. 

And, such an orthogonal characteristics is unchanged in the matrix,
[image: image2.wmf]4

W

, even if a certain phase shift,
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, adds to the matrix B. According to a quantized bit number, 
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, to be fed back to Node B, the whole phase shift interval is equally divided into 
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when applying to the matrix, 
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. In the proposed scheme, we assume that the whole phase shift interval is 
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and the range of phase shift is from 
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. It is because the interval among antenna elements for the MIMO system is usually set as 
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 and only 4 types of virtual orthogonal beam patterns are generated in the 4 transmission antenna system. 

In case of a 4 bit feedback scheme, the lower two bits are used for the selection of a preferred column matrix from a phase shifted matrix and the upper two bits can be assigned for the generation of matrices having a certain phase shift, 
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 which is one of the equally divided phases having an index of 
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. Therefore, the total iteration number for the selection of the best column vector is 
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In addition, we divide the selection process for the best column vector into two steps in order to reduce its iteration complexity like follows.

In the first step, a preferred column vector is selected among the column vectors of the unitary matrix, B based on the criterion of MMSE throughput performance.

In the second step, because the selected column vector is the one better matched well with the current channel characteristics than the other column vectors do, we search only its phase shift column vectors within a given phase shift range orderly, while ignoring other phase shifted vectors to be generated from the non-selected column vectors of the matrix B. It goes under assumption that the possibilities that we can find the best column vector showing a good throughput performance would be high around the column vector which is selected from the first step due to the slow fading of channel environments.  

Of course, a full searching for the whole matrices of a phase shift 
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,will give the best performance as it can select the best column vector showing a better throughput performance. But, we can reduce the iteration complexity of the whole selection process to find the best column vector from 
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to 
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(1’st step + 2’nd step) while keeping its throughput performance by adopting the proposed searching algorithm. The proposed algorithm is to fully search each column vector of the matrix, B, to find a preferred column vector in the first step but search only the phase shifted column vectors from the selected column vector in the second step, by thus simplifying the whole searching process.

3. Link-level Simulation Assumptions and Results 
In this section, the performance of proposed codebook scheme under several channel environments will be shown. Table 1 shows the link level simulation assumption for the contribution. 

Table 1. Simulation assumption
	Parameter
	Assumption

	OFDM parameters
	5 MHz (300+1 subcarriers)

	Subframe length
	0.5 ms

	Resource block size
	75 subcarriers * 5 OFDM symbol

	Channel Models
	ITU Pedestrian A, Typical Urban (6-ray)

	Mobile Speed (km/h)
	3

	Modulation schemes and channel coding rates
	QPSK (R=1/3, 1/2, 3/4)

16-QAM (R=1/2, 5/8, 3/4)

64-QAM (R= 3/5, 2/3, 3/4, 5/6)

	Channel Code
	Turbo code Component decoder : max-log-MAP

	MIMO mode
	4 tx - rank 1 precoding scheme

	Resource allocation 
	Localized mode

	Codeword
	SCW

	Antenna configuration
	4 tx, 2 rx 

	Spatial correlation (Tx, Rx)
	(0%, 0%), (50%, 50%)

	MIMO receiver
	MMSE receiver

	CQI update period 
	5 TTIs

	CQI option
	Full CQI

	Channel Estimation
	Perfect channel estimation

	H-ARQ
	Bit-level chase combining

# of Maximum Retransmission : 6
# of Retransmission delay : 3 TTIs


Figure 1 shows the performance of the proposed and TI codebook schemes under the PedA 3km/h with antenna correlation (50%, 50%). As shown in the figure 1, we can figure it out that the proposed codebook scheme has the better performance than conventional codebook scheme [2] about 15% at the low SNR regions regardless of codeword. In figure 2, we can see that even though at the low correlation, the proposed scheme has the better performance than conventional codebook scheme. 
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Figure 1. Link throughput performances of 4 tx – rank 1 precoding schemes 

under Ped-A 3km/h with antenna correlation (50%, 50%)
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Figure 2. Link throughput performances of 4 tx – rank 1 precoding schemes
under Ped-A 3km/h with antenna correlation (0%, 0%)

In the figures 3 and 4, we showed the link throughput performance according to the SU-MIMO schemes under TU 3km/h. We can find out from the simulation results that the proposed scheme shows better throughput performance than that of TI as it has obtained about 15% gain over that of TI particularly at the low SNR regions. In figure 4, we can see that the throughput gain of proposed scheme is not so high compared with conventional codebook scheme under low antenna correlation environments. But, it has still better performance
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Figure3. Link throughput performances of 4 tx – rank 1 precoding schemes
under TU 3km/h with antenna correlation (50%, 50%)
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Figure 4. Link throughput performances of 4 tx – rank 1 precoding schemes
under TU 3km/h with antenna correlation (0%, 0%)

4. Conclusions

We introduced the new codebook and evaluated the link throughput under Ped-A and TU channel with low mobility. 
· The proposed codebook should be considered as 4 tx - rank 1 codebook since it has a good throughput performance as well as a reduced complexity to find the best precoding vector within the codebook. 
· Between 3bit and 4bit codebook, use of 3bit codebook is preferable in the 4 tx - rank1 scheme since there is no significant performance difference between them.
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