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1. Introduction

One of the candidate MIMO schemes for the E-UTRA is a closed loop pre-coding MIMO and it has a trade off between feedback overhead and performance [1]. It is the most important to design an efficient codebook showing a good throughput performance when considering the limited feedback information and delay time.

In this contribution, we introduce the simple codebooks which have reduced complexities to determine the optimal precoding matrix indices within the codebooks for 
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 cases. Simulation results show the proposed codebooks have almost the same throughput performance as the existing codebooks [2], [4]. 

2. Codebook for the 4 transmission antenna system

2.1 For rank1 (
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) case
The proposed 3bit codebook is very simply designed as below structure,
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We can use the metric-based codebook selection which determines the best pre-coding matrix such as maximizing the sum throughput [3]. Selection criteria example is as follow:
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The proposed codebook needs no complex multiplication in this selection criteria because its parameters are all 
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’s while the codebook in [4] which has the complex values in all elements needs many complex multiplications compared to the proposed codebook. 
2.2 For rank2 (
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) case
The proposed codebook for rank 2 is as follows:
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Any two sub-groups can be used for 3 bit codebook and whole sub-groups are used for 4 bit codebook. With the proposed codebook, we can reduce the computational complexity when finding the optimal precoding matrix to optimize the selection criterion. Assuming the use of MMSE receiver, the selection criteria uses the MSE metric defined as 
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 in which the term 
[image: image11.wmf]HH

WHHW

 is a computational bottle neck.  
For example of sub-group1 matrix, the product term inside the inverse can be written as below
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where 
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th column of the channel matrix 
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. The complex multiplication required for the eq. (3) is only 
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 because there is no multiplication when calculating 
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’s while the required number of complex multiplications of the codebook in [2] is about  
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 configuration. Figure 1 shows the exact number of real multiplication for eq. (3) of each codebook and that the proposed codebook has less real multiplications compared to the other codebooks.
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Figure 1. Computational complexity comparison of the total number of real multiplications for 
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 configuration
3. Link-level Simulation Assumptions and Results 
In this section, the performance of proposed codebook and the existing codebook under several spatial correlation environments will be shown. Table 1 shows the link level simulation assumption. 

Table 1. Simulation assumption

	Parameter
	Assumption

	OFDM parameters
	5 MHz (300+1 sub-carriers)

	Sub-frame length
	1 ms

	Resource block size
	36 sub-carriers * 10 OFDM symbol

	Channel Models
	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
	SU-MIMO

	Resource allocation 
	Localized mode

	Codeword
	MCW

	Antenna configuration
	4x2 

	Spatial correlation (Tx, Rx)
	(0%, 50%), (50%, 50%), (90%, 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


Figures 2, 3 and 4 illustrate the performance of the proposed and the codebook of [4] for the rank 1 case under the PedA 3km/h and the TU 3km/h with various antenna correlations. Through the simulation results, we observe that two codebooks have the same performance for the 4tx rank1 transmission system. Thus, the proposed 4tx rank1 codebook might be a candidate for E-UTRA MIMO pre-coding.
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Figure 2. Link throughput performances of 4x2x1 SU-MIMO schemes with antenna correlation (0%, 50%)
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Figure 3. Link throughput performances of 4x2x1 SU-MIMO schemes with antenna correlation (50%, 50%)
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Figure 4. Link throughput performances of 4x2x1 SU-MIMO schemes with antenna correlation (90%, 50%)
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Figure 5. Link throughput performances of 4x2x2 SU-MIMO schemes 
under TU 3km/h with antenna correlation (0%, 50%)
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Figure 6. Link throughput performances of 4x2x2 SU-MIMO schemes 
under TU 3km/h with antenna correlation (50%, 50%)
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Figure 7. Link throughput performances of 4x2x2 SU-MIMO schemes 
under TU 3km/h with antenna correlation (90%, 50%)

Figures 5, 6 and 7 show the performance of the proposed and the codebook of [2] for the rank 2 case under the TU 3km/h channel with various antenna correlations. Through the whole simulation results, we observe that the proposed codebook shows the same performance compared to the codebook of [2] even though it has a reduced computational complexity. 
From the all simulation results, it is noticeable that difference in performance is negligible between 3bit and 4bit codebooks. Therefore it is enough to use only 3bit codebook for the rank 2 case considering feedback overhead.

4. Conclusions

In this contribution, we introduced the new codebook and evaluated the link throughput performance under TU and PedA channel with several antenna correlations.
· The proposed codebook should be considered as rank 1 and rank 2 case for 4 tx antenna system since it provides almost the same throughput performance compared to the existing codebook [2][4] even though it has a reduced complexity to find the best pre-coding vector within the codebook.

· Between 3bit and 4bit codebooks, use of 3bit codebook is preferable in the rank2 scheme for 4 tx antenna system since there is no significant performance difference between them.
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