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1. Introduction

A lot of codebook has been proposed for 2tx and 4tx rank 1 scheme [1-9] and they have own advantage with respect to the degree of spatial correlation. In RAN1 #47 Riga meeting, [6, 9] showed that inclusion of antenna selection into the codebook based on FFT matrix in [7, 8] helps to improve the SNR gain under low correlation environment while the codebooks in [7, 8] has the largest gain in high correlation. In this paper, we compare the performances of proposed codebooks in [1-9] in terms of throughputs at low, medium and high correlations to recognize the most proper codebook for rank 1 scheme. 
2. Simulation Assumptions
Table 1 shows the link level simulation assumption. It is assumed that 24 kinds of MCS schemes are used for simulation. 3-bits codebooks and 4-bits codebooks are used for 2Tx and 4Tx antenna system, respectively. 
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
	ITU Pedestrian A, Typical Urban (6-ray)

	Mobile Speed (km/h)
	3

	Modulation schemes and channel coding rates
(24 level)
	QPSK (R=1/8, 1/6, 1/4, 1/3, 3/7, 1/2, 9/5, 5/8, 7/10, 3/4)

16-QAM (R=4/9, 1/2, 13/24, 5/8, 2/3, 3/4, 5/6)

64-QAM (R= 3/5, 5/8, 17/25, 3/4, 5/6, 9/10, 14/15)

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

	MIMO mode
	SU-MIMO

	Resource allocation 
	Localized mode

	codebook
	3bit codebooks for 2Tx
4bit codebooks for 4Tx

	Antenna configuration
	2 Rx antennas for 2x1, 4x1 case.

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

	MIMO receiver
	MMSE receiver

	CQI update period 
	3 TTIs for 2 TX antennas

5 TTIs for 4 TX antennas

	CQI option
	Full CQI

	Channel Estimation
	Perfect channel estimation

	H-ARQ
	Bit-level chase combining

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


3. Simulation Results

3.1 Precoding for 2 TX antennas
161 codebook [6] can be regarded as 2tx version of FFT linear codebook in [7] with antenna selection as follow:
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Figures 1, 2 and 3 show the performances of various codebooks under the PedA 3km/h and the TU 3km/h with several antenna correlations. As shown in the results, it is noted that 161 codebook [6] is regarded as one of the best codebooks although there is small throughput differences among the codebooks.
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Figure 1. Link throughput performances of 2x2x1 SU-MIMO schemes with antenna correlation (0%, 50%)
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Figure 2. Link throughput performances of 2x2x1 SU-MIMO schemes with antenna correlation (50%, 50%)
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Figure 3. Link throughput performances of 2x2x1 SU-MIMO schemes with antenna correlation (90%, 50%)

3.2 Precoding for 4 TX antennas

Figures 4~7 show the performance of the various codebooks with or without combining the antenna selection under the PedA 3km/h and the TU 3km/h with several antenna correlations. In figure 4 and 5, it is noticeable that if we use the combination of antenna selection with the codebook of phase only adaptation as in [9] can get more throughput in low correlation about 1.5% - 4.7% under PedA channel and about 1 % - 2.5% under TU channel compared to codebooks in [7,8]. Furthermore, inclusion of antenna selection is more beneficial in FFT linear [7] than FFT random [8] (1.0~2.7% throughput gain in both PedA and TU channel).
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(a) TU channel
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(b) PedA channel

Figure 4. Zoom in performances of 4x2x1 SU-MIMO schemes with antenna correlation (0%, 50%)
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Figure 5. Link throughput performances of 4x2x1 SU-MIMO schemes with antenna correlation (0%, 50%)
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Figure 6. Link throughput performances of 4x2x1 SU-MIMO schemes with antenna correlation (50%, 50%)
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Figure 7. Link throughput performances of 4x2x1 SU-MIMO schemes with antenna correlation (90%, 50%)
From the figure 6 and 7, the combination of antenna selection with FFT linear [7] or FFT random [8] results in the negligible throughput loss in high correlation. Thus, it is reasonable to combine the antenna selection with the codebook of phase only adaptation such as FFT linear [7] that is the most gainful in high correlation in order to cope with various correlations.
4. Conclusions

In this paper, we showed that the performance of several codebooks in terms of link throughput for the 2 Tx and the 4 Tx antennas rank 1 schemes. The Observations are as follows:
· 161 codebook [6] can be regarded as 2tx version of FFT linear [7] with antenna selection.
· There is no significant difference in link throughput among the 2Tx codebooks even in various correlations.
· For 4tx case, inclusion of antenna selection into FFT linear [7] or FFT random [8] give the more throughput than those without antenna selection in the low correlation (1.5% - 4.7% under PedA channel and about 1 % - 2.5% under TU channel)

· FFT linear [7] has better performance than FFT random [8] when combined with antenna selection in low correlation.
· Inclusion of antenna selection into FFT linear [7] or FFT random [8] results in ignorable throughput loss in high correlation.

Given these observations, we recommend the use of the codebook based on FFT matrix as in [7] with antenna selection for rank 1 scheme of 2Tx and 4Tx system.
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