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1. Introduction

At low mobility MIMO scenario, there are two methods suggested to increase performance, which are precoding scheme [1] and frequency scheduling based on adaptive CDD [2], respectively. The former gives the transmit beamforming gain while the latter does multi-user gain. Several papers [3-5] show the benefits of each scheme. However, in this paper, we investigate the overall performance under the combination of codebook based precoding and ACDD in low mobility scenario. 
2. Precoding with ACDD for 2 tx and rank 1
ACDD and precoding scheme can be constructed as figure 1.
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Figure 1. Example of combination of precoding scheme and CDD for 2tx and rank 1
For high mobility, the precoding module in the Figure 1 includes only one vector such as 
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 and phase shift module employs large value for D. However, the low mobility scenario takes several precoding vectors in the precoding module and the optimal vector is indicated from each user while the phase shift module uses the small value for D to obtain the frequency scheduling gain. 
3. Simulations

The parameters of link level simulation are listed in the table 1.

	Parameter
	Assumption

	OFDM parameters
	5 MHz (300+1 subcarriers) [2]

	Subframe length
	0.5 ms [2]

	Resource block size
	3 chunks x 5 OFDM symbol

	Channel Models
	Ped-A (3km/h), TU (3km/h)

	Modulation schemes and channel coding rates
	QPSK 1/3, QPSK 1/2, QPSK 3/4
16-QAM 1/2, 16-QAM 5/8, 16-QAM 3/4
64-QAM 3/5, 64-QAM 2/3, 64-QAM 3/4, 64-QAM 5/6

	SIR mapping
	EESM

	Channel Code
	Turbo code (11, 13) Component decoder : max-log-MAP

	Antenna configuration
	[2Tx, 2Rx]

	Spatial correlation (Tx, Rx)
	(0.0, 0.0)

	Codebook for 2x1
	Codebook of size 8 in [1]

	ACDD delay value (D)
	2 sample delay

	Feedback delay
	3TTI

	Feedback update period
	10TTI

	Channel Estimation
	Perfect channel estimation

	Target BLER
	10%

	HARQ
	Bit level Chase combining

	Retransmission delay
	3TTI

	Maximum retransmission
	2


Table 1. Simulation parameters

In this simulation, we compare the three schemes with best band selection, (1) ACDD only (2) Codebook based precoding on ACDD and (3) Codebook based precoding only. These schemes are all using best band selection. Figure 2 shows the performance results; left subfigure gives the result under Ped-A 3km/h and right subfigure presents the result under TU 3km/h environment. As shown in the Figure 2, the combination of codebook and ACDD does not provide any benefit over codebook only, and codebook only has about 10% throughput gain over ACDD only under frequency selective fading channel such as TU channel and the throughput gain gets slightly decreased under frequency flat fading channel such as Ped-A channel.
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Figure 2. Link level performance: left – Ped A 3km/h, right – TU 3km/h
4. Conclusions

ACDD and codebook based precoding schemes are two methods to increase the performance in low mobility and have its own strength and weakness. ACDD has simple structure and no feedback overhead if delay value is fixed while the latter has better performance about 10% over ACDD with 2~3bit feedback overhead according to the codebook size. The combination of these two methods has no additional benefit over precoding scheme only. 
In 2 tx antenna system under low mobility, codebook based precoding scheme and ACDD scheme should be evaluated through more simulations considering various environment and only one scheme of two methods has to be selected for the solution of low mobility.
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