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1. Introduction

In this contribution, we evaluate the performance of the CDD-based precoding [1] with large delay sample for high mobility UE under open-loop scenario. The CDD-based precoding scheme can be easily defined irrespective of the antenna configuration and the spatial multiplexing rate. In addition, the CDD-based precoding can obtain spatial multiplexing gain and transmit diversity gain at the same time under a higher spatial multiplexing system.
2. CDD-based Precoding for Open-loop
The following figure 1 shows the CDD-based precoding. As seen in the figure 1, the CDD-based precoding can be defined by combing phase-shift diagonal matrix and unitary matrix.
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Figure 1. CDD-based precoding

The CDD-based precoding as a transmit diversity scheme can be easily defined by combining phase-shift diagonal matrix and fixed unitary matrix as shown in figure 1. The delay sample for phase-shift diagonal matrix can be large for high-mobility UE and small for low-mobility UE. In the table 1, we use 2x2 and 4x4 WH matrix as an example of the CDD-based precoding for open-loop.

Table 1. CDD-based precoding for 2 Tx and 4 Tx

	2 Transmit Antennas
	4 Transmit Antennas

	Rank 1
	Rank 2
	Rank 1
	Rank 2
	Rank 4
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In table 1, 
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. If we employ the following matrix as a unitary matrix for 4Tx with rate-2, the SM+CDD [2] can be obtained as a special case of the CDD-based precoding.
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3. Link-level Simulation Results
In this section, the performance of the CDD-based precoding under several channel environments will be shown. The link-level simulation assumption is shown in Table 2.
	Parameter
	Assumption

	OFDM parameters
	5 MHz (300+1 subcarriers)

	Subframe length
	0.5 ms

	Resource block size
	100 subcarriers * 4 OFDM symbol

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

	Mobile Speed (kmph)
	30, 60, 120

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

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

	Codeword
	Multiple Codeword (MCW)

	Delay samples for CDD-based precoding
	64

	Antenna configuration
	·  2 transmitter, 2 receiver => [2Tx, 2Rx]
·  4 transmitter, 2 receiver => [4Tx, 2Rx]

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

	MIMO receiver
	Linear Minimum Mean Squared Error (LMMSE)

	Channel Estimation
	Perfect channel estimation


Table 2. Simulation assumption
 (ML)um likelihood eceiver => [4Tx, 2Rx] in anal CDD such as frequency diversity gain in open-loop and frequency scheduling gainHere, we will evaluate the performance of the CDD-based precoding and compare with that of the SM for 2x2 and the SM+CDD for 4x2 in terms of the average BLER of two codewords.
 3.1. 2Tx Rate-2
    We compare the performance of the 2Tx rate-2 CDD-based precoding with that of the SM in both localized mode and distributed mode with different mobility as a parameter. 
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Figure 3. Average BLER comparison under PedA channel.
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 Figure 4. Average BLER comparison under TU channel.
As shown in the Figures 3 and 4, the CDD-based precoding outperforms the SM under 1%~10% BLER range even in the distributed mode since it can exploit fully spatial channel to increase frequency diversity. Thus, each codeword can obtain frequency diversity gain. Figure 5 shows average BLER performance comparison between the CDD-based precoding and the SM according to the channel coding rate.
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Figure 5. Average BLER comparison according to channel coding rates and channel models.
In Figure 5, we can see that the GCDD performs better than the SM under 1%~10% BLER range and the performance gap becomes more significant as the channel coding rate gets lower since lower coding rate channel code can obtain frequency diversity gain more efficiently.
 3.2. 4Tx Rate-2
In the case of the 4Tx with spatial multiplexing rate 2, we evaluate the performance of the CDD-based precoding and compare with that of the SM+CDD [2] under PedA and TU channel.
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 Figure 6. Average BLER comparison under PedA and TU channel.
From the Figures 6 and 7, the CDD-based precoding using WH matrix in table 1 outperforms the SM+CDD type unitary matrix since the WH matrix exploits whole spatial channel to increase frequency diversity, thus obtaining higher frequency diversity gain.
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Figure 7. Average BLER comparison according to channel coding rates and channel models.
In Figure 7, it is shown that the performance difference between CDD-based precoding and SM+CDD becomes more significant as the channel coding rate gets lower. 
4. Conclusions

In this contribution, we evaluated the performance of the CDD-based precoding as a spatial multiplexing combined transmit diversity scheme for high mobility UE. The results show that the CDD-based precoding with large delay sample can obtain spatial multiplexing gain as well as transmit diversity gain and the performance difference becomes more significant under frequency diversity limited channel, i.e., PedA channel. Therefore, we should consider the CDD-based precoding scheme as open-loop transmit diversity scheme for shared data channel in E-UTRA downlink MIMO.
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