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1. Introduction

So far, several types of MIMO scheme based on CDD [1]-[6], [15] have been proposed for E-UTRA downlink MIMO. Most of them can be unified with one structure as CDD-based precoding and it can be used according to the system or channel environment to obtain higher performance.
In this contribution, we provide the CDD-based precoding that can obtain transmit diversity gain or beamforming gain regardless of the antenna configuration and spatial multiplexing rate, similar to what has been proposed in [14], [15].
2. CDD-based Precoding
The CDD-based precoding can be defined by combining phase-shift diagonal matrix and unitary precoding matrix as shown in the figure 1. Therefore, it can be easily defined by using unitary matrix according to the number of transmit antennas and spatial multiplexing rate. For instance, the CDD-based precoding matrix for Nt=4Tx with spatial multiplexing rate-2 can be defined by combining phase-shift diagonal matrix and 4x2 matrix.  
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Figure 1. CDD-based precoding
In figure 1, 
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 denote subcarrier index and phase angles according to the delay samples respectively. The following figure 2 shows general structure of the MIMO transmitter employing the CDD-based precoding scheme.
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Figure 2. Structure of the CDD-based precoding scheme

2.1. Delay Samples for CDD-based Precoding
In this section, we briefly introduce the benefit of the CDD-based precoding according to the delay sample. Two types of delay samples such as large delay sample and small delay sample can be used to obtain transmit diversity gain and frequency scheduling gain, respectively [3]-[7]. In general, transmit diversity gain could be more beneficial to a high mobility UE since feedback information is unreliable at the transmitter.  Frequency scheduling gain may be more appropriate to obtain higher performance for a low mobility UE. Thus, we recommend two delay samples for open-loop and closed-loop. In addition, the CDD-based precoding can be combined with codebook-based precoding to increase the performance of the closed-loop system.

·  Open-loop system (no PMI information)
· High-mobility UE : fixed large delay sample + fixed unitary matrix
· Low-mobility UE : fixed small delay sample + fixed unitary matrix
·  Closed-loop system (PMI information)
· Low-mobility UE : fixed small delay sample + PMI index

The figure 3 shows the effect of the CDD-based precoding according to delay samples in open-loop system as an example. If we assume a frequency flat fading channel, the received SINR of two codewords (CWs) can have two different levels at the receiver, as shown in  figure 4. In this case, the CDD-based precoding with large delay sample can convert space diversity into frequency diversity, thus each CW has frequency diversity gain and the CDD-based precoding with small delay value can obtain the beamforming gain in the specific subband, thus obtaining frequency scheduling gain.
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Figure 3. CDD-based precoding effect according to delay sample

2.2. CDD-based Precoding for Open-loop
The CDD-based precoding as a transmit diversity scheme can be easily defined by combining phase-shift diagonal matrix and a 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 addition, the unitary matrix can be a Fourier matrix or a Walsh Hadamard(WH) matrix and so on. In the table 1, we use 2x2 and 4x4 WH matrix as an example of the CDD-based precoding for open-loop, and in table 2 we show a similar example using 2x2 and 4x4 Fourier matrices.
Table 1. CDD-based WH 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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Table 2. CDD-based Fourier 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 2, 
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Figure 4 shows the CDD-based precoding combined with a WH unitary precoder example for 4Tx according to the rank. As shown in the figure, the CDD-based precoding with smaller rank can be defined by using only the rank number of columns of the unitary matrix.
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Figure 4. CDD-based precoding for 4Tx according to the rank
2.3. CDD-based Precoding for Closed-loop
In the closed-loop system, additional feedback information is available such as the precoding matrix index (PMI). Thus, the CDD-based precoding for a closed-loop system can be defined as shown in figure 5. The delay sample for a closed-loop system can be small to obtain frequency scheduling gain, while not causing selectivity within a subband. In the figure 5, the unitary matrix part of the CDD-based precoding can be the preferred precoding matrix which is fed back from the UE.
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Figure 5. CDD-based precoding for closed-loop
In figure 5, the 
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 denotes the preferred precoding matrix of a UE at a time 
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. If we assume the codebook based precoding, the CDD-based precoding can be represented as follows according to the rank 
[image: image30.wmf]R

.

[image: image31.wmf]{

}

1

1

12

1000

000

,,,

000

000

c

ttt

N

t

jk

N

NRNRNR

jk

e

PPP

e

q

q

-

´´´

éù

êú

êú

éùéùéù

ëûëûëû

êú

êú

êú

ëû

L

O


Figure 6. CDD-based precoding with codebook-based precoding
In figure 6, 
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 precoding matrices are available. By employing the phase-shift diagonal matrix, we can further improve the system performance under LOS environment as compared with the simple codebook-based precoding if we assume the same set of precoding matrices as the codebook in [7]. In addition, the simple codebook-based precoding can be a special case of the CDD-based precoding if we use a ‘0’ delay sample.
3. Summary and discussions

    In this contribution, we provided the CDD-based precoding scheme that can support both open-loop and closed loop with one implementation. So far, several contributions [2]-[12] showed the performance of the CDD-based precoding under various simulation environments including SU-MIMO [5], [7], [10]-[13], MU-MIMO [6], open-loop [2], [5], [8] and closed-loop [4], [6], [7], [10]-[13]. From the contributions, it was shown that the CDD-based precoding can obtain higher performance in each system and channel environment. Therefore, we should consider the CDD-based precoding for E-UTRA downlink MIMO since that can obtain several types of MIMO gain such as transmit diversity gain, frequency scheduling gain and beamforming gain irrespective of the spatial multiplexing rate, with a single implementation.
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