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I. Introduction
We proposed a closed loop STTD approach with 2 transmit antenna elements in [1]. We termed this closed loop STTD with 2 antenna elements as eigen-STTD since we adopt weight vector with principal eigenvector corresponding to maximum eigenvalue of channel covariance matrix. Although the study item of radio performance enhancement does not limit the number of antennas at the Node B for transmit diversity evolutions, there was a concern transmit diversity methods with 4 antenna elements have been focused on in TR 25.869. In this document, we show the applicability of eigen-STTD with 4 antenna elements (this method is termed as eigen-4STTD) and performances in HSDPA signal environments. Bit Error Rate (BER) performances show that the proposed eigen-4STTD outperforms those of conventional open loop 4STTD [2]. We can note that the eigen-STTD with 2 antenna elements can be used with 4 antenna elements based on 4STTD straightforwardly. 

II. Proposed Eigen-4STTD 

We propose eigen-4STTD with 4 transmit antenna elements at the Node B adopting 4STTD [2]. 4 antenna elements in 4STTD can be divided 2 groups since one of two antennas in a group transmits same signal with different phase. Consequently, only two weight values can be considered for 2 grouped signals. With minor modification of 4STTD transmitter, the transmitter of eigen-4STTD can be depicted as Figure 1. 

With this transmitter structure for eigen-4STTD, the received signal during 4 symbol durations at receiver front end with one antenna element can be represented as,
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where s1, s2, s3 and s4 are the data symbols, and n1, n2, n3 and n4 are complex Gaussian noises.  Please note that only two weight values w1 and w2 are used and 
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 is defined as follows,
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where h1, h2, h3 and h4 are channel responses from 4 transmit antenna elements and 
[image: image9.wmf]1

f

and 
[image: image10.wmf]2

f

 are rotation phases picked from a short look-up table [3]. In this document we assumed gain factors 
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 are equal to 1 for the convenience of simulations.

We can divide the received signals into two groups: (
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 in a following ways. 

Firstly we consider decoding procedure with (
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) as described in (3),
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Putting 


[image: image27.wmf]2*2

12

**

12

**

11122

**

21221

(||||)

()

()

()

Xww

Yww

Mwnwn

Mwnwn

ab

ab

=+

=-

=+

=-


,





                                   (4)

we can obtain following equations 
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After STTD decoding with weight value, modified STTD decoding with z1 and z2 can be done as follows,
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Please note that this procedure is the same as the eigen-STTD decoding with two transmit antennas. Without loss of generality, 
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 can be decoded from the other group (
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The weight vector is the principal eigenvector corresponding to maximum eigenvalue of channel matrix of modified channel response vector, 
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where 
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 is given as 
[image: image41.wmf]H

R

gg

=

.


[image: image42.wmf]x(t)

1

S

2

S

*

1

S

*

2

S

-

c

x

2

w

j

e

j

j

e

y

2

w

a

A

b

A

c

A

d

A

3

S

4

S

*

3

S

*

4

S

-

1

w

1

w


Figure 1. Proposed eigen-4STTD transmitter.
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Figure 2. Proposed eigen-4STTD receiver.
III. Simulation Environment and Results

Simulation parameters are summarized in table 1.

Ideal searcher and channel estimation are assumed under flat fading environment. 

Table 1. Simulation parameters

	Parameters
	Value

	Spreading factor
	32

	Carrier Frequency
	2GHz

	Propagation conditions
	Flat fading

	Vehicle Speed (km/h)
	20, 40, 100, 120

	Closed loop Power Control
	OFF

	Ior/Ioc
	Variable

	Ec/Ior
	0.8

	Channel Estimation
	Ideal

	Fast fading model
	Jakes spectrum

	Channel coding
	Turbo code (PCCC), rate 3/4

	Tail bits
	6

	Max no. of iterations
for Turbo Coder
	8

	Metric for Turbo Coder
	Max

	Input to Turbo Decoder
	Soft

	Turbo Interleaver
	Random


Figure 3, 4, 5  and 6 compare the performance of the proposed eigen-4STTD with conventional 4STTD in terms of Bit Error Rate (BER) vs. Ior/Ioc. We can observe that the proposed eigen-4STTD reveals over 1.3 dB gain compared to conventional 4STTD at 10-3 BER at all UE velocities. 
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Figure 3.   Decoded BER performances of proposed eigen-4STTD and 4STTD, one-ray fading channel. (UE velocity: 20km/h)
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Figure 4.   Decoded BER performances of proposed eigen-4STTD and 4STTD, one-ray fading channel. (UE velocity: 40km/h)
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Figure 5. Decoded BER performances of proposed eigen-4STTD and 4STTD, one-ray fading channel. (UE velocity: 100km/h)

Figure 6. Decoded BER performances of proposed eigen-4STTD and 4STTD, one-ray fading channel. (UE velocity: 120km/h)

IV. Concluding Remarks

A new eigen-4STTD method with principal eigenvector corresponding to maximum eigenvalue of modified channel matrix for 4STTD is proposed as an extension of eigen-STTD with 2 antenna elements. However we believe transmit diversity with 2 antenna elements should be considered under study item of radio performance enhancement. Computer simulations in WCDMA downlink environments show that the performances of proposed procedure outperform those of conventional 4STTD. We propose the eigen-4STTD as one of transmit diversity methods in TR 25.869 with a text proposal.
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