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I. Introduction
Recently, adaptive-STTD (A-STTD) [1] has been proposed as a combination of STTD and feedback of weight values from UE. From the decision of last WG1#27th meeting, text proposal of A-STTD was going to be reviewed for one of solution of transmit diversity in TR 25.869. In last WG1#28th meeting in Seattle, we proposed a closed loop STTD method with 2 antenna elements in [2] as one of methods for closed loop STTD. We term this closed loop STTD as eigen-STTD since we adopt weight vector with the principal eigenvector corresponding to maximum eigenvalue of channel covariance matrix. Since the eigen-STTD shows better performance compared to A-STTD, we propose eigen-STTD as one of closed loop STTD methods in TR 25.869. 

Although eigen-STTD contribution in last meeting was not presented due to lack of time we received a comment about performance comparison between eigen-STTD and closed loop transmit diversity known as TxAA. We run the simulations to compare Bit Error Rate (BER) performances among proposed eigen-STTD, STTD and TxAA. The proposed method can be applied to WCDMA system with simple multiplication of weight values to STTD encoded signals at Node B transmitter and simple modification to STTD decoder at UE receiver. TxAA shows better performance at low speeds, however the STTD performs better at high speeds. The eigen-STTD transits smoothly between STTD and TxAA. 

II. Proposed Eigen-STTD 

We adopt the weight vector for eigen-STTD as the principal eigenvector corresponding to maximum eigenvalue of channel matrix. The principal eigenvector corresponding to maximum eigenvalue is used for eigen-STTD weight vector which maximizes the received signal to noise ratio at receiver front end. 

The received signal at the front end of UE with one antenna element is written as 
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where S1 and S2 are the data symbols, and n1 and n2 are complex Gaussian noises.  

Proposed system has two signal processing blocks at the receiver to estimate the transmitted symbols. Figure 1 depicts the transmitter and receiver structure of proposed eigen-STTD. Firstly, STTD decoding with weight values is given as follows,


[image: image3.wmf]**2*2

1112211221

()

||||

zwrwrhwhwS

++

=+=

 
[image: image4.wmf]*****

121221122

()()

hhwwSwnwn

+

-+



[image: image5.wmf]**2*2

2122111222

()

||||

zwrwrhwhwS

+

=-=+



 EMBED Equation.3  [image: image6.wmf]*****

211211221

()()

hhwwSwnwn

-+-

                                                 (2)  

Putting


[image: image7.wmf]2*2

1122

**

1212

**

11122

**

21221

(||||)

()

()

()

Xhwhw

Yhhww

Mwnwn

Mwnwn

=+

=-

=+

=-


,                                                                                                                        (3)








we can obtain following equations,


[image: image8.wmf]*

1121

zXSYSM

=++



[image: image9.wmf]*

2212

zXSYSM

=-+

 .  






  
                                   (4)

After STTD decoding with weight value, modified STTD decoding with z1 and z2 can be done in a following equations,
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The weight vector is the principal eigenvector corresponding to maximum eigenvalue of channel matrix of channel response vector, 
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. The weight vector can be computed as,
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where 
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Figure 1. Proposed transmitter and receiver structure.
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

	Closed loop Power Control
	OFF

	Ior/Ioc
	Variable

	Ec/Ior
	0.8

	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 2 compares the performance of the proposed eigen-STTD with that of Huawei’s A-STTD with ideal weight feedback. We can note that the eigen-STTD shows better performances at both low and high velocity.

We compare the performances of eigen-STTD, conventional STTD and TxAA modes in realistic feedback delay and quantization in Figure 3 and 4. The feedback of weight value for TxAA is determined from specification as described in [4]. 1 slot feedback delay is assumed. The weight values for eigen-STTD are quantized as follows,

1) The weight vector from eigen-decompostion is normalized. 

2) The two weight values are divided with the phase value of first component of weight vector. (In this way, the amount of feedback can be reduced.)

3) The absolute value and phase value of second component of weight vector are quantized with 2 bits and 3 bits respectively.

4) The absolute value of first component of weight vector can de determined automatically since the weight vector is normalized already. 

Figure 3 compares the performance of the proposed eigen-STTD with conventional STTD, TxAA mode 1 and TxAA mode 2 in terms of Bit Error Rate (BER) vs. Ior/Ioc at UE velocity, 3km/h considering realistic feedback delay and quantization. We can observe that proposed eigen-STTD shows quite comparable performances compared to TxAA mode 1 and 2. In addtion, eigen-STTD reveals over 1.2 dB gain compared to conventional STTD at 10-3 BER. Figure 4 describes performance comparisons at UE velocity, 100km/h. At higher velocity the performance of TxAA mode 1 and 2 and that of STTD is switched although eigen-STTD shows similar performance as that of STTD. 
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Figure 2.   Decoded BER performances of proposed eigen-STTD and Huawei’s A-STTD (UE velocity: 20, 120km/h)
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Figure 3.   Decoded BER performances of proposed eigen-STTD, STTD, TxAA mode 1 and TxAA mode 2, one-ray fading channel. (UE velocity: 3km/h) 
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Figure 4.   Decoded BER performances of proposed eigen-STTD, STTD, TxAA mode 1 and TxAA mode 2, one-ray fading channel. (UE velocity: 100km/h) 

IV. Concluding Remarks

A new eigen-STTD method with principal eigenvector corresponding to maximum eigenvalue of channel matrix is proposed. We believe transmit diversity with 2 antenna elements should be considered under study item of radio performance enhancement since this study item does not limit the number of transmit antenna elements at the Node B. Computer simulations in WCDMA downlink environments show that the performance of proposed procedure outperforms those of conventional STTD and TxAA: 1) TxAA suffers at high speeds 2) The STTD performs better at high speeds. 3) The eigen-STTD transits smoothly between STTD and TxAA. Consequently, we propose this eigen-STTD as one of transmit diversity method in TR 25.869. We attached text proposal for TR 25.869. 
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