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1. Introduction

The closed-loop STTD scheme with multiple antennas, where the transmitted signals are weighted by the ASTTD weights [1]-[3], is proposed in [4]. This transmit diversity scheme has been evaluated up to now only for 2 transmit antennas, as the ASTTD scheme. In [5], the ASTTD weights generation is generalised for the multipath propagation channel, and the ASTTD performances on the Vehicular A channel, with one slot feedback delay and 4% feedback error rate are evaluated. 

As a further step in the evaluation of the closed-loop STTD with multiple antennas, we shall evaluate the performances with 4 transmit antennas and the generalised ASTTD weights. This transmit diversity scheme will be called CL-4-Tx-STTD further on. We shall evaluate CL-4-Tx-STTD on the Vehicular A channel, with one slot feedback delay and 4% feedback error rate, because the multipath propagation channel can be considered as the most difficult test for the benefits of the transmit diversity schemes, due to the inherent time-diversity gain of the multipath propagation.

In the next Section we present the definition of the closed-loop STTD with 4 antennas. In Section 3 we show the performances of CL-4-Tx-STTD on the Vehicular A channel, with one slot feedback delay and 4% feedback error rate. The Section 4 concludes the paper.

2. Closed-Loop STTD with four antennas

The Closed-Loop (CL) STTD with 4 antennas (CL-4-Tx-STTD) is as an extension of 4-Tx-STTD [6]. The antenna elements in 4-Tx-STTD can be divided into 2 groups since one of two antennas in a group transmits the same signal with different phase. Consequently, only two weight values can be considered for 2 groups of signals. This concept can be extended for any even number of antennas. It is also down-wards compatible with the closed-loop STTD with 2 antennas. The transmitter of CL-4-Tx-STTD can be depicted as in Fig.1. 
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Fig.1. CL-4-Tx-STTD transmitter.
The received signal during two symbol periods at the receiver front end with one antenna element can be represented as

[image: image2.wmf]1

*

2

2

1

1

1

n

S

w

S

w

r

+

-

=

b

a









[image: image3.wmf]2

*

1

2

2

1

2

n

S

w

S

w

r

+

+

=

b

a









(1)
where S1 and S2 are the data symbols, and n1 and n2 are complex Gaussian noise samples. The parameters  and  are defined as follows,
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(2)

where h1k, h2k, h3k and h4k are the complex amplitude coefficients of the propagation paths from 4 transmit antennas, having the same propagation delay. There are K propagation paths from each transmit antenna. The parameters  and  are the rotation phases. It is required that =+, so one of the rotation phases is picked up from a look-up table given in [6], while the other is calculated accordingly. The rotation phase should be kept constant over the period of at least 2 symbols [6]. 

It is assumed  ==1. By setting all h2k=h4k=0, we obtain the closed-loop STTD scheme for 2 transmit antennas (CL-2-Tx-STTD).
The symbols S1 and S2 can be decoded from r1 and r2 by using the receiver for CL-2-Tx-STTD with pseudo propagation channels coefficients  and . A single stage CL-2-Tx-STTD receiver consists of an ordinary STTD decoder, having k replaced by k w1, and k replaced by k w2.
The weights w1 and w2 are defined as 
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(3)
The feedback quantization method, consisting of FBI bit generation (encoding) in the UE and decoding in the Node B, is shown in Fig. 2.
The one-bit FBI encoding of power ratio of two propagation channels is performed similarly as for selection transmit diversity: if the power of the first propagation channel is greater than or equal to the power of the second channel, FBI bit is set to 1, otherwise FBI bit is set to 0. The FBI bit is then transmitted to Node B. 
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(a) FBI encoding
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(b) FBI decoding

Fig 2.  Predictive Feedback Quantization method.

The received FBI decoder at the NodeB consists of a delay-line buffer for storing a number of most recently received FBI bits, and the ratio regenerator. The ratio regenerator regenerates the power ratio 
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. The ratio regenerator is a look-up table. The three different ratio regenerators are given in Fig.3, corresponding to the decoding lengths L equal to 1, 2 and 3 FBI bits. Once the power ratio is regenerated (Ratio=10Ratio(dB)/10), the weights w1 and w2 are calculated according to the equation (3).
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Fig.3.  Power ratio regenerators for 1, 2, and 3 consecutive FBI bits.

3. Performances of CL-4-Tx-STTD on multipath channel

The CL-4-Tx-STTD is evaluated on the Vehicular A channel, using a single-stage ASTTD receiver for each path as in [5]. The comparison of required transmitted Eb/No to achieve 0.001 decoded BER, for the CL-4-Tx-STTD and 4-Tx-STTD, on Vehicular A channel with one slot feedback delay and 4% feedback error rate, is shown in Fig.4. The simulation results in Fig.4 are obtained with fast power control. As the TPC and FBI bits are transmitted over the same channel, the respective errors are independently generated with the same error rate of 4%.

In the simulation of CL-4-Tx-STTD, the rotation phases  and  are switched every 2 symbols. This is the worst case set-up for any closed-loop transmit diversity scheme, because it causes the most frequent artificial fluctuations of the pseudo propagation channels coefficients  and . On the other side, the fast switching of rotation phases is beneficial for the open-loop 4-Tx-STTD, because it better decorrelates the signals from antennas in the same STTD branch.

To make visible the gain of 4-antenna Tx diversity over the 2-antenna Tx diversity schemes, the Fig.4 also contains the corresponding simulation results from [5], for the ASTTD and the open-loop STTD (with 2 antennas). It can be seen that the gain of 4-Tx-STTD over STTD is higher than the gain of CL-4-Tx-STTD over ASTTD. This is an expected result because the ASTTD has already exploited the diversity potentials for performance improvement more than it STTD have done, so the increase of the number of transmit antennas is more beneficial to STTD than to ASTTD.

However, the CL-4-Tx-STTD still provides a significant gain under realistic conditions compared to the open-loop 4-Tx-STTD, measured on the decoded BER of 0.001, on the Vehicular A channel. Between 20 and 80km/h, the gain is about 0.5dB. At 100km/h there is a gain of about 0.3dB, while at 120km/h the gain is about 0.2dB. The crossing point between CL-4-Tx-STTD and 4-Tx-STTD curves is at a velocity around 150km/h.
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Fig.4. Required transmitted Eb/No at BER=0.001 with power control on Vehicular A channel.

The similar comparison can be done on the basis of required transmitted Eb/No to achieve 0.1 decoded block error rate (BLER), as shown in Fig.5. The gains observed on decoded BLER are a bit higher than those observed on decoded BER. 
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Fig.5. Required transmitted Eb/No at BLER=0.1 with power control on Vehicular A channel.

4. Conclusion

The closed-loop STTD with 4 antennas, based on the generalised ASTTD weights (CL-4-Tx-STTD) is l evaluated on the Vehicular A channel, with one slot feedback delay and 4% feedback error rate. It is shown that even on the multipath propagation channel, which can be considered as the most difficult test for the benefits of the transmit diversity schemes, the CL-4-Tx-STTD provides a gain of about 0.5dB compared to the open-loop STTD with 4 antennas (4-Tx-STTD), at velocities in the range 20-80km/h.

The crossing point between the corresponding CL-4-Tx-STTD and 4-Tx-STTD curves is at a velocity around 150km/h.

Therefore, this performance evaluation results directly support inclusion of CL-4-Tx-STTD (with ASTTD weights) into TR25.869. 

5. Appendix I– Simulation Parameters
Table 1.  Parameters for Simulation

	Parameter
	Value
	Unit

	NodeB 
	Information bit rate
	39.2
	kbps

	
	Physical channel
	60
	kbps

	
	Spreading factor
	64
	

	
	Convolutional Encoder
	1/3
	

	
	Interleaver Length
	1200
	bits

	
	Oversamples
	4
	

	
	Root-raised Cosine Filter
	Coeff.:0.22 ; Order:48
	

	
	STTD Encoder
	Yes (Refer to 3GPP25.211)
	

	
	Number of Antennas
	4
	

	
	Rotation phases switching interval
	2
	symbols

	Mobile Channel
	Veh. A


	Power

Delay

Profile
	Path powers: [0 –1 –9 –10 –15 –20]
	dB

	
	
	
	Path delays: [0 0.31 0.71 1.09 1.73 2.51]
	s

	
	
	Carrier Frequency
	2G
	Hz

	
	
	Velocity
	20,40,60,80,100,120
	km/h

	UE
	Number Of Antennas
	1
	

	
	Searcher
	Ideal Searcher
	

	
	Channel Estimator
	Ideal Channel Estimation
	

	
	Power Control
	ON
	

	
	Power Control Delay
	1
	Slot

	
	Feedback Delay
	1
	Slot

	
	Weights Verification
	Ideal
	

	
	Feedback Quantization
	Predictive Quantization with length=1
	

	
	Feedback Bit Error Rate
	4%
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