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1. Introduction

The adaptive space-time transmit diversity (ASTTD) has been presented in [1], as a closed-loop version of the STTD providing under ideal conditions a gain over STTD of 1.55dB in the received Eb/No, measured on the raw bit error rate (BER) at all UE velocities. While an ideal feedback information transmission was assumed in [1], the feedback delay and quantization for ASTTD are further investigated in [2], where the so-called predictive feedback quantization scheme is proposed.

In this contribution we shall present, in Section 2, a simple modification of the ASTTD receiver that provides significant increase of the gain over STTD, both in received and transmitted Eb/No, measured on the decoded BER at all velocities. In this way the gain measured on the decoded BER became almost the same as the gain measured on raw BER. Then in Section 3, by using such an improved ASTTD receiver, we show the performances of different versions of FBI decoding: with 1, 2, and 3 consecutive FBI bits. 

In Section 4 we perform comparisons of ASTTD with TxAA mode 1, selection transmit diversity (STD) and open-loop STTD, in realistic simulation scenarios, including one slot feedback delay and 4% feedback error rate. The comparisons are performed both with and without fast power control. It will be shown that in the range of velocities between 80 and 120 km/h, the ASTTD has better performances than all other considered schemes. The Section 5 concludes the paper.

2. Normalised ASTTD Receiver

Fig. 1 shows the structure of the ASTTD. 
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Fig.1. Transmitter for the adaptive STTD radio access method.

The weight functions are given by
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The weight functions are constant during one STTD encoding period. The weights are calculated from the feedback information from UE. The feedback information is carried by the FBI bits on the uplink DPCCH. 

The ASTTD receiver is shown in Fig.2, assuming there is a single antenna in the receiver.
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Fig.2. Receiver for the adaptive STTD radio access method.

The received signals r1 and r2 corresponding to the two successive transmitted symbol intervals in one space-time coding block, can be expressed as  
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where S1 and S2 are the transmitted data symbols, h1 and h2 are propagation channel coefficients from each transmit antenna to the receive antenna, and n1 and n2 are the noise samples. 

The first stage of the ASTTD receiver consists of an ordinary STTD decoder, which produces the estimates s1 and s2 of the transmitted data symbols according to the maximum ratio combining principle, i.e.
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(2)

The second stage of the ASTTD receiver is the cross-interference conversion stage, which perform the following operations
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where
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The coefficients A and B defined by (4) are slightly different from those in [1] and [2]. The difference lies in the normalisation by 
[image: image16.wmf]C

, which obviously does not change the output signal-to-noise ratio, but changes the distribution of signal amplitudes that serve as the soft values for channel decoder.

In order to have the same performances of channel decoder (e.g. Viterbi decoder) as in the case of any other existing transmit diversity scheme (STTD, Tx AA), it is necessary that the amplitude of estimated symbols 
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However, by taking into account the definition (1) of weights w1 and w2, it can be shown that without normalisation by 
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, the estimated symbol amplitude is given by
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r2 =
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The normalization by 
[image: image27.wmf]C

 makes the symbol amplitude equal to the square root of (5), i.e. makes it very close to the desired value.

3. Performances of different FBI decoders

A general feedback quantization algorithm for ASTTD is defined in [2] as predictive quantization method. It consists of  FBI encoding and decoding, shown in Fig. 3. 
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(a) FBI encoding
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(b) FBI decoding

Fig 3.  Diagram for 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 an amplitude ratio regenerator. Once the ratio is regenerated, the weights w1 and w2 are calculated exactly according to the equation (1).

We have evaluated three different FBI decoders, having the decoding lengths L equal to 1, 2 and 3 FBI bits. The corresponding amplitude ratio regenerator look-up tables are given in Fig. 4.
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 Fig 4.  Amplitude ratio regenerators for 1, 2, and 3 consecutive FBI bits.

The simulation results are shown in Fig.5 and Fig. 6. It can be seen that FBI decoder of length L=1, using just one FBI bit, is the most robust and produces the best performances. The second to the best is the FBI decoder of length L=3.
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Fig.5. Required transmitted Eb/No at BER=0.001, no feedback errors.
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Fig.6. Required transmitted Eb/No at BER=0.001, 4% feedback errors.

4. Comparison of ASTTD with Tx AA mode 1, STD and open-loop STTD

The comparison of ASTTD with TxAA mode 1, selection transmit diversity (STD) and open-loop STTD, in realistic simulation scenarios, including one slot feedback delay and 4% feedback error rate is done in Fig.7 and Fig.8. All the simulation results are for the flat-fading channel.

The simulation results in Fig.7 are obtained with fast power control, and in Fig.8 without fast power control.
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Fig.7. Required transmitted Eb/No at BER=0.001 with power control.
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Fig.8. Required received Eb/No at BER=0.001 without power control.

It can be seen from the above two figures that in the range of velocities between 80 and 120 km/h, the ASTTD has better performances than all other considered schemes. It is interesting to note that under realistic conditions, the STD has worse performances than the ASTTD at all velocities above 20 km/h.

5. Conclusion

On the flat fading channel, with one slot feedback delay and 4% feedback error rate, the ASTTD has better performances than all other existing UTRAN transmit diversity modes, in the range of velocities between 80 and 120 km/h. 

Hence, the ASTTD can be considered as an enhancement of the existing transmit diversity modes in UTRAN, down-wards compatible with open-loop STTD. Therefore we propose to include the closed-loop STTD into TR25.869, where the ASTTD would have been incorporated as one of the options of the closed-loop STTD. The corresponding text proposal is given in R1-02-1266.

6. Appendix I - Verification of Modified ASTTD Receiver
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Fig.9. Performance Comparison, PC, ideal feedback and no feedback delay

[image: image36.wmf]20

30

40

50

60

70

80

90

100

110

120

3

4

5

6

7

8

9

10

Performance Comparison without power control and with ideal feedback

Velocity ( km/h)

Tx Eb/No(dB) @ 10

-

3(Decoded BER)

Open Loop STTD

Original ASTTD Receiver

Modified ASTTD Recevier


Fig.10. Performance Comparison, no PC, ideal feedback and no feedback delay

Fig. 9 and Fig. 10 show that in the ideal case (ideal feedback information, and no feedback delay), the modified ASTTD receiver provides at all velocities a performance gain very close to the theoretical limit of 1.55dB, even if measured on decoded BER, no matter whether the power control is on or off. 

7. Appendix II– Simulation Parameters

The simulation is done under CoCentric System Studio Ver2001.08.  Table 1 shows the major 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. / Order
	0.22 / 48
	

	
	STTD Encoder
	Yes (Refer to 3GPP25.211)
	

	
	Number Of Antennas
	2
	

	Mobile Channel
	Rayleigh
	Number of Rays
	1
	

	
	
	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/OFF


	

	
	Power Control Delay
	1
	Slot

	
	Feed Back Delay
	1
	Slot

	
	Weights

Verification
	Ideal
	

	
	Feedback Quantization
	Predictive Quantization with length=1/2/3
	

	
	Feedback Bit Error Rate
	0 % , 4%
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