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1. Introduction

The adaptive space-time transmit diversity (ASTTD) has been presented in [1]. It was shown that, compared with the current open-loop STTD, under ideal conditions (no feedback delay, no quantization and no feedback error) ASTTD can provide 1.55dB gain in received Eb/No measured on the raw bit error rate (BER) at all UE velocities, and about 0.7 dB gain measured on the decoded BER in the range of velocities between 20 and 120 kmph.

In this contribution we present some performances of ASTTD with one and two slot feedback delays, both without and with quantization. After a brief recapitulation of ASTTD scheme in Section 2, in Section 3 we present an effective quantization method for the amplitude ratio of propagation channels. This quantization method is used by UE to generate feedback information to be sent to NodeB via an FBI bit. The corresponding FBI decoding algorithm in the NodeB is also described in Section 3. The Section 4 contains the simulation results, while Section 5 concludes the paper.

2. ASTTD

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 channel information from UE. The feedback channel information can be carried by the FBI bits within the uplink DPCCH, as it is done for the existing TxAA closed loop transmit diversity modes.

The receiver is shown in Fig.2.
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Fig.2. Receiver for the adaptive STTD radio access method.

The first stage of the 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 is the cross-interference conversion stage, which perform the following operations
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where
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The equation (3) shows that the transmitted weights are needed in the second stage of ASTTD receiver. The UE can make the same amplitude ratio quantization and weights calculation as Node B (with attention to the feedback delay!), but due to the erroneous reception of FBI bits at NodeB, the weights at UE might not match those recovered at NodeB. This means that the UE should estimate the transmitted weights based on the common pilot channel and the dedicated pilot channel. This procedure will be called weights verification.

In the simulations performed for this contribution an ideal weights verification is assumed. 

3. ASTTD Feedback Quantization Methods

In the current standard, one FBI bit per slot is fed back from UE, meaning that the ratio of the amplitudes between two propagation channels should be quantized into one bit by some encoding algorithm. The received FBI bit at NodeB should be processed, i.e. decoded so that the original, non-quantized feedback information is regenerated as much as possible. The FBI encoding and decoding together constitute a feedback quantization method.

In this paper, the two feedback quantization methods are investigated. The first one is logarithmic delta-modulation, typical for closed-loop fast power control in CDMA systems. The second one is specially designed for the adaptive STTD, and is called predictive feedback quantization.

Fig. 3 describes the whole predictive quantization process. The one-bit FBI encoding of amplitude ratio of two propagation channels is performed similarly as for selection transmit diversity (STD): if the amplitude of the first propagation channel is greater than or equal to the amplitude 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. 

The received FBI decoder at the NodeB consists of a delay-line buffer for storing a number (2 in this contribution) of most recently received FBI bits, and an amplitude ratio regenerator. 

The amplitude ratio regenerator is a look-up table, which in this paper has the ternary output, as shown in Fig.3b. Once the ratio is regenerated, the weights W1 and W2 are calculated exactly according to the equation (1). Note that the weights calculation can be merged with the amplitude ratio regenerator into a single table.


[image: image13.wmf] 

FBI Bit = 0

 

FBI Bit = 1

 

|h1|>=|h2|?

 


(a) FBI encoding
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(b) FBI decoding: amplitude ratio regeneration and weights calculation

Fig 3.  Diagram for Predictive Feedback Quantization method.

4. Simulation Results

The effects of feedback delay and quantization on the performances of ASTTD are shown in Fig.4. The parameter M for predictive feedback quantization was set to M=103dB/10.
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Fig.4. Required received Eb/No at BER=0.001.

As shown in Fig.4, at low speeds (below 50 kmph) the predictive feedback quantization has almost as good performance as the ideal feedback with one slot delay.  Even more, for speeds bellow 40kmph the predictive feedback quantization produces the same performances as the ASTTD without feedback delay. However, for speeds above 70 kmph the current version of the predictive feedback quantization introduces a rather significant performance loss. It remains to be seen if an increased number of stages in the delay line of the FBI decoder, i.e. an increased number of quantization levels in the amplitude ratio regenerator would improve this behaviour.

Regarding the logarithmic delta modulation of feedback information, there is a performance loss even at very low speeds compared with the ideal feedback with one slot delay, though it has slightly better performance than the predictive quantization at the very high speeds. Fig. 5 shows the difference between them. 
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Fig.5. Comparison of Predictive Quantization and Logarithmic Delta Modulation of feedback information.

5. Conclusion

The contribution continues the study of the adaptive STTD proposed by Huawei at the 3GPP WG1 #26 meeting. Feedback delay and quantization are investigated, resulting in the so-called predictive feedback quantization scheme. The predictive feedback quantization preserves good performances of non-quantized ASTTD in the simulation scenarios investigated until now. The performances of the predictive feedback quantization at speeds above 70 kmph might be further improved by an increased number of quantization levels in the amplitude ratio regenerator in the NodeB FBI decoder.

6. Appendix – 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
	Off


	

	
	Feed Back Delay
	1
	Slot

	
	Weights

Verification
	Ideal
	

	
	Feedback Quantization
	Delta Modulation / Predictive Quantization
	

	
	Feedback Bit Error Rate
	0 %
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