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1. Introduction

In the off-line discussions at WG1 #29 meeting in Shanghai, about the inclusion of CL-4-Tx-STTD into the TR25.869 [1], Nokia suggested that it would greatly help discussion at the next meeting, if the proponent would have vehicular channel simulations available there. These results should be the complement to already presented simulation results for 1-tap channel for ASTTD [2]. As the claimed gain was stated to be on UE speeds of 80 - 120 kph, the multipath (vehicular) channel would represent a more realistic scenario for the evaluation of ASTTD.

In order to follow up the agreement to provide the complete realistic evaluation of the ASTTD benefits, in this paper we present the simulation results for the ASTTD on the Vehicular A channel.

In the next Section we present the generalised ASTTD weights generation algorithm for multipath channels. In Section 3 we show the performances of ASTTD on the Vehicular A channel, with one slot feedback delay and 4% feedback error rate. The Section 4 concludes the paper.

2. ASTTD weights for multipath channels

The ASTTD weights w1 and w2 for an arbitrary multipath propagation channel are defined as 
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 (1)

where h1k and h2k are the complex amplitude coefficients of the k-th propagation paths from two transmit antennas, having the same propagation delay. The multipath channels from all the transmit antennas to the same receive antenna have the same power delay profile, containing K propagation paths. The weights (1) are obtained by applying the maximum ratio combining principle to the decoded symbols on each path k. It is shown in Appendix I. 

If K=1, the weights (1) reduces to the ASTTD weights for a single path channel presented earlier [3].

The definition of FBI coding has to be modified according to (1). It is shown in Fig.1. The FBI decoder at the NodeB is similar as before. It 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 FBI decoder used for performance evaluations is of length L=1, as given in Fig.2. 

Once the ratio is regenerated (Ratio=10Ratio(dB)/10), the weights w1 and w2 are calculated according to the equation (1).
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Fig.1.  FBI encoding for an arbitrary multipath propagation channel.
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Fig.2.  Power ratio regenerators for 1, 2, and 3 consecutive FBI bits.

3. Performances of ASTTD on multipath channel

The ASTTD is evaluated on the Vehicular A channel, using a single-stage ASTTD receiver for each path, instead of the two-stage ASTTD receiver used in the previous contributions [2]-[4]. The single-stage ASTTD receiver consists of an ordinary STTD decoder, having h1k replaced by h1k w1, and h 2k replaced by h 2k w2. Although both receivers produce the same output SNR, the single-stage receiver has better performances at higher velocities, measured on the decoded BER or FER. The comparison between the two receivers on a single path channel, with fast power control, one slot feedback delay and no feedback errors, is shown in Fig.3. 
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Fig.3.  Comparison of single-stage and two-stage ASTTD receivers on a single path channel.

The comparison of required transmitted Eb/No to achieve 0.001 decoded BER, for the ASTTD, open-loop STTD and single antenna transmission (no transmit diversity), 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%.
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Fig.4. Required transmitted Eb/No at BER=0.001 with power control on Vehicular A channel.

The Fig.4 shows that even on the Vehicular A channel the ASTTD provides a significant gain under realistic conditions compared to the open-loop STTD, measured on the decoded BER of 0.001. At 100km/h there is a gain of about 0.5dB, while at 120km/h the gain is about 0.25dB. The crossing point between ASTTD and open-loop STTD curves is at a velocity around 150km/h.

[image: image8.wmf]20

30

40

50

60

70

80

90

100

110

120

1

1.5

2

2.5

3

3.5

4

4.5

5

One ANT, STTD and ASTTD on Vehicular A Channel with PC and 4% Feedback Error

Velocity (kmph)

Tx Eb/No(dB) @ BLER=0.1

ANT1 PC1, DS1, ER4

STTD PC1, DS1, ER4

ASTTD PC1, DS1, ER4


Fig.5. Required transmitted Eb/No at BLER=0.1 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. When the comparison is done on decoded BLER, the ASTTD appears to be even more favourable. The gain close to 0.5dB can be observed at 120km/h. The crossing point between ASTTD and open-loop STTD curves is at a velocity far above 150km/h.

In order to have a full overview of the ASTTD performances with the single-stage receiver on a single path channel, we show in Fig.6 the result for the single-stage ASTTD receiver with one slot feedback delay and 4% feedback error rate, along with the corresponding results for TxAA mode 1, selection transmit diversity (STD) and open-loop STTD.
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Fig.6. Required transmitted Eb/No at BER=0.001 with power control on single-path channel.

From the Fig.6 it can be seen that the range of velocities where the ASTTD is better than all other transmit diversity modes is significantly extended by using the single-stage receiver, to be between 65km/h and far above 150km/h. The gain of about 0.4dB can be observed at 120km/h.

4. Conclusion

The generalised ASTTD weights generation algorithm for multipath channels preserves the benefits of ASTTD also on the multipath channels. Compared to the open-loop STTD, at velocity of 100km/h, the ASTTD on Vehicular A channel, with one slot feedback delay and 4% feedback error rate, provides a gain of about 0.5dB. The crossing point between the corresponding ASTTD and the open-loop STTD curves is at a velocity around 150km/h.

The ASTTD with two transmit antennas is a special case of the closed-loop STTD with 4 antennas (CL-4-Tx-STTD) [4]. Therefore, the performance evaluation results in realistic scenarios shown above support inclusion of CL-4-Tx-STTD with ASTTD weights into TR25.869. 

5. Appendix I – Derivation of generalised ASTTD weights 

The generalised ASTTD weights can be obtained by applying the maximum ratio combining principle to the decoded symbols on each path k. The multipath channels between each transmit antenna and a single receive antenna have the same power delay profile, consisting of K paths. 

We assume that there is no antenna verification in the UE receiver, i.e. that the UE performs channel estimation only on the common pilot channel and therefore does not know the weights used in the Node B transmitter. In that case the optimum ASTTD receiver on any path k consists just of an ordinary STTD decoder, which produces the estimates s1k and s2k of the transmitted data symbols as [3]
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(A.2) 

where r1 and r2 are the received signals corresponding to the two successive transmitted symbol intervals in one space-time coding block, S1 and S2 are the data symbols, h1k and h2k are the complex amplitude coefficients of the k-th propagation paths from two transmit antennas, having the same propagation delay, and n1 and n2 are the noise samples.

The first terms in (A.1) and (A.2) are the desirable signals, the remaining two terms are undesirable, as results of the cross-interference and noise. The final estimates s1 and s2 of the transmitted symbols are obtained by summing the estimates s1k and s2k from all the paths, i.e. s1=
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A = 
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(A.3)

The ASTTD weights w1 and w2 maximise (A.3), i.e. the signal to noise ratio (excluding cross-interference term) of the demodulated symbols [3]. Hence, by taking into account that w1=
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6. Appendix II– 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
	2
	

	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%
	


References

[1] Huawei and LG Electronics, “Text proposal of Closed-Loop STTD with multiple antennas”, R1-02-1433, Shanghai, China, Nov. 5-8, 2002.

[2] Huawei, “Performances of ASTTD with fast power control and feedback errors”, R1-02-1265, Shanghai, China, Nov. 5-8, 2002.

[3] Huawei, “STTD with adaptive transmitted power allocation”, R1-02-0711, Gyeongju, Korea, May 13-16, 2002.

[4] Huawei, “Some properties of ASTTD with feedback delay and quantization”, R1-02-0879, Oulu, Finland, July 2-5, 2002.

Contact persons

Aijun Cao, aijun.cao@ateliertelecom.se
Branislav M. Popovic, branislav.popovic@ateliertelecom.se









_1101218907.doc
          Mapping Table for L = 1                                          Mapping Table for L = 3         


		FBI(k)

		Ratio (dB)



		1

		6



		0

		-6





          Mapping Table for L = 2


		FBI(k)

		FBI(k-1)

		Ratio (dB)



		1

		1

		6



		1

		0

		0



		0

		1

		0



		0

		0

		-6





FBI(k)







FBI(k-1)







FBI(k-2)







Ratio(dB)







0







0







0







0







1







1







1







1







0







0







0







0







1







1







1







1







0







1







1







0







1







0







1







0







-6







-4







0







-2







2







0







4







6












_1101732968.unknown

_1102157565.doc
[image: image1.wmf]?


1


2


2


1


2


1


å


å


=


=


>


K


k


k


K


k


k


h


h




FBI = 0







FBI = 1







� EMBED Equation.3  ���







Yes







No











_1101020063.unknown



_1101027467.unknown



_1102157536.unknown



_1101020388.unknown



_1101019512.unknown




_1101733005.unknown

_1101539707.unknown

_1101540700.unknown

_1101540863.unknown

_1101540647.unknown

_1101539333.unknown

_1101027426.unknown

_1101027504.unknown

_1082294318.unknown

_1101027417.unknown

_1082272137.unknown

