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1. Introduction

Recently, adaptive space-time transmit diversity (ASTTD) [1][2][3] and eigen-STTD [4] have been proposed as a closed loop version of STTD, which were reported to be able to provide significant BER performance gains at all UE velocities. Basically, the proposed methods combine the ordinary STTD with the transmit weights fed back from the UE to achieve the improvements. 

In this contribution, the performances of the two proposed methods are compared via analytical calculations and link-level simulations. The analytical comparisons are performed in two parts: (1) in Section 2, we perform the output SNR calculations for  three receivers, (2) the output SNRs of receivers with two transmit weight selection methods are compared in Section 4. Under the ideal feedback assumption, the analysis and the simulation results demonstrate that

· The output SNRs are identical for all proposed receiver structures, if the transmit weights are identically selected. 

· With the amplitude ratio of the channels as feedback information, the ASTTD outperforms eigen-STTD by 0.3dB on average SNR theoretically, and 0.1-0.5dB gain for the simulated  UE velocities.

It is noted that the ASTTD transmit weight function discussed here is a suboptimal approach as shown in [5]. If optimal weight selection is applied in ASTTD, larger performance gain over eigen-STTD is expected.
2. Receiver Performance

In this section, we compare the SNR performance of three proposed receiver structures.

1. ASTTD receiver 
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Fig.1 ASTTD receiver structure

Fig.1 shows the ASTTD receiver. The conditional SNR in [1] can be rewritten as
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where Es is the symbol power, (v2 is the noise power, hi are the transmission channels coefficients and wi are transmit weights. The normalized ASTTD in [3] has the same output SNR as ASTTD in [1]. 

2. eigen-STTD receiver
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Fig. 2 eigen-STTD receiver structure

Fig. 2 shows the receiver structure for eigen-STTD. Following the analysis in [4], it is not difficult to obtain the conditional SNR by
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(2)

which is identical to ASTTD if transmit weights are identically selected.

3. Simplified ASTTD
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Fig.3 receiver structure for simplified ASTTD

Fig.3 shows the receiver structure for the simplified ASTTD, which was pointed out on the email reflector by Philips. This structure consists of one stage operation, which is different from the modified STTD decoder in Fig. 2. The output of the receiver is given by
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(3)

which is a modified STTD decoder operation by replacing hi  with wihi. This receiver structure is backward compatible with the ordinary STTD by setting w1=w2=1/
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. The conditional SNR at the receiver output is therefore expressed as
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From the above results, it is clear to see that the output SNR for all three receivers are identical if the transmit weights are identically selected. Since the simplified ASTTD receiver structure in Fig.3 is backward compatible with the open STTD and the computational complexity is relatively low, it is recommended to adopt this receiver structure. This analysis also suggests that the selection of the transmit weights is the key factor in determining the entire system performances. The performances of the receiver together with the weight selection are analysed in section 3.
3. Performance with Transmit Weights

By applying the weight function of ASTTD in [1], the conditional SNR in (1) can be written as
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Similarly, by applying the eigen-STTD transmit weight function, which is the principal eigenvector corresponding to the maximum eigenvalue of the channel correlation matrix, the conditional SNR in (2) can be written as









(6)
In comparison of ASTTD with eigen-STTD, from (5) and (6), it is easy to show that
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Clearly, the SNR of eigen-STTD cannot be greater than the SNR of ASTTD.

Under the assumptions that both propagation channels, h1 and h2, are i.i.d. Rayleigh fading channels, the performance gain on average SNR over open STTD is given by
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The performance gain for eigen-STTD over open STTD is given by
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Clearly, the ASTTD outperforms the eigen-STTD by
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4. Simulation

The simulation parameters are listed in Table 1. It is assumed that the transmit weights are ideally fed back to the transmitter and perfect channel estimation is considered. Fig.4 to 7 illustrate the decoded BER performances for different methods at the velocities 3km/h, 20km/h, 60km/h and 120km/h, respectively. Four schemes are considered for comparisons: open loop STTD, eigen-STTD, ASTTD with channel ratio weights (ASTTD1) and principal eigenvector weights (ASTTD2, same weight function as eigen-STTD). The gains of ASTTD1 over the open STTD are around 1.2dB in all cases at BER=10-3, as shown in Fig. 4 to 7. The ASTTD1 also outperforms eigen-STTD by 0.3-0.5dB at BER=10-3. It is noted that the ASTTD2 has no significant performance difference in comparison with the eigen-STTD, which is consistent with the conclusions in section 2.

Table 1. Simulation parameters

	Carrier frequency
	2GHz

	Spreading factor
	16

	Number of multicodes
	10

	Frame length
	2ms 

	CPICH power
	10% 

	Ec/Ior
	80%

	Ior/Ioc
	variable

	Channel coding
	Turbo, rate=1/2

	Fading model
	One path Rayleigh 

	Correlation model
	i.i.d.

	Channel estimation
	perfect

	Modulation
	QPSK

	Feedback
	ideal


5. Conclusion

Based on the analytical calculation and simulation results, we conclude the followings:

· The output SNRs are identical for all proposed receiver structures, if the transmit weights are identically selected. Since the simplified ASTTD receiver structure in Fig.3 is backward compatible with the open STTD and the computational complexity is relatively low, it is favorable to be adopted.

· With the amplitude ratio of the channels as feedback information, the ASTTD outperforms eigen-STTD by 0.3dB on average SNR theoretically, and 0.1-0.5dB gain for the simulated  UE velocities. 
It is noted that the transmit weight function in ASTTD is a suboptimal approach as shown in [5], If optimal weight selection is applied in ASTTD, larger performance gain over eigen-STTD is expected.
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Fig. 4  Decoded BER at  speed=3km/h.
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Fig. 5  Decoded BER at  speed=20km/h.
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Fig. 6  Decoded BER at  speed=60km/h.
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Fig. 7  Decoded BER at  speed=120km/h.
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