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1.Introduction

In Release 99 specification, transmit diversity employing 2 antennas is encompassing. Currently, various transmit diversity schemes using 4 transmit antennas are investigated as a Release 6 study item. The CPICH transmission in transmit diversity with 4 antennas is an important issue because in a W-CDMA system, the CPICH signal strength is directly associated with the system performance. Hence, its role can be divided into five categories: First of all, it defines cell boundaries. Second, it provides each UE with a ‘lock’ signal to determine the served cell. Third, the signal strength comparison between Node-Bs can be employed to decide when to go into soft handover between at least two cells. Then, it can also be used for the initial system acquisition and the available multi-path search. Finally, it aids the channel estimation for the dedicated channels. 

In [1], there have been several candidates of new CPICH transmission schemes for transmit diversity solutions for multiple antennas. Since multiple transmit antennas result in the power decrease of CPICH in each transmit antenna, it is necessary to investigate the feasibility of a multi-path searcher when multiple transmit antennas are employed because most of the above-mentioned categories are related to the performance of the multi-path searcher in UE. Throughout detection probabilities versus the number of transmit antennas according to received CPICH 
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, we found that increasing transmit diversity order does not necessarily improve the detection performance; rather it degrades the performance when the received pilot signal strength is relatively low. Therefore, this gives us a distinct criterion whether the increasing transmit diversity order is practically feasible or not.

2.Theoretical analyses and results

When there are 
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 transmit antennas and one receive antenna, the first order statistics of the detection variable 
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 is the sum of the squares of 
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 independent Rayleigh fading paths. The random variable 
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 has a chi-square distribution with 
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 degrees of freedom. The concept of 
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) is the total diversity order, where 
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 is the time diversity order or the number of post-detection integration. The false alarm probability 
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and the detection probability 
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of the multi-path searcher in transmit diversity mode can be generalized as follows:
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where 
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 is the sum of variances of I-phase and Q-phase, 
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is interference, 
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is the squared mean, N  is the length of the coherent sum and 
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 is the mean energy per chip. In addition, 
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are the likelihood function for ‘0’ hypothesis and ‘1’ hypothesis, respectively.

In our analyses, we employed the AFC (Automatic Frequency Control)’s frequency error of 200Hz, and the mobile speed of 160km/hr in W-CDMA carrier frequencies, assuming the worst-case scenario. It is assumed that the total transmit power from the multiple antennas is the same as that from one transmit antenna case. And then we also assume the signals are independent in both time and space domain. If the correlation in time or space is taken into account, the diversity gain may decrease. 

Figure 1 gives us a meaningful insight on the transmit diversity in terms of the performance of UE’s multi-path searcher. In this figure, the relationship between 
[image: image22.wmf]D

P

 and 
[image: image23.wmf]T

n

 is portrayed for different values of received 
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. The detection probabilities in Figure 1 were obtained assuming 
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=10% and the length of coherent sum N=4 symbols (equivalent to 1024 chips), for all scenarios considered. Generally, we would anticipate the performance enhancement diminishes as the diversity order grows. However, Figure 1 illustrates that
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 may decrease as 
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 increases especially when the UE experiences low received 
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In order to keep the UE referenced to a cell, this received ratio
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 must exceed a minimum threshold at the UE at all times. This threshold is often referred to as ‘finger locking’. The range of the minimum 
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 values so as to ensure this finger locking is typically between 4 and 8 dB. In this range of 
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 values transmit diversity with 4 antennas dose not degrade the detection performance. However, the minimum 
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 thresholds may have to be increased so as to prevent detection performance degradation when 
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 is higher than 4.
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Figure 1. Detection probabilities versus the number of transmit antennas according to received CPICH 
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3. Conclusion

In this document, we mentioned feasibility of the transmit diversity system with more than 2 antennas in terms of a detection probability of multi-path searcher in UE. The detection and false alarm probabilities have been derived analytically. Throughout these probabilities, we also presented a relationship between detection probability and the number of transmit antennas for the given received 
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 values. Considering the detection performances at operating ranges of 
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 values, the transmit diversity scheme employing up to 4 antennas in terms of multi-path searcher in UE seems to be a practically plausible solution. 
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