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Abstract - An improved algorithm for the acquisition of the uplink synchronization in CDMA systems is proposed. By noncoherent combination of the correlation waveform for successive access frames, the average acquisition period can be reduced significantly without loss of timing precision, and the error floor of the traffic transmission caused by imperfect synchronization can be lowered down. The performance of the new algorithm applied to large area synchronous CDMA (LAS-CDMA) system is evaluated by numerical simulations.



Then it transmits the synchronization signal on the channel with pre-determined power. The base station calculates the time offset to the required synchronization time slot based on the received signal and sends the instruction to the mobile station to adjust the time slot through the downlink channel. And then the mobile station retransmits the synchronization signal according to the instruction. This close-loop process goes on until the synchronization is successful or is given up.
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We first consider the case of AWGN (Additive White Gaussian Noise) channel and one-user load system, i.e., there is no MAI. Let s(t) be the synchronization signal of duration T0 transmitted by the mobile station, which should be spread signal with good autocorrelation property. Assuming the corresponding signal received by the base station is r(t), the log-likelihood function is in the form [5]:



I. Introduction CDMA (Code Division Multiple Access) wireless communications system is a self-interfered system. The imperfect cross correlation property of the multiple access codes, or spreading codes, causes the multi-access interference (MAI) in the system and limits the system capacity. Especially for the uplink, the MAI is relatively severe when the system is asynchronous, because of the strong cross-correlation side-lobe. Synchronization technique can reduce the interference and increase the system capacity in the uplink, as have been adopted in 3G mobile communications systems [1]. The LAS-CDMA (Large Area Synchronous CDMA) system [2] employs spreading codes with Interference Free Window (IFW) [3], thus is immune to the multi-path propagation in the mobile channel. However, in order to make use of the IFW property in the uplink, synchronization of different users is required by the system. The uplink synchronization process is usually partitioned into the acquisition stage and the tracking stage. The initial synchronization of the system is established in the acquisition stage and the moving of the user terminal is tracked in the next one. This paper focuses on the acquisition algorithm only. Based on the algorithm introduced in [4], we propose an improved acquisition algorithm for the uplink synchronization of CDMA systems. The new algorithm, as well as the original one, is presented in detail in section II. The following section evaluates the algorithms by numerical simulations, and a conclusion is drawn in the last section. II. Improved Acquisition Algorithm



Basically, the uplink synchronization acquisition in CDMA systems is performed like this. Firstly, the mobile station selects an idle uplink synchronization channel after the detection of the downlink broadcast channel.



x (τ ) = C ∫ r ( t ) s ( t − τ ) dt , T0



(1)



where τ is the assumed transmission delay of the signal, and C is a constant that is irrelevant to the acquisition algorithm. Equation (1) is a correlation function and can be implemented by a matched filter. The maximum-likelihood (ML) estimation of the transmission delay can be made according to the peak position of the squared waveform of the output of the matched filter, i.e., τˆ = arg max x 2 (τ ) , (2) τ ∈T



where T is the zone of the possible time delay and is relevant to the area of the cell. Denote the expected delay * as τ . Then we can generate the delay control command (DCC) according to the offset between the estimated access time and the expected time: d = τ * − τˆ. (3) After the receipt of DCC, the mobile station should shift its transmission time with d. In the case of the mobile multi-path fading channels, the acquisition algorithm implemented with Eq. (2) and Eq. (3) may have poor performance. Firstly, if the channel is in deep fading, the energy collected by the matched filter is very limited, which makes the acquisition algorithm sensitive to the noise. Secondly, the delay spread caused by the multi-path propagation in



the mobile channel may spread the main lobe of x(t) over several chips, which makes the DCC in poor precision. The first problem, i.e., the channel fading, can partially be solved by accumulation of the correlation waveform of successive frames. This is the key point of improvement proposed by this paper. Because the duration of a typical access frame is longer than the coherent time of the channel, the accumulation for different frames can achieve notable time diversity gain. The accumulation itself can be regarded as an EGC (Equal Gain Combining) technique. Meanwhile, power gain can also be achieved by combining synchronization signal, thus the signal-to-noise ratio (SNR) at the receiver for the later frames is increased, which is also helpful in AWGN channel. Note that the accumulation between different frames cannot be implemented directly, because the successive accessing synchronization signal may not arrive at the base station in the same time slot in a frame, which is caused by the effect of DCC on the mobile station. Instead, the waveform of the last frame should be shifted in time axis by d and then stored in the register to be added to the next frame. So, the accumulated waveform after the matched filter can be expressed as: n = 1, ⎧ x 2 (τ ) , yn (τ ) = ⎨ 2 (4) ⎩ x (τ ) + yn −1 (τ − d n ) , n > 1, where τ ∈ T , and n is the index of the frames. The accumulation can also decrease the MAI caused by other users. This is because the accumulation is only effective for the target user, but not for the interfering users, as the other users do not adjust the transmitting time slot according to the dedicated DCC. So the energy of the interference signal is spread when that of the target signal is concentrated, which makes the acquisition algorithm more robust to MAI. This mechanism can be illustrated by Fig. 1, in which the user 0 is the target user, and the other two are the interfering users. The interfering users are assumed to transmit the synchronization signal within same time slots for the two frames. By combining the correlation waveform for two frames, the signal of the target user is enhanced while that of the interfering users is not. As a result the interfering signal is depressed. To overcome the second problem mentioned above, i.e., the delay spread of the signal, a sliding accumulator can be used after the matched filter, which can effectively collect the spread energy and make the acquisition algorithm much more robust to the delay spread [4][6]. Considering the combination of the waveform of successive frames, the output of the sliding accumulator can be expressed as z n (τ ) =



∫



τ



τ − Tw



yn ( t ) dt ,



(5)



where Tw is the width of the sliding window, which
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Fig. 1 Resistance of MAI by accumulation r (t )
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Fig. 2 The structure of the improved uplink synchronization acquisition receiver



should be larger than the maximum delay spread of the channel. And by replacing x( τ ) in Eq. (2) with zn( τ ), the improved estimation of the transmission delay is obtained: τˆ = arg max zn (τ ) . (6) τ ∈T



Similar to the simple case discussed above, the DCC can be generated by calculation of the time offset according to the Eq. (3). In summary, the structure of the proposed receiver for the acquisition of uplink synchronization is illustrated in Fig. 2. The received signal is passed through a matched filter which matches the spreading code and the shaping waveform. The squared output of the matched filter is accumulated for successive access frames and then passed through a sliding accumulator which collects the energy in a few chips. The peak position of the output of the accumulator is regarded as the access time and is compared with the expected arrival time. A delay control command (DCC) is generated based on the access time and then sent to the mobile station through the downlink channel. The mobile station shifts its access frame according to the received DCC. This structure is based on the acquisition receiver invented in [4]. The accumulation of the signal between different frames is the improvement proposed in this paper, which makes the acquisition algorithm different from the old one. III. Simulation Results



The performance of the proposed acquisition algorithm for uplink synchronization applied to the LAS-CDMA system is compared with the original algorithm [4] by numerical simulations. The length of a frame is 20 ms, and the system load is 4 or 8 users. Perfect power control is assumed, i.e., the signal of different users received by
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Fig. 4 Performance of the algorithms in acquisition precision in AWGN channel, SNR = 2 dB, 8 users
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the base station is of the same power. The over-sample rate at the receiver is 16, which means that there are 16 samples in one chip period. An acquisition is regarded to be successful only if the timing offset is no greater than a quarter of the chip period, or 4 samples, after the mobile station's adjusting of the transmitting time according to the received DCC. So the minimum acquisition time required is two frames, or 40ms. Moreover, it’s assumed that the DCC is transmitted on the downlink channel without error. Fig. 3 illustrates the performance in acquisition time of the two acquisition algorithms in AWGN channel with SNR = 2dB. The original algorithm and the algorithm introduced in this paper are labeled with original and new, respectively. It can be seen that the new algorithm can save the acquisition time tremendously, and synchronize all of the accesses simulated in four frames at most. On the other hand, the original algorithm may fail for some accesses and need nine frames to acquire synchronization at most. Meanwhile, Fig. 4 shows that the two algorithms perform almost the same on the acquisition precision in AWGN channel. Fig. 5 and Fig. 6 show the results for ITU-VA multi-path fading channel model [7] with average SNR being 20dB. The vehicle speed is set to be 30 km/hour. The gain of the proposed algorithm is more obvious than the last case. When the original algorithm performs very poor and may need to acquire the synchronization in 20 frames at most, the new algorithm can still achieve successful acquisition in four frames. On the other hand, there is a little degradation in acquisition precision for the new algorithm. However, the loss is acceptable when the great saving of access time is considered. The impact of the acquisition error on the performance of the traffic channel is also simulated. The result is shown in Fig. 7. It can be seen that the acquisition error of both
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Fig. 5 Performance of the algorithms in acquisition time in ITU-VA channel, SNR = 20 dB, 4 users
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Fig. 7 Bit error rate of the traffic channel



algorithms results in error floor for the traffic channel transmission. Though, the error floor caused by the improved algorithm is lower than that of the original one. This is because that the new algorithm lowers down the probability of asynchronous transmission. IV. Conclusion A simple method to improve the uplink synchronization acquisition in CDMA systems is proposed in this paper. The new architecture of the acquisition receiver employs an accumulator to collect the energy of the synchronization signal in successive frames. Simulation results show that compared to the original algorithm, the new algorithm saves much acquisition time, both for the AWGN channel and the multi-path fading channel, when losses little in acquisition precision. Further more, the error floor of the traffic channel transmission can be lowered down by the new algorithm. The cost of the new algorithm is an accumulator and the register for the storage of the correlation waveform. Because the access time is in a limited zone, only the waveform in that zone needs to be stored. Moreover, the size of the register can be reduced by down-sampling of the waveform, which is to be researched in the future work. V. Acknowledgments Wei Jiang would like to thank Gang Quan and Dr. Xingqing Cheng for helpful discussion about the work. This work was supported by National Natural Science Foundation of China (NSFC) under grant no. 90604035. References [1] 3GPP TR 25.928 4.0.1, “1.28 Mb/s functionality for UTRA TDD physical layer”. [2] D. Li, “The perspectives of large area synchronous CDMA technology for the fourth-generation mobile radio”, IEEE Communications Magazine, vol. 41, no. 3, pp. 114–118, 2003. [3] D. Li, “A high spectral efficient multiple access code”, Chinese Journal of Electronics, vol. 8, no. 7, pp. 221-226, 1999. [4] G. Quan and Y. Zhang, “A new acquisition method and
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