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1. Introduction

In UMTS (W-CDMA), the primary and secondary synchronization channels (SCHs) are defined. The SCH received timing of the target cell is detected by taking the correlation between the received signal and cell-common primary SCH (P-SCH) replica in the time domain [1]-[4]. On the other hand, auto-correlation based detection that takes advantage of the repetition of the same signal waveforms within one OFDM symbol was proposed in [5]-[18] in order to achieve simple correlation detection processing. This paper presents comparisons of the cell search time performance between SCH-replica based detection, i.e., cross-correlation based detection, and auto-correlation based detection in the E-UTRA downlink.

2. Simulation Conditions

2.1. SCH Structures Candidates
Two SCH detection methods are considered: SCH-replica based detection, i.e., cross-correlation based detection, and auto-correlation based detection.
(1) SCH-replica based detection

SCH symbol timing is detected by taking the correlation between the received signal and the cell-common P-SCH replica in the time domain in Step1 [2]-[4]. Then, the frame timing and cell ID group (and other cell-specific information) are detected by taking the correlation of the secondary SCH (S-SCH) in the frequency domain based on the SCH symbol timing detected in Step 1. We assume the SCH structure depicted in Fig. 1 for the SCH-replica based detection method. Two SCH symbols with a 1.25-MHz transmission bandwidth are multiplexed to the last OFDM symbol at the 10th and 20th sub-frames within one radio frame. Although the P-SCH and S-SCH can be multiplexed by FDM, CDM, or TDM [4], we assumed an FDM-based configuration in this paper. The P-SCH and S-SCH are located alternately in the frequency domain within a 1.25-MHz bandwidth. We assume a (Generalized Chirp Like) GCL sequence [10] common to all cells for the P-SCH, and phase-rotated orthogonal sequence with constant amplitude in the frequency domain for the S-SCH, which is scrambled with a cell-common scrambling code in order to suppress the peak-to-average power ratio of the time-domain signal waveform. The S-SCH sequence indicates the radio frame timing and cell ID group. In Step 1, i.e., the SCH symbol timing detection, the correlations of the two P-SCH symbols within one radio frame are averaged in the power summation. In Step 2, i.e., frame timing and cell ID group detection, we perform coherent detection of the S-SCH with the P-SCH as a reference in the frequency domain using the SCH symbol timing detected in Step 1. Channel estimation for each sub-carrier of the S-SCH is performed employing the 2Nref P-SCH sub-carriers on both sides of that sub-carrier. Then, discrete　Fourier transform (DFT) processing is performed for the obtained sequence to detect the S-SCH sequence. The DFT output is averaged according to the possible S-SCH sequence combinations in the time domain within one radio frame, and the frame timing and cell ID group corresponding to the peak correlation value are detected. In Step 3, the correlation is taken between the received signal and reference signal scrambled by the cell-specific scrambling code, and the cell ID corresponding to the peak correlation value is detected among the cell IDs which belong to the cell ID group detected in Step 2. We utilized the phase difference in adjacent reference signal sub-carriers for cell ID detection in this paper. We assumed that the cyclic prefix (CP) length of the reference signal is known to the user equipment (UE). A UE repeats the three-step cell search until the correct cell ID is detected. We assume that the UE can ideally recognize whether the detected cell ID is correct or not for simplicity.
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Figure 1 – SCH structure for SCH-replica based detection

(2) Auto-correlation based detection
The decimation and null-insertion mapping method for the SCH, i.e., every N sub-carrier mapping, in the frequency domain was proposed in [5]-[18]. In this mapping scheme, N periodic waveforms appear within the duration of one OFDM symbol. Thus, in Step 1, the SCH symbol timing is detected by taking the auto-correlation of N periodic waveforms of the SCH in the time domain without the information of the SCH waveform. We assume two types of SCH structures for auto-correlation based detection, which are referred to as auto-correlation based methods 1 and 2, respectively, as shown in Figs. 2(a) and 2(b). In the SCH structure in Fig. 2(a) (SCH (1) for auto-correlation) [10], the SCH is multiplexed every other sub-carrier in the frequency domain over a 1.25-MHz transmission bandwidth. Moreover, two SCH symbols are multiplexed at the last OFDM symbol positions at the 10th and 20th sub-frames for fair comparison to the SCH-replica based detection in Fig. 1. We assume the GCL sequence in the frequency domain for the SCH, which indicates the frame timing and cell ID group, as the S-SCH does in the SCH-replica based detection. The correlations of two SCH symbols are averaged within one radio frame. In Step 2, the differential detection between SCH sub-carriers (every other sub-carrier) is performed and DFT processing is performed to detect the SCH sequence [10]. The DFT output is averaged according to the possible S-SCH sequence combinations in the time domain within one radio frame, and the frame timing and cell ID group corresponding to the peak correlation value are detected. Step 3 is the same as that in the SCH-replica based method.
Furthermore, in the SCH structure in Fig. 2(b) (SCH (2) for auto-correlation) [5], the SCH is multiplexed every four sub-carriers in the frequency domain with a 1.25-MHz transmission bandwidth. The SCH has four periodic waveforms within the duration of one OFDM symbol in the time domain and a part of them are sign-inverted as shown in Fig. 2(b). Two consecutive SCH symbols are multiplexed at the end of the 10th and 20th sub-frames. We assume the GCL sequence as in SCH (1). In Step 1, the correlations of four SCH symbols are averaged within one radio frame. In Step 2, the differential detection between SCH sub-carriers (every four sub-carrier) is performed and DFT operation is performed to detect the SCH sequence as in auto-correlation based method 1. The rest of the process is the same as that for auto-correlation based method 2.
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(a) SCH (1) for auto-correlation based method 1
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(b) SCH (2) for auto-correlation based method 2
Figure 2 – SCH structure for auto-correlation based detection

2.2. Simulation Parameters

Table 1 lists the simulation parameters assumed in this paper. As described in Section 2.1, we assume that the SCH transmission bandwidth is 1.25 MHz. We employed a SCH sequence (of the P-SCH in the SCH-replica based method and of the SCH in the auto-correlation based methods) corresponding to the frame timing and cell ID group, i.e., the SCH sequence number is changed randomly every trial in the simulation. In the SCH symbol timing detection probability performance evaluation, we define successful detection timing to be +/- Nt sample duration with the correct timing as the center. The Nt value is parameterized as 18, 36, and 64. When Nt = 18, the duration corresponds to the cyclic prefix (CP) length. The transmission power of all channels including the SCH is assumed to be identical, except that the transmission power of SCH (2) for auto-correlation based detection is 3-dB lower for fair comparison.

Table 1 – Simulation Parameters
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(*1) We assumed 2 frame timings and 16 cell ID groups
(*2) We assumed 32 cell IDs within a cell ID group, i.e., total 512 cell IDs (this number can be considered as the combination of the cell ID and sector-specific orthogonal sequence) 
3. Simulation Results

Figures 3(a) and 3(b) show the SCH symbol timing detection probability of the SCH-replica based detection and auto-correlation based method with SCH (1) at every two sub-carriers (auto-correlation based method 1), as a function of the SNR (geometry). Figures 3(a) and 3(b) assume the fading maximum Doppler frequency of fD = 5.55 and 55.5 Hz, respectively. Figure 3(a) shows that the SNR required to achieve the SCH symbol timing detection probability of 80% employing auto-correlation based method 1 is degraded by approximately 4.5 dB compared to that using the SCH-replica based detection when Nt = 18, although the signal energy of the P-SCH in the SCH-replica based method is half of that of the SCH in auto-correlation based method 1. This is because in auto-correlation based detection, the available signal energy within one OFDM symbol duration is half of one OFDM symbol. Furthermore, the influence of the background noise power is increased compared to that of the SCH-replica based detection. Besides, the broad peak correlation property of the auto-correlation based detection brings about further degradation. By using the SCH-replica based detection, we observe that the timing detection probability of 80% is achieved at the SNR of approximately -4.5 dB. Figure 3(b) shows that the SCH symbol timing detection probability for fD = 55.5 Hz is slightly improved compared to that for fD = 5.55 Hz owing to the increasing time diversity effect. However, the SNR required to achieve the timing detection probability of 80% with Nt = 18 using auto-correlation based detection 1 is degraded by approximately 4.5 dB compared to that for the SCH-replica based detection.
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(a) fD = 5.55 Hz                                                    (b) fD = 55.5 Hz

Figure 3 – SCH symbol timing detection probability of SCH-replica based detection and auto-correlation based detection using SCH (1)

Figures 4(a) and 4(b) show the SCH symbol timing detection probability of the SCH-replica based detection and auto-correlation based detection with SCH (2) at every four sub-carriers (auto-correlation based method 2) for fD = 5.55 and 55.5 Hz, respectively. As mentioned previously, the transmission power of SCH (2) is 3-dB lower than that of the SCH (the P-SCH and S-SCH) for the SCH-replica based detection for fair comparison. Since the correlation property of SCH (2) is sharper than that of SCH (1), the timing detection probability for SCH (2) with Nt = 18 is improved and that with Nt = 64 is degraded compared to that for SCH (1). The required SNR using auto-correlation based detection 2 at the timing detection probability of 80% with Nt = 18 is degraded by approximately 3.5 dB compared to that using the SCH-replica based detection at fD = 5.55 and 55.5 Hz.
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Figure 4 – SCH symbol timing detection probability of SCH-replica based detection and auto-correlation based detection using SCH (2)

Figures 5(a) and 5(b) show the cell search time performance of the SCH-replica based method and auto-correlation based method 1 assuming the grouping of cell IDs (cell-specific scrambling codes) for fD = 5.55 and 55.5 Hz, respectively. Figures 5(a) and 5(b) show that the cell search time performance of the SCH-replica based method is far superior to that of auto-correlation based method 1, although the S-SCH signal energy for the frame timing and cell ID group detection of the SCH-replica based method is half of that of the SCH of auto-correlation based method 1. This is because the SCH timing detection probability performance of the SCH-replica based method is much better than that of auto-correlation based method 1 as shown in Fig. 3 and coherent detection of the S-SCH with the P-SCH as a reference is effective.

Figures 6(a) and 6(b) show the cell search time performance of the SCH-replica based method and auto-correlation based method 2 for fD = 5.55 and 55.5 Hz, respectively. Figures 6(a) and 6(b) show that the cell search time performance of the SCH-replica based method is far superior to that of auto-correlation based method 2 due to the same reason mentioned above. Comparing auto-correlation based methods 1 and 2, the cell search time performance of auto-correlation based method 2 is inferior to that of auto-correlation based method 1. This is because Step 2 assumed in this evaluation is robust against timing detection error due to differential detection in the frequency domain and that the SCH symbol timing detection probability with Nt = 64 of auto-correlation based method 2 is inferior to that of auto-correlation based method 1 as shown in Figs. 3 and 4.

Figures 7(a) and 7(b) show 90% cell search time performance as a function of the SNR. The figures show that the SCH-replica based method can achieve approximately 70 (150) msec and 60 (130) msec shorter cell search time than auto-correlation based method 1 (method 2) at the SNR of -6 dB, i.e., at the cell edge, when fD is 5.55 Hz and 55.5 Hz, respectively. Furthermore, the SCH-replica based method can achieve 90% cell search time of approximately 65 msec and 40 msec even at the SNR of -6 dB when fD is 5.55 Hz and 55.5 Hz, respectively.

In conclusion, we prefer the SCH-replica based detection from the viewpoint of the achievable cell search time performance, although the auto-correlation based detection achieves simple correlation detection processing. 
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Figure 5 – Cell search time performance of SCH-replica based detection and auto-correlation based detection using SCH (1)
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Figure 6 – Cell search time performance of SCH-replica based detection and auto-correlation based detection using SCH (2)
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Figure 7 – 90% cell search time comparison
4. Conclusion

This paper presented comparisons on the cell search time performance between the SCH-replica based detection, i.e., cross-correlation based detection, and the auto-correlation based detection in the E-UTRA downlink. Simulation results show that the SCH-replica based method can achieve approximately 70 (150) msec and 60 (130) msec shorter cell search time than auto-correlation based method 1 (method 2) at the SNR of -6 dB, i.e., at the cell edge, when fD is 5.55 Hz and 55.5 Hz, respectively. Furthermore, the SCH-replica based method can achieve 90% cell search time of approximately 65 msec and 40 msec even at the SNR of -6 dB when fD is 5.55 Hz and 55.5 Hz, respectively. In conclusion, we prefer employing the SCH-replica based detection from the viewpoint of the achievable cell search time, although the auto-correlation based detection achieves simple correlation detection processing.
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