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1. Introduction

The generic synchronization channel (SCH) structure and cell search method to support multiple transmission bandwidths in the Evolved UTRA downlink were approved in the current TR [1]. The following three functions are necessary in the initial cell search for OFDM based radio access: FFT timing detection, radio frame timing detection, and cell ID detection [1]. However, various SCH structures and detection algorithms have been proposed thus far. One discussion issue of great attraction is the structure of the SCH, i.e., hierarchical or non-hierarchical [1]. In the hierarchical SCH structure, the FFT timing of the target cell can be detected by taking the correlation between the received signal and the cell-common primary SCH (P-SCH) replica in the time domain. On the other hand, it is detected by taking the auto-correlation of the received signal that takes advantage of the repetition of the same signal waveforms within one OFDM symbol in the non-hierarchical SCH structure. At the previous RAN1#45 meeting in Shanghai, we presented an initial cell search time performance comparison considering frequency offset in the E-UTRA downlink using a single-cell model, and showed that the hierarchical SCH structure achieves shorter cell search time performance than the non-hierarchical SCH structure. However, it was agreed that the selection of the SCH structure should be determined taking into account the cell search time performance in the presence of inter-cell interference. Therefore, this paper presents comparisons on the neighboring cell search time performance as well as the initial cell search time performance between SCH-replica based detection, i.e., cross-correlation based detection, using the hierarchical SCH, and auto-correlation based detection using the non-hierarchical SCH considering inter-cell interference 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 the first step. 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 the first step. 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 we consider the possibility of a wider transmission bandwidth for the SCH for the neighboring cell search in the idle and connected modes [2], we employed a 1.25-MHz SCH in this paper. Although the P-SCH and S-SCH can be multiplexed by FDM, CDM, or TDM [3], we assume 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 [4] common to all cells for the P-SCH, and phase-rotated orthogonal sequence with a 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 the first step, 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. As for the correlation within one OFDM symbol, we employed an M-partitioned partial correlation method with the M of 2 in this paper [5]-[7]. One OFDM symbol period is partitioned into two blocks and the correlation is taken within each partitioned block. Then, the correlation outputs are combined using the power summation. In the second step, 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 the first step. Channel estimation for each sub-carrier of the S-SCH is performed employing 2Nref P-SCH sub-carriers on both sides of that sub-carrier. After the S-SCH is coherently detected, 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 the third step, 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 that belong to the cell ID group detected in the second step. We utilized the phase difference in the 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). The 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 e.g., [4] and [8]. In this mapping scheme, N periodic waveforms appear within the duration of one OFDM symbol. Thus, in the first step, 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. The correlation values are averaged within an OFDM symbol and between multiple SCH symbols, and the peak timing is detected using the averaged correlation values after conversion to the power domain [7]. We assume two types of SCH structures for auto-correlation based detection, which are referred to as auto-correlation based detections 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) [4], 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 the second step, the differential detection between SCH sub-carriers (every other sub-carrier) is performed and DFT processing is performed to detect the SCH sequence [4]. 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. The third step 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) [8], 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 some of these are sign-inverted as shown in Fig. 2(b). Two consecutive SCH symbols are multiplexed at the end of the 20th sub-frame. We assume the GCL sequence as in SCH (1). In the first step, the correlations of two SCH symbols are averaged within one radio frame. In the second step, the differential detection between SCH sub-carriers (every four sub-carriers) is performed and DFT operation is performed to detect the SCH sequence as in auto-correlation based detection 1. The rest of the process is the same as that for auto-correlation based method 1.
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(a) SCH (1) for auto-correlation based detection 1
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(b) SCH (2) for auto-correlation based detection 2

Figure 2 – SCH structure for auto-correlation based detection

2.2. Simulation Parameters

Tables 1 and 2 list the major simulation parameters and the simulation parameters for the SCH and cell search assumed in this paper, respectively. We assumed that the carrier frequency is 2 GHz and that the SCH transmission bandwidth is 1.25 MHz. We employed a SCH sequence for the S-SCH in the SCH-replica based method and for 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 in every trial in the simulation. The transmission power of all channels including the SCH is assumed to be identical, and the total signal energy for the SCH per radio frame is the same among the SCH-replica based and auto-correlation based detections for fair comparison.


We employed two models to evaluate the cell search time performance in the presence of inter-cell interference. One is a simple two-cell model that assumes a target cell and a dominant interfering cell as shown in Fig. 3. The other-cell interference other than that from the dominant interfering cell and thermal noise is approximated by additive white Gaussian noise. Table 3 shows the simulation parameters for the two-cell model. The received timing difference from the two base stations, Tdiff, is parameterized from 0 to 3836 samples (The length of 3836 samples corresponds to one sub-frame). The average received signal power difference, , is also parameterized from -3 to 6 dB. Shadowing is not considered in this model. The two-cell model is employed to evaluate the basic cell search time performance in a typical interfering case. The other is multi-cell model that assumes 19 hexagonal cell sites with 3 cells per site as shown in Fig 4. Table 4 shows the simulation parameters for the multi-cell model that follows the agreed conditions in the E-UTRA evaluations [1]. We assume both asynchronous and synchronous cases for inter-site synchronization, and a synchronous case for intra-site synchronization. For the inter-site synchronous case, we assumed that the transmission timing of all the cell sites is perfectly identical and that the received timing difference is determined according to the distance between the cell sites and the UE.

Table 1 – Major simulation parameters
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Table 2 – Simulation parameters for SCH and cell search
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(*1) This number can be considered as the combination of the cell ID and sector-specific orthogonal sequence.
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Figure 3 – Two-cell model

Table 3 – Simulation parameters for two-cell model
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Figure 4 – Multi-cell model

Table 4 – Simulation parameters for multicell model
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3. Simulation Results

3.1. Performance of Initial Cell Search Using Two-Cell Model

We evaluated the initial cell search time performance to investigate the effect of inter-cell interference both in inter-cell asynchronous and synchronous cases using the two-cell model. Figure 5(a) and 5(b) show the cell search time performance of the SCH-replica based method at the SNR value of the target cell of -3 dB and 0 dB, respectively. The horizontal axis represents the cell search time and the vertical axis represents the cumulative probability. The average received signal power of the interfering cell to that of the target cell, , is set to -3 dB, and the received timing difference, Tdiff, is set to 3836 and 10 samples, which correspond to inter-site synchronous and asynchronous cases, respectively. The maximum Doppler frequency, fD, is assumed to be 5.55 Hz (3 km/h at 2 GHz). For the Tdiff of 3836 samples, i.e., an inter-site asynchronous case, the cell search time performance of the SCH-replica based method is shorter than that of the auto-correlation based methods similar to the results in a single-cell model at the SNR value of -3 dB [7]. For the Tdiff of 10 samples, i.e., an inter-site synchronous case, the cell search time performance of the SCH-replica based method is improved. In an inter-site synchronous case, the SCH symbol timing detection probability is improved due to the increased received signal power of the P-SCH. On the other hand, the frame timing and cell ID group detection probability is degraded due to impaired channel estimation using the combined P-SCH. The total cell search time performance is improved because the former effect is greater than the latter one. For the Tdiff of 10 samples, i.e., an inter-site synchronous case, the cell search time performance of auto-correlation based method 1 is much improved. In an inter-site synchronous case, the SCH symbol timing detection probability is improved due to the increased received signal power of the SCH. On the other hand, the cell search time performance of auto-correlation based method 2 is degraded at the SNR value of 0 dB. The reason for this is as follows. In the frame timing and cell ID group detection, the SCH from the interfering cell becomes interference. Since the signal power per sub-carrier in auto-correlation based method 2 with every-four-sub-carrier mapping is twice that in auto-correlation based method 1 with every-two-sub-carrier mapping, the effect of interference from the SCH of the interfering cell is larger. We conclude that the SCH-replica based method can achieve a shorter cell search time even in an inter-cell synchronous case especially in a low SNR region.
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(a) SNR = -3 dB                                                  (b) SNR = 0 dB
Figure 5 – Cell search time comparison using two-cell model

3.2. Performance of Initial Cell Search Using Multi-Cell Model


Figures 6(a) and 6(b) show the cell search time performance in an inter-site asynchronous case using the multi-cell model. In the simulation using the multi-cell environment, the UE is randomly located in every trial, and the target cell is the cell with the highest average received signal power. However, the cell search was declared to be successful when the cell having the average received signal power within 3 dB from the best cell was detected. Otherwise, the cell search was repeated. Figure 6(a) shows the cell search time performance over the entire cell. The cell search time of auto-correlation based method 1 is slightly longer than that for the SCH-replica based method and auto-correlation based method 2, although the difference is small. Figure 6(b) shows the cell search time performance at different geometry values, G, i.e., (1) lower than -3 dB, (2) between -3 to 3 dB, and (3) higher than 3 dB. At the geometry value of higher than -3 dB, i.e., in Cases (2) and (3), the cell search time performance of the three methods is almost identical. However, at the geometry value of lower than -3 dB, i.e., in Case (1), the SCH-replica based method can achieve a shorter cell search time. We conclude that the SCH-replica based method achieves a shorter cell search time at a low geometry value such as lower than -3 dB. We believe that the SCH should be designed considering the worst case UEs, i.e., UEs at the cell edge, and that the performance at a lower geometry value is more important.

[image: image11.emf]0

0.2

0.4

0.6

0.8

1

0 50 100 150 200

Cumulative probability

Cell search time (msec)

0

0.2

0.4

0.6

0.8

1

0 50 100 150 200

Cumulative probability

Cell search time (msec)

SCH-replica

Auto-correlation 1

Auto-correlation 2

SCH-replica

Auto-correlation 1

Auto-correlation 2

G

< -3 dB

-3 dB < 

G

< 3 dB

3 dB < 

G


(a) Performance over the entire cell                               (b) Performance in each region

Figure 6 – Cell search time performance comparison in inter-cell asynchronous case using multi-cell model

3.3. Performance of Cell Search in Idle and Connected Modes

The requirement for cell search in the idle mode and connected mode is severer than that for the initial cell search, since the signal-to-interference plus noise power ratio (SINR) value of the target cell is typically very low. We evaluated the cell search time performance in the idle and connected mode using the two-cell model. Figures 7(a), 7(b), and 7(c) show the cell search time performance assuming the idle and connected mode with the average received signal power difference of the interfering cell, which corresponds to the serving cell, to that of the target cell, , of 0, 3, and 6 dB, respectively. We assumed that the SNR value of the target cell is -3 dB. We assumed an inter-cell asynchronous case here, and the value of Tdiff is set to 3836 samples. In the simulation, we did not transmit the SCH for the interfering cell, i.e., the serving cell, and transmitted another channel with the same transmission power. Figures 7(a), 7(b), and 7(c) show that the SCH-replica based method achieves a shorter cell search time than the auto-correlation based methods and that the difference in the cell search time becomes larger as the  value becomes larger.
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Figure 7 – Cell search time performance comparison in idle and connected modes

4. Conclusion

This paper presented comparisons on the cell search time performance between the SCH-replica based detection and the auto-correlation based detection considering inter-cell interference in the E-UTRA downlink. The simulation results showed that the SCH-replica based method works well even in the inter-cell synchronous case and that it achieves a shorter cell search time especially in a low geometry region. We believe that the SCH should be designed considering the worst case UEs, i.e., UEs at the cell edge, and that the performance at a lower geometry value is more important. Therefore, we prefer the SCH-replica based detection using the hierarchical SCH structure from the viewpoint of cell search time performance, although further investigation on the decoding computational complexity is necessary.
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