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1. Introduction
In the RAN1#47 meeting in Riga, hierarchical SCH structure comprising the primary synchronization channel (P-SCH) and secondary synchronization channel (S-SCH) was agreed [1]. Moreover the TDM based multiplexing of P-SCH and S-SCH was also agreed [1]. Thus, according to the agreed issues on the SCH structures, this contribution presents our views on the importance of Multimedia Broadcast Multicast Service (MBMS) provisioning in the single-frequency network (SFN) mode in the E-UTRA and then, compares the single and multiple P-SCH sequences in inter-synchronous cell site operation from the viewpoint of the neighboring cell search time performance.  
2. Views on Importance of MBMS Provisioning with High Reception Quality
Considering the successful introduction scenario of E-UTRA in the future, attractive services will be definitely necessary that will be clearly differentiate the E-UTRA system from the future W-CDMA and HSDPA enhancements. Note that the consuming public is interested not in the techniques in the E-UTRA, but the attractive services provided by the E-UTRA with elaborate techniques. We consider that the MBMS, which can provide high-speed video, will be one of the very important application services in the E-UTRA. Although the baseline of inter-cell (Node B) operation in the E-UTRA is inter-Node B asynchronous operation as well as in W-CDMA, we think that the inter-Node B synchronous operation will be very important. This is because the high-quality reception of the MBMS is achieved by soft-combining the multiple MBMS signals from different Node Bs with inter-Node B synchronous operation, i.e., the SFN mode.  Therefore, we should investigate cell search operation and P-SCH sequences to achieve fast cell search in the inter-Node B synchronous operation as well. Multiple P-SCH sequences were proposed to avoid interference due to the collision of the same P-SCH sequences in the neighboring cells in the inter-Node B synchronous mode [2]. In the subsequent sections, we compare single and multiple P-SCH sequences from the viewpoint of neighboring cell search time performance in the inter-Node B synchronous mode. 
3. Comparisons on Single and Multiple P-SCH Sequences
3.1. Simulation Setup

Figure 1 shows the radio frame structure assumed in the contribution. The P-SCH and S-SCH are multiplexed at the last and second last OFDM symbol location in the 1st and 11th slots of each radio frame.  
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Figure 1 – Multiplexing scheme assumed for P-SCH and S-SCH
Table 1 lists the major simulation parameters for the cell search using multi-cell model. We assumed that the overall transmission bandwidth is 5 MHz and that the number of sub-carriers used for the SCH transmission is 64 within 1.25 MHz. We employed the hierarchical SCH structure. The P-SCH based on the Frank sequence [3] is applied for single P-SCH sequence. Meanwhile, we use three Generalized Chirp Like (GCL) sequences for P-SCH in multiple P-SCH sequence case. Walsh sequences associated with GCL scrambling sequences are employed for the S-SCH. The frequency drift is assumed to be 0 Hz, since we focus on neighboring cell search in the contribution. The frequency error of a user equipment (UE) is suppressed to slight level after the automatic frequency control (AFC) tracking standard frequency of the serving Node B. The blind cyclic prefix (CP) length detection based on double FFT processing is applied. 
Table 2 lists the simulation parameters for evaluation using the multi-cell model. We assumed a 19-cell model and a propagation channel model that follows the agreed simulation assumptions described in [4]. We assumed synchronous cell sites. Typical Urban channel model with maximum Doppler frequency, fD, of 5.55 Hz is assumed. In the evaluation, the location of the UE is randomly selected and the cell search time to detect the correct cell is measured. By repeating this process, the cumulative distribution of the cell search time is derived. We assumed that the neighboring cell search is conducted only when there is a cell site whose received signal power is greater than -3 dB that of the connected cell (the cell with the highest average received signal power).We defined the correct cell to be detected as the cell in which the average received signal power is within 6 dB compared to that with the connected cell.
Table 1 – Major simulation parameters for cell search
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Table 2 – Simulation parameters of multi-cell model
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3.2. Simulation Results
Figure 2 shows the cumulative distributions of the neighboring cell search time using single and 3 P-SCH sequences for the inter-site distance (ISD) of 500 m in inter-Node B synchronous operation. We assume coherent detection for the S-SCH using the P-SCH. The figure shows that the cell search time employing multiple P-SCH sequences is clearly faster than that using the single P-SCH sequence. This is because the channel estimation error is increased for the single P-SCH sequence case due to the interference caused by the P-SCH collisions from the neighboring cells, while accurate channel estimation is achieved when 3 P-SCH sequences are used.
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 Figure 2 – Cumulative distribution of initial cell search time for single and multiple P-SCH sequences. ISD is 500 m
Figure 3 shows the cumulative distributions of the neighboring cell search time using single and 3 P-SCH sequences for the ISD of 1732 m. Similar to the case in Fig. 2, we see that the achievable cell search time using multiple P-SCH sequences is improved compared to that using a single P-SCH sequence due to the more accurate channel estimation in the 2nd step. Therefore, we prefer multiple P-SCH sequences to achieve fast cell search time performance in inter-Node B synchronous operation as well as inter-Node B asynchronous operation.
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Figure 3 – Cumulative distribution of initial cell search time for single and multiple P-SCH sequences. ISD is 1732 m
To enable simple cell search operation at a UE, we prefer the application of Golay sequences to the P-SCH as proposed in [5]. This is because the common processing for correlation detection is achieved for multiple P-SCH sequences in a part of the entire correlation detection, which was adopted in the SCH sequences in W-CDMA. 
4. Conclusion
In this paper, we compared neighboring cell search time performances using single and multiple P-SCH sequences in inter-Node B synchronous operation. Simulation results elucidated that the cell search time using 3 P-SCH sequences was clearly improved compared to that using a single P-SCH sequence. Therefore, we prefer employing multiple P-SCH sequences to achieve fast cell search time performance in inter-Node B synchronization operation as well as inter-Node B asynchronous operation. Furthermore, to enable simple cell search operation at a UE, we prefer the application of Golay sequences to the P-SCH. 
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