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1. Introduction
At the RAN1#48bis meeting in Malta, it was agreed that the secondary synchronization channel (S-SCH) structure should be a combination of two short codes [1]. This contribution presents our views on the S-SCH structure from the following viewpoints.
· S-SCH sequence structure (interleaved or localized structure)
· Mapping of system information onto the S-SCH sequences
2. S-SCH Sequence Structure

2.1. Candidate S-SCH Structures

There are two candidate S-SCH structures that employ a combination of two short codes: interleaved [2],[3] and localized [3]. In this section, we compare these two candidates from the viewpoint of cell search time performance.
(a) Interleaved S-SCH Structure
In [2], interleaved mapping of the S-SCH sequence was proposed to increase the number of S-SCH sequences without using multiple scrambling sequences. Figure 1 shows the interleaved mapping of the S-SCH sequence with two short codes. The resultant number of sequences becomes (Nsym/2)2 (Nsym indicates the total number of S-SCH sub-carriers). For instance, when the total length of the interleaved orthogonal sequences is Nsym = 64, the total number of sequences becomes 1024, which is much greater than that when only one code is employed. This value is sufficient to convey all the system information required assuming that the number of the cell ID group information, radio frame timing information, and primary broadcast channel (P-BCH) transmit diversity mode information are 170, 2, and 2, respectively. By interleaved mapping the two codes, the frequency diversity effect and interference randomization effect are gained for the respective codes. 
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 Figure 1 – Interleaved S-SCH structure
(b) Localized S-SCH Structure

The alternative candidate for the S-SCH structure is the localized S-SCH structure [3]. Figure 2 shows the localized mapping of the S-SCH sequence using two short codes. The resultant number of sequences is the same as that for the interleaved S-SCH structure.
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Figure 2 – Localized S-SCH structure

2.2. Simulation Comparison of Two Candidate S-SCH Structures
Table 1 gives the major simulation parameters for the cell search time evaluation using a 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 a 1.25-MHz bandwidth. For the S-SCH, we assumed that a combination of two 32-carrier-long Walsh sequences is employed and cell-common binary random sequence-based scrambling is applied in order to randomize the time-domain S-SCH signal waveform and reduce the peak power of the S-SCH. The number of hypotheses at the S-SCH detection is set to 680 assuming that the number of the cell ID groups, radio frame timing information, and P-BCH transmit diversity mode information are 170, 2, and 2, respectively.

The Typical Urban channel model with the maximum Doppler frequency, fD, of 5.55 Hz is assumed. We assume a frequency offset of 10 kHz, which corresponds to 5 ppm with a carrier frequency of 2 GHz in the initial cell search, but assume a frequency offset of 0 kHz in the neighboring cell search. This is because the frequency error of a user equipment (UE) is suppressed to a low level after the automatic frequency control (AFC) is used to track the standard frequency of the serving Node B. Real frequency offset compensation is assumed using the P-SCH in the first step of the cell search. Blind cyclic prefix (CP) length detection based on double FFT processing is applied.
Table 2 gives the simulation parameters for the multi-cell model. We assume a 19-cell model and a propagation channel model that conform to the agreed simulation assumptions described in [4]. We assume synchronous cell sites. 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. For the initial cell search, we defined the correct cell to be detected as the cell in which the average received signal power is within 3 dB compared to the highest signal power. For the neighboring cell search, we assume that the neighboring cell search is performed only when there is a cell site that has a received signal power of greater than -3 dB compared to that for the connected cell (the cell with the highest average received signal power). We define the correct cell to be detected as the cell in which the average received signal power is within 6 dB compared to that for the connected cell.
Table 1 – Simulation parameters for cell search time evaluation
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Table 2 – Simulation parameters for multi-cell model
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Figures 3(a) and 3(b) show the cell search time performance in the initial cell search. Figure 3(a) shows the cell search time performance for the entire cell. Figure 3(a) shows that the two S-SCH structures achieve almost identical cell search time performance. Figure 3(b) shows the cell search time performance at different average received signal-to-interference plus noise power ratio (SINR) values, i.e., (1) lower than -3 dB, (2) between -3 to 0 dB, and (3) higher than 0 dB. Figure 3(b) shows that at a low received SINR value such as Case (1) or Case (2), the interleaved S-SCH structure achieves a shorter cell search time than the localized S-SCH structure. This is because the interleaved S-SCH structure can achieve a large frequency diversity gain.
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            (a) Performance for entire cell                           (b) Performance in each SINR region
Figure 3 – S-SCH structure comparison in initial cell search
Figures 4(a) and 4(b) show the cell search time performance in the neighboring cell search. Figure 4(a) shows the cell search time performance for the entire cell. Figure 4(b) shows the cell search time performance at different average received SINR values, i.e., (1) lower than -6 dB, (2) between -6 to -3 dB, and (3) higher than -3 dB.  Figures 4(a) and 4(b) show that the interleaved S-SCH structure achieves a shorter cell search time than the localized S-SCH structure, since the interleaved S-SCH structure achieves a large frequency diversity and interference randomization effect.

Therefore, from the viewpoint of the cell search time performance, we recommend the interleaved structure for the S-SCH.
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         (a) Performance for entire cell                           (b) Performance in each SINR region
Figure 4 – S-SCH structure comparison in neighboring cell search
3. Mapping Scheme of System Information onto S-SCH Sequences
The current working assumption for the system information that should be conveyed using the S-SCH is the cell ID group information, radio frame timing information, and the P-BCH transmit diversity mode information (if needed). In this section, our views on the detailed mapping of the multiple system information onto the S-SCH sequences are described assuming the interleaved S-SCH structure using two short codes. We believe that the structured mapping of these types of information onto the S-SCH sequences can simplify the cell search procedure when some a priori information regarding the target cell is available, e.g., through a neighbor cell list. Our preferences are as follows.
· One set of short orthogonal sequences in the interleaved S-SCH sequence structure is used to detect of the first-layer cell ID group, which is tied to the frequency hopping pattern of the downlink reference signal (RS) [5].

· The remaining set of short orthogonal sequences represents the combination of the radio frame timing, P-BCH transmit diversity mode, and second-layer cell ID group, which is tied to the frequency shifting pattern of the downlink RS [5].

The main reason for the above concept is that if a two-layered frequency hopping and shifting structure of the downlink RS is employed [5], typically the same frequency hopping and thus the same first-layer cell ID group is used in the neighboring cells. Therefore, the UE can skip the correlation detection for the first set of orthogonal sequences. Figure 5 illustrates the suggested mapping of the system information onto the S-SCH sequences. 
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Figure 5 – Mapping of system information to S-SCH sequences
4. Conclusion
The following is a summary of the contribution.

· We recommend the interleaved S-SCH structure, since it achieves better initial and neighboring cell search time performance than the localized S-SCH structure because of its larger frequency diversity gain and interference randomization effect.

· The structured mapping of the multiple system information onto the S-SCH sequences is suggested in order to simplify the cell search procedure when some a priori information regarding the target cell is available, e.g., through a neighbor cell list. 
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