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1. Introduction

In the RAN1#47bis meeting, it was agreed that the number of cell group IDs detected by the S-SCH in the initial cell search is 170. This agreement implies that the number of indices provided by S-SCH should be larger than the number of sub-carriers in an S-SCH symbol.
It was also agreed that the orthogonal sequence index of the DL-RS is detected at stage-3. The coherent orthogonal sequence index detection was one of the considered detection methods. 
Additionally, for some transmission diversity schemes [1], after the S-SCH index is detected, S-SCH can be used for channel estimation in support of P-BCH detection.
This document shows S-SCH sequence design requirements and proposes the S-SCH sequence design satisfying these requirements.
2. S-SCH sequence design
The S-SCH provides cell specific (or cell group specific) information for cell identification. In the initial cell search, one of 170 cell group IDs can be identified by detecting S-SCH index. The following additional information could potentially be informed by S-SCH, assuming a sufficient number of S-SCH indices are available. 

· Frame timing

· Number of transmit antennas for P-BCH 
· DL-RS hopping mode [2]
The need for indicating the number of transmission antennas for P-BCH can be eliminated using the P-BCH transmission diversity scheme proposed by [1]. This scheme assumes the channel estimation by the S-SCH is utilized for the P-BCH decoding. In this case, the S-SCH sequence design should have good cross-correlation property for the channel estimation. If the coherent DL-RS orthogonal sequence index detection is assumed, this sequence characteristic is also beneficial. 
Additionally, in [5], eligible sub-frames for mobility related measurements are discussed. It shows that a single bit (via S-SCH or P-BCH) indication of whether only sub-frames containing SCH or all sub-frames were eligible for measurement could be useful. It will be determined in combination with the measurement discussion results. 
Therefore, this document considers following items as S-SCH sequence design requirements.

A) 170 cell group IDs have to be provided
B) Additional several indices should be supported in case additional information such as the frame timing and the DL-RS hopping mode should be provided by the S-SCH
C) Good cross-correlation property for the channel estimation

ZC sequence modulated by complex exponential wave [4] can satisfy these requirements. This sequence provides larger number of indices than the number of sub-carriers in an S-SCH symbol. 
ZC sequence has good cross-correlation property and a complex exponential wave could separate channel estimation results between Node-B by considering the index number. The DL-RS uses every 6 sub-carrier and the number of orthogonal sequences is 3. So, the number of indices provided by complex exponential wave should be less than 18 if the S-SCH is going to be used as a channel estimation reference signal for decoding the P-BCH.
The maximum number of indices provided by ZC sequence is 72. The base ZC sequence length is 73 and 1 sample is truncated to match to 72 sub-carriers [3]. 
Therefore, the maximum number of indices provided by S-SCH is 18 x 72 = 1296. It can provide 170 cell group IDs and additional 2bits information. The frame timing and the DL-RS hopping mode can be informed if necessary.  For designs that do not use S-SCH as a reference for P-BCH decoding, the number of complex exponential waves can be made larger than 18, which would allow the number of used ZC sequence indices can be made smaller than 72.
3. Conclusions

This contribution summarized S-SCH sequence design requirements and showed the S-SCH sequence design satisfying these requirements. ZC sequence modulated by complex exponential wave is a promising candidate for the S-SCH sequence.
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