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1 Introduction
According to current RAN1 TR [1], the SCH symbol is transmitted one or multiple times every 10 ms frame, and the hierarchical SCH structure which includes P-SCH and S-SCH is supported. However some issues regarding to SCH design are still open, for example the multiplexing scheme of P-SCH and S-SCH, the locations of P-SCH and S-SCH and the transmit diversity transmission scheme of P-SCH and S-SCH. In this contribution we discuss the above aspects and propose a solution which has low SCH overhead and allow the power saving of UE.
2 The multiplexing of P-SCH and S-SCH
There are several approaches to transmit P-SCH and S-SCH in 10 ms frame (see figure 1 for the examples):
1. Option-1
TDM based: P-SCH and S-SCH are transmitted in different SCH symbol
2. Option-2
FDM based: P-SCH and S-SCH are transmitted in different frequency but in the same SCH symbol 
3. Option-3
Re-use RS as S-SCH: P-SCH is transmitted by SCH symbol while S-SCH is transmitted by RS. 
4. Option-4
The combination of option-1 and option-3: 

· P-SCH is transmitted by a dedicated SCH symbol
· S-SCH is transmitted by a dedicated SCH symbol as well as RS
Among these four multiplexing approaches, option-4 is the best solution.  It is because the initial acquisition is only based on 1.25 MHz basic SCH; option-4 provides the best initial Sync/cell search performance. On the other hand the non-initial cell search performance can be improved with the additional S-SCH transmitted by RS. In addition the initial cell search complexity can be reduced, especially when frequency hopping (pilot pattern shifting) is applied. Meanwhile the non-initial cell search performance and the Sync tracking performance can also be improved.
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(a) Option-1
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(b) Opton-2
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(c) Option-3
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(d) Option-4
Figure 1 The multiplexing of P-SCH and S-SCH
P-SCH symbol is modulated by a cell common sequence within the SCH band which including the basic SCH and the extended SCH.  For option-1/2/3 P-SCH could occupy all available sub-carriers to allow the better timing synchronization performance or occupy every other sub-carrier to enable the auto-correlation based low complexity initial framing synchronization and simple frequency synchronization

S-SCH is modulated by a cell specific sequence. For option-1/4 the S-SCH should occupy every sub-carrier to support longer cell specific sequence.
SCH symbols can locate at any pre-determined locations. However the determination of the optimal SCH location should be done considering the sub-channel design and the multiplexing of the control channel. It is desired that the least impact is introduced to other transmissions, for example, data channel and control channel.

As an example, SCH symbols together with BCH symbols are located at the beginning of the first TTI in each frame which is mandatory with short CP. Since it is not a dedicated broadcast/multicast system, it is reasonable to assume that short CP can be used by at least one TTI. With this design, only the first TTI is affected.
SCH can provide the channel information to assist the coherent detection of BCH. Therefore it is better to transmit BCH symbol immediately after SCH symbols.
3 Transmit diversity for P-SCH and S-SCH

Transmit diversity technology can be applied to improve the SCH detection performance and the coverage of BCH.  In our simulations we found that the combination of FSTD and TSTD provides the best timing synchronization performance [2].  If the antenna configuration can not be detected by SCH, FSTD or the combination of FSTD and TSTD should be applied to the basic BCH to enable the blind BCH detection while SFBC is applied to the extended BCH. If the antenna configuration in eNodeB is known, SFBC can be used by the basic BCH and the extended BCH.
It should be mentioned that the same antenna mapping patterns should be applied to P-SCH symbol and S-SCH symbol as well as the basic BCH. With this arrangement, the channel information obtained from SCH can be used to assist the coherent demodulation of the basic BCH and the extended BCH. It also enable a “transparent transmit diversity scheme” which allows UE to detect BCH without the prior knowledge of the number of the transmit antennas and at the same time to obtain the time and spatial diversity gain.
Figure 2 gives the examples of the antenna mapping scheme of SCH symbols (option-1/4) and BCH symbol.
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(a) Example-1
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(b) Example-2

Figure 2 Antenna mapping scheme for SCH and BCH

4 Conclusion
The selection of the multiplexing of P-SCH, S-SH and BCH should be considered together with the design of the data channel and the control channel.

As an example, we suggest:

· Transmit P-SCH and S-SCH separately in two SCH symbols per 10 ms frame and meanwhile allow UE to further improve the cell search performance with the help of RS.
· More than 1.25 MHz band can be used to transmit P-SCH and S-SCH to improve the cell search performance for UE in the connected mode or idle mode. 
· Transmit SCH symbols and BCH symbols at the beginning of the first TTI in each frame 
· Short CP is mandatory for the first TTI
· In situation when NodeB has multiple transmit antennas, applying same antenna mapping patterns to P-SCH, S-SCH  and  basic BCH could exploit the transmit diversity gain and improve BCH decoding performance with real channel estimation
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