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1. Introduction

In the Sorrento RAN1#47bis meeting, it was decided that the number of P-SCH sequences is 3 as a working assumption. But we did not reach a conclusion on detailed issues (e.g. P/S-SCH sequence designs, antenna information, non-initial cell search method, etc.). In this contribution, we propose further details and a sequence design for multiple P-SCH. The 3xP-SCH structure introduced in this contribution can be detected using either auto-correlation timing detection method or cross-correlation timing detection method or a hybrid detection method. The hybrid detection method can significantly reduce the complexity for the 1st step of initial cell search. We propose the following:
· The P-SCH is mapped onto every other sub-carrier except the DC sub-carrier to be able to employ the auto-correlation timing detection.
· The P-SCH sequence has a constant amplitude property in the frequency domain to improve the channel estimation accuracy.
· The 3xP-SCHs are multiplexed by CDM to fulfill the above requirements.
2. P-SCH Structure
2.1. Multiplexing of P-SCH and S-SCH
This is aligned with the RAN1 agreed working assumption - the P-SCH and S-SCH are multiplexed in the same sub-frame by TDM. The identical P-SCH is transmitted 2x per 10ms. The S-SCH symbol is also transmitted 2x per 10ms. It is preferred that the P-SCH symbol and the S-SCH symbol are located at the last symbol and 2nd last symbol of sub-frame to improve the S-SCH detection performance by using P-SCH as a reference, i.e. coherent detection.
2.2. 3xP-SCH Structure

In this section, the multiple P-SCH structure is described. We show the basic 3xP-SCH structure, and three different multiplexing methods of the proposed basic P-SCH structure in Figure 1, 2 and 3. The selection of one of the methods should be based on the performance, and the complexity of the cell search for a 3x hypotheses determination by the 3xP-SCH, as the 1st step of the initial cell search.
Basic 3x P-SCH structure

The P-SCH is mapped onto every other sub-carrier except the DC sub-carrier. In this mapping scheme, periodic waveforms appear within an OFDM symbol duration (Figure 4). With such a P-SCH structure, P-SCH symbol timing can be detected by either the auto-correlation of periodic waveforms in the P-SCH symbol duration or cross-correlation of the received signal and the P-SCH replica signal in the time domain. The cross-correlation detection method has higher complexity than the auto-correlation detection method generally. The hybrid timing detection scheme, which is a combination of the auto-correlation detection method and the cross-correlation detection method, alleviates the complexity of timing detection by limiting the observation window of the cross-correlation detection [1].
Thereby, although its complexity is similar to the auto-correlation-based detection scheme, the hybrid method achieves better performance than the auto-correlation detection method.
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Figure 1 Multiplexing method #1 for P-SCH
(CDM by contiguous phase rotation code)
Multiplexing Method#1
Figure 1 shows the orthogonal P-SCH structure employing CDM between P-SCHs. A phase rotation of /2, and  is applied to all P-SCH sub-carriers for P-SCH#2 and P-SCH#3, respectively. Thereby the P-SCH#2 and P-SCH#3 have 1/8 and 1/4 symbol cyclic-delayed waveform compared with P-SCH#1 waveform, respectively. This multiplexing method can use a unique sequence (e.g. a CAZAC sequence, Frank sequence as we proposed in [1]) because it needs only one basic P-SCH sequence.
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Figure 2 Multiplexing method #2 for P-SCH
(CDM by noncontiguous phase rotation code)
Multiplexing Method#2

Figure 2 shows the orthogonal P-SCH structure employing CDM between P-SCHs. A phase rotation of 0, 2/3, and 4/3 is applied to all P-SCH sub-carriers for P-SCH#2 and P-SCH#3, respectively. However, a phase rotation code is not contiguous (i.e. it is treated as a set of 3 sub-carriers), so the waveform of the 3xP-SCH symbols in the time domain doesn’t have a relationship of “cyclic-delayed” and undesirable peaks occur at the 1st step of initial cell search using the cross-correlation method.
The above two method can decrease the interference noise by narrow band despreading and can perform accurate channel estimation for S-SCH detection.
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Figure 3 Multiplexing method #3 for P-SCH
(CDM by polyphase rotation code)
Multiplexing Method#3

Figure 3 shows the orthogonal P-SCH structure employing CDM between P-SCHs. A polyphase rotation code (e.g. CAZAC sequence) is applied to all P-SCH sub-carriers.
 [image: image4.emf]Time

A

periodic waveforms

1 symbol duration

A


Figure 4 P-SCH signal waveforms in time domain
Analysis of the 3 Multiplexing Methods
The P-SCH can be used as a reference to detect the S-SCH in the frequency domain, so it is preferable that the P-SCH sequence has a constant amplitude property in the frequency domain. Therefore, we prefer CAZAC-based PSC design with 2x repetition in time domain (including ZC and Frank sequences).
The selection of one of these Multiplexing methods should also consider the complexity of the cell search for a 3x hypotheses determination by the 3xP-SCH, as the 1st step of the initial cell search.

3. Conclusions

In this document, we proposed a P-SCH structure design with 3 different possible multiplexing methods. A summary of the proposals is as follows.

· The P-SCH is mapped onto every other sub-carrier except the DC sub-carrier to be able to employ the auto-correlation timing detection.
· The P-SCH sequence has a constant amplitude property in frequency domain to improve the channel estimation accuracy.

· The 3xP-SCHs are multiplexed by CDM to fulfill above requirements.
· One of the multiplexing methods should be selected based on the performance, and complexity of cell search for a 3x hypotheses determination by the 3xP-SCH
Reference
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