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1. Introduction

In the RAN1#47bis meeting, it was agreed that the number of P-SCH sequences can be as large as three. The motivation of allowing multiple P-SCH sequences is to improve the neighbor cell search performance. It implies the coherent S-SCH index detection method using the channel estimation by P-SCH can be applicable. 
This document summarizes the P-SCH sequence design requirements and proposes a P-SCH sequence design suitable for supporting coherent detection of the S-SCH index.

2. P-SCH design
The P-SCH is a cell common physical channel and utilized for timing detection, frequency offset estimation and channel estimation for the S-SCH index detection. Some contributions showed P-SCH sequence design requirements [1]
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 \* MERGEFORMAT [2]
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 \* MERGEFORMAT [3]. These contributions show requirements from the viewpoints of auto-correlation property in time domain, frequency domain response and UE complexity. Considering the coherent S-SCH index detection and support of three P-SCH sequences, the cross-correlation property should also be added. Therefore, this document considers following items as P-SCH sequence design requirements:
A) Good auto/cross-correlation property for timing detection

B) Available three sequences

C) Flat frequency domain response for better channel estimation accuracy
D) Good cross-correlation property for better channel estimation accuracy in a synchronous system
E) Low UE complexity 
The CAZAC type sequence such as ZC sequence satisfies Item A), B), C) and D). ZC sequence of odd-length NG is generated by:
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If NG is a prime number, NG-1 sequence indices can be available (i.e. u=1, .., NG-1). NG is the smallest prime number near or equal to Np (the number of occupied sub-carriers by P-SCH) to maintain the good cross-correlation property between ZC sequences.
In the initial cell search, to mitigate the influence of the frequency offset between Node-B and UE, the two-partitioned partial correlation method [4] is utilized as the cross correlation timing detection method. In this case, two times repetitive sequence is better to avoid the degradation by the partial correlation. Additionally, the time domain waveform symmetry simplifies frequency offset estimation and also simplifies initial synchronization by enabling the auto-correlation method for timing detection and enables a hybrid of the auto and cross correlation methods.
In [5], the influence of two undesired peaks using two repetitive sequences was discussed. In at least one approach, a UE can search multiple P-SCH peaks during initial/non-initial cell search and then validate S-SCH index detection using candidate locations detected following P-SCH timing detection. After detection of the strongest cell, the UE knows the undesired ('double peaks') peak locations because of the known distance between a desired peak and undesired peak (i.e. half OFDM symbol length). Therefore, undesired ('double peaks') can be removed from the candidate list for S-SCH processing, with an associated reduction in complexity. If weak cells were found in these timing, a UE can store the timing in the neighbor cell candidate list. 
Additionally, the use of two times repetitive sequence reduces the cross correlation function in the timing detector compared to the non-repetitive sequence design because the second half OFDM symbol is identical to the first half OFDM symbol.
3. Simulation 

3.1. Simulation conditions

Three P-SCH designs are evaluated for use as P-SCH sequences in the simulations.  
Design-1: Two times repetitive waveform in time domain using ZC sequence
Design-2: Concatenated two different sequences in time domain using ZC sequence

Design-3: Golay sequence based design proposed in [6]
For the case of Design-1, the ZC sequence is generated in the frequency domain and is mapped to every-other sub-carrier within the central 64 sub-carriers. 
For the case of Design-2, two ZC sequences are generated in the time domain and concatenated. The sequence is transmitted on the 64 central sub-carriers by DFT-SOFDM. 
For the case of Design-3, a Golay sequence is generated in the time domain and is transmitted on the 64 central sub-carriers by DFT-SOFDM. 
Table 1 : P-SCH symbol parameters
	
	Design-1
	Design-2
	Design-3

	Sequence
	ZC
	ZC
	Golay 

	ZC sequence length
	37 

(last 5 samples are truncated)
	31 

(first one sample is repeated)
	N/A

	Three sequence indices
	1, 2, 36
	(1,2), (3,30), (29,28)
	1,2,3 in [6]

	Number of occupied sub-carriers
	32 

(every other sub-carriers)
	64
	64

	Number of indices provided by P-SCH
	3


Table 2 shows the simulation parameters. Since the coherent S-SCH index detection performance using the channel estimation by P-SCH is evaluated, the number of sub-carriers of SCH is sixty four to align with Golay sequence based P-SCH design. A P-SCH symbol is utilized for the channel estimation and, an S-SCH symbol is utilized for the S-SCH index detection. One or two P-SCH symbols are utilized for the timing detection and the frequency offset estimation. The short CP length is adopted. The vehicle speed is 3km/h or 120km/h. The inter-cell interference is modeled as AWGN.

Table 2 : Simulation parameters 

	Number of sub-carriers
	64

	Sub-carrier spacing
	15 kHz

	SCH bandwidth / SCH occupied bandwidth
	1.25 MHz / 0.96MHz

	Number of OFDM symbols per radio frame
	140

	Carrier frequency
	2 GHz

	Number of SCH symbols per frame (P-SCH, S-SCH)
	4 (2,2)

	Number of P-SCH symbols for timing detection
	1 or 2

	Number of S-SCH symbols for S-SCH index detection
	1

	OFDM symbol timing detection method
	2-partitioned partial cross-correlation method [4]

	S-SCH index detection method
	Coherent detection 

	Number of TX/RX antennas
	1/2

	Carrier frequency offset between Node-B and UE
	+/-5ppm (uniform distribution)

	Channel model
	6-path GSM Typical Urban

	Vehicle speed
	3km/h, 120km/h


Table 3 shows the S-SCH symbol parameters. The S-SCH sequence is a ZC sequence modulated by a complex exponential wave. Both ZC sequence and complex exponential wave indices are detected using the estimated channel responses by the P-SCH symbol [4]. The number of indices provided by the ZC sequence is 34. The number of indices provided by the complex exponential wave is 20. So, the total number of indices provided by S-SCH is 680. 
Regardless of P-SCH sequence design, the power ratio of P-SCH and S-SCH in the SCH occupied bandwidth is 0dB. 

Table 3 : S-SCH symbol parameters
	Sequence
	ZC sequence modulated by complex exponential wave

	Number of occupied sub-carriers
	64

	Prime number of ZC sequence
	67

	Number of indices provided by ZC
	34

	Number of indices provided by complex exponential wave 
	20

	Total number of indices provided by S-SCH
	34x20 = 680

	Index number
	Randomly selected 


3.2. Simulation results

Figure 1 and Figure 2 show the S-SCH index performances. SINR denotes signal power of cell to noise and interference power ratio in the SCH occupied band. Because of degradation of channel estimation accuracy by non-flat frequency domain response, the S-SCH index detection performance of Golay sequence based P-SCH design is worse than that of ZC sequence based P-SCH design. Additionally, the performance degradation by two times repetitive waveform in time domain is not confirmed.
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Figure 1 : S-SCH index detection performance (one P-SCH symbol for the timing detection)
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Figure 2 : S-SCH index detection performance (two P-SCH symbols for the timing detection)
4. Conclusions

In this contribution, P-SCH sequence design requirements were summarized and the S-SCH index detection performances for three different P-SCH designs were compared. The following conclusions are drawn:
· The use of a ZC sequence as P-SCH sequence improves the S-SCH index detection performance
· Two times repetitive waveform in time domain does not degrade the cell search performance

Therefore, considering the coherent S-SCH index detection, ZC sequence with two times repetitive time domain waveform is a promising candidate for the P-SCH design.
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