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1 Introduction
RAN1#47bis meeting agreed that multiple (3) primary synchronisation codes are used, locations of the primary synchronisation channel (P-SCH) and secondary synchronisation channel (S-SCH) are as in Figure-2 of R1-062990, and CP length (of S-SCH symbol) is detected blindly. However, the design of P-SCH, S-SCH sequences, and method of blind CP length detection are still open issues. This document presents NEC view on the open issues of P-SCH, S-SCH sequence designs and proposes a set of P-SCH sequences.
2 Our view
PSC – preferred properties:
· No repetition in time domain (like WCDMA): So that there is only single peak in the search correlation profile for each cell. The reason for this requirement is that in asynchronous multi-cell environment, UE could see multiple peaks in the profile. This multi-peak phenomenon is a well known challenge for cell search in WCDMA. For cell search in LTE, it would be more challenging if there is more than one peak a cell.
· Good correlation properties. 

· Enable low complexity in time acquisition.
· Constant amplitude in frequency domain: for good channel estimate using PSC.

· Low peak-to-average power ratio (PAPR).

SSC –preferred properties:
· Repetitive/symmetrical structure in time domain to provide the means for frequency offset estimation and for blind CP length detection. 
· Symmetry obtained by choosing SSC sequences to have real values as in R1-063031. 
· Repetition obtained by mapping SSC sequences onto every other sub-carrier as in R1-060379. Note this method reduces the number of sub-carriers available for S-SCH.

3 Proposed PSC design
Our designed PSC has the following properties: single peak, good correlation, low complexity in timing acquisition, constant amplitude in frequency domain, low PARP. Sets of 16 orthogonal time domain PSC sequences are proposed.
3.1 Design of PSC in frequency domain:
Frank sequences [1] were proposed in R1-063302 and R1-063164, while Golay sequences in R1-063031 for the design of repetitive/symmetrical time domain PSC. With the same length of 16, Golay potentially results in less complex timing search than Frank does since Golay has BPSK pattern while Frank has QPSK. However, Golay sequence does not have constant amplitude in frequency domain as Frank sequence does. 

We use Frank sequence for designing non-repetitive/symmetrical time domain PSC. Time-domain Frank sequences of length 16, 36, 64 show 4-PSK, 6-PSK, 8-PSK, respectively.  We choose 16-length Frank sequence as 4-PSK results in low complexity timing search.
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 denote a 16-length frequency domain Frank sequence. The 4-time repetition version of it is given by 
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. Then the PSC sequence is made by removing 
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. Frank sequences are given in the annex. 
3.2 Mapping of PSC onto sub-carriers:
For transmission, the 63-length frequency domain PSC is mapped onto 63 central sub-carriers of the system bandwidth   
Mapping scheme-1: the designed PSC in Option-1 is mapped as below:
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Mapping scheme-2: the designed PSC in Option-2 is mapped as below:
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Note both the schemes use the same time domain replica for the same Frank sequence. 
3.3 Generation of time domain PSC replica:

A time domain PSC replica is as follows. Let 
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 be a 16-length Frank sequence in time domain. Then 64-length time domain replica 
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In other words, 
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. A time domain replica signal is shown in Figure-5. Correlation of the replica in Figure-6 shows good property. For reference, correlation properties of PSC sequences with 2-repetition in R1-063302 and 4-repetition in R1-063164 are shown in Figure-7 and Figure-8 respectively, where more large peaks appear around the main peak at 0-lag.    
3.4 Example of timing detection procedure:
For timing detection, the received signal is low-pass filtered and down-sampled with rate of 1, 2, 4, 8, 12 and 16 for the system bandwidth of 1.25MHz, 2.5MHz, 5MHz,10MHz, 15MHz, and 20MHz respectively. 
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 the cross-correlation at the nth filtered and down-sampled signal sample is given by:
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where 
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 is the filtered and down-sampled signal. Since the non-zero elements of the replica has the pattern of 
[image: image20.wmf]{

}

j

±

±

 

,

1

, the calculation has addition operations only.   
3.5 Generation of multiple PSC:

A set of 16 orthogonal time domain PSC sequences can be generated as follows:

1) By formulas in the annex, a 16-length time domain Frank sequence is generated as: 
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where either 
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2) For each 
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, a set of 16 orthogonal time domain sequences is generated. Let 
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 are generated as:
For the first sequence, 
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For the other sequences, 
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3) The corresponding set of 16 orthogonal frequency domain sequences is generated by applying 16-point FFT to each time domain sequences.

4) The use of 
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 results in a set of 16 orthogonal time domain PSC sequences.
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Figure-5: Time domain replica of designed PSC
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Figure-7: Correlation property of 2x PSC in R1-063302
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Figure-6: Correlation property of our PSC with 1-repetition  
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Figure-8: Correlation property of 4x PSC in R1-063164 


4 Simulations and Comparisons
Simulation Assumption
	Single cell
	

	Carrier frequency
	2GHz

	System bandwidth
	5MHz (300 active sub-carriers excluding DC)

	Number of SCH per radio frame
	2

	Fading channel model
	TU-6

	Low-pass filter 
	linear phase and 31 taps

	Down-sampling rate
	4

	Frequency offset
	Uniformly distributed within +/- 6kHz

	Decision of correct detection within 
	+/- CP/2 (18 samples) of the ideal timing

	All transmitted OFDM symbol has the same power regardless of data OFDM symbol or PSC symbol.


Legend explanation:
	Full length
	PSC with 1-repetition of length 128 elements using a 71-length GCL sequence

	Frank_1x 
	Our  PSC with 1-repetition 

	Frank_2x 
	The PSC with 2-repetitions described in R1-063302

	Frank_4x
	The PSC with 4-repetitions PSC described in  R1-063164  

	Golay_1x
	The PSC with 1-repetition using Golay sequence given in the annex

	No averaging
	Using a single profile for timing detection

	two-profile averaging
	Using 2 profile and averaging before timing detection


Simulation result analysis:
1) Performance difference between our scheme and the full size replica is not significant.
2) Our scheme is comparable to Frank 2x scheme and Golay 1x scheme.
3) Our scheme outperforms Frank 4x scheme especially when frequency offset presents.
Complexity analysis:

1) With the same QPSK pattern, the time domain replica of our scheme has only 16 non-zeros; while that of Frank 2x scheme has 32 non-zeros, that of Frank 4x scheme has 64 non-zeros. This means that our scheme leads to fewer calculations.

2) Although, Golay sequence has BPSK pattern, there are 64 non-zeros in the replica; this means that more calculations are involved this scheme.
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5 Conclusion
We proposed a PSC design that has the following advantages: single peak, good correlation, constant amplitude in frequency domain, low PARP, low complexity in timing detection. Compared to proposals using Frank sequences in R1-063302 and R1-063164, the new PSC design has following merits: 

· Lower computational complexity in timing acquisition 
· Comparable or better performance in single cell environment. 
· Since the proposed PSC design has single peak, there is less number of peaks in multi-cell asynchronous environment and thus enable simpler and more reliable cell search in multi cells environment. 
It is recommended that the new PSC design is adopted for LTE cell search.
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7 Annex

7.1 Frank sequence

Time domain Frank sequence of length N (= m2) is given by
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where r is a positive integer relatively prime to m, and lk is as
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The 16-length sequences generated with 
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A N-length frequency domain Frank sequence can be generated by applying N-point IFFT to a N-length time domain Frank sequence.
7.2 Golay sequence

The Golay sequence used in the simulation is: 
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Figure-4: Timing detection procedure








Figure-2: Mapping scheme-1 for the PSC signal of Option-1


n should not be significantly different from 63-n.








Figure-1: Proposed PSC design





Figure-2: Mapping scheme-2 for the PSC signal of Option-2
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