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1 Introduction

Symbol timing search involves two design problems: the design of P-SCH signal and the design of symbol timing search algorithm. Existing proposals include: 
· Arbitrarily-structured P-SCH signal along with cross-correlation algorithm (for example [1], [2]) and 
· Symmetrically-structured P-SCH signal (repetition of 2) along with auto-correlation algorithm (for example [3], [4]). 
Performance-wise, the cross-correlation algorithm outperforms the auto-correlation. Where as, some proponents of auto-correlation currently claim that it has much lower complexity compared to the cross-correlation.
In this paper, we introduce a new P-SCH design which has following main properties:
· P-SCH has optimal (maximal) repetition in time domain and thus enables optimal (minimal) complexity for timing search algorithm as compared to all existing proposals.
· New timing search algorithm has  about  6dB gain over the existing auto-correlation and almost comparable to the existing cross-correlation.  

2 Summary of new proposal
The proposal is based on the observation that if at the input of 128 points IFFT, we input all zero sub-carriers except one non-zero sub-carrier at position 32 (see Figure 1 for example) or 96 (with DC at position 0), then the IFFT output time domain signal has the highest frequency of repetition as following structures:
· 
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 non-zero sub-carrier at position 32

· 
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 non-zero sub-carrier at position 96.
In case of 
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 point IFFT where
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, the output of IFFT should be down sample by factor of 
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 to obtain the same structure.  
Note that in terms of peak-to-average ratio (PAR), the IFFT output above is optimal because it has constant amplitude. 
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Figure 1: Structure of OFDM symbol containing P-SCH at the input of N points IFFT
The new design of P-SCH allows us to develop a low complexity algorithm for timing search. Take signals structure 
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 for example
. Let 
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 denote set of the received samples at a rate of 1.92 MHz and 
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 the set of correlation values in profile of length M:
The first correlation 
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is generated as the result of 128 complex additions
:
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The second and so forth correlations are generated as the result of 2 complex additions:
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Symbol timing is detected by finding the index of the max
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. For more accurate detection, the correlation values  
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 can be averaged over multiple profiles before finding the symbol timing.

3 Complexity comparison with existing algorithms
	Algorithm
	Computational complexity related to profile generation

	Existing

Cross-correlation
	Each correlation 
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 is generated as the result of 128 complex multiplications, and complex 128 additions:
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Where 
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 is the replica of the P-SCH signal.

	Existing

Auto-correlation
	The first correlation is generated as the result of 64 complex multiplications and 64 complex additions:
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The second and so forth correlations are generated as the result of 2 complex multiplications, 2 complex additions:
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	New algorithm
	The first correlation 
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is generated as the result of 128 complex additions:
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The second and so forth correlations are generated as the result of 2 complex additions:


[image: image22.wmf].

1

,...,

1

.

128

1

1

1

1

-

=

+

-

=

-

=

+

=

+

-

-

-

-

M

m

x

x

a

b

b

a

b

j

a

p

m

m

m

m

m

m

m

m

m




Clearly, the new method is less complex than both existing methods. 
4 Simulation study
Notation and Assumption:
1) Notations used in the figures in this sections are as: 

a. “Cross method” stands for the Arbitrarily-structured P-SCH signal with Cross-correlation algorithm above. In this method, all 76 sub-carriers are non-zero and have the same power.
b. “New method” stands for our proposed design. In this method, all 76 sub-carriers with DC being centre are zero except sub-carrier number 32 as shown in Figure 1.
c. “Auto method” stands for the symmetrically-structured P-SCH signal with Auto-correlation algorithm above. In this method, the sub-carrier numbers 1,3,5,…,75 are zeros and the sub-carrier numbers 2,4,…,76 are non-zeros.
2) For fair comparison, the total power of an OFDM symbol is fixed, i.e. 
a. The power of the sub-carrier number 32 in “New method” is equal to the total power of all 76 sub-carriers in “Cross method”. 
b. The power of each nonzero sub-carrier in the “Auto method” is double that of each sub-carrier in “Cross method”.
c. Power of OFDM symbol carrying SCH is the same as that carrying data only 
3) Generalized Chirp Like (GCL) sequences were used as P-SCH sub-carriers in the “Cross method” and as nonzero P-SCH sub-carriers in the “Auto method”.
4) Other assumptions are listed in Table 1 in Annex.

5) Simulations were performed for two cases:

a. No averaging, i.e. symbol timing is estimated after a single searching profile.
b. Two-profile averaging, i.e. symbol timing is estimated after averaging the correlation values over two searching profiles. 
Results:
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Figure 2: Performance with no frequency offset, no averaging
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Figure 3: Performance with no frequency offset, averaging over two profiles
Discussion:

a. The “New method” outperforms the “Auto method” in almost all ranges of SNR.
b. The “New method” outperforms the “Cross method” for SNR below -12 dB.
c. At 80% correct detection probability, “New method” has performance gain of 6dB over “Auto method” and almost comparable to “Cross method”.  
d. Two-profile averaging provides better performance than no averaging. In this case, “New method” performs almost as good as the “Cross method” at SNR above -10dB
5 Conclusion

In this paper, new design for P-SCH is proposed which enables very low complexity algorithm for timing search without compromising much performance loss compared to the best performing but also most complex (cross correlation based) algorithm. 
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7 Annex

Table 1: Simulation assumption

	Parameter
	Value
	Comment

	FFT size
	128
	1.25MHz bandwidth

	No of sub-carriers for P-SCH
	76
	

	Carrier frequency 
	2GHz
	

	Number of P-SCH per frame
	2
	5ms period

	Criterion for timing detection
	+/-CP around correct timing
	

	Number of Tx/Rx antenna
	1/1
	

	Channel model 
	TU 6paths
	

	Vehicle speed 
	3 and 30 kmph
	

	Frequency offset
	0ppm, 5ppm
	

	Inter cell interference 
	AWGN
	


	
	

	
	


	[image: image35.png]Detection Probability

Methods in 3km/h mobile speed, 5ppm frequency offset, no averaging
1.0 —

0.8

o
o

©
N

0.2

—— Cross method
smmm New method
vvvv Auto method

-15 -10 -5 0 5 10
Ior/Ioc (dB)





	[image: image36.png]Detection Probability

Methods in 30km/h mobile speed, 5ppm frequency offset, no averaging
1.0

0.8

o
o

©
N

0.2

—— Cross method
smmm New method
vvvv Auto method

-15 -10 -5 0 5 10
Ior/Ioc (dB)






	[image: image37.png]Methods in 3km/h mobile speed, 5ppm frequency offset, two-profile averaging
1.0 —

0.8

o
o

©
N

Detection Probability

0.2

—— Cross method
smmm New method
vvvv Auto method

-15 -10 -5 0 5 10
Ior/Ioc (dB)





	[image: image38.png]Methods in 30km/h mobile speed, 5ppm frequency offset, two-profile averaging
1.0 e ——

0.8

o
o

©
N

Detection Probability

0.2

—— Cross method
smmm New method
vvvv Auto method

-15 -10 -5 0 5 10
Ior/Ioc (dB)







Figure 4: Performance with 5ppm frequency offset







































� Algorithm for the structure � EMBED Equation.3  ��� is similar


� Complex subtraction is treated as Complex addition
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