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1 Introduction

Performance comparisons between auto and cross correlation have been conducted in a number of papers [3]

 REF _Ref143662712 \r \h 
[4]

 REF _Ref139638376 \r \h 
[5] but mainly focus on 1.25MHz system whenever auto correlation is considered. Though auto correlation claims to have much lower complexity when calculating the profile, the complexity associated with front end filter required to avoid aliasing before down sampling has not been addressed properly. In this paper, simulation and rough complexity is provided for better understanding of overall complexity. 
2 Receiver architecture


[image: image1]
Figure 1: Common Receiver Architecture
Assume 10MHz UE

· Input to Filter is 15.36MHz (or samples per second)
· Filter is needed to avoid aliasing after down sampling. In case of auto correlation, filter also removes inter tones interference that otherwise would deteriorate symmetry of P-SCH time domain waveform  

· Down sample output is 1.92MHz

· Correlator perform cross or auto correlation

· Delay estimator perform combination of

· Profile averaging 

· Time (e.g. peak) search

3 Simulation results
Simulation assumption can be found in Annex.
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Figure 2: 10MHz & 1.25MHz system, 31taps FIR is used in case of 10MHz system
Observations:

· For 1.25MHz system, performance is inline with that in [1]

 REF _Ref143662705 \r \h 
[3]
· Performance in 10MHz system is almost the same as 1.25MHz system when good FIR filter is used (i.e. long 31taps FIR) in case of 10MHz system. This result is inline with result in [2].
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Figure 3: 10MHz system with different number of taps for FIR
Observations:

· Filter before down sampling is mandatory to avoid aliasing (and inter-tones interference in case of auto correlation). Performance is poor when small number of taps (7) is used. 

· For auto correlation, performance is rapidly degraded as number of FIR taps reduces causing more inter-tones interference and aliasing. About 1.5dB loss when number of taps reduces from 31 to 15.

· For cross correlation, performance degradation becomes obvious only when aliasing appears (there is almost no impact due to inter-tones interference). There is almost no loss when number of taps reduces from 31 to 15. 
4 Complexity analysis

From simulation result, if one would like to maintain the same performance in 10MHz system as in 1.25MHz system then

· For auto correlation: FIR of 31 taps need to be employed

· For cross correlation: FIR of 15 taps need to be employed

Note that in cross correlation case, FIR of 64 taps is needed for cross correlating the received signal (1.92MHz rate) with symmetrical replica of SCH

So let say there are N samples at rate 15.36 MHz then 

· Complexity of Auto Correlation is about 31*N
· Complexity of Cross Correlation is about 15*N+64*N/8=23*N

5 Conclusion

When overall complexity is considered, it may happen that auto correlation does not have complexity advantage over cross correlation as previously thought.
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7 Annex 

Table 1: Summary of simulation assumptions

	Parameter
	Value
	Comment

	FFT size
	1024
	10MHz UE

	No sub carriers for P-SCH
	74
	One in every two sub-carriers is zero so that P-SCH is symmetric in time domain to simulate both auto and cross correlation. 

P-SCH is GCL sequence length 37

	Number of data sub-carriers
	526=(600-74)
	Power of P-SCH sub-carrier is double that of Data sub-carrier 

	Carrier frequency 
	2GHz
	

	Number of SCH per frame
	4
	2.5ms period

	Number of SCH use in averaging for timing detection
	1
	No average

	Criterion for timing detection
	+/-CP around correct timing
	

	Number of Tx/Rx antenna
	1/1
	

	Channel model 
	TU 6paths
	

	Vehicle speed 
	30kmph
	

	Inter cell interference 
	AWGN
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