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FCCH performance for GSM evolution
1 Introduction
It was shown in [1] that “it is sufficient to keep the current frame structure of the FCCH also when supporting extended coverage operation”, with an acquisition time of 471 ms. During the discussion in GERAN#63, reservation was expressed on the achievable FCCH performance in such a short time. In this paper, performance evaluation relating to FCCH is presented and compared with that in [1].
2 FCCH performance
2.1 Background
Carrier frequency synchronization of a mobile station (MS) is a crucial task at the beginning of the cell selection procedure and during normal operation. In the GSM standards, periodically transmitted frequency correction bursts (FB) provide the necessary information for synchronization.
The task of frequency synchronization is divided into two steps:
1. Detection of a FB.
2. Estimation of the carrier frequency offset (CFO).
The local oscillator of the MS can only be tuned to the carrier frequency after the success of the above two steps. 
A FB is transmitted every 10th or 11th TDMA frames on time slot 0 of the BCCH carrier, i.e. the interval between two consecutive FBs is 46.2 or 50.8 ms. A FB contains a stream of N = 142 consecutive logical zeros as data bits. With differential encoding and GMSK modulation two identical subsequent data bits cause a phase change of +π/2 whilst two different symbols result in a phase change of −π/2. This creates a sinusoid with a frequency of fs / 4 = 67.7 kHz above the carrier frequency, where fs is the GSM symbol rate of 270.8 ksym/s. We denote the discrete time baseband signal of a FB at the receiver side as follows:
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where h(n) denotes the complex baseband response of the channel and f0 the positive or negative frequency offset of the local oscillator in the receiver. w(n) is complex additive white Gaussian noise (AWGN) and 
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 is the convolution operator.
2.2 FB detection

A low-complexity algorithm was used for FB detection. The detector uses the absolute value of the signal’s autocorrelation as the criterion:
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 exceeds a certain threshold, a FB is detected. The correlation sequence 
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 is estimated as follows:
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The performance of FB detection with single FB is shown in Figure 1 (NDET = 142, L = 6). Pd is the probability that a FB is successfully detected, and Pf is the probability that a non-FB is falsely detected as a FB.
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Figure 1. FB detection performance
It can be seen that the detection probability is always 100% when the SNR is greater than or equal to 0 dB, but declines rapidly as the SNR decreases, starting from 0 dB. For example, at SNR = -3 dB, the detection probability is only about 38%. This is much more pessimistic than the 99% detection probability (@SNR = -4 dB) claimed in [1].
2.3 CFO estimation

CFO can only be estimated after an FB is correctly detected. Estimating the frequency of a single sinusoid when exposed to noise is a classical parameter estimation problem, and the algorithm used in this document was based on the phase of autocorrelation. Specifically, the CFO estimation for burst k, 
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where 
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 and 
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 denote the correlation distance and sampling interval, respectively. 
An average was then taken for K consecutive bursts, i.e.
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The two options for CFO estimation in [1] were followed: estimation based on a single FCCH burst (K = 1) and average over ten FCCH bursts (K = 10).
The simulation assumptions are listed in Table 1.
Table 1. Simulation assumptions
	Parameter
	Value

	Frequency band
	900 MHz

	Interference/noise
	AWGN

	Initial frequency error
	from -18 kHz to +18 kHz (i.e. 20 ppm)

	Frames
	5000 attempts (received FCCH bursts) were performed in each simulation

	SNR
	-4 dB


The simulation results are provided in Table 2 where the mean and 95th percentile residual CFO values are shown for both 1 FCCH burst and the average of 10 FCCH bursts. For comparison purpose, the corresponding results from [1] are also listed.
Table 2. Residual CFO Comparison
	
	Residual CFO with 1 FCCH burst (Hz)
	Residual CFO with 10 FCCH bursts (Hz)

	
	95th percentile
	mean
	95th percentile
	mean

	Results from the sourcing companies
	1500
	500
	500
	150

	Results from [1]
	300
	100
	90
	35


Again, the results from the sourcing companies are much more pessimistic than those shown in [1].
3 Conclusion
In this document, the performance of FCCH, characterized by the detection probability of frequency correction bursts and the estimated carrier frequency offset, is investigated in a similar way as shown in [1]. A large performance gap is however observed between the results from the sourcing companies and the results from [1]. It would be of great interest to see more details on the steps taken in [1] to better understand the performance difference.
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