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Introduction
Extending the coverage of different logical channels can be done in a straight-forward manner by using repeated transmissions. This is for example already applied in the GSM system when using repeated ACCH.
Using repeated transmissions will however increase the resource utilization, decreasing the capacity of the system. Hence it is of interest to minimize the number of repetitions in the system, if possible, and especially for broadcasted channels that need to be designed for the worst coverage device in the network.
In this discussion paper the possibility to keep the frequency correction channel design as in current GSM networks, also when supporting channels of extended coverage is investigated.
The paper is a re-submission of a paper presented at the first FS_IoT_LC telco.
Background
In current GSM/EDGE design the first thing a MS does when turned on is to locate GSM carriers in the frequency band it supports.
In finding a GSM carrier, detection of the frequency correction channel (FCCH) is done. The FCCH appears on the BCCH carrier on TS0 every 10th or 11th TDMA frame, as shown in Figure 1.
[image: ]
[bookmark: _Ref391122771]Figure 1. BCCH/CCCH TS TDMA structure.
In addition to detecting the BCCH frequency, the channel is also used for frequency correction and (rough) timing alignment of the frame structure.
The FCCH in GSM consists of a Frequency Correction Burst which is a GMSK modulated burst of 148 fixed symbols of all ‘0’s.
Using the same modulation state for each symbol effectively creates a sinusoid with at frequency fs/4 = 13e6/48/4 = 67.7 kHz (in baseband).
Investigation
In this discussion paper it is investigated how well detection and correction of frequency and timing can be done in GSM with a supported extended coverage of 20 dB.
It is assumed that the current frame structure of the FCCH is kept (i.e. there are no additional resources allocated for supporting users in extended coverage)
The results should be seen as an initial investigation on the possibilities to use the current GSM burst structure for FCCH detection, frequency correction and burst alignment.
Simulations
Simulation assumption
The FCCH detection, frequency correction and burst alignment has been investigated by link level simulations. To achieve 20 dB extended coverage compared to the GSM assumptions in [1] (i.e. a Maximum Coupling Loss of 159.4 dB) the FCCH need to be detected and corrected at an SNR of -4.0 dB, see link budget calculation in Table 1.
[bookmark: _Ref391122509]Table 1. Link budget - DL.
	Parameter
	Value

	Tx power [dBm]
	43

	Rx noise figure [dB]
	9

	Noise density [dBm/Hz]
	-174

	Bandwidth [kHz]
	180

	Noise level [dBm]
	-112.4

	SNR
	-4.0

	MCL [dB]
	159.4 dB



[bookmark: _GoBack]In the simulator a frequency correction burst (FB) surrounded by normal bursts (NB) is used for detection, frequency correction and burst alignment correction in presence of AWGN without any prior knowledge of the position of the FCCH bursts.
The following has been assumed:
· Initial frequency error ranging from -18 kHz to +18 kHz.
· Operating at an SNR achieving 159.4 dB MCL, for 20 dB coverage improvements (although a range of different coupling losses have been investigated).
Two options for FCCH burst detection and frequency offset estimation and burst alignment have been investigated:
· Estimation based on a single FCCH burst
· Average over ten FCCH bursts (two 51-multiframes, less than 0.5 seconds) A Detection and estimation is first done individually per FCCH burst. The individual frequency offset and burst alignment estimates are then averaged over two 51-multiframes (up to ten estimates, less if not all FCCH bursts were detected).
False detection tests are also run in which the received signal consisted only of normal bursts and noise.
5000 attempts (received FCCH bursts) were performed in each simulation.
Simulation results
Frequency offset estimation error
In Figure 1 the frequency offset estimation error from one FCCH and ten FCCH burst reception has been simulated. Both the mean frequency offset and the frequency offset at the 95th percentile are shown.
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Figure 2. Frequency offset estimation error.
It can be seen that if the FCCH is corrected over ten bursts instead of one the performance is greatly improved and at a coupling loss of 159.4 dB the 95th percentile fulfils the frequency requirement from the specifications of 0.1 ppm (90 Hz in the 900 MHz band).
Burst alignment
In Figure 3 the burst alignment after one or ten FCCH burst reception is shown.
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[bookmark: _Ref391124172]Figure 3. Burst alignment error.
It can be seen that also for the burst alignment the correction performed over ten bursts instead of one burst improves the performance significantly. At a coupling loss of 159.4 dB MCL the 95th percentile is lower than 6 symbols and the average is around two symbols. This accuracy is sufficient to allow the MS to receive the SCH burst from which more accurate burst alignment can be achieved.
Frequency burst detection / false detection
The detection ratio (the probability that an FCCH burst is detected) was found to be 99 % at 159.4 dB  coupling loss. 
The false detection ratio (the probability that an FCCH burst is erroneously detected when it was not transmitted) was found to be around 0.05 % when scanning for FCCH during one timeslot..
This implies a false detection of less than 1-(1-0.0005)(11*8) ≈ 4 % in the worst case, i.e. over a period of 11 TDMA frames (the maximum time between two FCCH bursts).
Hence, when scanning a carrier without prior knowledge of the multi-frame structure, the probability of falsely detecting a non-existent FCCH burst before correctly detecting a transmitted FCCH burst is small.
Conclusions
In this discussion paper the possibility to keep the frequency channel design as in current GSM networks, also when supporting channels of extended coverage, is investigated.
The conclusion is that it is sufficient to keep the current frame structure of the FCCH also when supporting extended coverage operation. It is recognized that the acquisition time to detect and correct the cell frequency will be increased in extended coverage to achieve the same accuracy as in normal operation. In this paper two 51-multiframes have been used resulting in an acquisition time of 471 ms.
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