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Introduction
At GERAN#62 a new feasibility study named Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (WI code: FS_IoT_LC)  was approved, see [1].
One of the main objectives is to increase the coverage compared to existing GPRS services. Extending the coverage of different logical channels can be done in a straight-forward manner by using repeated transmissions. 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 broadcast 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 an update of [3] presented at GERAN #63.
GPC150089 is a revision of GPC150066 [4] with updated simulation results using the agreed working assumption on frequency offset model. No significant performance difference is seen compared to GPC150066.
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.
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[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).
Simulations
[bookmark: _Ref410135333]Simulator description
For each simulated synchronization attempt, the process is as follows.
Signal generation
In the simulator a continuous BCCH carrier signal is generated. Frequency correction bursts (FB) are transmitted at the appropriate positions (i.e., on TN=0, FN=0,10,20,30,40) whereas all other bursts are normal bursts (NB). The signal is randomly offset in time with a uniform distribution between 0 and 235.4 ms (one 51-multiframe).
Channel
The signal passes through a TU multipath fading channel with 1 Hz Doppler (1.2 km/h @ 900 MHz).
Receiver impairments and noise
Receiver noise is added to the signal, and a random frequency offset is applied. The frequency offset is randomly selected from {-18 kHz, 18 kHz}.
[bookmark: _Ref410164490]Rx processing
The signal is first filtered with a regular RX filter (180 kHz) and downsampled to symbol rate. Next, the signal is derotated by  to shift the nominal center frequency of the FB to 0 Hz. At this stage, the useful FCCH signal energy may be either at -18 kHz or +18 kHz due to the frequency offset. Signal energy outside this range is filtered out with a narrow filter.
The signal is then processed one 51-multiframe length at a time, searching for FB using a hypothesis testing method. Coherent combining is not used but detected energy peaks (potential FB) are compared in time and frequency to discard false detections. Valid peaks are used to estimate the frequency offset and the multiframe structure.
If the frequency offset estimation error is <100 Hz and the multiframe start point estimation error is <20 symbols, the synchronization attempt is considered to be successful (i.e., the accuracy is good enough to receive the EC-SCH). Otherwise, one more multiframe is searched, etc.
Of course, in reality the device cannot know when the estimated offset (frequency and timing) is within the limits assumed above. Instead, once the multiframe structure is thought to be known, an attempt to decode EC-SCH would be done (not modelled in these simulations, see [2] for performance of SCH). If EC-SCH decoding fails, search for FB continues for an additional multiframe, etc.
Simulation assumptions
Signal-to-noise ratio
To achieve 20 dB extended coverage compared GPRS (i.e. a Maximum Coupling Loss of 164 dB) the FCCH needs to be detected and corrected at an SNR of -6.3 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]
	5

	Noise density [dBm/Hz]
	-174

	Bandwidth [kHz]
	271

	Noise level [dBm]
	-119.7

	SNR
	-6.3

	MCL [dB]
	164 dB



2000 synchronization attempts (as described in section 5.1) were performed in each simulation.
Simulation results
The synchronization process described in section 5.1.4 will terminate when the accuracy is good enough for reception of EC-SCH. Therefore, the most important metric of its performance is the time elapsed until synchronized. This is investigated in section 5.3.1.
Another important metric is the distribution of the residual timing and frequency offset. These are shown in 5.3.2.
[bookmark: _Ref410165468]Synchronization time
Figure 2 shows the probability that a synchronization attempt is successful after a given number of searched 51-multiframes. As described in 5.1.4, successful is here defined as that the frequency offset estimation error is <100 Hz and the multiframe start point estimation error is <20 symbols.
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[bookmark: _Ref410165548]Figure 2 (updated): Synchronization success rate versus number of searched 51-multiframes.
These CDFs have been translated into an average synchronization time in Figure 3.
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[bookmark: _Ref410166045]Figure 3 (updated): Average synchronization time versus SNR.
[bookmark: _Ref410165530]Residual frequency and time offset after FCCH synchronization
The residual frequency offset at SNR=-6.3 dB is shown in Figure 4. The CDF of a normal distribution with the same mean and standard deviation (-8 Hz and 45 Hz, respectively) is also shown for comparison. The normal distribution fits reasonably well and is used in EC-SCH simulations in [2]. The discrete distribution of the residual frequency offset in Figure 4 is a consequence of the discrete frequency offset model in combination with the used receiver algorithm and would not be seen with a random frequency offset, see [4].
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[bookmark: _Ref410168581]Figure 4 (updated): Residual frequency offset.
The residual multiframe start time offset at SNR=-6.3 dB is shown in Figure 5.
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[bookmark: _Ref410168902]Figure 5 (updated): Residual multiframe start time offset.
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.
[bookmark: _GoBack]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 a variable number of 51-multiframes have been used resulting in an average acquisition time of 567 ms at MCL.
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