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[bookmark: _Ref413203676]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]. EC-GSM is one candidate solution based on a smooth evolution of the legacy GSM system.
For EC-GSM devices, synchronization is based on the FCCH and EC-SCH channels. Their detailed design and performance have been presented in previous contributions, see [3] and [4].
In this contribution, an overview of the overall synchronization process is presented. Further, the synchronization performance (including both rough synchronization on FCCH and fine synchronization on EC-SCH) is evaluated.
[bookmark: _Ref413203650]Overview of synchronization channels for EC-GSM
The mapping onto the BCCH carrier of the synchronization channels used by EC-GSM devices are shown in Figure 1.
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[bookmark: _Ref391122771]Figure 1. Mapping of FCCH, SCH and EC-SCH onto the BCCH carrier.
The (legacy) FCCH is used for BCCH carrier detection, frequency offset correction and rough timing estimation. Due to the irregular mapping in time of the FCCH, it can be used to find the boundaries between multiframes.
When the timing of the multiframe boundaries is known, the EC-GSM device knows where the EC-SCH is located. The EC-SCH is used for fine synchronization of frequency offset and timing. In addition, the EC-SCH carries information about the TDMA frame number (FN) and a few vital signaling flags.
It can be noted that in good coverage, the legacy SCH can be decoded also by EC-GSM devices. This will speed up the process of finding the FN since multiframe boundary detection on the FCCH is not needed to read the SCH. When SCH is decoded, the EC-SCH location is known and the EC-GSM device can decode it to read the signaling flags. This optimization is left for further study.
[bookmark: _Ref413159611]Evaluation methodology
The evaluation methodology for network synchronization is specified in 3GPP TR 45.820 [2] as follows:
Network synchronization is evaluated with one (equivalent of) BCCH carrier for initial cell search and cell re-confirmation. The timing of the broadcast carrier shall be assumed to be unknown, and uniformly distributed for initial cell search.
The network synchronization shall be evaluated at a coupling loss of 144 dB, 154 dB, and the MCL for the candidate proposal. No extra MCL margin is required for network synchronization. 
The detection rate (%) and false detection rate (%) of the network synchronization shall be provided.
The synchronization time, frequency accuracy and time accuracy after network synchronization shall be provided.
In this contribution, synchronization during cell re-confirmation is evaluated. This means that only one BCCH carrier is searched.
[bookmark: _Ref413200676]Simulations for cell re-confirmation
The simulator used in [3] to estimate FCCH performance has been extended to include EC-SCH decoding performance. The decoding of EC-SCH is not modelled explicitly in the simulator. Instead a model of the EC-SCH BLER at different number of repetitions and SNRs is used. This BLER model is based on results from the simulator used to evaluate EC-SCH in [4].
[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 per synchronization attempt from two possible values, -18 kHz and +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 multiframe start point is detected, the receiver attempts receive and decode the EC-SCH during the next multiframe. During the same multiframe, the device also receives additional FCCH bursts to improve its frequency offset estimate (and timing estimate) in case EC-SCH decoding fails. If EC-SCH decoding fails, the EC-SCH bursts and FCCH bursts of one more multiframe are received, etc.
If EC-SCH has not been successfully decoded after 12 multiframes, the synchronization is considered unsuccessful (i.e., a missed detection has occurred).
Simulation assumptions
Signal-to-noise ratio
Results are presented at SNRs ranging from -6.3 dB to 3.7 dB, corresponding (see [3]) to coupling losses ranging from 164 dB (MCL) to 154 dB (GPRS reference level + 10 dB). 
EC-SCH BLER
The EC-SCH BLER performance is modelled as follows: If the frequency offset estimation error from FCCH is >100 Hz, the EC-SCH BLER is equal to 100 %. If the frequency offset estimation error is 100 Hz or less, the EC-SCH BLER with 7 received bursts (bursts from one multiframe) and 14 received bursts (bursts from two multiframes) is given in Figure 2. For each additional received multiframe, the EC-SCH BLER alternates between the two curves. 

[image: ]
[bookmark: _Ref413278178]Figure 2: EC-SCH BLER
Simulation length
100000 synchronization attempts were performed in each simulation, except for the false detection simulations in which a semi-analytic approach based on statistics from 2000 synchronization attempts was made.
Simulation results
The synchronization process described in section 4.1.4 will terminate when the EC-SCH is decoded. Therefore, one of the most important metrics of its performance is the time elapsed until synchronized. This is investigated in section 4.3.1.
Other important metrics (see section 3) are the distribution of the residual frequency offset, presented in section 4.3.2, and the missed detection ratio and false detection ratio, shown in section 4.3.3 and 4.3.4.
[bookmark: _Ref410165468]Synchronization time
Figure 3 shows CDFs of the synchronization time (i.e., from starting to search for the FCCH until the EC-SCH is decoded).
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[bookmark: _Ref410165548]Figure 3: CDFs of synchronization time.
The average synchronization time versus SNR is shown in Figure 4. It should be noted that the synchronization time at the low end of the coupling loss range (i.e., at high SNR) can likely be reduced significantly by decoding the legacy SCH in addition to the EC-SCH, as described in section 2. This is for further study.
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[bookmark: _Ref410166045]Figure 4: Average synchronization time versus coupling loss.
[bookmark: _Ref410165530]Residual frequency offset after synchronization
Due to the design of the used RX algorithm (see section 4.1.4), the EC-SCH is decoded based on either 7 or 14 bursts. The residual frequency offset will be different in the two cases.
The residual frequency offset at MCL = 164 dB for both cases is shown in Figure 5. The PDF of a normal distribution with the zero mean and 3 Hz standard deviation is also shown for comparison.
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[bookmark: _Ref410168581]Figure 5: Distribution of residual frequency offset.
As can be seen, although the estimation curves are different for the case of 7 EC-SCH instances and 14 EC-SCH instances, the residual frequency offset can be safely modeled by a normal distribution with mean 0 Hz and standard deviation of 3 Hz.
[bookmark: _Ref413159681]Missed detection ratio
The missed detection ratio shown in Figure 6. Note that due to the simulation length, lower ratios than 10-5 cannot be measured.
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[bookmark: _Ref413201136]Figure 6: Missed detection ratio
[bookmark: _Ref413202518]False detection ratio
In order to make a false detection (i.e., the device believes to have made a successful synchronization attempt when there is no BCCH carrier received) with the described RX algorithm, the device must first (incorrectly) find the multiframe start point, and further decode the non-existent EC-SCH without a CRC failure.
To measure the false detection ratio, the FCCH simulator was run with noise as input signal. In this case, the receiver occasionally believed to have found the multiframe start. When this happens, the receiver will attempt to decode EC-SCH for each new multiframe received until the limit of 12 multiframes is reached (see section 4.1.4).
The distribution of the number of EC-SCH decoding attempts made is shown in Figure 7.
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[bookmark: _Ref413273264]Figure 7: Distribution of number of EC-SCH decoding attempts made in one synchronization attempt in the false detection test.
Since the CRC length of the EC-SCH is 10 bits, the false positive probability of one EC-SCH decoding attempt can be approximated by 2-10. The probability of at least one false positive of N decoding attempts is 1 - (1 - 2-10)N. A weighted sum over N with weights according to the distribution in Figure 7 gives that the total false detection ratio is approximately
Pfalse = 5.8*10-4
Conclusions
This discussion paper has given an overview of the synchronization channels for EC-GSM. The legacy FCCH is used in conjunction with the new EC-SCH channel, that is repeated 14 times across two 51-multiframes.
The synchronization performance has been evaluated by simulations. At the MCL of 164 dB, the average synchronization time is 690 ms and the residual frequency offset has a standard deviation of (less than) 3 Hz. At a coupling loss of 154 dB, the average synchronization time is reduced to 365 ms. This value can be expected to decrease if the legacy SCH bursts are utilized in addition to the EC-SCH bursts.
[bookmark: _GoBack]The missed detection ratio was found to be approximately 0.45 % at 164 dB coupling loss and 0 (or close to) at 154 dB coupling loss.
The false detection ratio was found to be approximately 0.058 %.
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