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1
Introduction

1.1
Background Information

A study on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things was approved at GERAN#62, see [1].
The study allows both for an evolution of GSM, to comply with the objectives of the study, and non-backwards compatible solutions by a new system design.

1.2
Reason for change

At GERAN#65 the network synchronization results for EC-GSM were included, but the time synchronization accuracy after EC-SCH acquisition has not yet been provided, but is required by the study.
Also, a sentence stating that “performance for initial cell search is for further study” is removed since according to working assumptions captured in the TR, this is not necessary. 

1.3
Summary of change

Results are included that evaluates the resulting time synchronization accuracy of EC-GSM, showing it to be within +-1 symbol.
A sentence stating that “Performance for initial cell search is for further study” is removed.
1.4
References

[1]

GP-140421, “Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things”, source VODAFONE Group Plc. GERAN#62
pCR to 3GPP TR 45.820-v1.1.0
	First modification (new sub-clause)


6.2.6.1.4
Simulation results

The synchronization process described in clause 6.2.6.1.2 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 clause 6.2.6.1.4.1.

Other important metrics (see clause 5.6) are the distribution of the residual frequency offset, presented in clause 6.2.6.1.4.2, and the missed detection ratio and false detection ratio, shown in clause 6.2.6.1.4.3 and 6.2.6.1.4.4.

6.2.6.1.4.1
Synchronization time

Figure 6.2-15 shows CDFs of the synchronization time (i.e., from starting to search for the FCCH until the EC-SCH is decoded), and the average synchronization time versus SNR.
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Figure 6.2-15: CDFs of synchronization time (left) and average synchronization time (right).

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. 

6.2.6.1.4.2
Residual frequency offset after synchronization

Due to the design of the used RX algorithm (see clause 6.2.6.1.2), 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 safely modeled by a normal distribution with mean 0 Hz and standard deviation of 3 Hz, see GP-150138 [6.2-6] for more details.
6.2.6.1.4.2a
Residual time offset after synchronization
The distribution of the residual time offset at MCL = 164 dB for the case when EC-SCH is decoded based on either 7 or 14 bursts is shown in Figure 6.2-15a.
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Figure 6.2-15a: Distribution of residual time offset.

The residual offset is within ±1 symbol 96-97 % of the time. Note that part of this offset is due to the varying time dispersion of the TU channel.
6.2.6.1.4.3
Missed detection ratio

The missed detection ratio shown in figure 6.2-16. Note that due to the simulation length, lower ratios than 10-5 cannot be measured.
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Figure 6.2-16: Missed detection ratio

6.2.6.1.4.4
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 first (incorrectly) finds 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 clause 6.2.6.1.2). In roughly 91% of the synchronization attempts EC-SCH decoding was never attempted. For the remainder of synchronization attempts roughly equal probability was observed for one through eleven decoding attempts, around 0.8 %.

Further, 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 decoding attempt probability gives that the total false detection ratio is approximately.
Pfalse = 5.8*10-4
	Next modification


6.2.6.1.5
Conclusions

When performing cell re-confirmation 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.

The missed detection ratio was found to be approximately 0.45 % at 164 dB coupling loss and (close to) 0 at 154 dB coupling loss.

The false detection ratio was found to be approximately 0.058 %.


	End of modifications
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