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1 Introduction
At GERAN #64, the cell search procedure undertaken by the MTC device at its initial access stage was approved to be captured in the technical report [1]. The designs of the physical layer signals that are used for cell search were also included in [1]. Some preliminary evaluations of the cell search were provided in our previous contribution [2]. In this contribution, extensive link-level simulations are performed to further evaluate the cell search performance. 

2 Simulations

2.1 Simulation settings
The performance for both initial cell search (when the MTC device has not previously connected to a cell, such as upon switching-on) and non-initial cell search (when the MTC device can assume a reduced CFO capture range based on previous receptions) are evaluated by the simulations. The inter-cell co-channel interference is considered in the simulation where the same transmit power and the same large-scale fading are assumed for all relevant cells to present a relatively worst-case scenario, while different small-scale channels are applied to the signals from different cells. For simplification, no wrap-around interference (i.e. the interference coming from outside the three cells) is taken into account in the link-level simulation but the wrap-around interference is unlikely to impact much. Three levels of coverage enhancement are assumed in the simulations, in which the SNR values are set corresponding to the target MCL values of 164dB, 154dB and 144dB respectively. The other simulation parameters are shown in Table 1.

Table 1 Simulation assumptions

	Parameter
	Value

	Carrier frequency band
	900 MHz

	Channel propagation
	TU

	Doppler spread
	1 Hz

	Symbol rate
	12 k symbol/s

	Relative Rx delay from between neighboring cells
	randomly chosen from 0 to 1 frame with granularity of 1/16 Tb

	Sampling rate
	192 kHz

	Interference
	Interfering cells with the same Tx power as the serving cell;

	Antenna configuration
	1T1R

	MS initial carrier frequency offset
	+/-20ppm for initial cell search;
+/-2ppm for non-initial cell search;

+/-0.05ppm between adjacent cells


2.2 Initial cell search simulation results
In this section we examine the impact of the interference on the cell detection performance during the initial cell search procedure. The interference scenario (when more than one active cell is available as a candidate to be the serving cell) is simulated in addition to the noise-only scenario (when only one active cell can potentially become the serving cell) for the cell detection in the initial cell search procedure. Two active cells and three active cells are assumed for the interference scenario and the MTC device is located exactly at the centre of all the relevant cells. Figure 1 shows the layout of the cells in the interference scenario.


[image: image1]
Figure 1. Layout of cells in the interference scenario
The simulation results are shown in Figure 2. The probability of successful detection is derived by setting the correlation threshold to the value satisfying 1% false alarm probability. It can be seen that the noise-only scenario is the limited scenario of the cell detection performance for each level of coverage. It can also be seen that even in the worst coverage case (i.e. 164 dB MCL) our design can achieve better than 99.1% successful detection probability when using about 28 frames (i.e. 2.24s in the NB M2M system). It should be noted that in the better coverage cases our design achieves the same level of successful detection probability in a much reduced number of frames. 
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Figure 2. Performance of signal detection for initial cell search

In Figure 3 , the timing error performance of the noise-only scenario is shown. It can be seen that over 28 frames (i.e. 2.24s in the NB M2M system) for the 164 dB MCL case, the probability of the residual timing error being within the range of [-1/8 symbol, 1/8symbol] is larger than 99.3%. 
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Figure 3. Performance of symbol timing for initial cell search
As shown in Table 2, our design also yields excellent CFO estimation accuracy (i.e. CFO estimation error smaller than 45Hz) even based on a single frame SSS correlation operation, assuming the terminal has previously been accurately time-synchronized by PSS (i.e. timing error is less than 1/8 symbol). 
Table 2. Performance of CFO estimation during initial cell search
	MCL values
	The probability of residual CFO within [-45Hz, 45Hz], single-frame SSS 

	164 dB MCL
	99.85%

	154 dB MCL
	99.96%

	144 dB MCL
	99.97%


Therefore, the total time spent on the initial cell search in the NB M2M system can be computed as the sum of the time for signal detection (and so also time synchronization) and the time for CFO estimation to achieve the stated performance. The latency for the initial cell search is shown in Table 3 in which the target performance is set to FAP (false alarm probability)<1%, FDP(false dismissal probability)<1%, [-1/8symbol, 1/8symbol] residual timing error and [-45Hz, 45Hz] residual CFO.
Table 3. Total time consumed by initial cell search
	MCL values
	Time required to achieve FAP<1%, FDP<1%, [-1/8tb 1/8tb] residual timing error and [-45Hz, 45Hz] residual CFO 

	164 dB MCL
	2.32s

	154 dB MCL
	0.48s

	144 dB MCL
	0.16s


Note that the initial cell search procedure, without any prior knowledge of the ARFCN used for CIoT by the MNOs, may need to be performed on each potential frequency channel / band, so could take a much longer total time depending on the number of channels / bands supported by the NB M2M system.
2.3 Non-initial cell search simulation results

In this section, we evaluate the non-initial cell search performance in the NB M2M system. The non-initial cell search is typically carried out to rebuild the connection or upon wake-up after a long DRX where the MTC device loses its time synchronization and/or frequency synchronization. In this case, the MTC device does not need to detect the cell, and the MTC device can reasonably assume a reduced CFO capture range relative to previous receptions (+/-2ppm is assumed in our following simulations, which is based upon an estimate of the potential change in TCXO reference frequency over a long DRX). In this case, the noise-only scenario is not the limiting scenario as the attached cell is known by the MTC device in advance. Therefore, two interferers are generated in the following simulations.
In Figure 4, the time synchronization performance is shown. It can be seen that the timing error is less than 1/8 symbol in 95.15% cases for non-initial cell search over 1.28s period (i.e. 16 frame in the NB M2M system) in the worst coverage case. For the other coverage cases, the same level of symbol timing error can be achieved using far fewer frames.
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Figure 4. The symbol timing error performance for non-initial cell search
The CFO estimation performance for the non-initial cell search is shown in Table 3. It can be seen that the CFO estimation error can be reduced to less than 45Hz using a single frame (80ms) SSS with 97.7% probability assuming the terminal has previously been accurately time-synchronized by PSS (i.e. timing error is less than 1/8 symbol) even in the worst coverage case. 
Table 3. Performance of CFO estimation for non-initial cell search
	MCL values
	The probability of residual CFO within [-45Hz, 45Hz], one-frame SSS

	164 dB MCL
	97.45%

	154 dB MCL
	99.58%

	144 dB MCL
	99.90%


3 Conclusions
In this contribution, the performance of cell search is evaluated for both initial cell search and non-initial cell search. The simulation results demonstrate that our cell search design is very robust and efficient even in the case of maximum coverage extension (164 dB MCL). 
4 References

[1] 3GPP TR 45.8xx V0.2.0, “Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things”, GERAN #64.
[2] GP-140864, [image: image6.emf]“NB M2M – Cell Search Mechanism”, Huawei Technologies Co., Ltd., HiSilicon Technologies Co., Ltd., GERAN #64.
(a) Two relevant cells





(b) Three relevant cells





MTC device








� EMBED Visio.Drawing.11  ���








MTC device





� EMBED Visio.Drawing.11  ���








2

[image: image7.emf]_1482587351.vsd
�

�

�


