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1 Introduction
At GERAN #62 a study item was agreed to study different access stratum solutions to meet the needs for Internet of Things (IoT) (see [1]). A narrow band OFDMA based solution is proposed in [2] and a high level description of the Physical Synchronization Channel was provided in that document. A companion document [3] also provided a detailed description of the synchronization channel along with its performance evaluation.  
This document presents more performance evaluation results of the synchronization design, taking into account the inter-cell interference. 
2 Physical Synchronisation Channel
Physical Synchronization Channel (PSCH) is used by a UE that is not time and/or frequency synchronized with the base station. PSCH occurs 8 times approximately uniformly in a frame, resulting in roughly 125 msec sync periodicity. The detailed signal design and synchronization procedure can be found in [3].
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 Figure 1 PSCH in a special slot
3 Performance Evaluation
In [3], we provided simulation results evaluating the performance of our synchronization channel design in a single-cell scenario. In this section, we study a multi-cell case where transmissions from the neighbouring cells can interfere at the receiver device. 
Similar simulation configuration is adopted as the one used in [4] and provided in Table 1.

Table 1 Simulation configuration
	Parameter
	Value

	Scenario
	Initial cell search
	Cell reconfirmation

	Number of cells
	1,2,3
	1,2,3

	Target cell to select
	Any cell
	Cell no 1

	MS initial carrier frequency offset
	Randomly chosen from -20ppm to +20ppm
	Randomly chosen from -2ppm to +2ppm

	Cell initial carrier frequency offset
	Randomly chosen from -0.05ppm to +0.05ppm for each cell

	Cell initial timing offset (Rx delay at MS)
	Randomly chosen from 0 to 1 sync period duration (125ms) for each cell

	Cell id (SSS-1, SSS-2)
	Randomly chosen from all possible (4900) ids for each cell

	Interference
	Interfering cells have the same Tx power and path loss to MS as the serving cell

	MCL (dB)
	164, 154, 144


The simulation assumes mobile station declares a successful initial cell acquisition whenever it finds any cell, where the (normalized) SSS correlation energy of both SSS-1 and SSS-2 sequences passes a predetermined threshold (e.g., 0.1 in our simulation study). For the case of cell reconfirmation, it is assumed mobile station, after a long sleep, loses time synchronization to the serving cell but is still loosely synchronized in frequency (i.e., frequency offset up to ±2ppm). A successful cell reconfirmation is declared when SSS threshold of the target cell passes the threshold.

Synchronization performance evaluated using the following metrics:

(a) Synchronization latency: this is the time (number of sync periods) required for a device to declare a successful cell selection/reconfirmation.

(b) False Alarm (FA) probability: for those cases where the device declares a successful cell selection/reconfirmation, this is the probability that either the acquired cell id is invalid (for the initial cell search scenario), or the residual timing error is unacceptably large (e.g., larger than 6 samples = 18.75 usec).

(c) Residual frequency error: for those cases with successful cell acquisition, this is the residual CFO estimation error.

(d) Residual Timing error: for those cases with successful cell acquisition, this is the residual timing error. 

3.1 Initial Cell Search

First study the synchronization latency for the worst case (164 dB MCL) with different number of interferes.
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Figure 2 Sync latency for initial cell search (with 164 dB MCL)

From Figure 2, it is clear that the single-cell (noise-only) case is the limiting case for the initial cell acquisition hence only present results for the single-cell case.
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Figure 3 Sync latency for initial cell search (single-cell scenario)

Table 2 FA Probability for initial cell search (single-cell scenario)

	
	Path loss (dB)

	
	164
	154
	144

	False Alarm Probability
	0.0083
	<0.0017*
	<0.0017*

	* granularity is 0.0017, with 600 simulation runs
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Figure 4 Residual frequency error estimation (single-cell scenario)
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Figure 5 Residual time error (single-cell scenario)

3.2 Cell Reconfirmation

For the case of cell reconfirmation, the device attempts to search for and reselect the same cell that was previously acquired. Therefore, and as shown in Figure 6, the scenario with 2 interferers (3-cell) shows the most limiting performance.
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Figure 6 Sync latency for cell reconfirmation (with 164 dB MCL)

In what follows, we only present results for the 3-cell scenario.
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Figure 7 Sync latency for cell reconfirmation (3-cell scenario)

Table 3 FA Prob for cell reconfirmation (3-cell scenario)

	
	Path loss (dB)

	
	164
	154
	144

	False Alarm Probability
	<0.0017*
	<0.0017*
	<0.0017*

	* granularity is 0.0017, with 600 simulation runs
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Figure 8 Residual frequency error estimation (3-cell scenario)
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Figure 9 Residual time error (3-cell scenario)

4 Summary
In this contribution, we studied the synchronization performance using the proposed PSCH channel for two cases: (a) initial cell acquisition, and (b) cell reconfirmation. For both cases, we took into account the inter-cell interference effect by simulating single-cell, 2-cell and 3-cell scenarios. 

Our study shows around 95% and 90% acquisition probability can be achieved, for respectively initial acquisition and cell reconfirmation cases, within 1 second at the worst MCL of 164 dB. The residual frequency offset estimation error is shown to be limited to -/+ 40 Hz and hence the proposed design is also capable of providing an accurate frequency estimation. 
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