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NB M2M – Evaluations of Network Synchronization
1 Introduction
At the GERAN CIoT Adhoc #1 meeting, the approaches to evaluate the performance of synchronization and random access were extensively discussed and a number of working assumptions were agreed [1]. The performance of cell search and the performance of FIIS in the NB M2M system were shown in our previous contributions [2] and [3] respectively from this meeting. In this contribution, the evaluations are refined according to the agreed working assumptions and more comprehensive performance results are provided.  
This document is an update of GP-150050 with changes marked in red.

2 Simulations

2.1 Simulation settings
The performance for both initial cell search (when the MTC device has not previously connected to any cell, such as after power-on) and non-initial cell search / cell re-confirmation (when the MTC device can assume a reduced CFO capture range based on previous receptions from the same cell or a different cell) 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. However, 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 we consider that the wrap-around interference is unlikely to have a large impact. Three levels of coverage enhancement are considered in the simulations, corresponding to coupling loss values of 164 dB, 154 dB and 144 dB. The timing drift during the synchronisation processing is modelled by assuming it is proportional to the carrier frequency offset (and so the MTC device receiver corrects for timing drift according to its estimate of the CFO). 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 between neighbouring cells
	Randomly chosen from 0 to 1 frame durations (80ms) with granularity of 1/16 Tb

	Sampling rate
	192 kHz

	Timing drift
	In accordance with carrier frequency offset

	Interference
	Interfering cells have the same Tx power as the serving cell

	Antenna configuration
	1T1R

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

+/-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. The MTC device is located exactly at the centre of all the relevant cells which approximates the worst case. 
The simulation results of the detection performance for the three different coupling losses are shown in the three plots in Figure 1. The successful detection is defined by the correlation exceeding the correlation threshold which satisfies 1% false alarm probability. An incremental method is used whereby the detection process can be terminated after a variable number of frames, once the correlation threshold is achieved by accumulation. 
It can be seen that the noise-only scenario is the limited scenario for the cell detection performance for each level of coverage. It can also be seen that in the target coverage case (i.e. 164 dB coupling loss) the design can achieve 90th percentile time to successful detection of about 1.2s, or 99th percentile to successful detection of about 2s. In the better coverage cases, i.e. 154 dB coupling loss and 144 dB coupling loss, the design achieves 99th percentile time to successful detection of 400ms and 160ms, respectively. 
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(a) Coupling loss=164dB
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(b) Coupling loss=154dB
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(c) Coupling loss=144dB
Figure 1. Performance of signal detection for initial cell search

In the three plots in Figure 2, the timing error performance is shown for the 164 dB coupling loss, 154 dB coupling loss and 144 dB coupling loss cases respectively. The timing error result for each simulation is derived based on the number of frames that were required to meet the detection threshold for that simulation. It can be seen the probabilities of the residual timing error being within the range of [-1/8 symbol, 1/8 symbol] are larger than 95%, 97% and 98%, respectively, for the three levels of coverage extension. If the requirement for the residual timing error is relaxed to [-1/4 symbol, 1/4 symbol], then the confidence would be further increased.
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(a) Coupling loss=164dB
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(b) Coupling loss=154dB
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(c) Coupling loss=144dB
Figure 2. Performance of symbol timing for initial cell search
As shown in Figure 3 and Figure 4, the design yields very good CFO estimation accuracy using a combination of PSS and SSS processing. In Figure 3, the performance of coarse CFO estimation based just on PSS is shown. The simulation results in Figure 4 show the precise CFO estimation performance using SSS following the coarse CFO estimation using PSS. It can be seen that CFO estimation error can be reduced to less than 45Hz based on a single-frame SSS correlation operation even for the 164 dB coupling loss case.
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(a) Coupling loss=164dB 
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(b) Coupling loss=154dB
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(c) Coupling loss=144dB
Figure 3. Performance of coarse CFO estimation based on PSS for initial cell search
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(a) Coupling loss=164dB
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(b) Coupling loss=154dB
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(c) Coupling loss=144dB
Figure 4. Performance of precise CFO estimation based on SSS for initial cell search
2.3 Cell non-initial search / re-confirmation simulation results

In this section, we evaluate the cell non-initial search / re-confirmation performance of the NB M2M system. The cell non-initial search / re-confirmation 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 can reasonably assume a reduced CFO capture range relative to previous receptions (+/-2ppm is assumed in the following simulations, which is based upon an estimate of the potential change in TCXO reference frequency over a long DRX). 
In Figure 5, the time synchronization performance is shown. It can be seen that the timing error is less than 1/8 symbol in more than 95% cases for cell non-initial search / re-confirmation for the target 164 dB coupling loss. For the other coverage cases, the same level of symbol timing error can be achieved with higher probabilities.
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(a) Coupling loss=164dB
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(b) Coupling loss=154dB
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(c) Coupling loss=144dB
Figure 5. The symbol timing error performance for cell non-initial search / re-confirmation
The latency performance for the cell non-initial search / re-confirmation procedure in the PSS phase is shown in Figure 6 for the different coupling losses. A similar incremental method is used for the cell non-initial search / re-confirmation as the initial cell search. It can be seen that the time required for cell non-initial search / re-confirmation is reduced compared to the initial cell search, due to the reduced CFO capture range.
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(a) Coupling loss=164dB
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(b) Coupling loss=154dB
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(c) Coupling loss=144dB
Figure 6. Time consumed by PSS for cell non-initial search / re-confirmation

The coarse CFO estimation performance based on PSS and the precise CFO estimation performance based on SSS for the cell re-confirmation are shown in Figure 7 and Figure 8, respectively. It can be seen that the CFO estimation error can be reduced to less than 45Hz using a single frame (80ms) of SSS with better than 99% probability, even for the target 164 dB coupling loss. 
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(a) Coupling loss=164dB
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(b) Coupling loss=154dB
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(c) Coupling loss=144dB
Figure 7. Performance of coarse CFO estimation based on PSS for cell non-initial search/ re-confirmation
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(a) Coupling loss=164dB
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(b) Coupling loss=154dB
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(c) Coupling loss=144dB
Figure 8. Performance of precise CFO estimation based on single-frame SSS for cell non-initial search / re-confirmation
2.4 FIIS simulation results
In the FIIS simulations, two interferers are generated in addition to the noise-only scenario. 1/8 symbol residual timing error after cell search is assumed. Blind frequency offset compensation is applied to each FIIS detection. 
The error probability vs. SNR performance of the single-frame FIIS detection is illustrated in Figure 9. It can be seen that even in the -3.6 dB SNR condition that corresponds to the 164 dB coupling loss target, the error probability of FIIS detection is around 10% in both the noise-limited scenario and the interference-limited scenarios. Therefore, in this case, additional frames must be used for FIIS detection, as described later. However, in higher SNR environments (e.g. 6.4 dB SNR and 16.4 dB SNR, corresponding to 154 dB coupling loss and 144 dB coupling loss respectively), the FIIS can be correctly detected in a single frame with greater than 99% confidence in the noise-only scenario.
[image: image25.emf]-4 -2 0 2 4 6 8 10 12 14 16

10

-4

10

-3

10

-2

10

-1

10

0

SNR

Error Probablity

Single-frame detection, CFO = +/-45Hz, timing error=1/8 symbol

 

 

Two-interferer scenario

Noise-only scenario


Figure 9. Performance of FIIS using a single-frame detection
In the following simulations, two-frame and three-frame joint decision are respectively applied based on the M-frame joint decision algorithm described in [3]. The simulation results also show the effect of applying the M-frame joint decision algorithm over N frames, where N≥M, in order to further improve detection confidence. Three levels of coverage enhancement are assumed in the simulations, in which the SNR values are set corresponding to the coupling loss values of 164 dB, 154 dB and 144 dB, respectively.
In Figure 10, the frame index acquisition performance at the SNR corresponding to 164 dB coupling loss is shown. It can be seen that as more frames (i.e. larger N in the algorithm) are involved in making a decision, the probability of correct frame index acquisition increases significantly. In the noise-only scenario, FIIS can be correctly detected in three frames with larger than 95% confidence. To achieve the same level of confidence, about five frames are needed when there are two interferers.    
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Figure 10. FIIS performance for 164 dB coupling loss
Figure 11 and Figure 12 show the performance at the SNRs corresponding to 154 dB and 144 dB coupling loss, respectively, for the two-interferer scenario. It can be seen that over three frames, the FIIS can be correctly detected with larger than 95% probability by applying the 2-frame joint decision algorithm.  
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Figure 11. FIIS performance for 154dB coupling loss
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Figure 12. FIIS performance for 144 dB coupling loss
2.5 Latency performance of network synchronization
In the NB M2M design, cell search together with FIIS detection is equivalent to the acquisition of FCCH+SCH in a legacy GPRS system. Therefore, the latency for network synchronization is the sum of the time spent on the cell search and the time consumed by FIIS detection. Table 2 and Table 3 show the average network synchronization latency with initial cell search in the noise-only scenario and two-interferer scenario, respectively. The time corresponding to 5% error probability of FIIS is accounted for in the total time computation. 
The changes to the latency performance compared with GP-150050 are for the reason that SSS decoding and FIIS detection are now considered to start within the last frame used for PSS detection. This is possible because PSS precedes SSS in a frame, and similarly SSS precedes FIIS in a frame, noting also that SSS decoding is achieved within a single frame. This means that, compared with the previous results, the combined latency for PSS detection and SSS decoding is reduced by one frame (80ms). In addition, the total network synchronisation latency, including FIIS detection, is reduced by a further one frame (80ms) as shown by the adjustment indicated in the final column of the tables. 
Furthermore, it is noted that FIIS detection can be implemented in parallel with SIB1 reading, for the case that SIB1 reading is also required. In this case, the FIIS latency is incorporated within the larger SIB1 decoding latency [4], and so does not need to be considered separately.
Table 2. Average latency for initial network synchronization in the noise-only scenario
	Coupling loss
	Average time for cell search T1
	Time for FIIS detection (<5% error probability) T2
	Time in total T1+T2-0.08s

	164 dB
	0.57s
	0.24s
	0.73s

	154 dB
	0.11s
	

0.08s
	0.11s

	144 dB
	0.09s
	0.08s
	0.09s


Table 3. Average latency for initial network synchronization in the two-interferer scenario

	Coupling loss
	Average time for cell search T1
	Time for FIIS detection (<5% error probability) T2
	Time in total T1+T2-0.08s

	164 dB
	0.31s
	0.40s
	0.62s

	154 dB
	0.09s
	0.24s
	0.25s

	144 dB
	0.08s
	0.24s
	0.24s


In contrast to the initial cell search, the cell non-initial search / re-confirmation procedure is more often performed in the NB M2M system. Table 4 and Table 5 show the average non-initial network synchronization latency in the noise-only scenario and two-interferer scenario, respectively. 
Table 4. Average latency for non-initial network synchronization in the noise-only scenario
	Coupling loss
	Average time for cell search T1
	Time for FIIS detection (<5% error probability) T2
	Time in total T1+T2-0.08s

	164 dB
	0.29s
	0.24s
	0.45s

	154 dB
	0.09s
	0.08s
	0.09s

	144 dB
	0.08s
	0.08s
	0.08s


Table 5. Average latency for non-initial network synchronization in the two-interferer scenario

	Coupling loss
	Average time for cell search T1 
	Time for FIIS detection (<5% error probability) T2
	Time in total T1+T2-0.08s

	164 dB
	0.47s
	0.40s
	0.79s

	154 dB
	0.21s
	0.24s
	0.37s

	144 dB
	0.16s
	0.24s
	0.32s


3 Conclusions
In this contribution, the performance of network synchronization (cell search + FIIS detection) is evaluated. The simulation results demonstrate that the NB M2M design is robust and efficient even in the case of the target coverage extension (164 dB coupling loss). 
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