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pCR 45.820 NB M2M- Network Synchronization Performance Evaluation
1 Introduction

This document provides the text proposal on network synchronization performance evaluation for the NB M2M system. Detailed discussions and analysis on the proposed changes can be found in [1].
2 Proposed text for the TR
	First Change


7. 
Physical layer aspects and radio access protocols for clean slate concepts
[details omitted]
7.1.6
Concept evaluation

7.1.6.1
Coverage evaluation

7.1.6.1.1
Network synchronization
The network synchronization procedure consists of cell search and frame index acquisition. The cell search procedure is described in subclause 7.1.2.2.1, and is implemented based on the PSS and SSS sequences which are defined in subclause 7.1.2.1.2.4 and subclause 7.1.2.1.2.5. The frame index acquisition is implemented based on the FIIS sequence which is defined in subclause 7.1.2.1.2.6. The network synchronization performance is evaluated according to the methodology specified in subclause 5.6 and the simulation assumptions in Annex C. 
7.1.6.1.1.1
Simulation settings
Two typical scenarios are evaluated by simulations: single-cell scenario and multi-cell scenario. In the single-cell scenario, only one active cell can potentially become the serving cell whereas in the multi-cell scenario, two or three active cells which are adjacent to each other are assumed and each cell is a candidate to be the serving cell. 
Both the inter-cell co-channel interference and the intra-cell adjacent channel interference are considered in the multi-cell scenario. Only intra-cell adjacent channel interference is included in the simulation for the single-cell scenario.
In the multi-cell scenario, the MS is located exactly at the intersection of three cells which approximates the worst case, with the assumption that the downlink transmit power and the large-scale fading are the same for all cells. However, different small-scale channels are applied to the signals from the different cells. 
 For simplification, no wrap-around interference is considered. Three levels of coverage enhancement are simulated, corresponding to coupling loss values of 164 dB, 154 dB and 144 dB. 
The detailed simulation parameters are shown in Table 7.1.6.1-1.
Table 7.1.6.1-1. Simulation parameters
	Parameter
	Value

	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 initial carrier frequency offset for initial cell search

	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


7.1.6.1.1.2
Initial cell search performance
The initial cell search procedure is used when the MS has not previously connected to the network, or has not connected for a very long period (longer than a typical DRX cycle) and therefore has no useful prior information of frequency error between the network and the device. 
The simulation results for the detection performance for the three different coupling loss values are shown in the three plots in Figure 7.1.6.1-1. A successful detection is defined by the correlation exceeding a 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 exceeded. . 
It can be seen that the single cell scenario is the limited scenario for the cell detection performance for all levels of coverage. It can also be seen that for the target coverage case (i.e. 164 dB coupling loss) the design can achieve a 90th percentile time to successful detection of about 1.44s, or 99th percentile time to successful detection of about 2.32s. In the better coverage cases, i.e. 154 dB and 144 dB coupling loss, the design achieves a 99th percentile time to successful detection of 640ms and 240ms, 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 7.1.6.1-1. Performance of signal detection for initial cell search
In the three plots in Figure 7.1.6.1-2, the symbol timing estimation performance is shown for the 164 dB, 154 dB and 144 dB coupling losses. The timing error result from 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 that the probabilities of the residual timing error being within the range of [-1/8 symbol, 1/8 symbol] are all larger than 97% 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 7.1.6.1-2. Performance of symbol timing estimation for initial cell search
The simulation results in Figure 7.1.6.1-3 show the precise CFO estimation performance using SSS, following the initial 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 7.1.6.1-3. Performance of CFO estimation based on SSS for initial cell search
7.1.6.1.1.3
Cell non-initial search / re-confirmation performance
The cell non-initial search / re-confirmation procedure is typically used to rebuild the connection or upon wake-up after a long DRX where the MS loses its time synchronization and/or frequency synchronization. In this case, the MS 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). 
The adjacent channel interference is not taken into account. The adjacent channel interference is unlikely to have a significant impact on the non-initial cell search performance due to the much smaller frequency offset (i.e. +/-2ppm) and the single carrier modulation used for PBSCH. The single-cell scenario (i.e. the noise-only scenario without ACI) and the multi-cell scenario are evaluated.

In Figure 7.1.6.1-4, the time synchronization performance is shown. It can be seen that the timing error is less than 1/8th symbol in more than 95% of cases for the target 164 dB coupling loss. For the other coverage cases, the same level of symbol timing error can be achieved with higher probability.
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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 7.1.6.1-4.  Performance of symbol timing for cell non-initial search
The latency performance for the cell non-initial search / re-confirmation procedure in the PSS phase is shown in Figure 7.1.6.1-5 for the three coupling losses. It can be seen that the time required 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 7.1.6.1-5. PSS detection latency for cell non-initial search
The precise CFO estimation performance based on SSS for the cell non-initial search / re-confirmation is shown in Figure 7.1.6.1-6. It can be seen that the CFO estimation error can be reduced to less than 45Hz using a single SSS frame with greater 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 7.1.6.1-6. Performance of CFO estimation based on SSS for cell non-initial search
7.1.6.1.1.4
FIIS detection performance
The error probability versus SNR performance of single-frame FIIS detection is illustrated in Figure 7.1.6.1-7. It can be seen that in high SNR environments (e.g. 6.4 dB SNR and 16.4 dB SNR, corresponding to 154 dB and 144 dB coupling losses, respectively), the FIIS can be correctly detected in a single frame with greater than 99% confidence in the noise-only scenario.
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Figure 7.1.6.1-7. Performance of FIIS detection using a single frame 
In Figure 7.1.6.1-8, the frame index acquisition performance utilising two-frame and three-frame joint decision algorithms is shown, at the SNR corresponding to 164 dB coupling loss. It can be seen that as more frames are used 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 greater 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 7.1.6.1-8. FIIS performance for 164 dB coupling loss 
 Figure 7.1.6.1-9 and Figure 7.1.6.1-10 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 greater than 95% confidence by applying the 2-frame joint decision algorithm.  
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Figure 7.1.6.1-9. FIIS performance for 154 dB coupling loss 
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Figure 7.1.6.1-10. FIIS performance for 144 dB coupling loss 
7.1.6.1.1.5
Latency performance for network synchronization
Table 7.1.6.1-2 and Table 7.1.6.1-3 show the average network synchronization latency for initial cell search in the single-cell scenario and multi-cell scenario, respectively. The calculation of the total latency shown in the final column of each table includes an adjustment by 0.08 secs which allows for the FIIS detection starting in the same 80ms frame as the final frame used for cell search, since the PSS/SSS precedes the FIIS in each frame. 
Table 7.1.6.1-2. Average latency for initial network synchronization in the single-cell scenario
	Coupling loss
	Average time for cell search T1
	Time for FIIS detection 
(<5% error probability) T2
	Total time 
T1+T2-0.08s

	164 dB
	0.69s
	0.24s
	0.85s

	154 dB
	0.15s
	

0.08s
	0.15s

	144 dB
	0.10s
	0.08s
	0.10s


Table 7.1.6.1-3. Average latency for initial network synchronization in the multi-cell scenario

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

	164 dB
	0.xxs
	0.40s
	0.xxs

	154 dB
	0.xxs
	0.24s
	0.xxs

	144 dB
	0.xxs
	0.24s
	0.xxs


Table 7.1.6.1-4 and Table 7.1.6.1-5 show the average non-initial network synchronization latency in the single-cell scenario and the multi-cell scenario, respectively. 

Table 7.1.6.1-4. Average latency for non-initial network synchronization in the single-cell scenario
	Coupling loss
	Average time for cell search T1
	Time for FIIS detection 
(<5% error probability) T2
	Total time
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 7.1.6.1-5. Average latency for non-initial network synchronization in the multi-cell scenario

	Coupling loss
	Average time for cell search T1 
	Time for FIIS detection 
(<5% error probability) T2
	Total time
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


	End of Changes
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