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1. Introduction

As scheduled in [1], works needed to be carried out for BDS in this meeting are “Agree on the analysis work, BDS testing aspects (e.g., sensitivity, nominal accuracy, dynamic range, multi-path scenario, moving scenario and periodic update, etc.). Discuss and reach consensus on at least half of performance requirements, e.g., sensitivity, nominal accuracy, dynamic range. Achieve some agreements on the draft CR proposals.” Based on this plan, we provide some initial BDS acquisition detection performance results for coarse time assistance for further study.
2.  Discussion
BDS signal-in-space acquisition relies on several steps, for each searched cell:

1.
Correlation of the input RF signal with the PRN code replica

2.
Coherent integration over of a period 
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3.
Application of an operator aiming at characterizing the amplitude or the power of the coherently integrated signal

4.
Non-coherent summations of M successively coherently integrated portions of signals

So that finally, the overall energy measured for each cell after these successive steps can be compared to a threshold.

This process can be illustrated by the following diagram.
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In order to ease the description, the following assumptions and conventions are used:
· N0 is the noise floor

· B is the IF bandwidth at the ADC input

· fs is the sampling rate

· L stands for the coherent integration losses (assumed here at 2dB)
· P stands for the power of signals.
Then the SNR at the ADC input as:
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I and Q channels noise is considered white Gaussian noise, so that after down-conversion and de-spread at test point a :
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And the magnitude of signals at test point a : 
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Assuming the coherent integration time is 
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 and considering the ADC quantization loss and the correlation integral loss, the signal power at test point b is : 
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The noise energy for I and Q channels as follows respectively:
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Then the SNR at test point b:
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The energy for each coherent integration after the modulo operation is:
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The total energy at test point d after M noncoherent accumulation is:
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Along the discussions, two assumptions are commonly made, and will be referred to as:
· H0 : case where no GNSS signal is present at RF input.
· H1 : case where a GNSS signal is present at RF input.
For H0 case, there is no GNSS signal, so the signal at test point d is centralized chi-square distribution variable ~
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. Then the probability density function model is：
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Then the false alarm probability is:
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where 
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 is the threshold signal-to-noise ratio.
For H1 case, where a GNSS signal plus noise, so the signal at test point d is non-centralized chi-square distribution variable ~
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where s is the mean energy after M noncoherent accumulation: 
[image: image19.wmf]L

A

s

2

=


Therefore the detection probability under threshold
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3. Simulations on acquisition detection in coarse-time- assistance
This test used Monte-Carlo simulation running 1000 times, we simulate the complete signal channel, including intermediate frequency signal generated, ADC sampling, digital down converter, frequency and code phase domain search detection process, etc. The simulation parameters are collected in Table 1.

Table 1: BDS detection performance simulation parameter setups
	　
	BDS B1 – Non GEO
	BDS B1 – GEO
	Units

	
	
	
	

	　
	Coarse-time Assist
	Coarse-time Assist
	　

	RF Front End
	　
	　
	　

	Signal Strength (SS); Acquisition Sensitivity
	-142
	-134
	dBm

	N0
	-175
	-175
	dBm

	T0
	290
	290
	K

	Front End Noise Figure, F
	3
	3
	dB

	Teff
	578.6
	578.6
	K

	ADC Bits
	2
	2
	Bit

	ADC Sampling Loss
	1
	1
	dB

	C/No at IF
	29
	37
	dB-Hz

	IF Bandwidth
	4
	4
	MHz

	Noise Power
	-106
	-106
	dBm

	SNR IF
	-37
	-29
	dB

	Coherent Integration
	　
	　
	　

	Chip rate
	2.046
	2.046
	MHz

	Sample rate
	10
	10
	MHz

	Coherent integration time Tc
	1
	1
	ms

	Coherent Integration loss
	2
	2
	dB

	Noncoherent Integration
	　
	　
	　

	Number of noncoherent sums
	200
	20
	times

	Implementation/handset integration margin
	0
	0
	dB


3.1 Non-GEO satellites results
Figure 1 provides the comparison on theoretical value and Monte-Carlo simulation with 1000 running times to acquisition detection performance for non-GEO satellites at signal power level -142dBm. The solid lines are theoretical curves, and circle represents the simulated results. Coherent integration time is 1ms and non-coherent integration 200 times.
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Fig. 1: Non-GEO satellite acquisition detection performance in coarse-time-assistance
Pma (false alarm probability) vs. Pmd (misdetection probability)
From this figure it can be seen the obtained Monte-Carlo simulation results fit well with the theoretical prediction results.
Fig. 2 presents the detection probability for Non-GEO satellite assuming the false alarm probability less than 10-3 , using the detection strategy of 1ms coherent integration and 200 non-coherent accumulations.
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Fig. 2: The detection probability for Non-GEO satellite assuming the false alarm probability less than 10-3
3.2 GEO satellites results
Figure 2 provides the comparison on theoretical value and Monte-Carlo simulation with 1000 running times to acquisition detection performance for GEO satellites at signal power level -134dBm. Coherent integration time is 1ms and non-coherent integration 20 times.
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Fig. 3: GEO satellite acquisition detection performance in coarse-time-assistance
Pma(false alarm probability) vs. Pmd (misdetection probability) 
Fig. 4 presents the detection probability for GEO satellite assuming the false alarm probability less than 10-3, using the detection strategy of 1ms coherent integration and 20 non-coherent accumulations.
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Fig.4: The detection probability for GEO satellite assuming the false alarm probability less than 10-3
We have some further study for the GEO satellite, that it still can achieve -142dBm acquisition sensitivity if non-coherent integration 200 times, but because of the GEO satellite navigation message length is 2ms, that is the tracking circuit coherent integration time will be up to 2ms, making the sensitivity of tracking up to -139dB using the conventional three-order PLL and without GNSS--DataBitAssistance information in the current simulation assumptions, so in the sensitivity test case for GEO satellites, the signal level is better not less than -139dBm.
Taking into account the specific implementation of receiver and accounting for reasonable margins, it is therefore recommended that:

1. In the sensitivity test case with coarse timing assistance, the strong BDS GEO signal level is -134 dBm and the other BDS GEO signals level is -137dBm
2. In the sensitivity test case with coarse timing assistance, the strong BDS non-GEO signal level is -142 dBm and the other BDS non-GEO signals level is -147dBm
As developed in the above sections, it is highlighted that these sensitivity levels are proposed accounting for reasonable margins, and that better performance could actually be achieved in practice.
4 Conclusions
In this paper, we provide some initial BDS acquisition detection performance results for coarse time assistance for further study.
Taking into account the specific implementation of receiver and accounting for reasonable margins, it is therefore recommended that:

1. In the sensitivity test case with coarse timing assistance, the strong BDS GEO signal level is -134 dBm and the other BDS GEO signals level is -137dBm
2. In the sensitivity test case with coarse timing assistance, the strong BDS non-GEO signal level is -142 dBm and the other BDS non-GEO signals level is -147dBm
As developed in the above sections, it is highlighted that these sensitivity levels are proposed accounting for reasonable margins, and that better performance could actually be achieved in practice.
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