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Abstract : Non-line-of-sight (NLOS) propagation is one of the challenges in radio positioning. 

Distinguishing the transmission status of the communication as line-of-sight (LOS) or NLOS is of 

great importance for the wireless communication systems. This paper focuses on the 

identification of NLOS based on time-of-arrival (TOA) distance estimates and the received signal 

strength (RSS) measurements. We set a path loss threshold based on the joint TOA and RSS 

based NLOS detection method to determine LOS or NLOS. Simulation results show that the 

proposed method ensures the correct of detection for the LOS condition and can improve the 

NLOS identification for the weak noise and long distance.
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I. Introduction

The non-line-of-sight (NLOS) propagation 

generates in the condition that the direct path 

from the mobile station (MS) to the base 

station (BS) is blocked by buildings and other 

obstacles, and the electromagnetic wave is 

affected by reflection, refraction and scattering 

before it approaches the MS. Compared to the 

line-of-sight (LOS), the NLOS effect can be 

considered as an extra distance and time in 

the time-of-arrival (TOA), an extra path loss 

in the received-signal-strength (RSS), and an 

angle-of-arrival (AOA) bias in the AOA. 

Therefore, the NLOS mitigation positioning 

algorithms include the filtering based methods 

[1-2], the constrained optimization techniques 

the error statistics and pattern matching based 

methods [3-4]. Another way to deal with the 

NLOS propagation is to identify the NLOS 

conditions f.irst and then to eliminate the 

corrupted NLOS measurements[5-7].

In this paper, we propose an identification 

method with is based on the joint TOA and 

RSS based NLOS detection method (JTR) in 

[7]. Through the path loss of signal is 

correspondingly small in the LOS condition and 

large in the NLOS condition, JTR jointly used 

RSS and TOA measurements to set a threshold 

to determine LOS/NLOS by constraining the 

probability of false alarm (PFA) of LOS 

condition. Although the use of PFA in JTR 

could ensure the accuracy for LOS 

identification, but also increased the error 

probability for NLOS identification.

In order to effectively identify the condition 

of NLOS, we propose a new method to 

improve the NLOS measurement identification. 

In this paper, we set a new threshold based on 

the 3-sigma rule of Gaussian distribution. If 

the difference of path loss of LOS and NLOS 

condition is small, this threshold setting does 
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not have a high accuracy of NLOS 

identification. Therefore, another threshold is 

set by ignoring the NLOS bias. Considering the 

channel environment, our proposed method 

selects which one to use. Combining with the 

JTR method, the proposed method enhances 

the accuracy of the NLOS identification by 

considering distance bias and noise effect.

The remainder of this paper is organized as 

follows. Section II introduces TOA model and 

RSS model. Section III shows the proposed 

method based on a threshold setting. 

Simulation results are given in section IV. 

Finally, Section V concludes this paper.

Ⅱ. System Model

TOA method estimates the distance by 

determining the propagation time. It is assumed 

that TOA distance measurement is made for 

given range and NLOS bias. Then, the 

identification problem becomes

                     (1)

where,  is the TOA distance estimation,  

is the real distance between MS and BS, 

 ∼
  is the additive white Gaussian 

noise (AWGN) with the variance 
  and  is a 

positive distance bias introduced due to the 

blockage of direct path given by

    LOS condition
   NLOS condition (2)

RSS method uses an empirically developed 

path loss model to determine the propagation 

distance between the MS and BS. In this 

paper, we exploit the Walfisch-Ikegami path 

loss model (WIM). In this model, the path loss 

is computed according to

    log LOS condition
    log NLOS condition

   

where   and   are parameters that 

are dependent on the signal carrier frequency, 

transmitter and receiver antenna heights, 

structure of buildings and roads, and street 

orientation relative to the direct radio path. By 

considering the impact of noise and assuming 

that N times RSS based on the path loss 

measurements, the path loss can be expressed 

as:

 
 log LOS condition

 
 log NLOS condition (4)

where,  ∼
  is the AWGN with 

the variance 
 .

Ⅲ. Identification Based On TOA and RSS 

Measurements

The purpose is to find the threshold to 

identify the NLOS condition by jointly using 

the TOA distance measurements and path loss 

measurements. The question is the combination 

of the TOA measurements and RSS estimates. 

The approach was given in [7]. Let

log log 
  LOScondition

log  NLOScondition  (5)

It can be shown that under the assumption 

of  
 and   

,   and   

can be approximated by Taylor's series :

 ≈




 ≈


 
(6)

Then, replacing the true distance in (5) by 

both the distance estimate and the distance 
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error in (1), and using the approximations in 

(5), the path loss based on the WIM becomes :

 
 log ≈ 

 
 log ≈  (7)

where

  log
  log






   





   





(8)

In (8),   and   are the means of path 

loss under the LOS and NLOS conditions, 

and   have Gaussian distribution. The 

variances of and   are given by


  

 







  

 






(9)

Through (8) and (9), the probability density 

functions under the LOS and NLOS conditions 

are given by

 






 




 






 




(10)

    

When   , we decide that the signal 

is under the LOS condition. Therefore, the 

ideal threshold setting is found as

  

 
        (11)

In (8),  is unknown. For this question, our 

approach is to build two threshold settings: 

threshold setting ignores the distance bias and 

threshold setting based on 3-sigma rule. In 

this paper, one of the two threshold settings is 

selected for the LOS/NLOS identification. The 

two threshold settings and threshold selection 

are described as follows.

For the unknown , if we ignore the 

distance bias,   can be changed as

 log          (12)

Referring to (11), the threshold setting is 

given by

    

 
      (13)

The 3-sigma rule of Gaussian distribution is 

shown as Fig. 1. In Fig. 1, about 86%， 95% 

and 99.7% of the Gaussian distribution are 

within one, two and three standard deviation. 

Through the 3-sigma rule of Gaussian 

distribution, about 99.9% of the Gaussian 

distribution are at the left of plus 3sigma. 

Referring to (8), the threshold setting based on 

the 3-sigma rule is given by

              (14)

Fig. 1.  The 3-sigma rule of gaussian 

distribution. μ is the mean value and σ is the 

root of variance.

 By the comparison of the threshold setting 

ignores the distance bias and the ideal 
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threshold setting, we can know that 

   ≥. In addition, the threshold 

setting based on the 3-sigma rule can provide 

99% accuracy of LOS identification. Therefore, 

the threshold selection of proposed method in 

this paper is as follows

i).    ≠  , the smaller one is 

selected.

ii).      , anyone can be 

selected.

When      , the threshold 

setting based on the 3-sigma rule ensures the 

correct of 99.9% detection for LOS condition, 

the approximate value of error probability is 

0.1%. This error probability is not high and 

can be accepted. It sacrifices the accuracy of 

LOS identification, but it has the more scope 

of NLOS condition to increases the accuracy of 

NLOS identification.

IV. Simulation Results

In this chapter, we make the simulation to 

verify the proposed method by MATLAB. In 

the simulations, we compare the results of 

proposed method and that of JTR. For the 

simulation, the path loss model parameter   

is set to 108.2 at a frequency of 1.9 GHz, and 

  is set to 149.9 based on some typical 

building and road parameters in urban 

environments. Based on the WIM, the testing 

distance is set from 0.2km to 5km, and the 

path loss in LOS condition is set by (4). The 

path loss in NLOS conditions is set at 20% 

larger than that of LOS condition. The variance 

of TOA measurements is set to 30m, and the 

variance of RSS measurements is set to 6dB, 

7dB, 8dB and 9dB.

Fig. 2 is the simulation results of JTR 

method and the proposed method with four 

different variance (     ) in the LOS 

condition. From Fig. 2, we can find that the 

performance of proposed method is similar to 

the performance of JTR. Fig. 3 is the 

simulation results of JTR method and the 

proposed method with four different variance 

(     ) in the NLOS condition. From 

Fig. 3, we can find that the simulation results 

of the proposed method are better than JTR in 

the three small variances (    ), and 

same in the big variance (  ).

The proposed method uses two threshold 

setting: the threshold setting ignores the 

distance bias and the threshold setting based 

on the 3-sigma rule. When the threshold 

setting based on the 3-sigma rule is smaller, 

this threshold setting can increase the scope 

of NLOS identification. Therefore, the proposed 

method can enhance the accuracy of the NLOS 

identification.
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Fig. 2. Error probability of JTR and   

proposed method in the LOS condition.
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Fig. 3. Error probability of JTR and   

proposed method in the NLOS condition.
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Ⅴ. Conclusions

In this paper, the proposed method is based 

on JTR and develop it in the weak noise and 

larger distance. In our proposed method, the 

threshold setting based on the 3-sigma rule 

was used to compare with the threshold 

setting ignores the distance bias, and the 

smaller one was used. Simulation results show 

that the proposed method obtain better 

performance than that of JTR since the more 

scope of NLOS condition and the weak noise 

effect could be achieved.
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