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Abstract: Conventional geolocation techniques include the time of arrival (TOA), the time
difference of arrival (TDOA), the angle of arrival (AOA), the received signal strength (RSS) , the
fingerprint positioning based methods and etc. Among these location techniques, a method based on
RSS has attracted much attention because of its low complexity and cost of devices. Based on
channel model obtained from measurements, the positioning accuracy of RSS location method is
affected by the frequency. Thus, analysis of the impact of frequency uncertainty is a very important
issue for mobile location. Although many performance analyses have been addressed for RSS
location method, the impact of frequency uncertainty on positioning accuracy for RSS has not been
studied in the literature to the best of our knowledge. In this paper, theoretical analysis and
simulations are both provided for analyzing the impact of frequency uncertainty on positioning
accuracy.

l. Introduction

Location information is valuable to a myriad of applications of wireless networks [1]. Several
geolocation techniques have been used to estimate mobile station (MS) position including the
time-of-arrival (TOA), the time-difference-of-arrival (TDOA), the angle-of-arrival (AOA), the
received signal strength (RSS) based methods or hybrid location methods. Among these location
techniques, a method based on RSS has attracted much attention because of its low complexity and
cost of devices [2,3]. Various RSS based location algorithms and their Cramer-Rao lower bounds
(CRLBs) were addressed in the literature. Unfortunately, those studies [2,3] don’t consider the
frequency uncertainty in a practical system. For real wireless channel, Doppler shift and estimation
errors will result in the uncertainty of carrier frequency estimation. WINNER Il model is a famous
channel model which is built on measurements. It is shown that RSS measurements depend on the
estimate of frequency. This implies that the positioning accuracy of RSS location method may be
affected by the frequency. Thus, analysis of frequency uncertainty is a very important issue for RSS
location technique.

In this paper, theoretical analysis and simulations are both provided for analyzing the impact of
frequency uncertainty on positioning accuracy which have not been studied in the literature. It is
well known that CRLB provides a benchmark to evaluate the performance of any unbiased
estimator and determines the physical impossibility of the variance of an unbiased estimator being
less than the bound [4]. This paper evaluates the effects of frequency uncertainty on mobile location
in terms of CRLB. Firstly, two CRLBs based WINNER 11 channel will be derived for the cases with
perfect or imperfect frequency estimation. Then the relationship between the proposed CRLBs is
given in the paper. Theoretical analysis and simulations show that the effects of the frequency
uncertainty on performance of location estimation would be negligible.

1. WINNER 11 path loss model

The basic WINNER 11 path loss model [5] is briefly introduced in this section. The path loss
model is typically in the form of (1), where d is the distance between the transmitter and the

receiver in [m], f_ isthe carrier frequency in [GHz], the fitting parameter A includes the path-loss
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exponent (PLE), parameter B is the intercept, parameter C describes the path loss frequency
dependence, and X is an optional, environment-specific term (e.g., wall attenuation in the A1 NLOS
scenario).

Ig/%Aloglod[m]+B+Clogm%+x+n 1)

where n is the measurement error caused by shadow fading, and it is subject to zero mean
Gaussian distribution with variance ok

I1l.  Performance Analysis

It is well known that the CRLB sets a lower limit for the variance or covariance matrix of any
unbiased estimate of unknown parameters [2]. This paper evaluates the effects of frequency
uncertainty on mobile location in terms of CRLB. Two CRLBs based WINNER Il channel are
derived for the cases with perfect or imperfect frequency estimation. Then the relationship between
the proposed CRLBs is given in the paper.

Assuming that (x,y) is the position of a MS and (x,y,) isthe position of the j thBSina

N-BSs system. Denote the measurement with noise of {*} as {9’}’ The true distance d, between BS
i and MS can be modelled as g2 = (x, —x)2 +(y, - y)z.

Let P= [I%’O L F—%’]T be a vector of path loss measurements and 0 is an unknown parameter
vector. The CRLB matrix is defined as the inverse of the Fisher information matrix (FIM) J:

((ojiea] -] L0 0] ] ®

where O is an estimate of 0, f(P,0) isjoint probability density function (PDF) of P and 6.

From (1), the probability density function (PDF) of the j th |9|" can be written as:

f(P: exp[ZOl_z (r%’lAloglod—B—Clogm(%}—xj ] ©)

dB

A. CRLB for the case without uncertainty
For the case without uncertainty in the frequency estimate, the unknown parameter vector 0

becomes @ =[x y] . Substituting (3) intoln f(P,8) , gives:

|nf(P,e)=ZN:|nf(r9i’<) @)

Substituting(4)into (2), gives:

) E[aln f (P,B)(aln f(P,e)”_ HOH!

00 00
where
A ad, L A od,
d,In10 ox d, In10 ox _ ) ) od;, X=X
W=l A ad, A ad, ’led'ag{[ads L %]}’ x  d, ©)

— L
d,In10 oy d, In10 oy
The CRLB can be derived as CRLB, = J;*-
B. CRLB for the case with uncertainty
It should be noted that Doppler shift and estimation errors will result in the uncertainty of carrier
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frequency estimation in a real situation. We model this uncertainty as a Gaussian random process
based on the law of large numbers. For the case with uncertainty in the frequency estimate, the

. N . .
unknown parameter vector 6 becomes Bz[x y fC]T.Assumlng that ‘Qc( is an estimate of fc,

the PDF of ‘% can be written as:

(89 Tos| 281 ®

According to the Bayes theorem, we have:

f(P,0)=f(P|0)f(0) (7)
Substituting (3)and (6) into (7), gives:
J, = HzQilH; +Q, (8)
where
Hl
H=|_c | | Q, =diag{[0 0 N/o? ]} 9)
f In10 ™"

The CRLB can be derived as CRLB, =[J;'] _

C. Performance comparison
This subsection compares the performance between the above two cases through theoretical
analysis. it can be derived that

CRLB, =[J;'] =3, =H.Q;'(1-K1 ) H] (10)
where

(c/(f,In10))’ 1

c YN N c Y (11)
oo —+—| N[1+ JjB/(Gf )
f In10 | o2 oy */\ f,In10

It can be seen from WINNER Il channel [5] that
O-dBC(:LIO)’ C>20> fc: (2,6)’ N"'(B,?)
o is the fluctuation of frequency caused by Doppler shift and estimation error, oy is less

than 1 MHz generally. Thus &, <1e6/1e9=10"°. Substituting these parameters into (11), gives:

K ~107°||KLn| = 1 (12)
Substituting (12) into (10), gives:
CRLB, =H,Q;"(1-K1,,, )H; » H,Q;'IH] =H,Q;"H; =J;' =CRLB, (13)

Equation (13) shows that the effects of the frequency uncertainty on the positioning accuracy
can be negligible in a real situation.

V. Simulation Results

According to WINNER I channel model, the simulation parameters are set to be A=36.8,
B=43.8, C=20, X=0, d=100 m, f =2 GHz. Frequency uncertainty caused by Doppler shift and

frequency estimation error is assumed to be zero-mean Gaussian process with variance o, =10

in the units of GHz. The simulations are based on the cells of 2000m of diameter. The coordinates
of four BSs are BS; (0,0)m being the serving BS, BS, (1732,1000)m, BS3 (0,2000)m, and BS,4
(-1732,1000)m. The position of MS is uniformly distributed in the square space
~1000< x, y <1000M- The RMSEs and CRLBs are used to evaluate the impact of frequency
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change for positioning accuracy.
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Fig.1. RMSEs comparisons using LS method Fig.2.CRLBs comparisons

The simulations are performed to evaluate the impact of frequency uncertainty on positioning
accuracy by RMSEs and CRLBs. From the above figures, it can be seen that RMSEs and CRLBs
increase as the standard deviation of power estimation increase. It is observed from this simulation
that RMSEs and CRLBs are the same in the two cases. In the other word, experimental results
indicate that frequency uncertainty affects positioning accuracy so small that we can ignore it.

V. Conclusions

RSS based location method has attracted much attention because of its low complexity and cost
of devices. Although many performance analysis have been addressed for RSS location method, the
impact of frequency uncertainty on positioning accuracy for RSS has not been studied in the
literature to the best of our knowledge. In this paper, theoretical analysis and simulations are both
provided for analyzing the impact of frequency uncertainty on positioning accuracy. This paper
evaluates the effects of frequency uncertainty on mobile location in terms of CRLB. Two CRLBs
based WINNER II channel are derived for the cases with perfect or imperfect frequency estimation.
Theoretical analysis and simulations show that the effects of the frequency uncertainty on
performance of location estimation would be negligible.
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