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Abstract— Precise estimation of spatial spectrum holes isf o
great importance in future cognitive radio (CR) netvorks. This
information can help the secondary users to employhe spatial
resources more efficiently and limit the interfereme to the
primary users to the admissible level. In order tomeasure the
performance of a location and power estimation algithm,
obtaining the statistical characteristics of estimgon error is of
great importance. In this paper, the performance ofRSS-WLS
approach which is an important linear position and power
estimation algorithm in cognitive radio systems habeen analyzed
by obtaining the closed form expression for mean ahcovariance
of its estimation error.

Index Terms— cognitive radio; simultaneous location and
power estimation; received signal strength (RSS); eighted least
square (WLS)

. INTRODUCTION

In recent years, low efficient use of licensed lsapllis an
increasing demand of radio bandwidth has encourabed
researchers to devise a mechanism to allocate ade r
bandwidth in a more efficient way. This effort hkesl to
creation of the idea of CR networks. A CR seconahetyvork
tries to coexist with a primary network. The prigmaretwork
is a network that owns a licensed radio band aedg¢tondary

of the need of synchronization between primary sewbndary
networks, time-based algorithms like Time Of Arti¢aOA)
algorithm cannot be used in the CR case [3]. Hameeng all
of the common power and position estimation algang only
a few algorithms, like Received Signal Strength $R&nd
Angle Of Arrival (AOA), can be used practically the CR
networks because of the lack of primary users’rimfation in
the secondary network. To estimate the positicth@fprimary
user, AOA algorithm uses the angle of arrival & firimary
user’s signal at each of the secondary users’ verziwhile
RSS algorithm measures the received power of timaapy
user’s signal at the secondary users’ receivers.

There have not been a lot of works in the field of
simultaneous estimation of position and power esfigcn
CR networks. In [1], a linear AOA algorithm basedl loeast
Square (LS) method is introduced and its statistica
characteristics are analyzed. In [2], a linear Rfgrithm
based on Weighted Least Square (WLS) method isdotred
and analyzed which is called RSS-WLS. In WLS as a
generalization of LS method, the matrix of coeffits is
multiplied by a weighting matrix to let the systesh linear
equations be solved using LS method. In [3, 6atial holes
estimation algorithm is proposed based on RSS-WLS
algorithm which can estimate primary users’ powersl
positions. This algorithm rearranges RSS-WLS athorito

network is a network which wants to use the samedbaadd the capability of estimating the power of thiengry user

without causing any harmful interference to themany
network.

Position and power information of primary netwarkers
can help secondary users to reduce interferentetprimary
network by efficient utilization of this informatio in
beamforming and power control algorithms. To chodse
best estimator when implementing the cognitive esystor to
utilize the hybrid estimators, the error of eactsippon and
power estimation as a performance measure, shoeld
analyzed to define the confidence intervals anddaethe best
estimator.

In this paper it is assumed that there is no cadjmer or
known signaling between secondary and primary u#ssa
result, algorithms which need cooperation betwesmary
and secondary networks cannot be used. For exabgtause

in a CR network setup. Although [3,6] propose arSR®LS
based simultaneous location and power estimatigari#hm
for cognitive radio setup, but it does not obtaity exact or
approximate performance analysis for the estimatioor.

In this paper, the closed form mean and covariasice
estimation error of RSS-WLS positioning algorithmthe CR
network setup is obtained which can help a raditwouk
designer to use more statistical information ingian.

Il. OURWORK

At each secondary user, the received signal stieirggt
formulated by the following propagation model

RSS:KST—a+n 1)

Where d is the distance between the primary user and the
secondary user angr is the transmission power of primary



user which due to lack of cooperation between prmand 2
secondary networks, is assumed unknown. ind1$, the path 2%, 2y Ky |
loss exponentn is the RSS measurement error which can be ' ' RSS
generated by channel noise or any other randominbettons X =| : : : _ (5)
to the measurement system and is assumed suflicemnall
compared to the received signal power ahds all other K
factors that affect the received signal power iditig the 2Xy 2y {R—Mj
antennas gain and height and the signal carriquénecy. L S Imx3

Let the real position of the primary user bey] and the Applying the above auxiliary variables definitiam {4), the
coordinate of thdth secondary user be;| v; ], i=1,2,..,.M, error of equationsj (i.e. difference of the sides of equations in
whereM is the total number of the secondary receiversusethe noisy channel), can be obtained versus auxiliariables
The distance between the primary user andittheecondary gas

user,d;, can be calculated by the following equation: 5,
2
d =\/(Xi -x) +(y, -y)’ i =1,2,..M () o8=| i [2A0-b=2xx +2yy +(RKSi ¥ P-R % -y ©
By Combining equations (1) and (2), and neglecting Oy 3
received noise power, the following equation isaiixd: = XXx-1, X"Sx-b
2xX, +2yy, +( Ki )f PR x?¥2,i =12,M 3) [4]The square error function in the WLS method iscdieWs

RSSI
JO)= (AB-b)" W(AB-b) @)

where W is the weighting matrix. Denoting the covariance

matrix of §, by ¥, it is shown in [4] that the optimal weighting

where R, =x?+y? andP = (P, )?® are auxiliary variables to
linearize our model. The matrix form of (3) canvétten as:

AB=b ) matrix which minimizeJ©) is
where, .
- 2 - - o e O T
2, 2y, (K/RSS)s -1 cay? W=wyl=C} .—E[Sﬁ ] | |
) 1)1 where covariance of equations errobs,is affected by the
A=| 2% 2, (K,/RSS,)e -1 b= X;+Y; factors like error of path loss exponent estimat&itradowing
: : : S : factor and the input noise. By substituting theebfrmula
2 x2 +y2 for W and (6) into (7), the square error function isaiietd as:
2%y 2w (Ky /RSS,)a -1 JK)=(X X -1, X"Sx-b) ¥ (X x-1,, X" Sx-b) 8)
and 0=[x,y,P,R,T" . It is shown in [5] that bias and covariance of aagal
Equation (4) is a system of linear equations inrindorm  Optimization problem
where A is the coefficients matrig, is the column vector of X =argminJk ) 9)
variables, and is the column vector of solutions. Although X
path loss exponent is naturally an unknown varjabléan be approximated as
depending on the chosen system model, it is coreddi® be 2360 _TaJ
known based on a predefined table. For examplelogn b'aS(X)D_E{aXa)((T)} E[ 65( )} (10)

distance system model for urban area cellular radivalue is
set to 3. As a result, path loss exponent is nkertaas an _ {az\l(x)]1 [(a JQ()}[& JK )]T} {02 JK )r

. : : C_=E E E|l——/ (11)
unknown variable in this paper. In presence of R&S X oxox" X X oxox"
measurement error, variable vector,in (4) can be obtained
using WLS method, which the details are discussdd,B]. In
brief, in WLS method the weighted squared error doe
inequality of both sides of (4) is minimized.

Since variableR, is dependent tox|y], the following
auxiliary matrices are defined to separate the mranables
from the dependent variabl® and also reformulate (4) to the
following vector form.

where JX) is a continuous function of

The approximations in (10) and (11) are foff®iently
small noise power variances, means the variancerrof of
RSS measurements is small enough which is considerthis
work. To derive the final relation for (10) and jlihe
following relation needs to be computed for each thod
expected value term used in (10) and (11).

Taking the derivative of (8) with respectxdeads to

100 93X) .
S=S'=/0 1 0|= R =X +§ =X Sx o =201, X (S +97 ¥ (Xgx-1, X Sx-b) b
000 25 (12)

=2 (X, -21, X SJ ¥ (Xgx-1,, X" Sx-b)

X =[x PT, 1é1 1Tx’
ey PR L=l b Hence the expected value of (12) is as follows.



E{%} =2 (X -21, X S P*E[3]=0
X
Now using (12), the second expected value in (41) i

0IX)\(9IK)Y | _ e T
E[(WJ(WJ }““XB' AT 2 (19

To compute the first matrix term in (11), it needsbe
partitioned to 3 column vectors as follows.

E[a J(X)}=[91 9 0

(13)

15
oxox" (15)

Where

2| 90|, 29 (WX))| 4 ag| 9 (N
gl_EL’X( o ﬂ,gz EL’Y[ ox H’gs E{ap( ox H

Finally, by substituting (14) and (22) into (11het3 by 3
covariance matrix of estimation error is obtained a

C, = ((xB -21, ') w(X, -21, sz))'l

where the first two rows and columns @f consist of
covariance matrix of positioning error, while tlestl diagonal
element is the covariance of power estimation eriy

substituting (13) and (22) into (10), the bias stiraation error
is obtained as:

0% J(x)
axox"

By the above, it can be concluded that RSS-WLSralgn
is an unbiased location and power estimation algori It

(23)

biask )= —E{ } (2(X-21, x"SY¥'E[5]) = ( (24)

Using(12), g, can be decomposed into two additive termghould be noted that since WLS is a generalizatibr.S

as follows

=E +E, (16)

1
where,

E =E (2 %[(XB -21, X'SY W (Xgx-1, XTSX-b)j
=2 aix[(xB -21, X'S] |¥'E [ (Xgx-1,, X"Sx-b)| (17)

d :
=2 a—X[(xB -21, X'S] |¥'E[8] = 0,

- T -1 a T
=, _E(z(xs-le XS] ¥ a—x[(xBx-1Mx Sx-b)}j

=2 (Xgz-21, X' Sy ¥'E {ai [(XBx-lM X Sx- b)” (18)
X -

X +y2
=2(Xy-2L, XS ¥* (X, [1 0 qd"-21,x)

By substituting (17) and (18) into (169, is as follows
g, = 2 (X, - 21, x‘fsj\lrl(xB 1o d —21Mx)

In a similar way used to obtain the above expreskiog, ,

(19)

the following relations forg, and g, can be obtained as
gzzz(xs-leszw‘l(xB[o 1 qT—zMy) (20)

g, =2 (X, -21, xTS)T\P'l(xB[o 0 :I]T) @1)

By substituting (19), (20) and 1) into (15), tbepected
value of the second derivative of (8) with resptrtX is
obtained as:

azJ@) _ } T oV -l
E|:aXaXT:|—2(XB 21, xSy Y.

100
Xg|0 1 0f-(2L, x+2,y)
001 (22)

=2 (Xg-21, X' S ¥ (X, - 21, X'S)

method, the error statistics of RSS-LS method far $ame
scenario can be obtained by substituting the wigighhatrix
W with the identity matrix in (23) and (24).

I1l. CONCLUSION

RSS-WLS algorithm can be used to simultaneouslynast
location and power of the primary user in cognitiaglio
system. Through this paper, the closed form exfmeder the
bias and covariance of estimation error of the tiooaand
power estimation of the primary user by RSS-WLSatgm
has been computed where negligible error in meagtie
received signal power is assumed as a practicabajppation
to RSS-based measurements to let our analysisimtasta
closed form formulation.
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