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_Abstract—This paper presents a derivation of the probability Our model differs from existing work in the sense that the
distribution function (pdf) of the aggregate interference in a no-talk region has an irregular shape in the presence of the
secondary access network where multiple secondary usersuse fading. We obtain the pdf of interference from an arbitrary

interference to a single primary user. The derivation condiers d Th loit th lants of the pdf t
a practical interference protection mechanism that the trans- secondary user. 1hen, we exploit the cumulants of the par 1o

mission of each secondary user is regulated by an interferee approximate the distribution of the aggregate interfeeeiitie

threshold. Analytic pdf of the interference from a seconday user derived pdf is compared with Monte Carlo simulation.

is obtained. Then, the distribution of the aggregate intererence  The paper is organized as follows: In Section Il, the system

is approximated based on its cumulants. The derived pdf shosv  y54e] is explained. The pdf of the aggregate interference is

a good agreement with Monte Carlo simulation. . . . . - . .
derived in Section 1ll. The comparison with the simulation

Index Terms—Aggregate interference, secondary spectrum ac- results are provided in Section IV. Finally, conclusions ar
Cess, interference protectlon. draWn in SeCtion \Vj

|. INTRODUCTION Il. SYSTEM MODEL

Radio spectrum has become a scarce resource with thé\ circle of radiusR is assumed where a primary receiver is
increasing demand for wireless services. On the other hafatated at its origin. We consider a moment wiémniformly
actual measurement results suggest that the spectrumiiy podistributed secondary users in the circle desire to transmi
utilized under the current regime of static spectrum aliora We assume that each secondary transmitter can accurately
This brought a paradigm of secondary spectrum access whastimate the propagation loss to the primary receiver. iBhis
allows secondary users to share the radio resource with gpeasonable assumption when a radar is the primary user. The
mary users provided that the secondary users do not caaseumption also holds when the secondary users are assisted
intrusive interference to the primary users. The protectb by a beacon signal from the primary receiver.
the primary users is a key requirement of the secondary scces We consider a distributed interference protection mech-
In a situation where multiple secondary users interferé ait anism: an interference thresholf},, is applied to each
primary user at the same time, the accurate characterizatigcondary user so that its transmission is prohibited if it
of the aggregate interference is of crucial importance fier twill generate interference higher thdp,,. The DFS scheme
implementation of the secondary access. employed by WLAN devices in 5GHz radar spectrum [4] can

The probability distribution of the aggregate interferety be regarded as a practical implementation of our model.
multiple secondary users has recently been investigafed [1 Letus consider an arbitrary secondary useose distance
[3]. The most popular approach is to obtain the characieristrom the primary user is denoted by a random variable (RV)
function of the aggregate interference in a Poisson fielahof ir; with the following pdf:
dependent interferers. Cumulants (or moments) are emgloye y
to approximate the probability density function (pdf) okth Fri(y) = 32> 0<y <R 1)

aggregate interference. To avoid detrimental interfezeian e define¢; as the interference that the primary user would

exclusion (no-talk) region is introduced which is a disk Ofeceive from the usef if it were to transmit. There; is given
a fixed radius where secondary users are prevented fr%? ' J

transmitting.

In this paper, we derive the pdf of_the aggreggte m_terfeafenc ¢ = GP,L(r))X; )
when propagation loss to the primary receiver is known
to secondary users. We employ a distributed interferenabere P, denotes the transmit power of the secondary user,
protection mechanism which resembles dynamic frequenay is a RV modeling fading effect, anti(r;) is the distance-
selection (DFS) specified in IEEE 802.11h standard [4]. dependent path loss modeled &&;) = Cr,;~“ whereC' is
secondary user is prohibited from transmission if its irdlial a constant andv is an exponent. The other gains and losses
interference to the primary user exceeds a certain thrdshalre accounted for by.

Let /; be the interference from the usgmwith the interfer-
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Let R?(O) denote the area that the usgis not allowed to
transmit. In the presence of the fadifig?(O) usually forms )
an imegular shape. On the other hand, the exclusion region 0,221 In(2/Q) — 20%, /e
; X e, (2) =Qza 1+ erf , (12)
model [1]-[3] assume®?(O) to be a disk of the radius, /203(_
centered at the origin. The interference under the exatusio ’
0= %\Ilexp [2a§(j /oﬂ] . (12)

region model,[;(r,), is given as where

fja T > To,
Li(ro) =9 7 otherwi (4) . ) ‘ o
, otherwise When I~ is applied to the usef, the transmission is not
The exclusion region model represents a situation that fAlkoWed if & > Iy, This means there will be a portion of
secondary users know the distance from the primary receivefcondary users who have tego transmission power. That
but are ignorant of the propagation loss, e.g. the use of g&grtion is given byl — F¢, (Iy,,), where Fy (-) denotes the
location database. Overall, it can be viewed that the mod&imulative distribution function (CDF) of a RY.. Thus, the

based onl,, andr, portray different levels of knowledge Pdf Of /; is as follows:

about the primary receiver.
primary 1= Fe, (), 2=0,
f]j( ) = ff] (Z)7 0<z< Ith'ra (13)
1. PROBABILITY DISTRIBUTION OF AGGREGATE 0, otherwise
INTERFERENCE
A. Interference from an arbitrary secondary user B. Aggregate interference

We begin with the pdf of¢;. Note that¢; is a function  The aggregate interference frolv secondary users is
of two RVs, r; and X;. Let us introduce a RW; denoting denoted byl,, and given by
GP,L(r;) so that we have; = U; X;. From (1), the pdf of

. A N
Uj is given by I, = ZIJ' (14)
_2 =1
fu,(w) = Tu= "1, Q <u< o, (5) ' |
We employ a cumulant-based approach to approximate the

where pdf of I,. Cumulants have an attractive property that tle
., cumulant of the sum of independent RVs is equal to the sum of
2 1 o the individual:™ cumulants [3]. While Edgeworth expansion
~ R2a (W) ’ ) and shifted log-normal distribution have been proposeder
approximation in the exclusion region model [1], we founaltth
Q =GPL(R). (7)  a simple log-normal distribution well describés under the
nsidered interference protection.

As for the fading effect, we consider shadow fading such th&?
9 9 Let x4(7) be thei™ cumulant of7,. Then,

X follows a log-normal distribution. By denoting the stardiar
deviation of the shadowing by¢” in dB scale, we have

N
Ka(l) = Z K1), (15)
1 —(Inz)? 5=t
() = ,0<z<oo, (8 , . .
Ix; (@) z\[2m0% P l 20%, ] r<oe (8 where «;(i) is the i cumulant of I; which can be easily
’ computed from (13). By using the first two cumulantsif
whereoy, = 0?8 1n(10)/10. the pdf of I, is approximated by the following log-normal

We assume the shadow fading does not depend on hgtribution:
location of the secondary user, i.E; andU; are independent

2
of each other. Then, the pdf @f can be expressed by the fr.(z) = 1 exp [_(lnz _2 fi1.) } (16)
following formula [5]: 2y/2m02. 207,
1 V4 2 .
fe,(2) = /—ij () fu, (_) de. 9 where_ the pargme.terma and o7, are obtained from the
|| following equations:
The range ofr is obtained from (5). Thus, we have )
ka(1) = exp [ur, + 07, /2], (17)
#/Q v —(Inz)?| /2 =1 kaq(2) = (exp [07 ] — 1) exp [2u1, + 07.] . (18)
o= | e | | (5) T
0 x2y[2mox X; If there are large number of secondary users, central lheibt

(10) rem (CLT) can also be applied such thatis approximated by
With a few mathematical manipulations, (10) can be simplifiea Gaussian distribution with the mean and variance gdfl )
by using the Gaussian error function: andk,(2), respectively.
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IV. NUMERICAL RESULT

We consider a reference scenario that mobile devices share
radar spectrum in 5.6 GHz. The following parameters are
chosen from [6]:R = 50 km, P, = 20 dBm, 04 = 8 dB, and
Iip = —109 dBm. We also employ the radar antenna gain of
40 dBi and on-tune rejection of 7 dB far. WINNER D1
model [7] is used forL(r;).

Fig. 1 shows the CDF of; and I;. It is observed that
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about 27% of secondary users are not allowed to transmit due :::gl—usion region

to the I, threshold. Thus/; has a truncated distribution of moce! 055

¢;. Also, note thatfy, (Iy,,) = 1. o / / | | T e
In Fig. 2, the CDF of,, is compared with the Monte Carlo 78 7795 779 7785 778 7775 777

aggregate interference [dBm]

simulation when the secondary users are sparsely distdbut

Both the log-normal and Gaussian approximations give goéd. 3. CDF ofI, with N = 7854 (1 user/kn?); r, = 42.1 km

matches with the simulation result, while the log-normal

approximation provides better performance in the tail ért

the CDF. The accuracy in the tail regime is more importafistribution. The approximation shows a good agreemertt wit

since the probability of harmful interference is usuallye ththe simulation result particularly in the tail region of tHes-

main concern of the secondary access. Fig. 3 depicts the Ctpution. Thus, the pdf derived in this paper can obviateet

of I, with more secondary users. The gap between the |d§9nsuming simulations in estimating the probability ofrhéul

normal approximation and the CLT decreases as the numiiéerference generated by multiple secondary users. Itapac

of secondary users increases. of fast fading and non-uniform distribution of secondargnss
The interference with the exclusion region is also presentéémain as interesting further studies.

in Fig. 2 and Fig. 3 where, is chosen to minimize the
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