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Abstract—We investigate a spectrum-sharing system with the SU transmitter can exploit such fluctuations by oppor-
non-severely fa;jed mutual |.nterference links, where both he tunistically allocating higher power to time instants wtbe
secondary-to-primary and primary-to-secondary channelshave Signal-to-Interference-and-Noise-Ratio (SINR) is larged

a Line-of-Sight (LoS) component. Based on a Rician model for . . . . .
the LoS channels, we show, analytically and numerically, tht LoS lower power to time instants with poor SINRI[Z][4]. In this

interference hinders the achievable secondary user capagi This Paper, we study a spectrum-sharing environment with joint
is caused by the poor dynamic range of the interference chamls peak and average interference power constraints where the

fluctuations when a dominant LoS component exists. In order mutual interference channels have dominant LoS components
to improve the capacity of such system, we propose the usageye show that in this case, there are limited opportunities fo

of an Electronically Steerable Parasitic Array Radiator (ESPAR) the SU t loit due to th d . f ch |
antenna at the secondary terminals. An ESPAR antenna requés e 0 éxploit due to the poor dynamic range of channeis

a single RF chain and has a reconfigurable radiation patternhat ~ fluctuations, thus causing a significant capacity degradati
is controlled by assigning arbitrary weights to M orthonormal Traditional multiple antenna diversity techniques were em

basis radiation patterns. By viewing these orthonormal paterns  ployed in [6] to improve the SU capacity in spectrum sharing
as multiple virtual dumb antennaswe randomly vary their — gyqtems. However, the usage of multiple antennas is isfuibit

weights over time creating artificial channel fluctuations hat by th limitati f bile SU t . Thi
can perfectly eliminate the undesired impact of LoS interfeence. y theé space limitations of mobile ransceivers. IS

Because the proposed scheme uses a single RF chain, it is wellS in addition to the need for multiple RF chains, which
suited for compact and low cost mobile terminals. increases the cost and complexity of the SU equipment. While

such overhead is bearable for a base station, it can not be
tolerated for modern mobile terminals. Moreover, emerging
Significant interest has recently been devoted to the cgpaapectrum-sharing technologies, such as undebayice-to-
analysis of spectrum-sharing systems in fading environsierDevice Communicatioria cellular systems, involves a mobile
In a spectrum-sharing system, a Secondary User (SU) traB& transmitter and a mobile SU receivel [7], which prevents
mits its data over the Primary User (PU) channel while kegpithe deployment of multiple antennas at either terminals.
the interference experienced by the PU below a predefinedlThe main contribution of this paper is the usage of single
level [1]. Previous works have shown that fading can bElectronically Steerable Parasitic Array Radiator (ESIPAR
exploited to improve the SU capacity when the Channahtennas at the SU transmitter and receiver in order to
State Information (CSI) is available at the SU transmilfjr [ create artificial interference channels fluctuations, stae
This capacity improvement is attributed to the ability oéththe transmission opportunities limited by the dominant LoS
SU to transmit with very high power when the interferenceomponents. This is achieved by a technique that we refer
channel is severely faded. Inl[3], Musaviahal. derived the to as Random Ariel PrecodindRAP), where random time-
ergodic, outage, and minimum-rate capacities under pedk amarying complex weights are assigned to the orthonormal
average interference constraints at the PU receiver. Hemvebasis radiation patterns of the ESPAR antenna. Inspiretidoy t
the interference experienced by the SU receiver due to pyimaeminal work of Viswanattet al [5], we term the orthonor-
transmission was not considered. Recently, the ergodiaccapmal radiation patterns provided by the ESPAR antenna as
ity of spectrum-sharing taking both PU and SU interferen@imb basis patternsince they represent Degrees of Freedom
into consideration was calculated [d [4]. However, the gsial (DoFs) that are neither used to achieve diversity nor tazeal
therein is limited to the case when all channels are severahyltiplexing. Analytical and numerical results show thiag t
faded, and considers an average interference power conistraroposed scheme can make the LoS interference transparent
only. to both the secondary and primary systems, thus achieving
In a practical spectrum-sharing system, the SU capacthe same capacity of the symmetric Rayleigh channel. The
generally depends on two interference channels, namedy; firoposed scheme has several advantages. First, it does not
primary-to-secondary and secondary-to-primary chanj#ls entail extra hardware complexity as it uses a single RF
If these channels are subject to Non-Line-of-Sight (NLoShain. Second, it requires only overall CSI. Finally, it dam
fading, then the interference channel gains perceivedd®®th incorporated into low cost mobile terminals with tight spac
and SU receivers fluctuate drastically over time [5]. Theref limitations.

I. INTRODUCTION


http://arxiv.org/abs/1403.7532v1

The rest of the paper is organized as follows: the systemhereh, (k) (PU-to-PU),h,s(k) (PU-to-SU),h,, (k) (SU-to-
model is presented in Section II. In Section 1ll, the capacitPU) andh,(k) (SU-to-SU) are the respective complex-valued
degradation in the LoS interference scenario is quantifiemerall channel gains (linear combination of channel gains
Spectrum sharing based on the ESPAR antenna is then mi-basis patterns). The primary and secondary signg{%)
posed in Section IV. Numerical results are presented in@ectand (k) are complex-valued symbols drawn from &Arary
V and conclusions are drawn in Section VI. constellation, whilev, (k) andn, (k) are AWGN samples with
power spectral density,. The PU terminals are assumed to
be equipped with single omnidirectional antennas while the
A. The ESPAR Antenna antennas provided at the SU terminals are assumed to have

As shown in Fig. 1, an ESPAR with\/ elements is M orthonormal basis patterns having a complex weight vector
composed of a single active element (e.g.% aipole) that w = i”q, where then! weightw,, has an arbitrary complex
is surrounded byl — 1 identical parasitic elements. Unlikevalue,/a,e’% . The weight value depends on the setting of the
multi-antenna systems, the parasitic elements are plaged parasitic elements reactive loads. This model can be reduce
atively close to the active elements. Hence, mutual cogplito the conventional single antenna (with no parasitic etgs)e
between different elements takes place and current is edludy setting the weight vector t&/ = [1 0...0], in which case
in all parasitic elements. The radiation pattern of the EBPAone Ariel DoF is available, corresponding to the active ange
is altered by tuning a set d¥/ — 1 reactive loads (varactors)element. We also assume perfect knowledge of these channels
x = [jX1...jXnm-1] attached to the parasitic elementat the SU transmitter and receiver. It is worth mentionirat th
[8]. The currents in the parasitic and active elements ap@r analysis fits any design for reconfigurable antennas with
represented by ad/ x 1 vectori = vs(Y~! + X)~'u, beamforming capabilities, and not only the ESPAR anténna
whereY is the M x M admittance matrix withy;; being the
mutual admittance between tif¢ and;" elements. The load  Ill. L OSMUTUAL INTERFERENCE A HINDRANCE TO
matrix X = diag(50 x)@ controls the ESPAR beamforming, SPECTRUM SHARING CAPACITY
u=1[10...0" is an M x 1 vector andv, is the complex

feeding at the active elemerit![8]. The radiation pattern gf ,,ties employing single omnidirectional antennasthiis

. ; .
the ESPAR at an anglé is thus given byP(6) = 1"a(f), a5 we set the weight vector for the model in Section Il to
wherea(f) = [ag(0)...an—1(0)]" is the steering vector of _~_ [10...0.

the ESPAR at an angt[8]-[10]. The beamspace domain is a
signal space where any radiation pattern can be represasitel . Ergodic Capacity Formulation
a point in this space. To represent the radiation patfd) in

the beamspace domain, the steering vea{dj is decomposed . . P .
into a linear combination of a set of orthonormal basis patte ization for the problems in12][13] and]4]. We adopt a joint

{®;(0)}¥5" using Gram-Schmidt orthonormalization, wher@©2k aq((jtl ayeragiF Lntgrferefnce powe;]r conlstraintls, gui?)dgi
N < M [10]. It can be shown that the orthonormal basi® considering all the interference channels (only i

patterns of the ESPAR (also known as the Ariel DOF [Sl(pterference is considered inl[2] arid [3]). The problem can b
[11]) are equal to the number of parasitic elements (i. ormulated as

Il. SYSTEM MODEL

We start with the conventional single antenna scheme with

The ergodic capacity maximization problem is a general-

N = M). Therefore, the ESPAR radiation pattern in terms O B {1 . ~sPs(T)
of the orthonormal basis patterns can be written_as [8] - II}:?IE‘) ryiosz {1+ YosTp + No ’
M-1 subject to Er {75pPs(I")} < Qqo, (3)
P(@) = ZO wnCI)n(@), (1) and Ps(r)'}/sp < va

where w, = i”q, are the weights assigned to the basi®here' = (vs,Vsp,Vps) = (|hs|?, |hspl?, |hps|?), Quvr and
patterns andy,, is anM x 1 vector of projections of all the @), are the average and peak interference power constraints,
steering vectors o, (#). Thus, the ESPAR radiation patterrrespectively,E{.} is the expectation operator, aiL(T") is
is formed by manipulating the reactive loads attached to ttige SU transmit power allocation as a function of the CSI
parasitic elements. vectorI'. Without loss of generality, we set the noise spectral
density N, = 1 W/Hz. Thus the SNR of any link is equal to
the transmit power of the PU/SU transmitter multiplied bg th
Assume a spectrum sharing model where single-user Pthannel power. The PU is assumed to transmit with a constant
mary and secondary systems coexist as shown in Fig. 2. Tmﬁ,ver of7,. The optimization problem i 13) can be easily
received signals at the’" time instant are given by solved using the Lagrangian method [3]. Eq. (8)in [3] presid
At PU-Rx: 7, (k) = hy(k)xp(k) + hep (k)24 (k) + nyp(k), the optimal SU power allocation but without considering the
At SU-Rx: 74(k) = hg(k)zs(k) + hps (k)2 (k) + ngs(k), PU-to-SU interference. The solution dfl (3) can be obtained
(2)

B. Spectrum-Sharing Signal Model

2A comprehensive framework for single-radio reconfiguradtgéenna de-
1The opertaionY = diag(x) embeds a vectox in the diagonal matrixy. sign and analysis can be found [n[11].



directly by adding the PU-to-SU interference tenp7y, to the square of the Laguerre polynomial. An interesting seena

the noise variance in [4, Eq. (8)] as follows is when the K-factor tends toco. Given that the limit of
Q Yep < (1477,) the ITaguerre ponnomia_ll ilsiln%_}__OO Ly(x) = _F(Iﬂrl)’ where
Ysp? Vo T XTogrm —Qp I'(.) is the gamma function [12], it can be easily shown that the
L _ eyt variance of the interference channef§, . tends to O when
PS(F) = Aysp log(2) Vs ’ . . DD .
Ut7:7p) 2op < )] 2)(1 +pe7,) Ky ps — 00. Thus, a dominant LoS interference signal makes
o @ — e T & 570/ the interference channel almost deterministic. Thereftme

0, 22> Xlog(2)(1 + 7ps7,) the Rician-Rician scenario Wit s, s — oo, the pdfs of
_ o _ _ ) > and . tend to f.(2) — 6(z — 2=) and f,,(ps) —
WhergA is :]he Lagrange multépher andr:s ot;talnedkn.umizincallg(%s ~75,,). The ergodic capacity i< obtained by plugging
to satisfy the constraints ifl(3). Note that the peak interfee £Z(Z) andf, (1) in (8, leading to the same capacity of the
G pé

constraint(),, must be greater than the average interferen N interference channel under receive power constraint.

constraint),,. Thus, thel peak constraint has an impact on erefore, the capacity gain resulting from severely faded

capacij[y only 1Qp > 515 2)" If the average constrgint Is V€lYinterference channels is hindered by LoS interference.
large (i.e.,\ is very smails, then defining a peak interference

constraint is meaningless. Based bh (4), the ergodic cgpaét. The Rician-Rayleigh Scenario
is given in [3), where: = =, f. () is the probability density  |n this scenario, the SU-to-SU channel is characterized

function (pdf) of z, and{:c}eF = max{z,0}. In the following by a large dynamic range (large variance) and follows a
subsections, we investigate several channel combinat@ns Rayleigh distribution, while the interference channelseha
SU-to-SU and PU-to-SU/SU-to-PU links, highlighting thé oS component and follow a Rician distribution. The random
negative impact of LoS interference on SU capacity. We denaofariablez = 77— is the ratio between the squares of a Rayleigh
the X — Y scenario as the scenario where the SU-to-Shd a Rician random variable. In order to obtain the capacity
channel is subject to a fading distributioh and the mutual we first rewrite the pdf ofy,, in (7) in terms of the Meije&

ai,...,ap

interference channels are subject to fading distribufian function G, (o by 2) [13, Sec. 7.8] as

B. The Rician-Rician Scenario fren (Ysp) =

In this scenario, all the channels have LoS components. In
other words, both the SU-to-SU and the mutual interferencel + K, _g,,— 0tKsphvse | g (
e 0.2

Ysp

Ksp(l + Ksp)%p)

channels are not severely faded. We adopt a Rician model foﬁ 0,0 5
the secondary and interference channels as follows: P P @)
o Noting that ~; ]‘Iollows an exponential distribution with
hi(k) = ﬁ( K-j—lem +Ui(k)> 6) fi.(7s) = %e_f and that the pdf ofZ = £ is given

by f2(2) = [T |ylpey(2y,y)dy [12], one can obtain
where hi(k) €  {hs(k),hsp(k), hps(k)}, K; € the expression in[{9) for the pdf of. Using the property
{KsaKspaKps}y Ui(k) € {Us(k)vvsp(k)vvps(k)}v and zGm.n (IZ]"“’ZP z) = Gm.n artl,...aptl z), the integral can

) 1,--+,0q s b1+1,...,bq+1 !
bi € {¢s, bsp, bps}. The parametersi,, K,,, and K, b b ransform of a M@ijer-

be evaluated as the standard laplace
are the K-factors (specular_ components) of the, hsp,  fynction [13] yielding the result in (10). We notice that whe
and h,, channels, respectively. The componenig(k),

; the K-factors— oo, the pdfs of interest tend to
vsp(k), and v,s(k) are the diffused components where -

. 73 Tsp* . —_
(s (k) vap (), 0ps (K) ~ CN (0, (s mbm w27) )+ Jim fa(e) = 227, Tim £, (3ps) = 6(ps—Tpe)-
while ¢, ¢sp, pps are the constant phases of the LoS*” _75 o _ _ _
components. Non-identical Rician channels with averaddus, the ergodic capacity of the SU is obtained by plugging

channel powers of7,,7,.,.7,,) are assumed for the channelghe pdfsf.(z) and f,,. (v,s) in @). Unlike the Rician-Rician
(hs, hps, hsp). The pdf of the channel power, = |h;|> when scenario, the variable is not deterministic at large values of

|h;| follows a Rician distribution is given by [12] Kp. Insteadz is exponentially distributed, which means that
f=(z) has an exponentially-bounded tail. Because a pdf with an
1+ K; o Kim <1;f”%1 (2 Ki(1+ K;) ) exponentially-decaying tail gives small weight to largéues
i ° 7, of z, the capacity of the SU is still limited as it depends on the
(7) integral fz"io log(2) f.(z)dz. This can be physically interpreted
where,(.) is the modified Bessel function of the first kindby the fact that LoS interference channel fluctuations has a
In the Rician-Rician scenario, both,, and v, follow the small dynamic range and thus offers limited opportunitias f
distribution in [T). The dynamic range of the interferenbhar- SU power allocation.

nels (hspl,|hyps|) fluctuations can be expressed by the varian(l‘:sz The Rayleigh-Rayleigh Scenario
(02, ) of the Rician distributiono? = 9 lepps '

P - y [k PP KSP;S“ _ In this scenario, all channels are severely faded with irast
Ry o1~ 3Ry 12 ( e ) [12], whereL7 ,(.) is  fluctuations over time. Becausk,, does not have a LoS

f'Yi (/Yi) =

K2




(1+vpsTp)

1 + z o0 Q z
C=E,. { ok 0} log ( — )fz(z)dz—i—/ B log <1+ +) f2(2)dz
i z2=A1og(2)(1+vps7y) ? Alog(2)(’YP57p + 1) :% ? ('Yps'7p + 1)
{smem o}

®)

1 +Ks s [e'S) o (w:Ksp)Jr; - B KS 1+KS s
fz(z) = — P e K-sp/ Vspe ( Ysp 'Ys)’y Gé:g (0,0 P( — P) 4 dlysp (9)

75p75 0 'Ysp
_ 751) (1 + KSP)B + Z(l + KSP)V;SP _KSPZV;: _ (10)
s (1+ Kyp) + 222

(04 Ko+ 22)]

s

s

component, the pdf ot can be obtained by settings,
to 0 in (10) yielding f.(z) Top which is the

5 2
75(1+z1ﬂ ’

log-logistic distribution. It can be shown ‘that the log-stes
distribution is afat-tailed distributionby showing thatP[Z >
z] ~ z7* asz — oo, wherea > 0 and ~ is the asymptotic
equivalence. Thus, the pdf of the variablehas a heavier

right-tail in the Rayleigh-Rayleigh scenario comparedtie t tor w =

receiver is different from its implementation at the traitsen
as explained hereunder.

1) RAP at the SU transmitterThe goal of applying RAP
at the SU transmitter is to induce artificial fluctuations in
~sp- FOr the SU transmitter to send a symhbel(k) to
the SU receiver at time instarit, it selects a weight vec-

[Is(k) 041(/€)€j91(k) oo xs(k) aM(/{)eﬁM(k)}_

Rician-Rician and Rician-Rayleigh scenarios, which meangithout loss of generality, we set; (k) = ﬁw and vary

that fz"io log(2)f.(z) in (B will be larger in the Rayleigh-
Rayleigh scenario ag.(z) is slowly decaying and will give
significantly larger weights to larger values big(z) (note
that log(z) is a monotonically increasing function aj. On

the other handy,s still has an exponentially bounded tail.q\,cp thatw =
Again, this contributes to the SU capacity enhancemer as

depends on- fv";:o log(7p5+v)f7ps (vps) in (B), wherev is a
constant. Thus, severely faded interference channels $tie

capacity gain even if the SU-to-SU channel is severely fadéBm (61),

as well. The SU opportunistic behavior can be quantified
the pdf tails forz and~,,. The heavier the tail of.(z) and

the faster the pdf ofy,, decays, the larger is the SU capacit)/fspag(k)

IV. OPPORTUNISTICSPECTRUM SHARING USING DuMmB
BASIS PATTERNS

Motivated by the analysis in the previous section, we pro-
pose a technique that can eliminate the impact of LoS interfe .
ence by improving the dynamic range of interference channel **

fluctuations. This is achieved bRandom Ariel Precoding
(RAP), which intentionally induces artificial fluctuatioris

the phased);(k) every time instantt randomly based on

a uniform distribution (k) ~ Unif(0,27) (independent
phases are selected for all basis patterns). Hence, at each
time instantk, the SU transmitter adjusts the reactive loads

701 (k) 30 pg (k) .
[Is(k\)/%l IS(’“)\;MM . We consider

P(0) = [P(6,), P(6)... ,P(0c)]" to be a set ofG spa-
tial samples of the ESPAR radiation pattern aé®d6)
B, (02)... ,®m(0c)]" to be a set ofG spatial

mples of then'” basis pattern, where thg" element is
the spatial element at a departure anglé pfAssuming that
is the channel gain at an angdlg and time instank,
the received SU signal, (k) at the PU receiver will be given
by [14]

—

N (&
(k) = zo(k) D

=0

JOm (k)

G—-1
(Z hﬁp,g<k>¢m(eg>>, (11)
g=0

hr (k)

=

these channels by randomizing the complex weights assigned

to the basis patterns of an ESPAR antenna. Throughout this
section, we adopt the system model presented in Sect

Il, with an ESPAR antenna weight vector of = i’q =
[ \/0416'7.91 \/aMejeM ]
A. Random Ariel Precoding (RAP)

By viewing the Ariel DoF provided by orthonormal basiscN(O 1

patterns agirtual dumb antennaer dumb basis antennawe
adjust the reactive loads of the parasitic antenna elensets

I\%Hereh;’;(k)
t

is the channel gain from the!" basis pattern to
e PU receiver. Assuming that the specular components from
all basis patterns to the PU have the sdiiactor of K, one
Ksp

can obtainhZ (k) = /7, ( Kspﬂe-j‘i’spvm + v;’;(k)). The
scattered component is a complex gaussian variehle:) ~
). On the other hand, the specular component

Ko ¥l

Kp

Kopt+1

eJ®sp.m from them!" basis pattern has a deterministic

that the weights assigned to the basis patterns are randotiye-invariant phase shift ofi®s».», The equivalent channel
varied over time. The implementation of RAP in the SuW,,(k) obtained by weighting the orthonormal basis patterns



will thus be given by channel is originally Rayleigh-faded, RAP will not altes it
statistics. However, if the secondary channel is Ricialiaote

et _ LoS channel), RAP will turn it into a severely-faded one.

- _ eI0m (k) +i¢sp,m K, _ Therefore, the techniques explained in the previous stibsec

spAM) = Z Fsp are applicable for the Rician-Rayleigh scenario, but nat fo

- the Rician-Rician scenario. If the secondary channel is a

Lap (k) reliable LoS channel, we aim at maintaining its reliability

while inducing fluctuations in the interference channelsisT

Cﬁ\n be achieved by a technique that we refer tawigicial

feceive diversity First, let %/ be the phase of the specular

component of the secondary channel from the transmit

Le., (k) ~ CN (07 e +1) Recall that the main goal pasis pattern to thg’" receive basis pattern. These phases

of RAP is to induce time varying fluctuations in the LoSre assumed to be deterministic, constant and known at the

component. Therefore, we are interested in evaluating t8& receiver as they depend only on the antenna structure.

pdf of the equivalent channel,,(k) resulting from LoS Now, based on the analysis in the previous subsection, the

propagation. This channel is formed by adding the detesguivalent secondary channel for a transmit ESPAR weight

ministic specular components perceived by fifebasis pat- 36F (k) o30% () . .

terns with random phase shifts that vary with time. Usi \éectoer o {Is(k) VMo za (k) VM ] will be given

Euler identity, l,,(k) = /37 [I((:H) S cos(Om (k) + by hy(k) = (k) + 0s(k), wherew,(k) ~ CA (0, ﬁ) is
bspm) + 75O (k) + dspm). Let Y = Re{l,(k)} the scattering components (not affected by RAP), and

K, M-1
TR 1) 2am—0 Ym Where yy, = cos(0m (k) + dopm)- _

>

where v,y (k) = Zﬁf;ol ejf/"%k)v;’;(k) is the equivalent scat-

tered components after applying the ESPAR weights, whi
were shown in[[5] to have the same statistics «df (&),

679T(k)+7¢>m“ K, R
It can be easily shown that whef,, (k) ~ Unif(0,2x), Ls(k) = /7, Z Z K.+1) ‘w
then (0,,(k) + ¢sp.m)mod2r ~ Unif(0,27) as ¢spm is u=0 ’
constant. Using random variable transformation, the pdf of Ls,u(k)

ym IS given by fy, (ym) = ﬁ’_l < Um = L wherewF is the ut™ element of the receive ESPAR weight
with E{y,,} = 0, and E{(ym — E{yn})?} = 3. Applying vector. The specular component at thé" receive basis
the CLT, we getz Oym ~ N(O,%), which implies ls,u(k) pattern is_per_ceived as an artificial Rayleigh _channel
that Y2 ~ A (0, 5 K o It can be shown that! — due to t_he appllcatlon_of__RAP at the SU transmitter. In
order to improve the reliability of the secondary channed, w
apply conventional Maximum Ratio Combining (MRC) to the

Lsp(k) ~ CN (0, % +1) Since (k) ~ CN( e +1) set of artificial Rayleigh channels and seff = Lx*)

) Ms |’
and v, (k) ~ CN (O, yrome) , then the equivalent ChannelwhereHL(k)H _ \/|l_571(k:)|2+|l_572(k:)|2+...+ oz (K)2.

after applying RAP will bdlsp( ) = \/Vsp(Usp(k)+1lsp(k)) ~  Therefore, the contributions of the specular component in
CN(0,7,,). One can therefore claim that using RAP at thg|| receive basis patterns can be averaged to suppress the
SU transmitter can perfectly eliminate the impact of SU-tGfyctuations induced by RAP at the transmitter. Using the law
PU LoS interference by employing the Ariel DoF as virtuabf |arge numbers, when the number of receive basis patterns
scatterers, which converts the Rician interference cHantee g large, the factof, (k) tends to be deterministic (and equal
a Rayleigh fading one. to the K-factor), which means that the Rician channel will
2) RAP at the SU receivertn order to induce fluctuations pe reconstructed at the receiver. In this sense, the receive
in the PU-to-SU interference channél,;, RAP must be pasis patterns are viewed amart antenna®r smart basis
employed by the SU receiver. To obtain the equivalent ieterf patternsas they are used to achieve diversity. Note that the
ence channel, one can use the same analysis presented inthe weightsw? are deterministic as they depend on fkie
previous case to show that the Rician interference charamel gactor and the ESPAR transmit weights. Consequently, there
be transformed into a Rayleigh one. The only differenceas thwill be no need to carry out channel estimation for each wecei
the SU receiver does not transmit symbols. Therefore, & usgasis pattern. The overall chanriel(k) = I, (k) + vs(k) is

Jm{lsp( )} has the same distribution &7, which means that

an ESPAR weight vector ofr = [ JZT(;) Jf/MM( )} where the sum of a Chi-distributed random varialil¢k) and the
the set of phase shift,, (k) are independent and uniformlycomplex gaussian scattered compongyik). Thus, channel
distributed. estimation is done for the overall channiel(k) only, and

the SU receiver multiplies the received signal by a weight of
B. Smart basis patterns: Maintaining the Secondary Chann%l:(:) . It is worth mentioning that, although the receive basis

> : > VAlie o (0] _ .
Reliability using Avrtificial Diversity patterns act as smart antennas for the SU-to-SU link, thilky st

It is important to note that the application of RAP willact as dumb antennas for the PU-to-SU link, as the ESPAR
induce fluctuations not only in the interference channelsjib  weights at the SU receiver are not selected based on the PU-
the SU-to-SU channel as well. Consequently, if the secgndao-SU CSI and fluctuations are still induced in the intenfiee



channel. will have a larger dynamic range and more occurences of
deep fades (marked with circles) than the LoS channel. In
Fig. 6, we investigate the impact of the number of basis

This section provides numerical results for the techniqueatterns on the achieved capacity gain. For the Rician€Rgly!
presented throughout the paper. Monte-Carlo simulatioes &cenario, only one parasitic element is enough to achieve a
carried out and results are averaged over 100,000 runs. ¥ignificant capacity gain relative to the Rician-Ricianrsmeo.
assume the following parameter settings:= 1 W/Hz,75,, = Any further increase in the number of parasitic elements wil
¥ps = ¥s = 0 dB, andy, = 1 dB. For all Rician channels, we make the capacity of the Rician-Rayleigh scenario converge
assume d -factor of 10 dB. Fig. 3 depicts the ergodic capacityo that of the Rayleigh-Rayleigh scenario. The same behavio
of the SU as a function of the average interference powiershown for the Rician-Rician scenario, where we apply the
constraint@,,. We define the factop = % and plot the artificial diversity scheme to regain the reliability of tiSJ-
ergodic capacity fop = oo (no peak interference constraintto-SU channel.
and p = 1.2. As expected, the SU capacity is a monotonic
function of Q. increases, as the SU is allowed to transmit ) ] )
with higher power when the interference constraint is retax " this paper, we presented a comprehensive analysis for
We can also observe that when a joint peak and avera{B@ impact of LoS .mutual interference on the SU capacity
interference constraint is imposed, the capacity decseasel I @ SPectrum sharing system. It was shown that when the
the amount of degradation is more significant for small@ynamic range of the interference channel is small, the SU
values 0fQ,.,. cap_acny is significantly decr_eased._Stemmlng from th|$1'po_|

It is notable that for all fading scenarios, the SU capacil{/® introduced a novel technique to induce channel fluctoatio

is larger than the AWGN capacity, which agrees with th® the interference channel using tlieimb basis patterns_
results in [[2]. The AWGN capacity is a special case of thH&f @1 ESPAR antenna. If the secondary channel contains
Rician-Rician scenario wheidt,, = K,, = K, = co. & LoS component, we adopt artificial diversity scheme

Thus. the AWGN channel is an extreme case of the Ld& maintain its reliability while inducing fluctuations ire
interference scenario tackled in Section Ill. Note that tHBterference channels. Numerical and analytical resuitsvs

Rayleigh-Rician scenario offers the best SU capacity teadat the proposed scheme can eliminate the impact of LoS
it enjoys a reliable SU-to-SU link, and severely-fadedriete interference on the SU capacity. The proposed scheme esquir

ence channels. LoS interference can significantly degtaele # Single RF chain, and can fit within tight space limitations.
SU capacity, as a capacity gap of 1.05 bps/Hz is observed B’Q_us, it is adequate for low cost mobile transceivers.
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