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An Anti-Interference Cooperative Spectrum Sharing
Strategy with Joint Optimization of Time and Bandwidth

Weidang Lu, Jing Wang, Weidong Ge, Feng Li, Jingyu Hua, amih.iMeng

Abstract: In this paper, we propose an anti-interference coopera-
tive spectrum sharing strategy for cognitive system, in whih a sec-
ondary system can operate on the same spectrum of a primary sy
tem. Specifically, the primary system leases a fraction of ttrans-
mission time to the secondary system in exchange for coopeien
to achieve the target rate. To gain access to the spectrum offie
primary system, the secondary system needs to allocate a fron
of bandwidth to help forward the primary signal. As a reward,
the secondary system can use the remaining bandwidth to tram
mit its own signal. The secondary system uses different bamddth
to transmit the primary and its own signal. Thus, there will be
no interference felt at primary and secondary systems. We sty
the joint optimization of time and bandwidth allocation such that
the transmission rate of the secondary system is maximizewhile
guaranteeing the primary system, as a higher priority, to abieve
its target transmission rate. Numerical results show that he sec-
ondary system can gain significant improvement with the propsed
strategy.

Index Terms: Cognitive system, cooperative relaying, resource al-
location, spectrum sharing.

I. INTRODUCTION

The current utilization of the spectrum is quite inefficibet

detect-and-avoid mechanism, the harmful interferencerito p
mary systems caused by the secondary system can be effigctive
prevented. The secondary system may also be allowed to share
the primary spectrum through simultaneous transmissiaeun

the condition that the resultant interference at the prynsgs-

tem is below a prescribed threshold in order to protect the pr
mary transmission, as a higher priority [7], [8].

Most existing work on spectrum sharing concentrated on the
case where the direct transmission link of primary system is
good enough to support its target QoS, which makes it possi-
ble to tolerate additional interference from the secondast
tem. This provides an opportunity for the secondary system t
access the primary spectrum by working simultaneously with
the primary system, as long as the primary quality of service
(QoS) is not affected by the secondary system. [7] and [@lystu
the optimal power allocation which maximizes the secondary
achievable rate subject to the interference power constadi
the primary receiver, in order to protect the transmissibtie
primary system. While in [8] the rate loss constraint is ¢dns
ered. The optimal power allocation strategy to maximizeste
ondary rate with individual interference power constramt
posed on each subcarrier is considered in [10], where the sec
ondary and primary systems coexist in the same spectrum, and
both of them are orthogonal frequency division multiplexin

cause of the fixed spectrum allocation. A recent survey af-spgOFDM)-modulated.

trum utilization made by the Federal Communications Coramis
sion (FCC) has indicated significant temporal and geographi

cal variations in the utilization of the licensed spectruamg-
ing from as low as 15% to 85% [1]. Cognitive radio (CR) is
promising technology to improve the spectrum utilizatidfi e

ciency by allowing unlicensed (secondary) systems to deer
in licensed frequency bands of the licensed (primary) syste

while adhering to the interference limitations of the prignsys-
tems [2]-[4].

. ma

Spectrum sharing for secondary system access has been Stug:
ied extensively [5]-[8]. A dynamic spectrum sharing praoble
for the centralized uplink cognitive radio networks using o

thogonal frequency division multiple access is investddan

[5]. The secondary system can gain access to the spectram

detects the spectrum hole through spectrum sensing [6h
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Cooperative diversity has been proposed as an importdnt tec
nigue to enlarge system coverage and increase link retiabil
11], [12], since it can combat the effects of path loss inewir
ess links. The role of cooperative diversity in cognitialio
gor spectrum sensing and sharing has been studied in [13]. A
centralized spectrum leasing protocol with time alloaatased
on Stackelberg games is considered in [14], where the sec-
ondary system uses a fraction of the time leased by the pri-
y system to transmit its own signal in gaining spectrum ac
s, and uses another part of the time to forward the primary
signal. Distributed spectrum sharing protocols with poaker
location based on cooperative amplify-and-forward (AFY an
ecode-and-forward (DF) relaying are discussed in [15] and
A b], where the secondary system uses a fraction power to for
ward the primary signal to ensure that the achievable ratieeof
primary system under spectrum sharing is no worse than that
without sharing, and then uses the remaining power to transm
its own signal. A cooperative spectrum sharing protocohwit
joint time and power allocation is proposed in [17] where the
performance of the secondary system can be improved. How-
ever, in this spectrum sharing protocol, the secondaryesyst
still broadcasts a superimposed signal which is a lineaghted
combination of primary and secondary signal. It will cause i
terference to both primary and secondary systems. We pedpos
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a frequency domain anti-interference spectrum sharingpppob
with joint subcarrier and power allocation in [18]-[20], erde
the secondary system helps the primary system achieverthe ta
get rate by acting as an AF or DF relay for the primary system,
which uses a fraction of accessed subcarriers to forwargrthe
mary signal in achieving the target rate, while using theaiem
ing subcarriers to transmit its own signal. | {ha,ds)

In this paper, we propose an anti-interference cooperative
spectrum sharing strategy with joint time and bandwidtbcat @
tion, which aims to maximize the transmission rate of seeond —> First transmission slot, ¢
system, while guaranteeing the primary system achieveauits t — —> Second transmission slot, 1- ¢
getrate. The primary and secondary systems will not expeeie
interference as the secondary system uses disjoint batidteid
transmit primary and secondary signal. Specifically, thi@ary
system leases a fraction of its transmission time to thersizony
system in exchange for cooperation to achieve its target hat
order to access to the spectrum of the primary system, the s&@ntaneous channel gains= |h;|*. We assume all channel
ondary system needs to help the primary system achieverthe €gefficients remain static within a duration of two transsios
get rate by acting as a DF relay to forward the primary signglots.
with a fraction of bandwidth. As a reward, the secondary sys-
:)evc:] (;%nn;fe the remaining accessed bandwidth to transmit its Ill. ACHIEVABLE RATES OF PRIMARY AND

The main contributions of this paper are described as falow SECONDARY SYSTEMS
First, unlike the previous spectrum sharing protocol, we-pr We first consider the situation where only the primary system
posed an anti-interference spectrum sharing protocakethél  is operating. The primary signal is transmitted from PT to PR
be no interference felt at primary and secondary systems. Sever channeh;, with transmit powet’,. Thus, the achievable
ond, joint time and bandwidth allocation is derived, suctthe rate of the primary system is given as
transmission rate of the secondary system is maximizedewhi
helping the prim_ary systen_1, as a higher priqrity, tq achieve Ry =W log, (1 + Pzﬁl) (1)
target transmission rate. Finally, computer simulatiomspser- No
formed to dgmonstratg the presfented apalytlcal results. where Vg is the additive white Gaussian noise power spectral

The remainder of this paper is organized as follows. In Se&énsity
tion I, we introduce the system model. The achievable rates : . . :

! . . Spectrum sharing with a secondary system is allowed under

the primary and secondary systems are analyzed in Section tH

The optimal time and bandwidth allocation is presented itl:}SeS ztg(r)r:]gglr:)igv?ﬁ:(aﬂ't]:r Sgtcr(;t?gﬁ%esxslzf:eo? d(;?n Shesltréﬂgepéri:jn:;ry
tion IV. Simulation results are provided in Section V to diteate Y g ' y Sy

the performance of the proposed spectrum sharing proteeol gvhether it is able to assist the primary system to achieveathe

i . ) ..~ getrate by the following two-slot DF cooperative transnioiss
resource allocation algorithm. Finally we conclude thipgran ; . o
Section V. In the first slot which occupies timg0 < ¢ < 1), as shown

by the solid arrows in Fig. 1, PT transmits the primary sigoal
PR and ST. The achievable rate of BPR and PF ST links

IIl. SYSTEM MODEL can be written as

The proposed cognitive system is shown in Fig. 1. The pri-
mary system, comprising of a primary transmitter (PT) and a
primary receiver (PR), supports the relaying functioyadind ) P,
has the license to operate in a certain spectrum of bandwidth R, =tW log, (1 + ]I;,—) 3)

The secondary system, comprising of a secondary transmitte 0

(ST) and a secondary receiver (SR), is seeking to explok pos|n the second slot which occupies tirhe- ¢, ST tries to de-
sible transmission opportunities. We assume that the s&tpn code the primary signal and allocaté® < b < 1) fraction of
system is able to emulate the radio protocols and systemrparghe bandwidth which is granted by the primary system to help
eters of the primary system [16], [18]. forward the signal of PT to PR by using its half power. The

The channels over links PFPR, PT-ST, ST-PR, ST»SR  achievable primary rate at PR conditioned on successfuddiec
are modeled on Rayleigh flat fading with channel coefficienijsg at ST can be written by (4) at the top of next page, wtigre
denoted byhi, ho, h3, andhy, respectively. We havé; ~ s the transmit power of the secondary system.

CN(0,dY),i =1,2,3,and4, wherev is the path loss exponent Thus, the achievable rate of the primary system at PR over
andd; is the normalized distance between the respective trafgo slots can be written as
mitters and receivers. This normalization is done with eespo

the distance between PT and PR, id&g.= 1. We denote the in- R, =min{R), R>}. (5)

th,di}

» PR

V'

7
,7 Ahsds}

Fig. 1. System model.

P
RY = tW log, (1 n p—%) )
Ny
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P, P, Py
tWlogy (14222 + 2210} 4 [(1— )b — )W log, ( 1+ =22 ), (1—1)b>t,
R = 2o = No 2o (4)
’ (I-t)bWlogy | 14+ Pas + B +[t—(1-t)b)Wlog, [ 1+ Lo (1-t<t
g2 2N, No g2 No )’ St
In the mean time, ST uses the remainifig- b) fraction of where
the bandwidth and its half power to transmit its own signal to
SR. Thus, the achievable rate of the secondary system can be_ tRs + (1 — )b — t]Rs, (1-1)b>t, (12)
written as ? (1—t)bRs + [t — (1 — bRy, (1—t)b<t.
Ry = (1 —t)(1 — b)W log, (1 + P574), (6) To satisfy the first condition of (11), we can obtain>
2No R:/Rs. To satisfy the third conditionR, should be larger than

%. Itis easy to understand thathf,/ R; < 1, it means that the

If the achievable rate of the primary system helped by ST Csecondary system can not help PT achieve the target rate even

achieve the target rate, | > Ry, then ST will be grantgd when it uses all the time and bandwidth to help forward the pri
by the primary system to access the spectrum of the pnmarpé ry signal

system. ' o
y From (10), we can find that the secondary transmission rate

R, monotonically decreases withThus, the optimal time allo-

IV. OPTIMAL TIME AND BANDWIDTH ALLOCATION cation of our joint optimization problem is
In this section, we seek joint optimization of timand band- o R, 13
width b to maximize the secondary system’s transmission rate T Ry’ (13)

R, while guaranteeing the primary system to achieve the targe

rate R;. This joint optimization problem can be formulated as E:rom (12), we can observe that there are two different cases

for the second condition.

max R, @) Case 1: When(1—)b > t, R2 =tRs+[(1— t)b—t]Rs. To
t,b satisfy the second condition of (11), we can obtain
subject to Ry +t(Rs— R
J = ( t(j(Ll : tg)R ) s 4
Ry, > Ry, (8a) ’
0<t<l, (8b) Substituting the optimat* in, we can obtain
0<b<1. 8c Ri{(R2+ Rs — R,
(8c) b>( +(R2 + R 5)) (15)

= ((R2— Ry)Rs)

To satisfy the fourth condition of (11), as we have already

For the sake of simplicity, we let

Ry = Wlog, (1 + Pp%) (9a) obtainedR; > R;, thus we can obtain
0
- Ry + R3 — Rs > 0, (16a)
= Wiogs (14 g ). (9b) RoRy
2N, > Ry. 16b
y 0 (R2 + 2R3 — Rs) ' (16b)
4
Ry = W log, (1 + PSQ—N())’ (9c) From (10), we can find that the secondary transmission rate
R, monotonically decreases with Thus, the optimal band-
Rs = Wlog, (1 + PS% + Pp%). (9d) width allocation of our joint optimization problem is
0 0
L _ « _ Ri(Ry+ Rz — Rs) 17
SubstitutingR,, Rs, R4, and Rs into (7) and (8), we can b* = (Ro— RRs 17)
obtain Case 2:When(1 — )b < t, R2 = (1 — t)bRs + [t — (1 —
H}%X(l — (1 —b)Ry (10) t)b]R;. To satisfy the second condition of (11), we can obtain
subject to R —tR
| bz«“éw %»' o)
tRy > Ry, (11a) ° !
R > R, (11b) Substituting the optimat* in, we can obtain
p — b
0<t<l, 11c Ri(Rs — R
(110) yo (iR = R))) 19

0<b<1 (11d) ~ ((R2— Ri)(Rs — Ry))
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Fig. 2. Value of Rs and Ry, versus different locations of ST.

To satisfy the fourth condition of (11), as we have alreac
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Fig. 3. Fraction of time and bandwidth versus different locations of ST.

obtainedR,; > R;, thus we can obtain ’E‘ 4/ - - -R =3 bps/Hz
B 55| —R =25bps/Hz
Rg — R1 > 0, (20&) a7
Q
Rs — R; >0, (20b) g 3
Ro(Rs — R 2,55
2(fs—Ry) 20c) &°%°
(Rg — 2R + R5) Q 2l
% LS
As the secondary transmission ra& monotonically de- 21_5, /' *\
creases withh, the optimal bandwidth allocation of our joint ‘é ) ‘\
optimization problem is s It ' Y
Q 7
@ 0.5 ke Y
b* _ Rt(RQ - Rl) (21) z’ \
= . i L /‘ \ \ \ \ \ \ .
(B2 — Ry)(R5 — R1) 00 01 02 03 04 05 06 07 08 09 1 1.1

Substituting* andb* into (10), we can obtain d,

AR+ — _

Rs — Ri(R2 + R3 R&s)&7 (1—t)b>t,

R (22)
(1-t)b<t

Fig. 4. Value of R versus different locations of ST with different R;.

. Rs
Re=Y AB-R(R:=R) Ry
B Ry’

help the primary system achieve the target rate. With theemov
ment of ST from the left (near PT) to the right (far away from
PT), the SNR of SF»PR link becomes good enough to help the
primary system to achieve the target rate. Then, the secpnda
V. SIMULATION RESULTS system will be granted by the primary system to access itsspe

We considered a system topology where PT, PR, ST, afidm. Thus,R, becomes positive, antl, achieves taz;. How-
SR are collinear. In a two-dimensional X-Y plane, PT an@ver, when ST moves far away from PT, i.é;, > 0.89, R,
PR are located at points (0, 0) and (1, 0), respectively, thigcomes to 0 an&, turns to?; again. It is because the SNR
di = 1. ST moves on the positive X axis, whereas SR is |®f PT—ST link becomes worse, the secondary system can not
cated in the middle of PR and ST. Therefafg,= 1 — d» and help the primary system to achieve the target rate. Thusgbe
d, = 1/2ds. The path loss exponent remainswat= 4, and ondary system will not be granted to access to the spectrum of
P,/Ny = 3 dB, P;/Ny = 10 dB, R, = 3 bps/Hz, unless oth- primary system.
erwise specified. The other parameters used in the simogatio Fig. 3 shows the optimal time and bandwidth allocation of
includeW = 1. In Fig. 2, the Y-axis represents the achievthe proposed strategy. With ST moves farther away from PT,
able rate of primary and secondary systems, while the X-axiee SNR of PT»ST link becomes worse, thus the primary sys-
representds. We can observe from Fig. 2 that whén < 0.25, tem needs to allocate more time to guarantee its first slosira
R, =0, andR, = R, which indicates that when ST located famission achieve its target rate. At the same time, the SNR of
away from PR, the SNR of SBPR link is not good enough to ST—PR link becomes better, thus, the secondary system will al-

whereA = R, — R; andB = R5; — R;.
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and forward the primary signal through a faction of bandtuidt

AST 1 and gains spectrum access by using the remaining bandwidth t
N - - -Power allocation ¢ it it - L Th g d d teith
% 4l — Time and bandwidth allocation | ransmitits own signal. The primary and secondary systeithis w
3 Dl not experience interference as the secondary system uses di
o 35 S 1 joint bandwidth to transmit primary and secondary signat. W
© ol ,,' , | studied the joint optimization of time and bandwidth allbca
2 e ' such that the transmission rate of the secondary systemxis ma
S 25 ,/' ' : imized, while guaranteeing the primary system, as a higtier p
=2 ) e ' ority, to achieve its target transmission rate. Simulatiesults
Q r T . . . .
S ,/ ' confirmed the efficiency of the proposed spectrum sharid-str
S 15t : 1 egy as well as its benefit to both the primary and secondary sys
2 g ' tems.
8 1r , ' i
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