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Abstract—In this work, we maximize the secrecy rate of the systems.
wireless-powered untrusted relay network by jointly desiging On the other hand, with the development of wireless net-
power splitting (PS) ratio and relay beamforming with the ks the issues of privacy and security have attractechmuc

proposed global optimal algorithm (GOA) and local optimal . . .
algorithm (LOA). Different from the literature, artificial noise interest and attention due to the broadcast nature of the- wir

(AN) sent by the destination not only degrades the channel /€SS medium. The cryptographic approach using secret keys
condition of the eavesdropper to improve the secrecy rate, i at upper layers has been traditionally used for the secafity
also becomes a new source of energy powering the untrustedcommunication systems. Due to the cost of the key distidluti
relay based on PS. Hence, it is of high economic benefits andyng key management, information-theoretic security at the

efficiency to take advantage of AN compared with the literatue. hvsical | b . tant | ¢ to th
Simulation results show that LOA can achieve satisfactory physical layer became an important complementary 1o the

secrecy rate performance compared with that of GOA, but with  traditional cryptographic approach. Thus, substantiséaech
less computation time. efforts have been dedicated to information-theoretic fways

layer security [[9]-4[1B], the concept of which was defined
by Wyner [10]. By exploiting spatial diversity, a relay may
Recently, simultaneous wireless information and poweiso provide the secrecy capacity by assisting the source-
transfer (SWIPT) became an emerging solution for prologgimestination transmission or acting as a jammer (e.gl [11]).
the lifetime of energy-constrained wireless nodes and dratowever, another security threat arises since the infaomat
significant attention in the cooperative transmission.c&intransmitted by the source may be eavesdropped by an umtruste
SWIPT enables receivers to harvest energy and encode rielay [12]. Interestingly, in([12], it was shown that the sy
formation from the same wireless signal, it makes the mastte may be enhanced even with the help of an untrusted relay.
efficient utilization of wireless spectrum for both infortim In [13], the authors studied joint secure beamforming for an
and energy transfer. SWIPT has drawn a great deal of resea#¢h untrusted relay system. The MIMO AF untrusted relay
interests[[L]-[4]. Two practical schemes, namely poweit-splbeamforming was further extended to a two-way untrusted
ting (PS) and time switching (TS), were proposed[in [1] anetlay system in[[15]. To further improve the security of the
[2]. For TS, the receivers switch over time between infosource-destination transmission, artificial noise (ANSngsby
mation decoding and energy harvesting. PS enables wirelgsamer [11], sourceé [17] or destinatidn [18]) was proposed i
nodes to split some power for information decoding and u§®4] as another important solution for physical layer ségur
the remaining power for energy harvesting. On the other harfadaditionally, AN is only used to degrade the channel con-
energy harvesting powered relay systems have gained sigrdftions of eavesdroppers, hence, it may not be efficient and
cant interests, where the relays with SWIPT use their hggdeseconomic from the aspect of green communication.
energy to power the forwarding of the sources’ information More recently, a handful of works studied the SWIPT with
without external power supplies. Inl[5], time switching eds the consideration of physical layer securify [19]2[22].€Th
relaying (TSR) protocol and power splitting based relayinguthors in[[2]] studied secure relay beamforming for SWIPT
(PSR) protocol were proposed for wireless-powered relays one-way relay systems with an external energy-harvested
systems. The authors inl[6] investigated energy harvestiregeiver. In [22], the authors considered a wireless-peder
relays networks where relays switched over time betwe@mmer system, where the jammer can harvest energy from the
harvesting energy and volunteering to forward the trartemst wireless signal and use it to interfere with the eavesdroppe
information. In [7], a multiple-antenna relay system withn the present literature, the energy of AF relay, espaciall
SWIPT was studied and a “harvest-and-forward” strategy wt®e untrusted relay, is considered mostly to be suppliedby t
proposed to maximize the achievable rate. The authoris| of [&wer grid or battery. To the best of our knowledge, secrecy
investigated the beamforming design with simultaneousgne issues in the wireless-powered untrusted relay systems hav
harvesting to improve the max-min signal-to-interfereptigss- not been studied yet, which motivates this work. And it seems
noise ratio (SINR) in a multiuser two-way multi-antennaagel reasonable and intuitive to realize the energy harvestat th
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network and maximize its secrecy rate by jointly designing

untrusted AF relay node to make full use of AN.
In this work, we consider a wireless-power untrusted rela EE— 2 i L g @
PS ratio and relay beamforming with the proposed globe

optimal algorithm (GOA) and local optimal algorithm (LOA). >°Uf¢ _— Epinton
The main difference from the literature is that AN sent by

the destination not only degrades the channel conditioh®f t ——»  Signal at the First hop

eavesdropper to improve the secrecy rate, but also become

new source of energy powering the PS based untrusted rel: ~————= Artificial Noise at the first hop

Hence, it is of high economic benefits and efficiency to taki
advantage of AN compared with the literature.

Notation: We adopt the notation of using boldface for Fig. 1. Simulation Scenario.
column vectors (lower case), and matrices (upper case). The
hermitian transpose is denoted by the symboi. For a
complex scalarz, its complex conjugate is denoted hy. condition of R. Andz, € C andz, € C represent the transmit
E[-] andCN/(-) denote the statistical expectation and complesymbol of S and D with powerB|[z z*] = P; and B[z =
Gaussian distributions, respectively. For matXk vec(X), P,. p denotes the ratio of power split for the energy harvesting,
X', X7 and Tr(X) represent the vectorization, inversionand the information processing {8 — p) at the relay node.
transpose and trace of matriX, respectively, andX ® Y Hence, the parts of received signal for energy harvestiny an
stands for the kronecker product &f andY. For a vector information processing are written, respectively, asofo#
x, we use||x||; to indicate itsls norm. AndT is the identity
matrix with corresponding dimensions. Y = Vp(hgyas+hara+mn,), (2)

II. SYSTEM MODEL Y V1= p(hsrts + hara + ne) +me. (3)

Consider a scenario with three nodes: an untrusted AF relatperen. € C"+ is the additive noise vector introduced by
(R), source S and destination D, where only R is equippsi@nal conversion from the passband to baseband with the
with multiple antennas, and the scenario with single-amiendistributionCA (0, 021).

R is regarded as a special case in this paper. Due to the spadgased on[[283], we denotd(p) := (1 —p)PdhdthT +(1-
limitation, the multi-antenna case where all the nodes owne?2I + ¢21. Furthermore, we can rewritE]l(3) as
multiple antennas is considered in the journal version. .

In this paper, the considered relay R is untrusted and Y, = V1I-pA 2(phsas +
assumed to eavesdrop the cor_lfidential signal of D Whgn it A’%(p) (mhdrwd ++/1—=pn, +nc) .(4)
helps the SD transmission, and it can be treated as a letgtima
user [12]H[15] with different service from that of D. In Hfj. and the information rate achieved at the untrusted relay can
at the first hop, S transmits the confidential signal to Re given by
meanwhile, D sends AN to R to degrade the eavesdropping
channel of R. In contrast to the literature, R can not only R, (p) = log, (1 +(1— p)PShZTA_l(p)hsr) )
process the received signal, but also harvest energy fras it _ ] ]
the source of power for the next-hop transmission at the samdiesorting to the PS scheme, we can briefly write the
time. At the second hop, R transmits the processed signalePression of harvested energy at R as
D depending on the harvested energy. Notice that both R and 9 9
D are half-duplex, i.e., R and D can not receive and send PEH =N {pPS 1Psrllz + pPa [[Par |5 + pafTr (I)} . (6)
signal, simultaneously. Therefore, SD link is not under o
consideration.

Denote the channel vectors from S to R, from D to R, a

Npx1 Npx1
frc])vmxl? to D by hS.T €C » har € C and g € tackle the received signal at the single-antenna R in the
C™*7, where N, is the number of antennas at R. At th emarkl, in this paper, we adopt as the processing matrix
first hop, S transmits the signal to R, meanwhile D sends AN ’ Paper, P 9

to R with the purpose of confounding the eavesdropper. T oedeal with the received signal and forward it to D at relay

. . o node. Subtracting the AN terny/1 —phIthdT:Cd sent by
received signal at R is given by itself, the received signal at D can be given by

_pt
ya = h),F (\/1 — phg.xs ++/1— pn, + nc) +ng, (7)
wheren, € CN+ represents the additive white Gaussian noise ¢

(AWGN) associated with relay node following the distrilmuti wheren, is the AGWN introduced by the receiver antenna at
CN(0,021I), z, represents the secure information sent by B with the distributionCA (0, 032). For simplicity of descrip-
to D, meanwhilez, is AN sent by D to degrade the channetion, we makes? = o2 = ¢% = o2 in the following parts.

— — < Signal at the Second hop

lez{}heren € (0, 1] denotes the energy conversion efficiency from
nscignal power to circuit power.
Different from simply applying the amplified scalar to

Y, = hers + hdr'rd + ny, (1)



The achievable rate of D can be expressed as Remark 1: When S, D and R are equipped with the single

) antenna, the achievable rate of R and D are given by

(1 —p)P,||hl Fh, i
Rq(F,p) =log,1+ 2 - (8)  R.(p) =log (1 + p)Ps|hsr ) 7
1=02 [ e 02| F v 203 A\ T 0Pl + (1 p)og + 02
2 2 Ra(p) =log, (1 ?(1 = p) Pl hl yhsr |
[1l. PROBLEM FORMULATION FOR SECRECY RATE a(p) =log, (1 + a2(1 = p)|hra|?02 + 02| hyal?02 + 02)

MAXIMIZATION

o ) ) ) whereq is the amplified factor with the consideration of power
To begin with our problem formulation, we will provide a . PEH
constraint at the relayy = \/(

brief background on the introduction &ecrecy Rate [11]- j 1=p)(Prlhsr [P+ Palhar[?+o7)+07 "
[18]. In the presence of the eavesdropper, the secrecysat@?d the secrecy rate is

the information rate that the source can securely transmit t
the legitimate user. In this section, we dendtg.(F', p) as
the secrecy rate, given by

Rur(p) = 5 [Rap) ~ Re(p)]" (12)

which is a function ofp in the range of(0, 1), and can be
perfect solved by setting% = 0 (resorting to Matlab),

where L= is the derivative of,.(p) with respect tg. Note
- that there might be more than one point making the derivative
where [a]* = max(0,a), and 5 is from the fact that the dr..

L N ) ‘ i equals zero, and we treat the one yielding the maximal
source-destination transmission takes place in two tiros.sl secrecy rateR,, (p*) as the optimal PS ratip*. If there is no

i:)r the MIMO relay case, the optimization problem can Bgqint at which the derivative is zero, the secrecy rate i9.zer
written as

Rsr(Fap) = % [Rd(Fap) - Rr(Fap)]+a

A. Global Optimal Solution

max R (F, 10 . . . .
o, F (F.p) (10) It is obvious that[(l1) is non-convex and difficult to solve
st. (1=p)Ps | Fh|2+(1 = p)Pal|[Fha| >+ with the two variables(p, f), simultaneously. In this sub-

section, we design the global optimal algorithm (GOA) for
problem [I1) with one dimension search @in the interval

of [0,1]. In each round, the following optimization problem
with the givenp is considered to obtain the optimal solution

+ *
max (1+ I Bp)f )( ! ) .
o f FICf +FTEf+02)\1+ (1 - p)P.hL, A~ (p)he,

(1—p)o? | F|p+02 | F|7 < PE",

which can be briefly rewritten as

sit. T (p)f < PEH 11 "B(p
where f f'Cp)f+fEf+o
st. f1T(p)f < P
f = vedF), o -
T However, the above optimization problem is still a non-aav
B(p) = Py(1-p) [(hsrhir) ® (hrdhid)] , problem. Hence, we resort to semidefinite relaxation (SBR) t
drop the rank-one constraint (rai) = rank f 1) = 1), and
Clp) = (1-p) KO—QI ® hrdhidﬂ , obtain the relaxed problem as follows
E = o2|(I®hqhl,)], Tr(B(p)X)
[( d)} . N T(CH)X) + TH(EX) + o2 (14)
G = (1= oP|(honl) 1], st TAT(p)X) < PEY
T X ~0,
Jp) = (1-p)P {(hdrh;) ® I] , - |
which is a quasi-convex problem. Thus, we adopt the Charnes-

T(p) = (Glp)+J(p)+ (1 —p)o°I;+0o2ly), Cooper transformation to make the quasi-convex problemh (14
.y into a convex SDP. To this end, we skt = %, ¢£>0,and
whereI; € CN-*N+ has the same dimension &&p), and recast[[I4) as
the properties, such as (etX B) = (B’ ® A)veq X) and

Tr(XTX,) = veqdX,)Tved X,), are applied to the above e Tr(B(p)Z) (15)
equalities. Note that the energy constraint[inl (10) meaas th < ~ )

the considered relay is wireless-powered, i.e., the refy i S.t. T(C(p)Z) + TH(EZ) + £o” = 1,
powered by its harvested energy without any external energy T(T(p)Z) < £PFH,

supplies. Z=0,6>0,



the optimal solution of which can be efficiently obtained byherec is the given tolerant error.

solvers, e.g., CVX. Denot(eZ},g;) as the optimal solution | imal Soluti

of problem [I5) with givenﬁ, and we achieve the optimal B. Local Optimal Solution

solution ofX* by X ; Although the global optimal solutiofif”*, p*) can be found

rank-one property, is the sufﬂment and necessary comditio as described in Sectidn 1A, the high computation time of

ne dimension search ip is expensive. Hence, we want to
Lhyetﬁgufl(\)/ﬁlcl)(\:;vr}ﬁg ?gr?]:gg!em—_ms) aid¥14), which is guarahtegeek for some other algorithms which can better balance the

Lemma 3.1: [24, Theorem 2.1] Suppose tHite 4" is a performance of system and the cost of computation. In this
complex Hermitian positive semidefinite matrix of rankand section, a Well-q§3|gned two-variable block coordinateetié .
A,, A, € H" be two given Hermitian positive semldeﬂmte(BCD) method is introduced to solve problem](11) converging
matrices. Then, there is a rank-one decompositiofof to a local optimal solution, which is proved in[25, Theorem

4.1].
r it i i 2_ . 2_ 2 _ 2
Y Zvi t (16) As it is mentioned abovey; = o7 = o7 = 07, then
A7 (p) = |(1 = p)Paha, bl + (2= p)o®I|
such that (p) = |1 = p)Paharhg, + (2 = p) }
" Tr(AY) Tr(AsY) In order to get more insight gf, we make some transformation
v;A1v;= » VAU = »J=L--,m (17)  of term A~ !(p) to present it as the function of instead of
In our problem, if we want to guarantee the rank-on@atrix formulation, like
property, the following equalities should be satisfied: I+ pdh B I — =122 2PdhdrhT
A*l(p)_ (2 P) dr (2—p)o dr’ (21)
TIC(p) 2HTUE 2™ Tr(C(p) £ ) Tr (B £ ) +¢0%(18) (2= p)o? + (1 — p)Pahl, har
T(T(p)X) = Tr(R(p)Ff). (19) the details of this procedure will be shown in Appendix A.

. Itis noted that different from the global optimal algorithm
*Based OT Lem*n@.l,. we can recover the rank-one S(.)Iu“%'archingo* to yield the maximal secrecy rate in the interval
f7 from X5 = J:ﬁfﬁ with given p. For the sake of brevity, [0, 1], the local optimal search fos implies that we should
denote fépa ) = filp, F)f2[t(p)], where fi(p, f) = 1+ selectp making the secrecy rate greater than zero to guarantee
7 C(£f+;£){?f+az' and fo[t(p)] = ﬁ, in which t(p) := the_secure sogrce-destination transmission. thiqe Iﬂpat t
14+(1—p)P.hi A=Y (p)hs.. And the optimal value of objective choice ofp decides the nature of secure transmission in this
function with given  is denoted asf(, f,). Hence, the _relay net_works. For example, smalimeans that there is more
optimal solutiorip*, £*) to problem [[ZLL) can be obtained by information eavesdropped by the untrusted relay (Eae_ (5)),
and less harvested energy for the second-hop transmission,
(p*, f") = arg max f(P I5)- (20) resulting in lower achievable rate for D. Meanwhile, altghu
) . the largep (approaches to 1) leads to more harvested energy
The details of GOA is summanzed in Algorithm 1 as anq |ess information leakage, the confidential informai®n

Algorithm 1: The global optimal algorithm weakened and difficult to be distinguished from the noise at
0: Define Ap = 57 = ¢, whereM is a large constant. the destination.
1. Forj=1,---,M, do Step S8S2, Therefore, it is important to choose a suitaplir this relay

and seek for the global optimal solutiget, £*) for (T). ne_tworks. In this subsection, we resort to BCD to quj@ﬂad _
S0: Denotes = jAp. Solve problem[{T5) with the given f in sequence. Due to the property of BCD, the initial point
p, and denoté*, Z%) as the optimal solution tg_{15); has a great effect on the solution of probléml (11). Hence, we

) N . choose multiple initial points, such asandf’,j =1,--- ,J,
S1: ObtainX ; by X7 = E* Do the following to achieve different objective values, and the maX|maI ane i
procedures to obtain 'the rank-one solutiph set to be the local optimal value.
If rank(X7)=1 For each initial point, f) (denotep = p7 and f = 7,V
The optimal value of probleni{13) if}, Xi=f5fL"; for simplicity), problem[[IlL) with a given fixeg,, to achieve
Else the temporary optimal solutiopy; in the k-th iteration, can be
Resort to Lemma{3l1) to seek for a rank-one written as
decomposition ofX 7, i.e.,_X; =zzland f} = z, FLB() 1
which satisfies the equalities ¢f{18) ahd](19). max +f£C(p)fk+fTEfk+02 11— p)Pohl, A1 ()b,
f7 is the optimal solution with givemp. tp =
S2: Remarkf; _and (. f5) as the op'umal_ solution qugglng KZIL) in[(2R), it is easy to ve_rlfy that the obj_ect!ve
and objective value for givep, respectively. function of problem[(2R2) can be rewritten as an univariate

2: Choose the optimal solution from the following equationfunction of scalerp with high order term, and the constraint
(p*, f*) = argmax;ci011 f (P, f ) with respect top is convex. Therefore, the optimal solution




0.2

py. of the above problem can be obtained. We check tl
monotonicity of f(p, f,) with respect top (the details are

given in Appendi{B), choose the points where the derivativi
of f(p, ;) with respect tg equal to zero, calculate the values

—Secrecy Rate
0.15-_* Point with the maximal value

i /
0.05 e same optimal p

Secrecy Rate (bps/Hz)

of the objective function in((22) with those chosen pointy] a , _

select the one with the maximal value. If there is no poir Powersp”mng%c’"me' e
making the derivative off (p, f,) with respect top equal to 01 0z 03 04 05 06 07 08 09 1
zero in the range db), 1], it means thayf (p, f},) is monotonic, — Derivative \

201 o Point where the derivative is 0 |

and the point at the boundary of the constraint will be chosi
to be the optimal one. The reason is given in the Rerhhrk :
Remark 2: As f is a smooth functionV f should be a
continuous function. We have that ¥, f can not obtairD, ower Spiting Ratio
V,f must be positive or negative in the whole interval [0,1] X o1 o0z 03 04 05 06 07 08 09 1
If not, let us assume that ,f(p1, f;,) andV,f(p2, f;,) have o ] ) )
different signs. Because of the continuity'af, f, there should z,'fr'ivi'ﬂvev&'z'f?:}'f; eﬁgg@iﬂ?ﬁfﬁ:?j&gﬁ 's obtained when the
be a pointps € (p1, p2) such thatV, f(ps, fx) = 0. This is a dp : '
contradiction.
Then we can updatg depending on the obtainegd,
(wherepy11 := p}) in the (k+1)-th iteration through solving
the following relaxed optimization problem referred to the In this section, we investigate the performance of the

Value of Derivative

IV. SIMULATION RESULTS

procedures of (14) td_(15) proposed algorithms via numerical simulations. The pasis lo
model for the energy harvesting relay channel is Rayleigh
Znsiig (B (px+1)Z1+1) (23) distributed and denoted Hy|?d—2, where|3| andd represent

2 _ the short-term channel fading and the distance between two
s.t. Tf(C(pkH)ZkH)+Tr(gzk+l)+€a =1 nodes (S and R, D and R, R and Dy|? follows the
T(T(prr1)Zk+1) < EPT exponential distribution with unit mean. We set the noise
Zj1 = 0,£>0, powers aso? = o3 = 02 = 02 = 0dBm, Vi, the number of
the optimal solution of which can be efficiently obtained bgntennas at R as 2, and the energy conversion efficigrey.
solvers, e.g., CVX. DenotéZ}, ,,£*) as the optimal solution 10 get more insight of RemafK 1, we verify the conclusion
of problem [2B) in the(k + 1)-th iteration, ?nd we achieve Of Remark[1 using one channel realization. For the single-

the optimal solution ofX* by X%, — Z;f]- Resorting antenna untrusted relay case, the optimal PS ratican be

. B RS’!‘ o . . .
to lemma[31l, we can get a rank-one decomposition fropgrieved by settmgiw = 0. As shown in Fid.2, the point

: . . o with the maximal secrecy rate in the upper subfigure corre-
X1 = f;ﬂfﬁkl, i.e., fr1 is the optimal solution in the L dRur [ *\ :
(k 4 1)-th iteration. sponds to the point whered—p(p ) = 0 on the horizontal

! a]xis in the second subfigure. In addition, we conclude thtt bo
In the following, we present the procedures of the loca :

optimal algorithm (LOA) in Algorithm 2. smallp and largep (approaches to1) yield smaller secrecy rate.

The secrecy rate performances for GOA and LOA in MIMO

untrusted relay networks are given in Eig.3. In the low SNR
region, the performance achieved by LOA quite approximates
the one in GOA. The reason is that the key element affecting
the performance in that SNR region is the harvested energy

Algorithm 2: The LOA based on BCD method
0 (Initialization): Randomly generate feasible pq(rpztfs, ),
Vj, and let the initial objective values b p’, f7),V;.

Do Stefd-2 for eachj, denotep = p’ and f = f’ powering the next-hop transmission. Although we can get the
for simplicity, and set = 0. optimal p* resorting to GOA, it just helps a little.
1 (Block Coordinate Maximization): In contrast, the dominant factor for the performance is the
(1) Solve Problem{22) wittf(p, f), and power splitting ratip in the high SNR region. It is the fact that
get optimal solutiorpy+1; the higher the SNR, the larger gap between GOA and LOA for
(2) Solve Problem[(23) wittf (px+1, f), and the fixed AN power in FiglJ3. Interestingly, as the power of AN
get optimal solutionf, ., resorting to Lemma3l1;  (p,) increases, the performance of LOA is getting much closer
SetA = [f(pr+1s Fr1) — flpow, Fl/1f (ors1, Fr1)l- to that of GOA for the whole region of SNR. For instance, at
2 (Stopping Criterion): Ifmax(0, A) < ¢, stop and return  SNR=50dBm, the relative performance ratio is growing from
(pks f); otherwise, sek := k + 1 and go to Step 1. 79.6% to 86.3% as>; raises from 40dBm to 50dBm.

3 (Local Optimal Solution): Denotép;, f7.) and f(py,, 1) The comparison of computation time for GOA and LOA
as the solution and objective value of probldéml (11) withis shown in Tablg! with different givem. The results are
the given initial point(p?, f’), hence the local optimal  averaged among 100 channel realizations, and the unit of
solution is chosen by measurement for computation timesscond(s). It is obvious

(p*, f*) = argmax; f(p}., f1.)- that LOA takes much less computation time than GOA. We




0.7 : .
—a-LOA(P,=50dBm)

power P, = 43dBm is almost twice times than those of

0.6/ |5~ GOA(P,=50dBm) o GOA and LOA in the low region of SNR. Because WPR
-a-LOA(P=40dBm) /; -------------- ) can not harvest enough energy to achieve better performance
AO"”’izfs:((:d:j;):::)pﬂwsm) / . in that low SNR region compared with EPR. By contrast, in
%{l : = //i,/ I the high SNR region, WPR can harvest sufficient energy to
S S e ] support its next-hop transmission and obtain higher sgcrec
‘jtios Ry A rate performance with reasonable PS ratio for the inforonati
g / processing, but consumes less energy compared with EPR
Y ox. in Figl4. As for EPR, more information is eavesdropped by
. the untrusted relay as the source powgris increasing in
g - & the high SNR region, hence, its secrecy rate performance is
reducing. From the aspect of secrecy rate performance, WPR
%o 15 20 2 30 35 40 a5 50 has advantage over EPR for the reason that it can harvest

Fo 3 C , ‘i e achieved by diff " energy from the wireless signal and adjust the PS ratio to
1g. o. omparison o € secrecy rate acnieve y di emgmn ms, . . . .
which is averaged over 100 channel realizations, and SKIR= achieve better performance with less information leakagk a

1 : ‘ ‘ ‘ power consumption, especially in the high SNR region.

| V. CONCLUSION

o
3

In this paper, we study the secrecy rate maximization
8 problem in the wireless-powered untrusted relay networks
1 according to joint power splitting and secure beamforming
design. We propose two algorithm named as Global optimal
algorithm (GOA) and Local optimal algorithm (LOA) with
well established convergence result to jointly optimize BS
ratio and relay beamforming, and LOA can achieve satisfac-
] tory secrecy rate performance compared to GOA, but with
© " less computation time. We also show that the wireless-pesver
SNR (dB) untrusted relay has advantage over external-poweredstetru
relay at the aspect of secrecy rate performance but with less

o
o

o
~
T

Relative Power Consumption
o
[

o o
) w

o
=

10 20

o
a

Fig. 4. Comparison of relative power used (relative to thegraconsumption

of EPR case with?; = 40dBm and P, = 43dBm. power consumption, especially in the high SNR region.
TABLE |
COMPARISON OFTHE COMPUTATION TIME IN GOA AND LOA FOR PER APPENDIXA 1
CHANNEL REALIZATION. TRANSFORMATION OFA™ (p)
Method € We rewrite A~'(p) to represent it as the function of
10—* 107 0 instead of matrix formulation, as follows

Local Optimal Algorithm (LOA) 0.2896 2.9868 7.4535
Global Optimal Algorithm (GOA)| 0.9706 6.1656 47.9588

A7 (p) = [(2 = p)o*T + (1 = p) Paharh, |

ﬁI [(1—P)Pdhdrh:rir] (27;)02 1

can figure out that LOA is relatively efficient, and it can _ 1

achieve satisfactory secrecy rate performance compared to (2 —p)o? 1+ (1— p)Pdh;‘thdT

GOA, especially wherP; is large, but with less computation 1—p " 1—p t

time. _ It mpalahahad — gy laharka, -,
To find more knowledge of the benefits of the wireless- (2= p)o2 + (1 — p)Pyhl, hy, ’

powered relay, we compare the performances between the ] o
wireless-powered relay (WPR) and the external-powerexyrel""here the sgcond equation comes form _the_ definition of
(EPR, i.e., the power of the relay is supplied by the powet greerman-Morrison-Woodbury formula [26], which is

or battery, rather than harvested from its received sigimal)

B —1,..tg—1
Fig[3. We also show the relative power consumption of the K + a:yT] R ‘e % (25)
three algorithm (GOA, LOA and EPR) in Fig.4, and denote l+y'K
GOA and LOA as WPR-GOA and WPR-LOA, respectively. APPENDIX B

It is clear that WPR consumes less power than EPR because 1.t DerIVATIVE OF F(o. F)

the power of WPR is supplied by energy harvesting from the

received signal, rather than the external power for EPR.caseRecall the those denotations in Sectlon TlI-A 6tp, f),
The secrecy rate of EPR with the given constant relaff(p, f) and f2[t(p)], we have the partial derivative ¢f with

WITH RESPECT TOp



respect top like

P.f [(hsrh;)é(hrdhid)}f(f*Ef+02)

8fléf;a f) ~ - ~ - . (26)
(Flewf+FBf+0?)
And the derivative offy with respect top, is given
Ofltp)] _ 1 0t(p)
dp t(p)* 9p
1 —P,o?
= — 2m+

t(p)? ((2 —p)oZ+ (1 — p)Pthzrhdr)

Pyhl hghl hg — Pkl hahl b, .
(2—p)*o? ’

[12]

(23]

[14]

[15]

[16]

[17]

(18]

where t(p), taking account of the new transformation of19]

A (p), is written as
t(p) =1+ mn,
wherem =
1—p 1—p
hi hgyt—"—Ph! hyh! hy———" PR hy bl b,
sr +( —p)0'2 d'Y g Tdr gy (2_p)0,2 dlbgpttdr ., P
andn = (1=p)Ps

2-p)o2+(1-p)Psh} ha,. "

The derivative off (p, f;,) with respect top is given by

(1]

(2]

(3]

(4

(5]

(6]

(7]

(8]

[0
[10]

[11]

af(p*vf):afl(p*vf)

RIALS)

Plt(p =2
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