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Abstract—This paper considers downlink multicast transmit fading and frequency selective channels, respectivelyf6)n
beamforming for secure layered transmission systems withireless  the authors studied the design of precoders for multiplerare
simultaneous information and power transfer. We study the pwer  systems to achieve various information and energy trarssonis
allocation algorithm design for minimizing the total transmit tradeoffs. In[[7], the authors proposed power allocatidrestes
power in the presence of passive eavesdroppers and energyfor maximizing the energy efficiency of systems with coneuatr
harvesting receivers. The algorithm design is formul_ated 8anon- nformation and power transfer. Yet, the results[in [4]-§fe
convex optimization problem. Our problem formulation promotes obtained by assuming single layer transmission which dogs n

the dual use of energy signals in providing secure communitian . . R e
and facilitating efficient energy transfer. Besides, we ta& into ;ggt"té;eﬁtglr?spropertles of multilayer transmission in muiia

account a minimum required power for energy harvesting at
the idle receivers and heterogeneous quality of service (& Layered transmission is a promising approach for achieving
requirements for the multicast video receivers. In light ofthe in- a better resource utilization in multimedia applicationsd a
tractability of the problem, we reformulate the consideredproblem has been implemented in different multimedia standardé suc
by replacing a non-convex probabilistic constraint with a ®nvex as JPEG2000 and H.264/SVC [8]] [9]. Thereby, for instance,
deterministic constraint which leads to a smaller feasiblesolution g video source signal is encoded into multiple layers with
set. Then, a semidefinite programming relaxation (SDR) appiach  gifferent source coding rates, i.e., a base layer and severa
is adopted to obtain an upper bound solution for the reformubted  o\nancement layers. In particular, the base layer can be de-
probl_em. Subsequently, sufficient conditions for the globlkoptimal coded independently from the oth'er layers and the embedded
solution of the reformulated problem are revealed. Furthemore, information provides a basic video quality: the enhancemen

we propose two suboptimal power allocation schemes based on . .
the upper bound solution. Simulation results demonstrate he layers can only be decoded successively together with tee ba

excellent performance and significant transmit power savigs layer and they further refine the quality of the video infotima

achieved by the proposed schemes compared to isotropic eggr €ncoded in the base layer. As a result, the structure ofdalyer
signal generation. transmission requires unequal error protection whictothices

a paradigm shift in resource allocation algorithm desigm tiae
. INTRODUCTION other hand, a large amount of work has been recently devoted
. . . C . _to physical (PHY) layer security [10]=[13], as a complemtnt
In recent years, using multimedia applications over Wm.le.traditional cryptographic encryption adopted in the aggtion
communication channels such as internet protocol tem's'layer. Specifically, PHY layer security guarantees pelect
(IPTV) and video streaming has become increasingly pOPUIgécure communication by exploiting the physical charésties
2;2?“ eisdsglf;atjegmglr?dh fg?tg né?te ;er]c(IjUItr)er?c?vCitﬁthhaXi !iedr e?@?he wireless communication channel. [n][10], Wyner shdwe
advanced sianal brocessin tge)éhni ues for mu'lti le aate at when the legitimate receiver enjoys a better chanredltgju
. g Pro 9 1que: P Man the eavesdropper, the transmitter can deliver pérfect
transmitters and physical layer multicasting have beepgsed secure messages to the legitimate receiver at a non-zeso dat

Isnert'Ci?:elgaa]lEE[IrS? fﬁg\:‘\z’aé:\;lét? ttlﬂg Iﬁg\glrireeof;ﬁls&ocrirsnrne“rjrgﬁg rate. In [11] and[[1P], artificial noise generation was pregd
' ! for providing secure communication in fast fading and slow

bottleneck for system performance. In particular, mobdeices fading channels, respectively. In ]13], beamforming desigs
girsesiogfg dp:\\/’é?]r%dthbg rzaczilcété'I;Tét?glebatte”es and enengyproposed to minimize the total transmit power of the system
Thpe tearation of ener harvesfin technolo Witwith simultaneous energy and secure information trankie-
ey . 9y g technology Qver, single layer transmission was adopted and the raseive
communication devices provides self-sustainability tavee in [LO]-[L3] were assumed to be powered by perpetual energy
constrained communication networks. Hydroelectric, péec- sources which may not be valid for power-constrained péetab

tric, solar, and wind are the major conventional energy e8I’ o, ices requiring multimedia services. Furthermore, &ioiefit
for energy harvesting. However, the availability of theaéural wer allocation scheme for secure layered transmissisn sy
energy sources is usually limited by location or climate a'fé)ms with energy harvesting receivers has not been reported
they may not be available in indoor environments. On therothﬁa]e literature [[L]-[1B]

hand, wireless power transfer, where energy is harvested fr In this paper, we address the above issues and study the
ambient radio signals in radio frequency (RF), is also aleiab ower allocation algorithm design for multicast secureslay
source of energy for energy scavenging [_[7]' Fur-theenoﬁansmission systems with simultaneous wireless infaomat
wireless energy harvesting technology facilitates thesihity nd power transfer. The algorithm design is formulated as a
of simultaneous wireless information and power transfer. N9 P Ster. | gbl L 19 he orabl

[@] and [B], the fundamental tradeoff between the harvest@gN-convex optimization problem. To circumvent the prable

energy and the achievable data rate was investigated for fjjfactability, we reformulate the optimization problery in-
troducing a convex tractable deterministic constraintbsgu

TThe author is also with the University of British Columbiaanéouver, quemly' a semidefinite programming relaxation (SDR) based

Canada. This research was supported by the Qatar NatiorssaRén Fund POWer alloc_aﬂon algorithm is proposed to Obt_ain an upper
(QNRF), under project NPRP 5-401-2-161. bound solution for the reformulated problem. Besides, thyen
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Fig. 1. A single group multicast communication system wikered transmission fok' = 3 mobile receivers (two active and one idle) afid= 2 passive
eavesdroppers.

bound solution is used as a building block for the design of. Figure[1. Besides, a rechargeable battery is used te stor
two suboptimal schemes which are shown to achieve excelléme harvested energy for future use. If the energy storage of

system performance. the battery is full, the energy harvesting process will stop
prevent the battery from being overcharged. To facilitatergy
Il. SYSTEM MODEL harvesting at the idle receivers, the transmitter can asaahe
In this section, we present the adopted system model fsansmit power of the video information signal. Howeveisth
secure layered video transmission. makes the video information more vulnerable to eavesdrappi
due to the high transmit power. As a result, a novel power
A. Channel Model allocation algorithm design is needed for promoting siiamgt-

We consider a single grofipmulticast downlink commu- ous power and information transfer while ensuring robusgtne
nication which comprises a tr_ansmitter wiffir transmit an- against passive eavesdropping.
tennas,/ single antenna passive eavesdroppers, Ensingle q Video Encoding and Energy Signal Generation
antenna video receivers, cf. Figure 1. In every time instan i ) i
the transmitter conveys video information to a given set of A layered video encoding approach is adopted to encode
multicast video service subscribers (receivers) reqgitine the video information. Specifically, the video source slgna
same video information while the remaining receivers afe. id'S encoded intoL layers at the transmitter and the data rate
The eavesdroppers are assumed to be passive and silerfffigach layer is fixed, cf. H.264/SVC [14]. [15]. The video

hide their existences. We focus on a time division duplexigformation can be represented 8s— [s1,82,....50],81 €
system with a frequency flat slow time varying fading channéf- V! € {1,..., L}, wheres; denotes the video information of
The downlink channel gains of all legitimate receivers cddYer [. The L layers include one base layer which contains
be accurately obtained at the transmitter via measuring most essential information of the video. The base layer

uplink pilot sequences in the handshaking signals by etiptpi ¢an be decoded independently without utilizing informatio
channel reciprocity. The downlink received signals at esi from the other layers and the embedded information guagante

video receiverk € {1,...,K} and passive eavesdroppe@ Minimum video quality. The remaining — 1 layers are
je{1,...,J} are given by, respectively, enhancement layers which are used to successively refine the
Y decoded lower layers. However, the information contaimed i
Yk = thx + 25k (1) given enhancement layer cannot be decoded if there is adailu
ypE; = gfx + zes (2 n decoding any of the lower layers.

On the other hand, an energy signal is transmitted along with
wherex € CNt*! denotes the transmitted symbol vector an#le information signals to degrade the quality of the chémne
CN*M denotes the space 6f x M matrices with complex Of the eavesdroppers and to facilitate energy harvestirtgeat
entries.h’ € C'*N7 is the channel vector between the tranddle receivers. Hence, the transmitter adopts the trarsmibol
mitter and legitimate receivérandg!’ € C'*" is the channel vectorx as

vector between the transmitter and passive eavesdropper L

() denotes the conjugate transpose of a matix. and z ; X = Zwlsl + WEg , 3
denote the joint effect of thermal noise and signal proogssi =1 ~

noise at desired video receivér and passive eavesdropper —— energy signal

4, respectively. They are modeled as additive white Gaussian L-layer video signal

noises with zero mean and varianeg wherew; € CNt*! is the beamforming vector for the video

B. Information Decoding and Energy Harvesting Receiver information in layeri intended for the desired receivers. We
. ) . note that superposition coding is used to superimposelthe

We assume that each video receiver has the ability to harvgsfeo information layerswr, € CNt*1 s the energy signal
energy and to decode the modulated informdifmom the yector generated to cause interference to the passive -eaves
received radio signal. However, in practice, the signaldusg oppers. In particulanvr is modeled as a complex Gaussian
for decodm_g of the modulated |nformat|o_n cannot be reus%@eudo-random vector represented ag ~ CA(0, Wrg).
for harvesting energy due to hardware limitations [6]. As W denotes the covariance matrix of the energy signal, i.e.,
result, a video receiver can either decode the video infooma Wg € HM' and Wy = 0. Here, Wi = 0 indicates

when it is active (being served by the transmitter) or harveg i w, is a positive semidefinite Hermitian matrix aie™
energy when it is idle, but not performing both simultandpus represents the set of aN-by-N complex Hermitian matrices.

- s of thi b ired tigrougticast Besides, the Gaussian pseudo-random energy signal is known
€ results o IS paper can be generalize 0 muitigroupticas H H H H H
networks at the expense of a more involved notation. at the legitimate receivers but is unavailable at the passiv

2please refer td |5] for a hardware implementation of the gnéarvesting eaVGSdrOpperS- The transmitter regularly changes_ thes sefed
circuitry. the random sequence generator used for generating theyenerg



signal sequences to prevent the sequence from being crackpger bound in[{7). Thus, the maximum secrecy capacity of
by the passive eavesdroppers. Besides, the seeds informdtyer/ between the transmitter and the desired active receivers
used at the transmitter can be delivered to the desiredvessei is given by [11]

securely by exploiting e.g. the reciprocity of the channels

. ! , +
between the transmitter and the desired receivers [16]. Csee; = |minCyx — max Cpg, } , (8)
keA 7 je{1,...,.J} 7
I1l. POWERALLOCATION ALGORITHM DESIGN

In this section, we present the adopted performance met
and the problem formulation.

A. Channel Capacity B. Optimization Problem Formulation

We assume that perfect channel state information is avail-1he optimal power allocation policfw;, Wi} can be
able at the video receivers. Besides, successive intedereobtained by solving:

Jhere [z]T = max{0,z} and A denotes the set of active
réceivers which require video information.

cancellation [[17] is performed at the receivers decoding th I
video information. Since the energy signal sequence is know minimize wil12 + Tr(W
at the legitimate receivers, the energy signalg, is first WgeHNT ,w; ZH z (We)

=1

removed from the received signal before video information b/ w2
k Wi

decoding starts. Then, the receivers decode and cancel thegt C1:
lower video information layers successively before deagdi

the higher layers. Therefore, the instantaneous chanpatis

between the transmitter and legitimate mobile video remeiv

> Treq,, Vk € P, VI,

> |hifwi|? + 02
t=I+1

H 2
ke{l,...,K}inlayerl € {1,...,L} is given by c2: — [hy wi| > Doy Vh € B,
H
Cix = logy (14+T1) and 4) X Ihgfwif? + o
b il e ( {ree. f <)
T, = [hy wi (5) C3: Pr je?llf.l.).(,J} Lpg, ;¢ < Ttay, | 2 K,

L b
Zt:l+1|thWt|2 + o2 I

wherel; ;. is the received signal-to-interference-plus-noise ratio C4: Zlhfwl|2 + Tr(H,Wg) > %Nk S
(SINR) of layer! at receiverk, and|-| denotes the absolute value =1 "k
of a complex scalar. C5: Wg = 0, 9)

On the other hand, the channel state information of the ) ) o )
passive eavesdroppers is not available at the transmisea Where H, = hyh/’. T\q, in C1 is the minimum required
result, we design the power allocation algorithm for the storSINR for decoding layerl at receiverk and P is the set
case scenario. In particular, we assume that eavesdrgpiger Of receivers which subscribe theremium video serviceln
close to the transmitter and is located at the referencardist Particular, the transmitter is required to guarantee tradityuof
of the path loss model. Then, an upper bound on the capadgfvice (QoS) (i.e., SINR) of each layer for theemium video
of layer | between the transmitter and passive eavesdropg€fvice Bin C2 denotes the set of receivers which subscribe the
je{1,...,J} under this worst case scenario is given byl [11pasic video serviceConstraint C2 indicates that the transmitter

only guarantees a minimum required SINR for the first layer
which provides the basic video quality. In CB,,, denotes

Cpg, ; = logy (1 + FPEM) and (6) the maximum receive SINR tolerance in layer 1 for decoding
e layer 1 successfully at passive eavesdrogpém particular, the
Tpp = W' Gjw maximum SINR among all passive eavesdroppers is required
b ZtL—z+1|gEWt|2 + Tr(G;Wg) + 02 to be smaller thaml,, with at least probabilityx. Since
(@) h HE ' layered coding is employed for video information encodiihg,
° w;' G;w; @) is sufficient to protect the first video information layer aggh
N Zf:lH wﬁéjwt + Tr(éjWE) + &3j’ passive eavesdropping. If an eavesdropper is unable taldeco
' layer 1, then he/she will also not be able to decode layer.
where Tr(-)2 denotes the trace of a matridG,; = gjgf, Besides, although the number of eavesdroppeissnot known

52. = ——% __ andgR* contains the channel coefficients oft the transmitter/ in C3 represents the maximum tolerable
7 E{llg P} J _ number of passive eavesdroppers that the transmitter aan ha

the eavesdropper at the reference distance. Hefeand&{-}  gle. Furthermore, we do not maximize the secrecy capacity of

represent the Euclidean vector norm and statistical eapient ;qeq delivery in this paper as it does not necessarily leaal t

- : Ve , ;
respectively. We note that the elementsgdf’ andg; capture power efficient power allocation. Yet, the problem formidat
the joint effect of small scale fading and shadowing in theea i, (@) guarantees a minimum secrecy capacity of layer 1, i.e.

manner. Yet, the path Io_ss coefﬁue_nt c:ontalnt=;_g§f\f is calcu- Cucer > 1085(1 4 Treq, ) — logs (1 + Ty, ), With probability .
lated at the reference distance which result§gfi’|| > ||g;||. Moreover,Z in C4 represents the set of idle receivers ahg,
Since&{||gl |7} = ... = E{llg}*!II*} = ... = E{llg}*"]|?}, denotes the minimum required power harvested at idle receiv
we replaces?; by 62 without loss of generality. Besides,k. 0 <. < 1is a constant which denotes the efficiency of the
I B . . ... energy harvesting circuit for converting the receivedoaignal

Gj =88] = Ferrey N (a) is a normalized matrix With , gjectrical energy. We note that sefsZ, B are mutually
|&;]l = 1. Furthermore, the passive eavesdroppers are unablexalusive and?, B € A. C5 andWg € HV™ are imposed such
perform interference cancellation to remd¥igG,;Wg) since that Wy satisfies the requirements on the covariance matrix
the energy signalvg is only known at the legitimate receivers.of the energy signal. We also point out that the benefits of
With a slight abuse of notation, we reuse variablgg, ; to energy signal generation are two-fold. First, the energnali
denote the upper bound on the capacity of layat passive is used to compromise the channels of the passive eavesisopp
eavesdroppey by replacing the SINR'pg, ; in @) with its for providing communication security, cf. C3 arid (7). Seton



it acts as a energy source for the idle receivers for energyThus, replacing probabilistic constraint C3 wi@8 in (11),

harvesting, cf. C4. we obtain the following reformulated optimization problem
IV. SOLUTION OF THE OPTIMIZATION PROBLEM o L
The problem in[(B) is a non-convex optimization problem. Wi W e eliN Zrﬁ (W) + Tr(Wg) (12)
In order to obtain a tractable power allocation algorithng w ' =
D gorrhne st C1 C2, Ca, C5, C6, CT,

first handle constraints C1, C2, and C4 by transforming the
problem into an equivalent. Subsequently, we reformulage t C3: Ty, 62 Dy ( 51/1) > Amax (Q))_

considered problem by replacing the probabilistic comsti@3

with a convex deterministic constraint. Then, an semidefiniwe note that the solution of the reformulated problem[id (12)
programming relaxation (SDR) approach is adopted to obtaiarves as a performance lower bound [of] (10) as a smaller
an upper bound solution for the reformulated problem. Fynal feasible solution set is considered by replacing probstuli

we propose two suboptimal power allocation schemes whichnstraint C3 withC3. Now, C7:Rank(W;) = 1,VI, is the

achieve excellent system performances. remaining obstacle in solving the reformulated problem in
e . . @2). In fact, if this constraint is removed from the problem
A. Semidefinite Programming Relaxation formulation, the reformulated problem becomes a convex SDP

First, we rewrite problenf{9) in an equivalent form via SDRwhich satisfies Slater’s constraint qualification. Thug, 8DP
relaxed version of the reformulated problem [n](12) can be
solved efficiently by off-the-shelf numerical solvers suah
SeDuMi [19]. In particular, if the obtained solution admits
rank-one matrixWy, VI, then it is the optimal solution of the

L

minimize Tr(W;) + Tr(W
ninimize Z 1) + Tr(Wg)

s.t. C1: Tr(H W) >Tyeq,, Yk €P, VI, original problem in[(IP). Yet, the proposed constraintxatéon
L Te(H W 5 may not be tight with respect to the reformulated problem and
t_%l r(HeWe)+03 the result of the relaxed problem serves as a performancar upp
B Tr(H W bound for the reformulated problem. Therefore, it is impott
c2: (H, W) req, > Vk € B, to study under what condition(s) the solution of the problam
EL:Tr(HkWt)—i—a? ' (12) yields rank-one matrice®v;, vi.
=2 ; B. Optimality Conditions
C3: Pr( 'e?llaXJ} {FPEM} < Ftoll) > K, We investigate some sufficient conditions for obtaining a
J geeey

rank-one solutiodW; via the Karush-Kuhn-Tucker (KKT) con-

L . . .
Poin ditions of problem[{IR). To this end, we express the Lagramgi

Ca: Tr (He(Wp + Y Wy)) > I vk e, function of [I2) as

=1
C5:Wg =0, C6:W, =0,V e{l,. . L}, LW, Wi, 1, 8,8,0, Y1, X)

L
C7: Rank(W;) =1, Vi € {1,..., L}, 10 - -
k(W) -} A0 S I(WiIy, — Y1) - 6071 (1= w1, 52

where W; = wlle and Rank(-) in C7 denotes the rank =1
of an input matrix. We note tha¥w, = 0,vi € {1,...,L}, L — Te(H,W)) L
W, € HVr v, and Rank(W)) = 1, ¥, in (I0) are imposed —Tr(WpX)+ > Zm#k(#Jr > Tr(HLW))
to guarantee thaW, = w,w/’ holds after optimizingW;. kep =1 Freq, P
The transformed problem above is still non-convex due to the I
probabilistic constraint C3 and the rank constraint in C@. T 2) A (W T W, + W ) Tr(W
overcome this problem, we introduce the following lemma for )t PAmax W1 ~Toy (Z ¢+ We)) + Tr(Wa)
reformulating the considered problem: H,W))

Lemma 1:Assuming the normalized upper bound channel ( Tr( Ar(HpWi) 1) )
gain vectors of the passive eavesdroppers can be modeled agz Br Treq, * ZTr (HyW;) + 0
independent and identical distributed (i.i.d.) Rayleigindom

variables,g,;, the following constraint implication holds:
g g p + Z 5 ( ming —Tr (Hk(WE + ZWI))), (13)
C3: <I>]‘Vi(1 kY Dyor, 62 > /\mdx(Q) keT 1=1
wherely,. is the Nt x Nt identity matrix. u, with elements
= C3: Pr (Jeglax 5 {FPEl,j} < Ftoh) >, (1) 4, >0,V e {1,...,L},Vk € P, is the Lagrange multiplier
""" vector associated with the minimum required SINR in decgdin
whereQ = W1 T, (Zt » W+ Wg), & ( ) denotes the layer! for receiverk subscribingoremium video servica C1.
inverse cumulative distribution function (c .d.f) of anverse B, with elementss;, > 0,Vk € B, is the minimum required
central chi-square random variable witivg degrees of free- SINR in decodmg layet for receiverk requestingasic video
dom and\,.« () denotes the maximum eigenvalue of a squagervicein C2. ¢ is the Lagrange multiplier associated with
input matrix. the proposed constrai@3 from Lemma 1.9, with elements
Proof: Please refer to Appendix A. B o, > 0,Vk € Z, is the Lagrange multiplier vector for the
As a result, we can replace the probabilistic constraint cminimum required power transfer to the idle receivers in C4.
with the constraint in[(Z1). Constrai@3 is safe and tractable Matrices X,Y; = 0 are the Lagrange multipliers for the
in the sense that: (i) a feasible solution point satisfydg positive semidefinite constraints on matricéég and W in
will also satisfy C3, and (ii) the new constrai@8 is a convex C5 and C6, respectively. The resulting dual problem for the
function with respect to the optimization variatiles SDP relaxed problem is given by

maximize minimize L£(W;, Wg,u,3,9,6,Y;,X). (14)

3Although the maximum eigenvalue function is a non-smooticfion, it is 12,8,8,620 W, WgeHNT
a convex function[[18]. Y, Xro b



In the following theorem, we reveal the rank ®; in the 2) Suboptimal Power Allocation Scheme ZThe second

relaxed version of probleni (112). proposed suboptimal power allocation scheme is also a hy-

Theorem 1:In general, forl",.q, > 0, VI, the following rank brid scheme. In particular, it is based on the solution of the

inequality for W7 holds: relaxed version of[(12) and the rank-one Gaussian random-
ization scheme]2]. Besides, a similar approach to solvirey t

Rank(W7) < min{K, Nr}. (15) problem is adopted as in suboptimal power allocation scheme

L 1, except for the choice of beamforming matA¥; when
Moreover, for¢ = 0, i.e., constraintC3 is not active at the Rank(W;) > 1. Specifically, we calculate the eigenvalue

optimal solution, there existV; such that decomposition of W, = U;%, U, where U, and &, are
an Nt x Nt unitary matrix and a diagonal matrix, respec-
L ) ) tively. Then, we adopt the suboptimal beamforming vector as
ZRank (W7) + Rank™(Wp) w, = U/t W, = ayw,wt, wherer, € CV* and
=1 r; ~ CN (0,1, ). Subsequently, we follow the same approach
< card(P)L + card(B) + card(Z) (16) as in [IT) for optimizing{c;, Wg} and obtain a suboptimal

o rank-one solutioroy W.
wherecard(-) denotes the cardinality of a set.

Proof: Please refer to Appendix B. [ V. RESULTS
By utilizing Theorem 1, we summarize some sufficient In this section, we evaluate the system performance for the
conditions for obtaining a rank-one solution via SDP reteta.  proposed power allocation schemes using simulations. \&jtad

in the following corollary. the TGn path loss model [20] for indoor communication with
Corollory 1: For T'.eq, > 0,Vl, and ¢ = 0, the SDP a reference distance @f meters for the path loss model and

relaxation of [IR) is tight (i.e.Rank(W;) = 1,Vl,) if one a carrier center frequency of70 MHz [21]. There areK

of the following is satisfied: legitimate video receivers uniformly distributed betwete

. : : reference distance and the maximum service distanc20of
) Lis arbitrary, K < 2 : card(P) = 1 meters. The transmitter is equipped wiffir antennas and
i) L=1K=3:card(P) =2 card(B) = 1,card(Z) =0 e a55ume a joint transmit and receive antenna gainOof
i) L=1,K=3:card(P) = 2,card(B) = 0,card(Z) = 1 gp; (isotropic). The multipath fading coefficients betwettwe
We note that Corollary 1 provides only sufficient conditidos transmitter and legitimate video receivers are generatéad.a.
the optimality of SDP relaxation. In practice, the SDP ration Rician random variables with Rician factérdB. On the other
can admit a rank-one solution even if the sufficient cond&io hand, we assume that there dre- 4 eavesdroppers eavesdrop-
stated in Corollary 1 are not satisfied. ping the video information from outdd®rThus, the multipath
In the following, two suboptimal power allocation schemetading coefficients between the transmitter and theassive
are designed based on the framework of convex optimizatiogavesdroppers are modeled as Rayleigh random variables. Th
1) Suboptimal Power Allocation Scheme The first pro- noise power and the RF energy conversion efficiency at the
posed suboptimal power allocation scheme is a hybrid schefgéeivers arer? = —33 dBm andr;, = 0.5, Vk, respectively.
based on the solution of the relaxed version[afl (12). In paFhe video signal is encoded into 3 layers with minimum SINR
ticular, we first solve[{d2) by SDP relaxation. If the solutio requirements of';eq, = 6 dB, I'ieq, = 9 dB, andl'eq, = 12
admits rank-ondV,, v/, then the global optimal solution df{f12) dB, respectively. The maximum tolerable SINR at eavesdzopp
is obtained. Otherwise, we construct a suboptimal solusiemn J is set o'y, = —10 dB andx = 0.99. In other words,
W, = w,wH, wherew, is the eigenvector corresponding to théh€ Proposed power allocation schemes guarantee a minimum
maximum eigenvalue of matri¥V;, whereW, is the solution SECrecy capacity of layer 1 video information@f., > 2.179
of the SDP relaxed version df {112) withank(W;) > 1. Then, bit/s/Hz with 0.99 probability. Unless specified otherwise, we

we defineL scaling constants;, vl € {1,...,L} and a new 2sSume that there are two idle receivers requiring minimum
optimization problem: ’ R harvested powers aP,,;i,, = 0 dBm, Vk € Z, and two video

receivers requiring basic video service. The system paidioce

L s is obtained by averaging ové0000 multipath fading and path
minimize Z oy Tr(W)) + Tr(Wg) loss realizations.
a, WgeHNT .
=1 ~ A. Average Total Transmit Power
st C1: a; Tr(Hy W) > Ty .V € P.VI Figure[2 depicts the average total transmit power versus the
H (W L W , "7 number of video receiverd for different power allocation
Tr( ( E+t§z;r1at t))+0s schemes and different numbers of transmit antenNas It
Tr H_ W can be observed that the average total transmit power of the
C2: a1 Tr(Hy W) >Treq,, Vk € B proposed schemes is a monotonically non-decreasing &mcti
- reqq» Y

of the number of video receivers. This is because a higher
transmit power is required for satisfying constraint C1 whe
there are more video receivers requesting the premium video
service. Besides, the two proposed suboptimal schemesrperf

L —
Tr (Hk (Wi+ ZatWt)) to?
t=2

Ca3: (I)X[}F(l — Hl/(])rtoll 5'82 > /\max(Q)v

L __ P closely to the upper bound system performance achieved by
C4: Tr (Hk(WE + Ocsz)) > —* Vkel, SDP relaxation. In fact, the proposed suboptimal schemesi1 a

1=1 "Ik 2 exploit the possibility of achieving the global optimalwion
C5:Wg =0, C6:aq >0,V (17) via SDP relaxation. On the other hand, the total transmitgyow

_ - - decreases with an increasing number of transmit antenhés. T
whereQ = oy W, T, (31, v W; + Wg). The problem

i i i i iminati 4Although the eavesdroppers are located outdoor, thisitocatformation is
formulation in m) is convex with respect to the optimipatl not known at the transmitter. The problem formulation[ih §83umes Rayleigh

variables. In partlcular, It serves as a SUbOp“mal satufior fading channels for passive eavesdroppers and consideveoifst case scenario
QE) in (@) for providing secure communication.
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Fig. 2. Average total transmit power (dBm) versus the nunabeeceivers for Fig. 3. Average total harvested power (dBm) versus the nuwteceivers for
different power allocation schemes and different numbésamsmit antennas different power allocation schemes and different numbétsamsmit antennas
Nr. The double-sided arrows indicate the power savings aetlidwy the Nr.

proposed schemes compared to the baseline scheme.

was reformulated by introducing a convex deterministic-con

is attributed to the fact that the degrees of freedom for powstraint. Subsequently, an SDP relaxation based poweraitoc
allocation increase with increasing number of transmieanas algorithm was proposed to solve the non-convex optimiratio
which facilities the video information transmission. problem which resulted in an upper bound solution of the re-

For comparison, Figurg]2 also contains the average totaimulated problem. Besides, two suboptimal power aliocat
transmit power of a baseline power allocation scheme. Thehemes were designed exploiting the structure of the upper
baseline scheme is a hybrid scheme. In particular, we addpund solution. Simulation results demonstrated the el
maximum ratio transmission (MRT])|[3] for delivering the einl performance of the proposed suboptimal schemes. In ourefutu
information of each layer with respect to the active reaeivavork, we will study the tightness of the proposed deterntimis
with the highest channel gain, i.enax;c 4||/h||?. As for the constraint and the impact of imperfect knowledge of the dlean
energy signal, we adopt an isotropic radiation patternviog. — state information of the video receivers.
Then, we optimize both the power allocated W and the
MRT beamforming vector for minimizing the total transmit
power subject to the same constraints as[d (12). Althoudh Proof of Lemma 1
the baseline scheme requires a lower computational complex By exploiting the independence of thepassive eavesdrop-
than the other schemes, it can be observed from Fiflirep@rs channels and after some mathematical manipulatien, th
that the baseline scheme has the worst performance amondedilhand side of constraint C3 ih](9) can be equivalentlyttemi
considered schemes. This is because the transmitter iseutoabas

APPENDIX

fully exploit the degrees of freedom in power allocation whe 9 ~ 1/
Wy, is radiated isotropically an®V; is fixed. Pr (FtohC’s > TY(GQ)) > R (18)
B. Average Harvested Power Note that we drop the index of the passive eavesdropper

, channelif}j in (I8) since the equivalent channels of the passive
Figure [3 shows the average harvested power versus fiesdroppers are modeled as i.i.d. random variables. ©n th
number of receivers for d|f_ferent power allocation scheriég _other hand, the probability distribution i {18) may not be
average harvested power increases with the number of Eeeiva convex function and thus we focus on a smaller convex
In fact, a higher transmit power is required for fulfillingeth feasible solution set which provides a tractable solutfrst,

SINR requirements in C1 as the number of receivers increase tilizing the trace inequality in in[[22, Lemma I1.1], we
which results in a higher energy level in the RF. Besides, th@tain

two proposed suboptimal power allocation schemes exhibit a - -
similar performance as the SDR upper bound solution and are Tr(GQ) < Tr(G) Amax(Q)- (19)
able to guarantee the minimum required harvesting power i i imnlicati
the idle video receivers. On the other hand, as expected, %r;’: by combining[{18) and.{19), the following implication
idle receivers are able to harvest more energy for the besel

scheme than for the proposed schemes since for the baseline <I>fvi(1 — kMo, 62 < Amax (Q)

scheme, the transmitter has to transmit an exceedingle larg Amax(Q) 1

amount of power in the RF to satisfy all the QoS requirements<- Pr (

which benefits energy harvesting.

— ) >«"7 = @8 =C3 (20
Lo, 02 Tr(G)) - ag) (20
where® ! (-) denotes the inverse cumulative distribution func-
tion (c.d.ﬁ) of an inverse central chi-square random \dea

In this paper, we studied the power allocation algorithiwvith 2Nt degrees of freedom. We note that random variable
design for secure layered multicast video transmission sys is decoupled from the optimization variables, £f1(19). $hu
tems with simultaneous information and power transfer. Thiee implication in [2D) is applicable to any continuous ahen
algorithm design was formulated as a non-convex optinonatidistribution by replacingbg,;(-) with the inverse c.d.f. of the
problem by taking into account energy signal generation tmrresponding distribution. On the other hand, the inverdd.
facilitate secure communication and efficient energy heting. can be obtained via a look-up table or by using the bisection
Due to the intractability of the problem, the consideredagpecn  method for practical implementation.

VI. CONCLUSIONS



B. Proof of Theorem 1

In the following, we study the rank of the optim&; via  [1]
focusing on the corresponding KKT conditions:
Y;( an ﬁZa 6:;7 ,u;:ka (b* 2 OaVZanaka (21) [2]
Y, W;=0,V, (22) 3]
0 € ow,L(E)V, (23)
where E = {W,;,Wg,u,8,0,6,Y,,X} and (4]

Y/, B85, 0%, 1, ¢ are the optimal Lagrange multipliers for [5)
(I4). Equation[(ZR) is the complementary slackness caniti
We note that0 € dw,L(E) in (23) represents a set of sub-
differentials with respect t&V,; due to the non-differentiability
of the maximum eigenvalue function i€3. To obtain an
expression for [(23), we first define the sub-differential of’]
the maximum eigenvalue function. The sub-differential of

(6]

Amax (Q) With respect toQ can be expressed ds [23] 8]
8Q /\max (Q) (24) [9]

— convhull{znzf ’Han2 =1,Qz, = /\max(Q)zn},
[10]

wherez, is then-th eigenvector of matrixQ. Indeed, the sub- [11]
differential of the maximum eigenvalue function is a convepo)
hull of the sub-gradients which satisfy {24). Thus, withimss

of generally, we can represent the element in the set whiﬁQ]
satisfies0 = ow, L(E) as

NT NT
Z wnznzf, where an =1,w, > 0,w, € R,Vn, (25) [14]

n=1 n=1

and R denotes the set of real numbers. As a result, we cag;
rewrite 0 € dw, L(E) as0 = dw, L(E) by applying [25) to
Ow, L(E) which can be expressed as

[16]
Nt *
wi o H
Yi=Iy, +¢" Z wnznzf— Z i [17]
n=1 kep "l
(18]
BrHy .
D Dk > 6iH. (26) g
kep ~'eh keT
Then, we post-multiply both sides df (26) BW3; and after [20]
exploiting [22) we obtain [21]
Nt
(Lve + 0" Y wuzazll W5 @7) 2
n=1
X [23]
pi  Hg *H . .
= ( PLETTR Bk k +Z(Ska)W1
Fre Fre
keP 4 keB D gez [24]

Sincely,. + ¢* Z,J:[L wnznzll is a positive definite matrix, the
following equality holds:

req;

= Rank (( 2 T Bt | ];Z&tHk)WT)
BeHk |

Rank (Wf) = Rank ((INT +o* :ﬁlwnznzf)WT)
/Lyf_,kchL
r | keB I
N*_,ka N
< Rank (;} - P I;I(Ska) < K. (28)

req; req

Thus,Rank (W*{) < min{ K, Nt}. On the other hand, a rank

reduction approach can be used to sh@ﬁzl Rank?(W;) +
Rank?(W}) < card(P)L + card(B) + card(Z) for ¢ = 0.
Please refer td [24, Theorem 3.2] for a detailed proof.
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