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1 Introduction
eyond-fifth-generation/sixth-generation (B5G/6G) net-
works are expected to support massive low-power In-
ternet of Things (IoT) devices and ubiquitous sensing
nodes, for which both reliable data transmission and
continuous energy supply are essential. Integrated data and
energy transfer (IDET) enables wireless information and power
delivery over the same radio-frequency (RF) link, thereby ex-
tending device lifetime and reducing maintenance costs!" .
However, conventional fixed-position antenna systems have
limited capability to adapt the array geometry to user distribu-
tion and multipath propagation.

Security is another key challenge in IDET systems because
high-power energy beams may also strengthen eavesdropping
links. Physical-layer security (PLS) enhances confidentiality
by exploiting channel disparities, beamforming, and artificial
noise (AN)* °!, In secure IDET, energy signals can be reused
as AN: they are harvested by energy receivers (ERs) while in-
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China (NSFC) under Grant Nos. 62571091 and 62531008.

terfering with eavesdroppers, which enables energy transfer
and secrecy protection to be jointly coordinated'.

Movable antenna (MA) technology provides an additional
spatial-control dimension for secure IDET systems” ~°. By ad-
justing antenna positions within a finite wavelength-scale re-
gion, MAs can reconfigure multipath phase superposition, en-
hance legitimate links, and weaken eavesdropping links or

U9 Therefore,

strengthen AN leakage toward eavesdroppers
MA position optimization can complement beamforming in im-
proving the minimum secrecy rate.

Existing MA studies have mainly focused on channel model-
ing, capacity analysis, channel estimation, and position optimi-

111" whereas most IDET resource-allocation works rely

zation
on fixed arrays or reconfigurable intelligent surfaces™ . Al-
though MA-assisted IDET throughput optimization was studied
in Ref. [16], secure IDET with joint information transmission,
energy transfer, and eavesdropping suppression remains insuffi-
ciently investigated. The resulting design is challenging be-
cause secrecy-rate constraints, position-dependent channels,
and antenna-spacing constraints are all nonconvex. Recent

studies have also explored practical measurement- and
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environment-aware methods for wireless coverage enhance-
ment. Power-measurement-based channel estimation was de-
veloped to support Intelligent Reflecting Surface (IRS) reflec-
tion design with reduced training and signaling overhead"”. A
three-dimensional virtual-scatterer model was further pro-
posed to reconstruct channel-gain maps from limited measure-

[18]

ments . In addition, a Reference Signal Received Power

(RSRP)-based quasi-static IRS reflection framework was in-
vestigated for low-overhead network coverage enhancement!'”),
These studies demonstrate the benefits of exploiting spatial
channel information and slowly varying reconfiguration. How-
ever, they focus on IRS-assisted coverage and do not address
the joint optimization of MA positions, information and energy
beamforming, and secrecy performance in IDET systems.

Existing secure IDET studies such as Ref. [6] optimize in-
formation and energy beamformers for fixed array responses,
whereas the MA-assisted IDET design in Ref. [16] does not
consider eavesdroppers or secrecy-rate constraints. In the con-
sidered system in this paper, the continuous MA coordinates
determine the data receiver (DR), ER, and eavesdropper (Eve)
channel responses through multipath phase shifts and are
jointly coupled with the information and energy beamformers.
Consequently, the max-min secrecy-rate design involves the
simultaneous handling of secrecy, energy-transfer, transmit-
power, movable-region, and inter-antenna spacing constraints.

Motivated by these observations, this paper studies MA-assisted
secure IDET systems and makes the following contributions.

* An MA-assisted secure IDET network model is devel-
oped, where a base station serves multiple DRs and ERs in
the presence of passive eavesdroppers. A field-response chan-
nel model is used to characterize the effect of MA positions,
and energy signals are reused as AN.

* A max-min secrecy-rate resource-allocation problem is
formulated by jointly optimizing information beamformers, en-
ergy beamformers, and MA positions subject to energy-
harvesting, transmit-power, movable-region, and minimum-
distance constraints.

* An algorithm combining semidefinite relaxation (SDR),
successive convex approximation (SCA), and alternating opti-
mization (AO) is proposed, termed the SDR-SCA-AO algo-
rithm. The beamforming subproblem is handled by semidefi-
nite relaxation and successive convex approximation, while
the MA-position subproblem is updated through iterative con-
vex approximation of the position-dependent constraints.

* Numerical results verify the convergence of the proposed
method and demonstrate the effects of transmit power, the
number of MAs, ER energy thresholds, movable-region size,

and minimum antenna distance on secrecy performance.

2 System Model

2.1 Movable-Antenna Channel Model
Consider the downlink MA-assisted secure IDET network

32 ZTE COMMUNICATIONS
September 2026 Vol. 24 No. 3

shown in Fig. 1. The base station is equipped with M movable
antennas. The position of the m-th antenna is denoted by r,, =

[xm,ym]T, which is confined to a two-dimensional region C=
[—A/Z, A/2:| X [—A/2,A/2], where A denotes the side length of

the movable region. The entire antenna position set is repre-

sented as 7 = {r, }V_,. To avoid antenna collision and strong

m=1°

mutual coupling, the antenna positions are subject to the fol-
lowing constraints:

r,eC VYm,

[rn-ri],>D. mi (D,
where D is the minimum distance between any two antennas.

For any receiving node u, including a DR, an ER, or an
Eve, let L, denote the number of propagation paths. Since this
paper optimizes the transmit-side MA positions at the base sta-
tion, all angular parameters are defined at the transmit-array
side. Specifically, 6, denotes the azimuth angle of departure
of the [-th path from the base station to node u, while ¢, de-
notes the corresponding elevation angle of departure. Because
each receiving node is equipped with a single antenna, no
receive-array response is considered. The phase difference of
the [-th path relative to the reference point of the base station
is written as

pu,l(rm) = ZTqT(meingu.zcosd)u,z + ymcosd)u,l) (2),

where A denotes the carrier wavelength. The field-response
vector at the m-th MA is given by

f”(rm) = [e’p“(”»)’...’ ef'ﬂ“./,‘,(,m):|T .

By stacking the field-response vectors of all M antennas, we
obtain:

DDRI

D DRK,
REve 1

R Eve K,

“=IER 1

(I —
N

///\\\

=) R &,

Eve: eavesdropper
RF: radio frequency

DR: data receiver
ER: energy receiver

Figure 1. Illustration of an MA -assisted secure IDET network
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F (R =[f(r)efiry)] e C Y (4).

Let a, € C"™" denote the complex path-gain vector of node
u. The equivalent channel vector from the base station to node
u is then expressed as

h,(7)=F/(7)a,.

u u

—a 5 7
(lu,l ~ CN(O’BOLdu)’ l = 1’...’Lu ( )

u

where d, denotes the propagation distance, « is the path-loss ex-
ponent, and 3, is the path loss at the reference distance. It follows
from Eq. (5) that the MA positions affect the channel through ex-
ponential phase terms, and position changes on the wavelength
scale can alter the coherent superposition of multipath signals.

The channels are assumed to remain quasi-static within
each transmission block. The BS acquires the CSI of the DRs,
ERs, and Eves through pilot-assisted channel estimation. Un-
der time-division duplexing, mutually orthogonal uplink pilot
sequences are assigned to the terminals, and the correspond-
ing downlink CSI is obtained using channel reciprocity after
radio-frequency-chain calibration. The resulting channel esti-
mates are treated as perfectly known during each resource-
allocation interval.

2.2 Secure IDET Signal Model

Consider the DR set A, ={1,--,K,}, the ER set A} =
{1,---,K,]}, and the Eve set £, ={1,---,K,}. For simplicity,
h, . g, and g, denote the channel vectors from the base sta-
tion to the k,-th DR, the k;-th ER, and the & -th Eve, respec-
tively. They are all given by Eq. (5) and depend on 7. The base
station simultaneously transmits information streams and en-
ergy streams over the same time-frequency resource:

- D R
x= z wku Sk/) + 2 vkx Skx (6)’
kye £, kye Ky
where w, is the information beamformer, v, is the energy
D .
beamformer, and s, and s}:e have unit power and are mutually

independent. The energy streams act as power-carrying signals
at ERs, as AN at Eves, and as controllable interference at DRs.
The received signal-to-interference-plus-noise ratio (SINR)

at the k,-th DR is

H
D ‘ hknwkn
Vi, = " 2 " 2 ) (7).
Ei,,#k,, hknwi/) + zi,( hl"'nvik + 0-1"1)

The SINR at the k,-th Eve when it eavesdrops on the infor-
mation stream intended for DR £, is

2

|aiw
E qkr: ku

ik = H : n, |? 2 (®).
2[,,#/;,, qkl-.'wih’ + zi,e‘ qkﬁ'vi/e‘ + O-kh'

The corresponding legitimate and eavesdropping rates are

RZ‘ = log2(1 + 'yf“),

).
Ry, = logz(l + Yf,),k,,)

Considering the worst-case Eve, the secrecy rate of the k-

th DR is defined as
Ry = max{an ~ max Rf,,vk,.,’ 0} (10),

where the maximum with zero ensures a nonnegative se-
crecy rate.

2.3 IDET Receiver Structure and Energy Harvesting
Model

A separate IDET receiver architecture is adopted, in which
DRs perform only information decoding and ERs perform only
energy harvesting. For any ER j € £, let P, ; denote the total
RF power received at the input of its rectifier. This power is
contributed by both information beams and energy beams. From
Eq. (6), the RF input power of the &,-th ER can be written as

2
— H H
Pi“skk - z ‘ gkuwin + z ‘ gkkvin

i,e Xk, ipe Ky

2

(11).

A practical rectifier circuit exhibits a saturation effect. Its
energy output can be described by the nonlinear model

ofr)- 0 SR Y
ALY 1+ exp[_aj(Pin,,' - bj)] L+ exp(afbf)

where (2, is the saturation power, and a; and b; are determined
by the rectifier circuit. Since 1[’]( - ) is monotonically increas-

ing with respect to P, ., the constraint ‘K( Pin’j) =k, ; can be
equivalently rewritten as
Pin,j = Pth,j’ j e Ky (13),

where P ;is the equivalent radio-frequency input-power thresh-
old obtained by inverting £, . In the subsequent optimization,
Eq. (13) is used to represent the energy-harvesting constraint,
thereby reducing computational complexity while preserving the
physical meaning of nonlinear energy harvesting.

3 Joint Resource Allocation for Secure
IDET

3.1 Problem Formulation

The objective is to maximize the minimum secrecy rate
among all DRs while satisfying the ER energy constraints, the
total transmit-power constraint, and the physical constraints of
MAs. The original problem is formulated as

ZTE COMMUNICATIONS | 33
September 2026 Vol. 24 No. 3



Special Topic | Joint Resource Allocation for Movable-Antenna-Assisted Secure Integrated Data and Energy Transfer

Xiang Pengrong, Li Zhiguang, Zhao Yizhe

(PO): max  min R}
{w[.”)-,{v[w)a; kpe Ky v

s.t. Pin.k,e > Pm,k,g

S [ S f < "

r,eC VYm,

”’m"i"fD’ Vm =1

Yk, e Ky,

By introducing an auxiliary variable 7 and expanding the
worst-case eavesdropping constraint, (P0) can be reformulated as

(P1): max 7

(w,‘”}.(v,"(’.ﬁr
D E
st. RV -RE >z, Vkyky
PinA,kR = Pth,kk’ VkR’

2
+2,
O E I [
oy o
r,eC VYm,

”rm —rl." >D, Vm=i
2

2 (15).
<P,

Problem (P1) is nonconvex for the following reasons. First, the
secrecy-rate constraint contains a difference between two loga-
rithmic rates, and each rate further includes a fractional SINR.
Second, the beamforming variables and MA-position variables

are coupled through the channel vectors. Third, the minimum

antenna-distance constraint | r, =T, ”2 = D defines a noncon-

vex feasible set. Therefore, an AO framework is adopted, in
which the variables are divided into the beamforming-matrix
block and the MA-position block, and SDR and SCA are used to

handle the corresponding subproblems.

3.2 Beamforming Optimization with Fixed MA Positions
Given 7, all channel vectors are fixed. First, define the infor-

mation and energy beamforming matrices as

W, = wk”w}:), w, >0, rank(Wk”) =1,
(16).
V. = vkkv,l:", v, >0, rank(VkR) =1
Define the channel matrices as
Hkl) = hkl)hAl?ll),
Gk,\, = gkkgily (17).

Qk,; = ‘Ik,;qlli

Then ’h"w’z = Tr(hh"W), and the corresponding beam-

forming power is Tr(W ). The legitimate-link rate can be writ-

ten in the following difference-of-concave form:

R} =log,A, (W. V)~ log,B, (W, V) (18),
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where

A, = zTr(Hk“Wi”) + zTr(Hval.R) v ol

(19).
B, = > T(H W, )+ STe(H,V, )+ 0l
ey o
Similarly, the Eve rate can be written as
R; , =log,C, , (W.V)~log,D, ,(W.V) (20),
where
Cur, = 200 W, ) + STr(QV, ) + o
" (21).

D= > Te(QW,)+ X0V, ) + ol

i,7 * k/)
Thus, the secrecy-rate difference of any DR-Eve pair is

Ry

D

- Rf,,,k,; = longk,, - longk,, - (22)
logzck,,,k,; + logsz,,,kh. ‘

In Eq. (22), log,A, and log,D, , are concave functions,
whereas —log,B, and —log,C, , are convex functions. This

structure leads to nonconvex constraints. Since log,(x) is con-

cave, its first-order upper bound at the n-th SCA iteration point is

x = a

m, x>0 (23)

log,x < log,x" +
By replacing log, B, and log,C, , with their upper bounds,

a concave lower bound of the secrecy-rate difference can be
obtained as

R\gr::,)kk = 1082‘41;,) + IngDk,ﬁkﬁ -
B, - B\
10%23%2) + ku( ) |-
B h’:) In2 (24).

— )
) Ckn- kg C"'uv Ky

log,C\", +
2tk ¢\, In2

Here, BE;’ and C(kz.)k, are computed using the solution of the
previous SCA iteration. Since R(’»",l»)k}_ < R,’:ﬁ - R,ﬁ“kh and equal-
ity holds at the current point, joi)k, > 7 is used to guarantees
conservative feasibility.

The energy and power constraints can be expressed in
terms of the matrix variables as

zTr( CW,)+ zTr(GkRVik) > Poys Vhe

Sre(w, )+ ;Tr(VkR) <P

kp
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After removing the nonconvex rank-one constraints, the
beamforming subproblem in the n-th SCA iteration becomes

(P2): max

(W, 1., )7
st. RY, >z, Yk kg,
W, >0, Yk,

V, =20, Vkg

The objective function is linear, the constraint Rﬂf’l')q)kﬁ_ =27Tisa

superlevel-set constraint of a concave function, and the remain-
ing constraints are linear matrix inequalities or linear con-
straints. Hence, (P2) is a convex semidefinite programming
(SDP) problem. If the obtained W, and V, are all rank-one ma-

trices, the beamformers can be recovered directly through the
principal eigenvectors. If high-rank solutions are obtained,
Gaussian randomization is used to generate candidate beamform-
ers, and the candidate satisfying the power and energy con-
straints while achieving the highest secrecy rate is selected.

For each high-rank SDR matrix, eigenvalue decomposition
is first performed. In each trial, an independent complex
Gaussian vector is generated and mapped through the eigenvec-
tor matrix and the square root of the eigenvalue matrix to con-
struct candidate information and energy beamformers. The can-
didates are then power-scaled and evaluated under the original
constraints. Among N trials, the feasible candidate set yield-
ing the largest original minimum secrecy rate is selected® 2'l,
3.3 MA Position Optimization with Fixed Beamformers

Given the information and energy beamformers, the MA po-
sitions are optimized to reconfigure the legitimate, energy-
transfer, and eavesdropping links. Define the useful signal
power and the interference-plus-noise power of any node u
with respect to the target information stream £, as

When u is a DR, h, denotes a legitimate channel; when w is
an Eve, h, denotes an eavesdropping channel. Let

A (F) =8, (F) + 1, (F),

. (28).
Bu,k,‘(r) = u,k,‘(r)
The unified rate expression is therefore
Ru,k”(f) = IngAufk,)(f) log,B, (f) (29).

The secrecy-rate difference between the k,-th DR and the

ky-th Eve is
Ry ( ) = IngAL Sy (7F) - log, B, kp, ,,(;) -
) (30).
10%2 k,‘.%k”(r) + log, B kh,k,)(r)
According to Eq. (23), at the current iteration point 7 we have
kl) kl)( ) B A’I} kl)
log,B, 1,( ) < logz +—’
kll /fl71n2
(31),
~ (n) k kn( ) B by, ky
longA~L,/f,,(r) < longk, [

A;';,A,”lnz

where Biﬁﬁ?k,) =B, . (r " ) and A(k" = Akwk”(f(”)). Hence, a
conservative lower bound of the secrecy-rate difference is
Ry = log, A, , (7) + log,B, , (F) -
n) + Bkl)=kr)(;) B B(k:j,)k,) _
B, n2 (32).

" A k( ) k, k,,
A, In2

log, B,

longgl:)k,,

The radio-frequency input power of the k,-th ER can be

written as

ry0 =gl @w,| +

2
> gll()w, | (33).
T
Let z = [xl,yl,---,xM,yM] denote the position vector. For
any beamformer b, define the power function as
2
poa(z) = |h(2)b]| (34).

Its gradient with respect to any coordinate y € { x,,,y,,} is

a]’mb (th)

ox h b——= ox (35).
When y = «,, it follows from Eqgs. (2) = (5) that

a(h'p) Ly oo,

) x sinf, cosd,, , (36),

u : ] AP
ox m

m

where sinf, ;cosd,, ; is replaced with cos, ; when y =y, .
Therefore, the first-order approximation of the ER input
power at the n-th iteration point is

]A“,E:)(z) = Fkk(z(")) + Vrkv(z(”))T(z - z(”)),

Fk,,(z(”)) = EVPk,ﬁww( ) EVPA v, (

ty i

) (37).
Thus, the energy constraint in the current SCA iteration becomes
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Ii(z)=P,, . Yk, (38).

R

For the minimum antenna distance, since ”r

m

convex function, its first-order lower bound is

(n)

[(rm - r[) - (rf"”) - rf"))] > D,

Accordingly, the approximate MA-position subproblem with

r, — rg”) z + 2(r,("") - rg’”))T X

Vm #i

fixed beamformers is formulated as

(P3): max 7

2,7
st RS>z, Yk, kg,
i (n)

FkK (7-) 2 Pm,k,g Yk,
r,eC, Ym

Thus, (P3) is the SCA approximation problem at the current
iteration point and can be solved by standard convex optimiza-
tion tools. After an optimal solution is obtained, it is used as
the next SCA linearization point, and the iterations continue
until the objective value converges.

3.4 Overall Algorithm and Complexity Analysis

Based on the two subproblems above, an SDR-SCA-AO
joint resource-allocation algorithm is proposed for secure
IDET, as shown in Algorithm 1. The algorithm first initializes
MA positions that satisfy the region and distance constraints
and constructs feasible beamformers that satisfy the power
constraint. In each outer iteration, the beamforming SDP sub-
problem is solved with fixed MA positions, and the position
SCA subproblem is then solved with fixed beamformers. The
iterations terminate when the change in the minimum secrecy
rate is below a preset threshold.

Algorithm 1. SDR-SCA-AO joint resource allocation algo-
rithm for secure IDET

Input: Initial MA positions, initial information and energy
beamformers, convergence threshold €, and maximum number
of iterations N, . The number of Gaussian-randomization tri-
als is denoted by N

Output: Optimized information beamformers, energy beam-
formers, MA positions, and objective value 7.

1. Initialize the iteration index n = 0 and compute the ini-
tial objective value 7%,

2. Whilen < N,

* Fix the MA positions 7",
* Construct the corresponding channel matrices H, , G, ,

and Q, .

* Solve the beamforming optimization subproblem using

SDR and SCA, and obtain {WA(AI"H 1)}, {Vf,;” 1)}, and the

36 ZTE COMMUNICATIONS
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(n+1)

beam *

objective value 7

If all W,E:’ *Uand V,E: *1 are rank-one matrices, recover

D

(n+1)

the information beamformers {w,ﬁ’ } and energy beam

(n+1)

formers {vkk } through eigenvalue decomposition; oth-

erwise, construct an approximately feasible beamform-

ing solution using Gaussian randomization.

For a high-rank solution, perform N, Gaussian-ran
domization trials, scale the candidate beamformers,
discard infeasible candidates, and retain the feasible
candidate with the highest original minimum secrecy rate.

Fix the updated information beamformers {wEEZJ' ')} and

energy beamformers {v?'}i * l)}.

Solve the antenna-positioning subproblem using SCA,
and obtain the updated MA positions 7" * " and the ob-

jective value 7" * 1),

Evaluate the candidate solution using the original ob-
jective and all original constraints. Accept the update
only if it is feasible and its minimum secrecy rate is no
lower than that of the previous accepted iterate; other
wise, retain the previous feasible solution.

o If| 7" * Y — 7| < €, terminate the loop.

e Setn «<—n + 1.

3. Output the final solution.

The objective-value sequence generated by Algorithm 1 is
monotonically nondecreasing. Let 7" denote the objective
value at the n-th accepted iterate. The SCA surrogate func-
tions in (P2) and (P3) are tight at the current point, and the
current solution remains feasible for the corresponding ap-
proximated problem. Solving the two subproblems and apply-
ing the acceptance criterion specified in Algorithm 1 thus

") > 7" Moreover, under the finite total transmit-

yields 7'
power constraint, the achievable secrecy rate is upper
bounded. Hence, {z™} is a bounded nondecreasing sequence,
and Algorithm 1 converges.

Let I, denote the number of outer AO iterations, and let [,
and [, denote the numbers of inner iterations for the beam-
forming SCA and position SCA, respectively. The beamform-
ing subproblem contains (KD + KR) positive semidefinite ma-
trices of size M X M, and its dominant complexity can be ap-
proximately expressed as

Cy = (9(((1<,,+1<R)M2)3) (41).

The dimension of the position subproblem is approximately
2M, and it contains K, K secrecy constraints, K, energy con-
straints, and M (M — 1)/2 distance constraints. Its complexity

can be roughly characterized as

¢, =0((2m)') = o(m) (42).
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Therefore, the total complexity is
O{1o(1,C, + 1,C, )} (43).

It can be observed from Eq. (43) that the main computa-
tional burden lies in the beamforming SDP subproblem.

4 Simulation Results

To verify the effectiveness of the proposed algorithm, we
consider a downlink MA-assisted secure IDET network. The
base station is located at the origin and is equipped with M =
6 MAs. The system contains K, =2 DRs, K; = 2 ERs, and
K, = 2 Eves. The carrier wavelength is set to A = 0.1 m, the
side length of the MA movable region is A = 3A, and the mini-
mum antenna distance is D = A/2. The path-loss exponent is
a = 2.4, the reference-distance path loss is =40 dB, the noise
power is —80 dBm, and the maximum transmit power of the
base station is set to 20 dBm unless otherwise specified. The
equivalent energy threshold of each ER is set to 0.01 mW by
default. The simulation results are averaged over multiple in-
dependent channel realizations. The main parameters are
listed in Table 1.

The proposed algorithm is referred to as the MA-PLS
scheme. Three benchmarks are considered for comparison.

1) Fixed-position antenna (FPA) scheme: the BS adopts a
uniform planar array with fixed antenna positions, and only
the information and energy beamformers are optimized.

2) Without-eavesdropper (No-Eve) scheme: Eves are absent
and the PLS constraints are removed, which provides an ideal
reference without security threats.

3) FPA-No-Eve scheme: fixed antenna positions and the No-
Eve setting are both adopted, representing a conventional
IDET baseline.

These benchmarks isolate the effects of MA position optimi-
zation, PLS constraints, and energy-signal reuse as AN.

Table 1. Main simulation parameters

Parameter Meaning Value
M Number of MAs 6
K,. Ky Numbers of DRs and ERs 2,2
K, Number of Eves 2
A Side length of movable region 3A
D Minimum antenna distance A2
P Transmit power 20 dBm
o’ Noise power -80 dBm
a Path-loss exponent 2.4
P, Equivalent energy threshold 0.0 mW
A Carrier wavelength 0.1 m
L, Number of propagation paths 10
NS Gaussian-randomization trials 1 000

DR: data receiver ER: energy receiver ~MA: movable antenna

Fig. 2 shows the convergence behavior of the proposed algo-
rithm. The minimum secrecy rate increases rapidly in the first
few iterations and then stabilizes, indicating that the SDR-
SCA-AO framework effectively coordinates beamforming and
MA-position updates. A larger number of MAs yields a higher
converged value because more spatial degrees of freedom are
available. This behavior occurs because the early iterations
substantially improve the initial beamformers and antenna ge-
ometry, whereas the gain produced by each subsequent update
becomes smaller near convergence.

Fig. 3 shows the minimum secrecy rate versus the transmit

power, where P varies from 10 dBm to 30 dBm in steps of

2 dB. The proposed MA-PLS scheme consistently outperforms
the FPA scheme because MA position optimization provides ad-
ditional spatial degrees of freedom for enhancing legitimate

links and suppressing eavesdropping links. The additional
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Figure 2. Convergence analysis of the SDR-SCA-AO algorithm
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Figure 3. Minimum secrecy rate versus base-station transmit
power under different schemes
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transmit power benefits both desired transmission and energy-
signal-based artificial noise; the MA scheme can use its recon-
figurable geometry to direct these gains toward the DRs and in-
terference toward the Eves more effectively than the fixed array.

Fig. 4 investigates the impact of the number of MAs on
the minimum secrecy rate. Increasing the number of anten-
nas improves both beamforming flexibility and spatial recon-
figurability, leading to a higher minimum secrecy rate. The
proposed MA-PLS scheme maintains clear gains over fixed-
position benchmarks. Each additional MA contributes not
only an extra beamforming coefficient but also an optimizable
spatial coordinate, which explains the increasing advantage
over the fixed-position benchmarks.

Fig. 5 evaluates the effect of the ER energy threshold on
system performance. A higher threshold requires more power
and spatial resources for energy transfer, leaving fewer re-
sources for information transmission and secrecy enhance-
ment. Consequently, the minimum secrecy rate decreases,
while the proposed scheme remains superior to the FPA
benchmark. Although the energy signals also act as artificial
noise, a stringent ER requirement reduces the remaining
beamforming freedom; MA positioning mitigates this loss by
strengthening the ER channels and lowering the power cost of
satisfying the threshold.

Fig. 6 illustrates the influence of the normalized movable-
region side length A/A on the secrecy rate. Enlarging the
movable region provides more feasible antenna positions,
which improves channel reconfiguration and secrecy perfor-
mance. The gain gradually saturates because of the finite
transmit power and fixed network topology. A larger region al-
lows the MAs to explore more distinct multipath phase combi-
nations, whereas the saturation indicates that the performance
eventually becomes limited by the finite power budget and the
available propagation paths.

Fig. 7 shows the impact of the normalized minimum antenna
distance D/A on the achievable secrecy rate. A larger spacing
requirement reduces the feasible position region and weakens
the flexibility of array-geometry optimization, thereby decreas-
ing the minimum secrecy rate. Even under this constraint, the
proposed scheme outperforms the FPA benchmark. The larger
spacing removes some channel-favorable antenna configura-
tions from the feasible set, but the proposed scheme can still op-
timize the remaining positions jointly with the beamformers.

5 Conclusions

This paper investigated joint resource allocation for MA-
assisted secure IDET systems. By exploiting a field-response
MA channel model, energy signals were reused as AN, and a
max-min secrecy-rate problem was formulated to jointly opti-
mize information beamformers, energy beamformers, and MA
positions under practical energy-harvesting and antenna-
position constraints. An SDR-SCA-AO algorithm was devel-
oped to solve the resulting nonconvex problem. Simulation re-
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Figure 7. Minimum secrecy rate versus the normalized minimum
antenna distance D/A under different schemes

sults showed that MA position optimization and energy-signal
reuse can effectively improve the minimum secrecy rate com-
pared with fixed-position antenna benchmarks while satisfying
ER energy requirements. Future work will incorporate MA
movement-energy consumption and mechanical delay and de-
velop low-complexity online resource-allocation algorithms for
large-scale time-varying secure IDET networks.
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