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Abstract— This paper investigates an active reconfigurable 

intelligent surface (RIS) and movable antenna (MA)-aided 

integrated sensing and communication (ISAC) system for non-

terrestrial networks. To enhance radar sensing performance, an 

SCA-based optimization framework is developed to adapt MA 

positions under communication quality-of-service constraints. 

Simulation results demonstrate that the proposed MA-enabled 

scheme significantly improves radar SINR compared with fixed 

antenna arrays, achieving comparable performance with fewer 

antenna elements. 

Keywords— Line-of-sight (LOS), integrated sensing and 

communication (ISAC), movable antenna (MA), reconfigurable 

Intelligent Surface (RIS), unmanned aerial vehicle (UAV). 

I. INTRODUCTION 

Next-generation 6G networks aim to integrate high-rate 
communication and high-resolution sensing within a unified 
hardware platform, known as integrated sensing and 
communication (ISAC) [1], [2-5]. ISAC simultaneously 
transmits data and radar waveforms over the same spectrum, 
thereby improving spectral and energy efficiencies. 

Movable antennas (MAs) enable mechanical repositioning 
of antenna elements within a small region to actively exploit 
spatial diversity [6]. MAs enhance channel adaptability and 
maintain stable links even under blockages or non-LoS 
conditions, rendering MAs particularly suitable for unmanned 
aerial vehicle (UAV)-based non-terrestrial ISAC systems [6]. 

Studies have mostly focused on passive RISs or fixed 
arrays and limited the optimization to either sensing or 
communication objectives. The optimization MAs within 
ISAC has not been systematically studied. This study 
addresses this research gap by proposing an optimization 
framework that tunes position parameters to maximize radar 
SINR while satisfying the quality of service (QoS) constraints 
of communication. 

II. SYSTEM MODEL AND CHANNEL MODEL 

This study investigates an ISAC architecture that jointly 

employs an active RIS and MAs. As depicted in Fig. 1, the 

considered scenario consists of a BS equipped with M MA 

elements, a UAV carrying an active RIS, a radar target, and 

multiple single-antenna users. For simplicity, the ISAC BS 

and UAV-mounted RIS are denoted as BS and RIS, 

respectively, throughout the paper. The MAs at the BS can 

relocate within a designated movement region, allowing the 

transceiver to adjust its spatial configuration in response to 

channel variations. Using this adaptive array, the BS 

simultaneously delivers communication signals to K users 

while directing sensing waveforms toward the radar target. 

Because the LoS path between the BS and the target is 

obstructed, sensing relies on the UAV-borne active RIS, 

which contains N reflecting elements equipped with low-noise 

amplifiers. By amplifying the impinging signal before re-

radiation, the active RIS compensates for the severe 

attenuation experienced in multi-hop cascaded paths, 

particularly in four-hop BS–RIS–target–RIS–BS links, 

thereby enhancing both communication and sensing 

performance. 

 

Fig. 1. System model of the active RIS and MA-aided ISAC 

system. 



 

A. Transmit signal model 

 

The transmit signal of the ISAC BS is expressed as  

𝑥  = 𝑊𝑟𝑠 + 𝑊𝑐𝑐 = [𝑊𝑟 , 𝑊𝑐] [𝑠𝑇

𝑐𝑇] = 𝑊𝑥,  (1) 

where 𝑠  ∈ ℂ 𝑀×1denotes the radar-only signal, 𝑐 ∈ ℂ𝐾×1 
represents the communication signal vector intended for 𝐾 

single-antenna users, and 𝑊𝑟 ∈ ℂ𝑀×𝑀 and Wc ∈ ℂM×K denote 
the radar and communication beamforming matrices, 
respectively. Therefore, the overall BS beamforming matrix is 

given as 𝑊 = [𝑊𝑟 , 𝑊𝑐] ∈ ℂ𝑀×(𝑀+𝐾) . Radar signal 𝑠  is 
generated using pseudo-random coding, satisfying 𝐸[𝑠𝑠𝐻] =
𝐼𝑀. The information signal 𝑐  follows a complex Gaussian 
distribution, 𝐶𝑁(0, 𝐼𝐾). Accordingly, the covariance matrix of 
the transmitted waveform can be expressed as 

𝑅 = 𝐸[𝑥𝑥𝐻] = 𝑊𝑊𝐻 = 𝑅𝑐 + ∑ 𝑅𝑘

𝐾

𝑘=1

. (2) 

B. Channel model 

To model the propagation characteristics, we employ a 
planar far-field approximation, as formulated in a prior study 
[5]. For the same propagation path, the transmit and receive 
links share identical angles of departure, angles of arrival, and 
path-gain coefficients; only the corresponding signal phases 
differ. The positions of the MAs are represented as 𝑝 =
[𝑝1, 𝑝2, … , 𝑝𝑀] ∈ ℝ2×𝑀 , where 𝑝𝑚 = [𝑥𝑚, 𝑦𝑚]𝑇  denotes the 
coordinates of the 𝑚 -th MA. The transmit and receive 

elevation and azimuth angles are defined as 𝜃𝑗
𝑡 ∈

[0, 𝜋], 𝜑𝑗
𝑡 ∈ [0, 𝜋], (1 ≦ 𝑗 ≦ 𝐿𝑡)  and 𝜃𝑖

𝑟 ∈ [0, 𝜋], 𝜑𝑖
𝑟 ∈

[0, 𝜋], (1 ≦ 𝑖 ≦ 𝐿𝑟), respectively, where 𝐿𝑡 and 𝐿𝑟 denote the 
numbers of departure and arrival paths of the BS–RIS channel, 
respectively. The number of departure paths of the BS–user 𝑘 

link is indicated by 𝐿𝑡
𝑘. Because the channel observed at each 

MA element depends on both spatial position and surrounding 
propagation geometry, the response of this channel varies 
accordingly.  

Following the modeling approach reported in [5], the 
field-response vector associated with the MA positioned, 𝑝 =
[𝑥, 𝑦]𝑇, or the BS–RIS link is given by 

𝑔(𝑝) = [𝑒𝑗2
𝜋
𝜆

𝜌𝑡
1(𝑝)

, ⋯ , 𝑒𝑗2
𝜋
𝜆

𝜌𝑡
𝐿𝑡(𝑝)

]𝑇 ∈ ℂ𝐿𝑡×1, (3) 

where 𝜌𝑡
𝑗(𝑝) = 𝑥 𝑠𝑖𝑛𝜃𝑗

𝑡𝑐𝑜𝑠𝜑𝑗
𝑡 + 𝑦 𝑐𝑜𝑠𝜃𝑗

𝑡
 represents 

the additional propagation distance of the 𝑗-th transmit path 
relative to the reference point. The aggregate field responses 
of the M movable antennas in the BS–RIS link are collected 
into matrix (4), where each column corresponds to the 
response of an individual MA at position 𝑝𝑚. 

𝐺(𝑝) = [𝑔(𝑝1), 𝑔(𝑝2), … , 𝑔(𝑝𝑀)] ∈ ℂ𝐿𝑡×𝑀. (4) 

The corresponding matrix of the BS–user 𝑘 link is 

𝐺𝑘(𝑝) = [𝑔𝑘(𝑝1), 𝑔𝑘(𝑝2), . . . , 𝑔𝑘(𝑝𝑀)]

∈ ℂ𝐿𝑡
𝑘×𝑀. 

(5) 

The field response of the RIS can be formulated in a 
similar manner to that of the BS array, where each reflecting 

element introduces a path-dependent phase shift according to 
the corresponding spatial coordinate. The path-response 
matrices of the BS–RIS and BS–user 𝑘 links are denoted as 

𝛴 ∈ 𝐶𝐿𝑟×𝐿𝑡 and 𝛴𝑘 ∈ 𝐶𝐿𝑟
𝑘×𝐿𝑡

𝑘
, respectively. Hence, the 

channel matrix between the BS and UAV-RIS is expressed as 

𝐻(𝑝) = 𝐹(𝑟)𝐻𝛴𝐺(𝑝) ∈ ℂ𝑁×𝑀 . (6) 

Moreover, the channel between the BS and user 𝑘  is 

denoted as ℎ1,𝑘
𝐻(𝑝) = 1𝐻𝛴𝑘𝐺𝑘(𝑝) ∈ ℂ1×𝑀 . The channel 

between the UAV-RIS and user 𝑘 is denoted as ℎ2,𝑘
𝐻 ∈ ℂ1×𝑁 . 

The channel of the RIS–target link can be approximated as 
follows, assuming that the radar target has a sufficiently small 
spatial extent (i.e., a point target). 

𝐴 = 𝛽𝑟𝑎(𝜃𝐴)𝑎(𝜃𝐴)𝐻 ∈ ℂ𝑁×𝑁 , (7) 

where 𝜃𝐴 denotes the direction of arrival of the reflected 
signal with respect to the RIS. The steering vector of the RIS 
array is given by 

𝑎(𝜃)

= [1, 𝑒𝑗2𝜋
𝑑𝑅𝐼𝑆

𝜆
𝑠𝑖𝑛𝜃 , . . . , 𝑒𝑗2𝜋(𝑁−1)

𝑑𝑅𝐼𝑆
𝜆

𝑠𝑖𝑛𝜃]𝑇 
(8) 

where 𝑑𝑅𝐼𝑆 represents the inter-element spacing of the RIS. 
In this setup, the active RIS reflects and amplifies the signals 
received from the BS, directing them toward the radar target 
and the communication users. The first reflected signal, 
corresponding to the amplified BS–RIS path, is expressed as 

𝑦1 = 𝑄𝐻(𝑝)𝑥 + 𝑄𝑣1, (9) 

where 𝑄 ∈ ℂ𝑁×𝑁  denotes the reflection–amplification 
matrix of the active RIS and 𝑣1 ~ 𝐶𝑁(0, 𝜎2𝐼𝑁) represents the 
additive Gaussian noise generated during the first reflection. 
The second reflected signal, i.e., the echo from the target re-
reflected by the RIS and received at the BS, can be expressed 
as 

𝑦2 = 𝑄𝐻𝐴𝑄𝐻(𝑝)𝑥 + 𝑄𝐻𝐴𝑄𝑣1 + 𝑄𝐻𝑣2, (10) 

where 𝑣2 ~ 𝐶𝑁(0, 𝜎2𝐼𝑁)  is the additive Gaussian noise 
introduced during the second reflection. To ensure the stable 
operation of the active RIS, its total transmit power is 
constrained by 𝑃𝑅𝐼𝑆

𝑚𝑎𝑥, which satisfies 

𝐸[∣∣ 𝑦1 ∣∣2
2 +∣∣ 𝑦2 ∣∣2

2] ≦ 𝑃𝑅𝐼𝑆
𝑚𝑎𝑥 . (11) 

In the considered ISAC scenario, the echo signal received 
at the BS contains not only the desired component reflected 
from the RIS–target–RIS path but also thermal noise 
generated at the active RIS and BS, as well as interference 
from the BS–RIS–BS link. Since the BS–RIS–BS link does 
not carry target-related information, it is regarded as 
interference. Accordingly, the radar echo signal received at 
the BS can be expressed as 

𝑦𝑟̃ = 𝐻(𝑝)𝐻(𝑦1 + 𝑦2) + 𝑧𝑟  (12) 

where 𝑧𝑟 ∼ 𝒞𝒩(0, 𝜎𝑟
2𝐼𝑀) represents the additive white 

Gaussian noise (AWGN) at the BS. 
By substituting (9) and (10) into (12), the received radar signal 
becomes 



𝑦𝑟̃ = 𝐻𝐻𝑄𝐻𝐴𝑄𝐻𝑥 + 𝐻𝐻𝑄𝐻𝐴𝑄𝑣1

           +𝐻𝐻𝑄𝐻𝑣2

+ 𝐻𝐻𝑄𝐻𝐻𝑥 + 𝑧𝑟  
(13) 

Let  

𝐵 = 𝐻𝐻𝑄𝐻𝐴𝑄𝐻 (14) 

then the radar SINR can be expressed as  

𝑆𝐼𝑁𝑅 = 𝑇𝑟(𝐵𝑅𝐵𝐻𝐽−1) (15) 

III. PROPOSED ALGORITHM 

In this subsection, we address the optimization of the MA 
position vector p̃ . Given that the ISAC BS beamforming 
matrix Wand the active RIS reflection–amplification matrix Q 
are fixed from the previous steps, only the MA positions are 
treated as optimization variables. 
The radar SINR expression in (16) can be rewritten as a 
function of p̃ [5]: 

𝑓(𝑝) = 𝑇𝑟(𝐵(𝑝)𝑅𝑖𝐵(𝑝)𝐻𝐽(𝑝)−1) (16) 

Therefore, at the 𝑖-th iteration, the radar SINR function is 
approximated by a lower-bound surrogate that preserves both 
the function value and gradient at the current iteration point, 
ensuring monotonic convergence. 

𝑓( 𝑝 ∣∣ 𝑝𝑖 ) = 2ℜ𝑇𝑟 (𝑋𝑖
𝐻𝐽𝑖

−1𝑋(𝑝))

− 𝑇𝑟 (𝐽𝑖
−1𝑋𝑖𝑋𝑖

𝐻𝐽𝑖
−1𝐽(𝑝)), 

(17) 

where X𝑖 = B(p̃(𝑖))W . As B(p̃) = H(p̃)𝐻SH(p̃) , with 
S = Q𝐻AQ, the first-order variation of B(p̃) with respect to 
the change, Δp̃, in antenna position is expressed as 

𝑑𝐵 = (𝑑𝐻)𝐻𝑆𝐻𝑖 + 𝐻𝑖
𝐻𝑆(𝑑𝐻), (18) 

where H𝑖 = H(p̃(𝑖)). Substituting (18) into (17) yields the 
following first-order linearized expression: 

2 ℜ {𝑇𝑟(𝑋𝑖
𝐻  𝐽𝑖

−1  𝑋(𝑡̃))}  

≈  2 ℜ {𝑇𝑟 ((𝐺𝐼
(𝑖))𝐻  𝛥𝐻)}, 

(19) 

where G𝐼
(𝑖)

= SH𝑖(WK𝐻 + KW𝐻) and K = J𝑖
−1X𝑖 . Based 

on the chain rule, the channel variation owing to the change in 
the MA position is expressed as ΔH = F𝐻ΣΔG. When the 𝑚-
th antenna moves, the corresponding variation is expressed as 

𝛥𝐺 = [0, … , 𝐽𝑚
(𝑖)𝛥𝑡𝑚, … ,0], (20) 

which yields 

ℜ{𝑇𝑟((𝐺𝐼
(𝑖))𝐻𝛥𝐻)}

= ∑ (

𝑀

𝑚=1

𝑔𝐼,𝑚
(𝑖))𝑇𝛥𝑝𝑚, 

(21) 

where 

𝑔𝐼,𝑚
(𝑖) = 𝑅𝑒(𝐽𝑚

(𝑖))𝐻(𝛴𝐻𝐹𝐺𝐼
(𝑖))(: , 𝑚). (22) 

Here, J𝑚
(𝑖)

denotes the Jacobian of the channel matrix with 

respect to the position of the 𝑚-th antenna, representing the 
spatial sensitivity of the channel. A similar linearization 
process can be applied to the interference and noise terms, 

yielding an additional gradient component, 𝐆𝐼𝐼
(𝑖)

. The overall 

gradient vector is defined as 

ℎ𝑚
(𝑖) = 2(𝑔𝐼,𝑚

(𝑖) − 𝑔𝐼𝐼,𝑚
(𝑖)), (23) 

where G𝐼𝐼
(𝑖)

accounts for the sensitivity of interference 

covariance matrix J(p̃), including the residual SI and thermal 
noise components. Consequently, the strongly concave lower 
bound of the surrogate function is given as 

𝑓𝑆𝐶𝐴( 𝑝 ∣∣ 𝑝𝑖 ) = 

∑ (

𝑀

𝑚=1

ℎ𝑚
(𝑖)

)𝑇𝛥𝑝𝑚 −
1

2
∑ 𝛿𝑚

(𝑖)

𝑀

𝑚=1

∣∣ 𝛥𝑝𝑚 ∣∣2
2, 

(24) 

where 𝛿𝑚
(𝑖)

 denotes the Lipschitz constant for each block 

to ensure convergence stability during iterations. 

SCA-based linearization for the minimum-distance and 
communication QoS constraints follows the standard 
relaxation approach expressed in [7] 

IV. SIMULATION RESULTS 

 

A. Simulation setup 

In our numerical configuration, the BS is located at (0, 0), 
the UAV-mounted RIS at (20 m, 30 m), and the target at (40 
m, 30 m). Two users are uniformly distributed in the region 
(30 m, 0) to (30 m, 40 m). The BS–RIS and RIS–user links 
follow Rician fading, whereas BS–user links experience 
Rayleigh fading with 15 dB shadowing. The initial MA 
positions are generated by the circle-packing method [6]. 

 

B. Performance evaluation 

 

 

Fig. 2 quantitatively compares the final converged radar 
SINR values of the MA and FPA schemes. 
When 𝑀 = 16 , the MA outperforms the FPA by 
approximately 1.9 dB, and when 𝑀 = 32, by about 2.1 dB. 

 

Fig. 2. Comparison of final converged radar SINR between MA and FP

A. 



Remarkably, the 𝑀 = 16 MA configuration achieves an 
SINR only 1.5 dB lower than the 𝑀 = 32 FPA, corresponding 
to an effective 1.6-fold power gain. This implies that 
employing MAs can yield performance comparable to 
physically increasing the antenna count while reducing 
hardware complexity and cost. 
Moreover, the consistent MA gain across different 𝑀values 
indicates that its improvement is structurally robust and not 
sensitive to array scale. 

V. CONCLUSION 

This paper investigated an active RIS- and movable 
antenna-aided ISAC system for enhancing radar sensing 
performance in non-terrestrial networks. An SCA-based 
optimization framework was developed to adapt MA positions, 
effectively improving radar SINR under communication 
constraints. Simulation results showed that movable antennas 
consistently outperform fixed arrays, achieving comparable 
sensing performance with fewer antenna elements. These 
results highlight the effectiveness of MA as a key degree of 
freedom in active RIS-assisted ISAC systems. 
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