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Joint Trajectory and Resource Optimization for RIS
Assisted UAV Cognitive Radio
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Abstract—Unmanned ariel vehicle (UAV) can be used in
cognitive radio (CR) due to its high mobility and line-of-
sight (LoS) transmission. However, the throughput of secondary
user (SU) may decrease because of interference arising from
spectrum sharing. Reconfigurable intelligent surface (RIS) may
overcome the interference by reconstructing the propagation
links. Our aim is to maximize the throughput of SU subject to the
interference constraint of primary user (PU) through the joint
optimization of the UAV’s trajectory, RIS’s passive beamforming
and UAV’s power allocation. We divide the formulated non-
convex optimization problem into three subproblems: passive
beamforming optimization, power allocation optimization and
trajectory design, and then propose an alternating iterative
optimization algorithm of the subproblems to get the suboptimal
solutions. Numerical results show the proposed algorithm can
achieve remarkable throughput gain.

Index Terms—UAV, RIS, CR, trajectory optimization, through-
put.

I. INTRODUCTION

Possessing the advantages of low cost, fast mobility and
high flexibility, unmanned ariel vehicle (UAV) is playing a
critical role in wireless communications to assist the infor-
mation transmissions. It can perform as an ariel base station
(BS), relay or accessing point on account of its larger coverage
and light-of-sight (LoS) transmission [1]–[3]. However, the
UAV-enabled high-frequency communications often encounter
spectrum scarcity. Cognitive radio (CR) technology can be
applied to relieve such problem by making UAV dynamically
access the spectrum bands licensed to primary users (PUs)
for serving secondary users (SUs). [4] exploited the UAV as
the BS of CR network and maximized its average secrecy
rate via optimizing the trajectory and transmit power of UAV.
[5] maximized the throughput of UAV enabled CR subject
to preventing the interference with the PUs and meeting the
throughput requirement of SUs.
However, the LoS links for UAV enabled CR are not always

available due to blockages of high buildings. Fortunately, re-
configurable intelligent surface (RIS) is helpful to enhance the
power of the UAV’s signal in fading channels. To maximize the
transmission gain, the RIS deploys a lot of passive elements
to intelligently adjust the reflecting coefficients of the incident
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signals. [6] maximized the achievable rate of SU in an RIS-
aided CR by jointly optimizing power allocation of SBs and
passive beamforming of RIS. [7] proposed an RIS-assisted
multiple-input multiple-output (MIMO) CR system and max-
imized its achievable sum rate through the optimization of
the the transmit precoding, the power allocation of the SBS
and the phase shifts of the RIS. In [8], the authors proposed
the RIS-enabled CRN with NOMA and maximized both the
spectrum efficiency and energy efficiency.

The existing studies usually consider UAV or RIS assisted
CR independently, but a single UAV link or RIS link may
be blocked by high buildings. Although [9] integrates UAV
and RIS into CR, but it assumes a fixed UAV to serve SUs
without considering UAV mobility and also ignores the effect
of RIS on PU. In this paper, we assume that both SU and
PU can benefit from RIS, and the SU can achieve better
communication links and resist the interference with PU by
exploring both UAV mobility and RIS link configuration. The
main contributions of this paper are listed as follows.

• We present an RIS assisted UAV CR model, where both
the SU and PU can benefit from RIS in terms of spectrum
sharing. By considering the interference between SU and
PU, the average rate maximization problem is formulated
by means of jointly optimizing RIS phase-shift coeffi-
cients, UAV power allocation and UAV’s trajectory.

• We divide the formulated non-convex optimization prob-
lem into three subproblems. By fixing the other two
factors, we use the semidefinite relaxation method to
solve the RIS phase shifts optimization. Likewise, we
optimize the UAV trajectory by the successive convex
approximation (SCA) method and get the optimal UAV
power allocation using the standard convex optimization.
Finally, an alternating iterative optimization algorithm of
the three subproblems is proposed to find its suboptimal
solutions.

II. SYSTEM MODEL

As shown in Fig. 1, we consider an RIS assisted UAV CR
system constituting a PU, an SU, a PBS and a UAV serving
as SBS. We assume that the direct links from PBS to PU and
SBS to SU are all blocked, and thus the RIS is used to reflect
the signals of PBS and SBS to PU and SU, respectively. The
summary of notations in the paper is shown in Table I. We
use 3-D Cartesian coordinate to give the positions of the PBS,
PU, SU as wB = {xb, yb, zb}T ,wP = {xb, yb, 0}T ,wS =
{xb, yb, 0}T , respectively. For simplicity, the UAV’s flying
time T is divided into K time slots with each one the same
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TABLE I: Summary of Notations

Notation Meaning
Pmax maximum power of the SBS
Pmin minimum power of the SBS
Pavg average power of the SBS
pb the transmit power of PBS

vmax maximum velocity of UAV
T total flying time
δ length of time slot
χ antenna separation
λ carrier wavelength
β pass loss exponent for direct link
τ pass loss exponent for reflect link
σ2 noise power
ε convergence threshold
M number of RIS elements
K number of time slots

RIS

PBS

PU
SU

SBS

Interference 

Signal

Fig. 1: RIS assisted UAV CR model.

lenghth δ = T
K . The UAV moves in the x-y-z space and the

maximum speed vm. Hence, in slot k, the UAV’s horizontal
coordinate is denoted by l[k] = {xu[k], yu[k], zu[k]}T , k ∈
K = {1, 2, . . . ,K}. The following constraints should be met
in terms of the positions of the UAV in two adjacent time slots

∥l[k + 1]− l[k]∥2 ≤ D2, k = 1, 2, . . . ,K − 1, (1a)

∥l[1]− l0∥2 ≤ D2, (1b)

∥lF − l[k]∥2 ≤ D2, (1c)
Hmin 6 zu[k] 6 Hmax, ∀k, (1d)

where l0 and lF denote the UAV’s starting and final locations,
respectively, and the maximum traveling distance of the UAV
within one time slot is D = vmδ.
The proper power allocation for the SBS will have a positive

impact on the improvement of the CR system. p[k] represents
the transmit power of the UAV at the kth time slot, and the the
following power constraints of the UAV should be satisfied

1

K

∑
k∈K

p[k] 6 Pavg (2)

Pmin 6 p[k] 6 Pmax, k ∈ K, (3)

where Pavg , Pmax and Pmin represent UAV’s average power,
maximum power and minimum power for each time slot.

The RIS consisting of M passive elements form-
s a ULA, which the central controller can manipu-
late to intelligently adjust the incident signals. The di-
agonal phase-shift matrix can be expressed as Θ[k] =
diag{ejθ1[k], ejθ2[k], . . . , ejθM [k]}, k ∈ K, where θi[k] means
the phase shift of the ith element at the kth time slot. We as-
sume that the phase shift of each element can be continuously
adjusted. And the RIS is vertically hung on a building at the
position of wR = {xr, yr, zr}T .

Because the UAV flies at a high enough altitude, the link
between the UAV and the RIS (U-R link) can be assumed as a
LoS channel [10]. So the channel gain of the U-R link, denoted

by hur[k], can be expressed by hur[k] =
√

ρd−2
ur [k]h̃ur[k],

where h̃ur[k] = {1, e−j 2π
λ χϕur[k], . . . , e−j 2π

λ χ(M−1)ϕur[k]}T,
ρ represents the path loss at the unit distance of D0 = 1m,
dur[k] means the distance between the UAV and the RIS at
the time slot, χ and λ represent the antenna separation and
carrier wavelength, respectively, and ϕur[k] =

xr−xu[k]
dur[k]

.
We use the Rician fading channel to model the links from

RIS to SU (R-S link), RIS to PU (R-P link), and PBS to RIS
(B-R link)[11]. The corresponding channel gains of the three
links are denoted by hrs,hrp and hbr, respectively. For ex-
ample, hrs can be expressed as hrs =

√
ρd−τ

rs {
√

ε
1+εh

LoS
rs +√

1
1+εh

nLoS
rs }, where τ denotes the path loss exponent of the

links modeled by Rician fading channel, drs is the distance
between the RIS and the SU, ε is the Rician factor, the LoS
component hLoS

rs = {1, e−j 2π
λ χϕrs , . . . , e−j 2π

λ χ(M−1)ϕrs}T,
and ϕrs = xs−xr

drs
; hnLoS

rs ∈ CM×1 is the non-LoS (NLoS)
component, which is independently drawn from the circularly
symmetric complex Gaussian (CSCG) distribution with zero
mean and unit variance.

Though the direct links from UAV to SU (U-S link), UAV to
PU (U-P link), PBS to SU (B-S link) and PBS to PU (B-P link)
are blocked, there still exist many scattered signals [11]. So
they are modeled by the Rayleigh fading channel. The channel
gains of the U-S link, U-P link and B-S link are denoted by
hus, hup, hbs and hbp, respectively. For instance, hus can be

expressed as hus[k] =

√
ρd−β

us [k]h̃, where β is the path loss
exponent of the U-S link, dus[k] is the distance betwwen the
UAV and the SU, and h̃ is the random scattering component
modeled by zero-mean and unit-variance CSCG distribution.

To guarantee the communication performance of the PU,
the interference from UAV to PU should be controlled as

1

K

∑
k∈K

p[k]|hup + hH
rpΘ[k]hur[k]|2 6 Pt, ∀k (4)

where Pt is the average maximum interference power the PU
can tolerate per time slot. The throughput of the SU at each
time slot can be expressed as

R[k] = log2(1 +
p[k]|hus[k] + hH

rsΘ[k]hur[k]|2

pb|hbs + hH
rsΘ[k]hbr|2 + σ2

) (5)
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where pb is the transmit power of PBS and σ2 denotes the
additive while Gaussian noise. And the average throughput is
R̄ = 1

K

∑
k∈K

R[k].

III. PROBLEM FORMULATION

Our aim is to maximize the average rate R̄ via the joint
optimization of the UAV’s power allocation p , {p[k], k ∈
K}, the RIS phase shifts Φ , {Θ[k], k ∈ K}, and the UAV
trajectory L , {l[k], k ∈ K}. The problem is listed as follows

max
(p,Φ,L)

R̄ (6a)

s.t. 0 6 θi[k] < 2π, ∀i, k, (6b)
1

K

∑
k∈K

p[k]|hup + hH
rpΘ[k]hur[k]|2 6 Pt, (6c)

1

K

∑
k∈K

p[k] 6 Pavg (6d)

Pmin 6 p[k] 6 Pmax, ∀k (6e)
(1a)− (1d) (6f)

Owing to the non-convex objective function and the highly
coupled variables p,Φ,L, the problem (6) fails to be a
convex optimization problem. To make (6) tractable, we divide
the original problem into separate subproblems and then use
alternating optimization tool to get the approximately optimal
solutions.

IV. SOLUTION ALGORITHM

The originally formulated optimization problem will be
separated into the following subproblems: RIS phase shifts,
UAV’s power allocation optimization and UAV’s trajectory de-
sign. Moreover, we propose an alternating iterative optimiza-
tion algorithm to obtain the approximately optimal solutions
to (6).

A. UAV Power Allocation Optimization

When other two variables are given, the problem (6) can be
expressed as

max
p

1

K

∑
k∈K

log2(1 + p[k]γ0[k]) (7a)

s.t.
1

K

∑
k∈K

p[k]|hup + hH
rpΘ[k]hur[k]|2 6 Pt, ∀k (7b)

1

K

∑
k∈K

p[k] 6 Pavg (7c)

Pmin 6 p[k] 6 Pmax, ∀k, (7d)

where γ0[k] =
|hus[k]+hH

rsΘ[k]hur[k]|2
pb|hbs+hH

rsΘ[k]hbr|2+σ2 is a constant for each
time slot. And the problem (7) is a standard convex optimiza-
tion problem and can be solved by CVX.

B. RIS Phase Shift Optimization

Firstly, we let gus[k] = {hH
rsdiag{hur[k]}, hus[k]}T ∈

CM+1, gup[k] = {hH
rpdiag{hur[k]}, hup[k]}T ∈ CM+1,

gbs = {hH
rsdiag{hbr}, hbs}T ∈ CM+1and u[k] =

{ejθ1[k], . . . , ejθi[k], . . . , ejθM [k], 1}T ∈ CM+1. Then, the ex-
pressions of the channel gains can be rewritten as

|hus[k] + hH
rsΘ[k]hur[k]|2 = Tr{Hus[k]U[k]}, ∀k, (8)

|hup[k] + hH
rpΘ[k]hur[k]|2 = Tr{Hup[k]U[k]}, ∀k, (9)

|hbs + hH
rsΘ[k]hbr|2 = Tr{HbsU[k]}, ∀k, (10)

whereHus[k] = gus[k]g
H
us[k],Hup[k] = gup[k]g

H
up[k],Hbs =

gbsg
H
bs, U[k] = u[k]uH[k] and Tr{A} means the trace of the

matrix A. We then introduce slack variables ξ , {ξ[k], k ∈
K} and ζ , {ζ[k], k ∈ K} to slack the SNR and the total
noise power of the SU at each time slot. Hence, the problem
(6) can be reformulated as

max
(U,ξ,ζ)

1

K

∑
k∈K

log2(1 + ξ[k]) (11a)

s.t. p[k]Tr{Hus[k]U[k]} > ξ[k]ζ[k], ∀k, (11b)

ζ[k] > pbTr{HbsU[k]}+ σ2, ∀k, (11c)
1

K

∑
k∈K

p[k]Tr{Hup[k]U[k]} 6 Pt, (11d)

U[k] ≽ 0, ∀k, (11e)
U(i,i)[k] = 1, ∀k, i = 1, 2, . . . ,M + 1 (11f)
rank{U[k]} = 1, ∀k, (11g)

where rank{A} means the rank of matrix A. However, the
variables ξ and ζ in the constraint (11b) is highly coupled.
Therefore, we use Taylor expansion to expand ξ[k]ζ[k] at the
feasible point ξ0 = {ξ0[k]}Kk=1 and ζ0 = {ζ0[k]}Kk=1 like [8].

ξ[k]ζ[k] > ξ0[k]ζ0[k] + ζ0[k](ξ[k]− ξ0[k])

+ ξ0[k](ζ[k]− ζ0[k]) = f̌(ξ, ζ), ∀k
(12)

Moreover, since the rank one demand is always hard to
satisfy, the semidefinite relaxation (SDR) method is applied.
The problem (11) can be further reformulated as

max
(U,ξ,ζ)

1

K

∑
k∈K

log2(1 + ξ[k]) (13a)

s.t. p[k]Tr{Hus[k]U[k]} > f̌(ξ, ζ), ∀k, (13b)

ζ[k] > pbTr{HbsU[k]}+ σ2, ∀k, (13c)
1

K

∑
k∈K

p[k]Tr{Hup[k]U[k]} 6 Pt, (13d)

U[k] ≽ 0, ∀k, (13e)
U(i,i)[k] = 1, ∀k, i = 1, 2, . . . ,M + 1 (13f)

which is concvx and can be solved by CVX. However, the
optimization result usually cannot satisfy the rank one demand,
and we need to recover it like [12].

C. UAV Trajectory Design

For the UAV CR, the trajectory design plays a quite signif-
icant role. For simplicity, we use the trajectory obtained from
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the last iteration to make ϕur, ϕrs etc. known like [13]. We
transform the expressions of the channel gains for the U-S link
as follows with other two factors are fixed

µs1 = real(
√
ρh̃), νs1 = imag(

√
ρh̃), (14)

µs2[k] = real(
√
ρhH

rsΘ[k]h̃ur[k]), ∀k, (15)

νs2[k] = imag(
√
ρhH

rsΘ[k]h̃ur[k]), ∀k, (16)

where µs1 and νs1 denote the real and imaginary parts of direct
channel gain for U-S link, respectively, while µs2 and νs2
denote the real part and imaginary part of reflecting channel
gain for U-S link, respectively. Then we process the channel
gains of U-P link as the U-S link, and the corresponding parts
are denoted by νp1, µp1, νp2[k], µp2[k]. Hence, the problem (6)
can be reformulated as

max
(L)

R̄ (17a)

s.t.
1

K

∑
k∈K

p[k](
ωp1

dβup[k]
+

ωp2[k]

d2ur[k]
+

ωp3[k]

d
β
2
up[k]dur[k]

) 6 Pt

(17b)
(1a)− (1c) (17c)

where ωs1, ωs2[k], ωs3[k], ωp1, ωp2[k] and ωp3[k] are given
in (18) and (19) at the top of the next page, and R̄ is given as

R̄ = 1
K

∑
k∈K

log2(1 + γ0[k](
ωs1

dβ
us[k]

+ ωs2[k]
d2
ur[k]

+ ωs3[k]

d
β
2
us[k]dur[k]

)),

where γ0[k] =
p[k]

pb|hbs+hH
rsΘ[k]hbr|2+σ2 , ∀k is a constant.

But still, the problem (17) is a non-convex optimization
problem in respect of the UAV’s trajectory L. Then, introduc-
ing some slack variables c , {c[k]}, e , {e[k]},n , {n[k]}
and s , {s[k]}, k ∈ K, the problem (17) is rewritten as

max
(L,c,
e,n,s)

1

K

∑
k∈K

log2(1 + γ0[k](
ωs1

cβ [k]
+

ωs2[k]

e2[k]
+

ωs3[k]

c
β
2 [k]e[k]

))

(20a)

s.t.
1

K

∑
k∈K

p[k](
ωp1

nβ [k]
+

ωp2[k]

s2[k]
+

ωp3[k]

n
β
2 [k]s[k]

) 6 Pt (20b)

c[k] > dus[k], ∀k, (20c)
e[k] > dur[k], ∀k, (20d)
n[k] 6 dup[k], ∀k, (20e)
s[k] 6 dur[k], ∀k, (20f)
(1a)− (1d) (20g)

The problems (17) and (20) are equivalent if (20c), (20d),
(20e) and (20f) hold equality. Otherwise, the increase of u and
v will decrease the objective value, and the decrease of n and
s will probably not satisfy the constraint (20b). According to
the Lemma in [14], we can process the objective value likewise
by Taylor Expansion at the feasible points c0 = {c0[k]}Kk=1,
e0 = {e0[k]}Kk=1, n0 = {n0[k]}Kk=1 ,s0 = {s0[k]}Kk=1 and
L0 = {l0[k]}Kk=1. The constraints are converted to convex as

log2(1 + γ0[k](
ωs1

cβ [k]
+

ωs2[k]

e2[k]
+

ωs3[k]

c
β
2 [k]e[k]

))

> log2(As0[k]) +Bs0[k](c[k]− c0[k]) + Cs0[k](e[k]− e0[k])
(21)

ωp1

nβ [k]
+

ωp2[k]

s2[k]
+

ωp3[k]

n
β
2 [k]s[k]

> Ap0[k] +Bp0[k](n[k]− n0[k]) + Cs0[k](s[k]− s0[k]), ∀k
(22)

c2[k] > −c20[k] + 2c0[k]c[k], ∀k (23)

e2[k] > −e20[k] + 2e0[k]e[k], ∀k (24)

d2up[k] > ∥l0[k]−wp∥2+2∥l0[k]−wp∥T ∥l[k]−wp∥, ∀k (25)

d2ur[k] > ∥l0[k]−wr∥2+2∥l0[k]−wr∥T ∥l[k]−wr∥, ∀k (26)

where As0[k], Bs0[k], Cs0[k], Ap0, Bp0[k], Cp0[k] are

As0[k] = 1 + γ0[k](
ωs1

cβ0 [k]
+

ωs2[k]

e20[k]
+

ωs3[k]

c
β
2
0 [k]e0[k]

), ∀k (27)

Bs0[k] = − βγ0[k]

As0 ln 2
[

βωs1

c
(β+1)
0 [k]

+
ωs3

2c
(β/2+1)
0 [k]e0[k]

], ∀k (28)

Cs0[k] = − 2γ0[k]

As0 ln 2
[
2ωs2

e30[k]
+

ωs3

2c
(β/2)
0 [k]e20[k]

], ∀k (29)

Ap0[k] =
ωs1

nβ
0 [k]

+
ωs2[k]

s20[k]
+

ωs3[k]

n
β
2
0 [k]s0[k]

, ∀k (30)

Bp0[k] = −β[
βωp1

n
(β+1)
0 [k]

+
ωp3

2n
(β/2+1)
0 [k]s0[k]

], ∀k (31)

Cp0[k] = −2[
2ωs2

s30[k]
+

ωs3

2n
(β/2)
0 [k]s20[k]

], ∀k (32)

Hereby, we can rewrite (20) as follows

max
(L,c,e,n,s)

1

K

∑
k∈K

Bs0[k]c[k] + Cs0[k]e[k] (33a)

s.t.
p[k]

N

∑
k∈K

(Ap0 +Bp0[k](n[k]− n0[k])

+ Cs0[k](s[k]− s0[k])) 6 Pt (33b)

d2us[k] + c20[k]− 2c0[k]c[k] 6 0, ∀k, (33c)

d2ur[k] + e20[k]− 2e0[k]e[k] 6 0, ∀k, (33d)

n2[k] 6 ∥l0[k]−wp∥2 + 2∥l0[k]−wp∥T ∥l[k]−wp∥, ∀k,
(33e)

s2[k] 6 ∥l0[k]−wr∥2 + 2∥l0[k]−wr∥T ∥l[k]−wr∥, ∀k,
(33f)

(1a)− (1d) (33g)

which is a convex optimization problem and can be addressed
using CVX.

D. Alternating Iterative Optimization Algorithm

According to the above discussions, an alternating iterative
optimization algorithm is proposed in Algorithm 1 to solve the
original problem (6). Following the result in [15], the objective
value R̄ is guaranteed to increase and then converge over the
iterations due to that there exists a boundary for the system
throughput. The complexity of Algorithm 1 is calculated by
O(Citr(K

3.5 +K(M + 1)4.5 + (5K)3.5)), where Citr is the
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ωs1 = µ2
s1 + ν2s1, ωs2[k] = µ2

s2[k] + ν2s2[k], ωs3[k] = 2µs1µs2[k] + 2νs1νs2[k], (18)

ωp1 = µ2
p1 + ν2p1, ωp2[k] = µ2

p2[k] + ν2p2[k], ωp3[k] = 2µp1µp2[k] + 2νp1νp2[k] (19)

iteration number .

V. NUMERICAL RESULTS

The simulation parameters are set as follows. The Cartesian
coordinates of each node are wB = {−500, 200, 10}T ,wP =
{−150, 160, 0}T ,wS = {0, 100, 0},wR = {0, 0, 40}T , re-
spectively. The initial and ending coordinates of the UAV
are (-500,20,80) and (500,20,80), respectively. The maximum
velocity of the UAV is 25m/s. The path loss at D0 = 1m
is -20dB. And the rest of the parameters are Hmin = 70m,
Hmax = 80m, δ = 1s, T = 100s, σ2 = -80dBm, Pt = -70dBm,
χ = λ

2 , α = 2.8, β = 2.5, ε = 3dB, K = 100, Pb = 100mW,
Pavg = 500mW, Pmin = 100mW, Pmax = 1000mW.

Algorithm 1 Alternating iterative optimization for solving (6).

Initialize: the iteration number j = 0, {L[j], Φ[j], p[j], c[j],
e[j], n[j], s[j]} , the average throughput R̄[j] with the given
variables;

1: while R̄ is not convergent do
2: update Φ[j+1] via the solution of problem (13);
3: update L[j+1], c[j+1], e[j+1],n[j+1], s[j+1] via the so-

lution of problem (33);
4: update p[j+1] via the solution of problem (7);
5: calculate R̄[j+1], and set j = j + 1;
6: end while

Output: the optimal solutions L[j],Φ[j],p[j].

Fig. 2 illustrates the optimized UAV trajectory, where the
UAV flies to the best position close to the RIS and hovers at
the minimum height of 70m for most of the time, in order
to improve the RIS link gain. During coming to and leaving
the hovering position, the UAV chooses to approach near the
SU to improve the direct link gain. For the final iteration of
the trajectory, since the UAV is far enough away from the
PU, the interference of the UAV to the PU via the direct link
is very weak. In addition, the RIS link can be adjusted to
both improve the communication performance of the SU and
control the interference to the PU.
Fig. 3 illustrates the optimized UAV power allocation. we

can see that the majority of the power is allocated for the
hovering time to improve the throughput of RIS link. For
the coming and leaving time, only the minimum power is
allocated to guarantee that the UAV can communicate with
the SU during the whole flying time.
Fig. 4 demonstrates the comparison between our scheme

with M = 30 and M = 35 and the following traditional
UAV schemes with respect to the maximized rate of SU. Our
scheme (i): The proposed optimization scheme with M =
30. Our scheme (ii): The proposed optimization scheme with
M = 35. Scheme (i): From starting point, the UAV travels
directly to the final point with the fixed height (70m) and
RIS (M = 30). Scheme (ii): The UAV trajectory is optimized
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Fig. 2: The optimized trajectory: (a) the trajectory in x-y
plain; (b) the height of the UAV.

0 10 20 30 40 50 60 70 80 90 100
slot nuber

100

200

300

400

500

600

700

Tr
an

sm
is

si
on

 p
ow

er
 (m

W
)

initial
the final iteration

Fig. 3: The optimized UAV power allocation when M = 30.

without RIS (M = 0). Scheme (iii): The UAV trajectory is
optimized in x-y plane with the fixed height (70m) and RIS
(M = 30). Fig. 4 shows that the SU’s rate improves when the
number of RIS elements M increase because there exist more
relaying channels. It is also seen that higher throughput gain
can be achieved by our proposed scheme when compared with
Scheme (i) through designing the UAV’s trajectory.

VI. CONCLUSION

In this letter, we consider an RIS assisted UAV CR system,
where we maximize the SU’s throughout subject to the con-
straint of the interference with the PU by the joint optimization
of RIS phase shift coefficients, UAV’s trajectory and UAV
power allocation. In order to tackle the non-convexity of the

Joint trajectory and resource optimization for RIS assisted UAV cognitive radio
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Fig. 4: Rate comparison between different schemes.

original problem, we divide the problem into three separate
subproblems. Based on the solutions to each subproblem,
we propose an alternating iterative optimization algorithm to
obtain the approximately optimal solutions. Simulation results
show the significant throughput gain when comparing our
proposed scheme to other schemes.
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