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INTRODUCTION

• Reconfigurable Intelligent Surface (RIS): passive phase shift;
high energy efficiency; popular candidate technique for 6G

• Millimeter wave (mmWave): short wavelength; wide frequency
band; great directivity
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SYSTEM MODEL

Saleh-Valenzuela (SV) channels for UPAs at BS and RIS:

F=L(lB)aR(ζr, φr)aT (ζt, φt)
H ,g=L(lU )aR(ζk, φk),d=L(ld)aT (ζm, φm),

where the path loss component, the normalized receive and transmit
array response vector (ARV) are as follows respectively:

L(lB) = C(
lB
l0

)−α,

aR(ζr, φr)=
[
1,. . . ,ej

2πdR
λ (Nx−1) sin ζr sinφr

]T
⊗
[
1, . . . , ej

2πdR
λ (Nz−1) cosφr

]T
,

aT (ζt, φt)=
[
1,. . . ,ej

2πdB
λ (Mx−1) sin ζt sinφt

]T
⊗
[
1, . . . , ej

2πdB
λ (Mz−1) cosφt

]T
.

Here r = (xr, yr, zr)
T represents the location of RIS, sin ζr = yr

‖(b−r)1,2‖ ,

sinφr = zr−zb
‖r−b‖ , ζt = ζr and φt = φr.

The signal received at the user is:
y =

(
dH + gHΘF

)
ws+ n,

where n ∼ CN (0, σ2), s is the transmit signal for the user satisfying
E(|s|2) = 1, w ∈ CM is the precoding vector and Θ = Diag(θ1, . . . , θN )

is the RIS matrix.

SNR MAXIMIZATION

max
w∈CM,r∈R3,

Θ∈CN×N

SNR =
|
(
dH + g(r)HΘF(r)

)
w|2

σ2

s. t. ‖w‖2 ≤ PT ,
Θ=Diag(θ1, . . . , θN ), θl ∈ Ω, l=1, . . . , N.

(1)

RIS constraint:

Ω =

{
eiϕ, ϕ ∈

{
0,

2π

T
, · · · , 2π(T − 1)

T

}}
or {θl ∈ C | |θl| ≤ 1} .

Plug the optimal MRT precoding vector w∗ =
√
PT
‖h‖ h into (1), and the

equivalent optimization problem becomes:

max
v∈CN ,r∈R3

‖h(v, r)‖2

s. t. θl ∈ Ω, l = 1, . . . , N,

(2)

where h(v, r) = d + FHΘHg

=d+
C2

‖u−r‖2‖b−r‖2
[
aR
(
ζr(r),φr(r)

)
HBv

]
aT
(
ζt(r),φt(r)

)
.

Here v = (θ1, . . . , θN )H , and B = Diag
[
aR

(
ζk(r), φk(r)

)]
.

ADMM METHOD

Augmented Lagrangian penalty function technique:

max
v,r,p

‖h(v, r)‖2

s. t. p = v,

pl ∈ Ω, l = 1, . . . , N.

⇒
min
v,r,p

−‖h(v, r)‖2+Re
{
µH(p−v)

}
+
ρ

2
‖p− v‖2

s. t. pl ∈ Ω, l = 1, . . . , N.

• v subproblem: minv
1
2vHQv + Re(vHq)

closed-form solution: vk+1 = −Q−1q, or
solution with sufficient function reduction: vk+1 = vk + αkdk.

• p subproblem:

min
p∈CN

ρ

2
pHp+Re

{
(µ−ρv)Hp

}
s. t. pl ∈ Ω, l = 1, . . . , N.

closed-form
⇒

solution
p∗l=

{
ηl, if |ηl| ≤ 1,
ηl
|ηl| , otherwise.

or p∗l = eiϕ
∗
l , ϕ∗l = arg min

ϕl∈{0, 2πT ,··· , 2π(T−1)
T }

|ϕl −Arg (ρηl)|, ηl = vl− µl
ρ .

• r subproblem: minr −‖h(v, r)‖2

Levenberg-Marquardt (LM) method:

rk+1 = rk +
(
γkI−Re

{
JHk Jk

})−1
Re
{
JHk hk

}
,

from subproblem:
min
r

−
∥∥h(r) + J(rk)(r− rk)

∥∥2 s. t. ‖r− rk‖ ≤ ∆k.

SIMULATION RESULTS

Parameter settings: b = (0, 0, 10)T , u = (50, 50, 5)T , Mx = 4, Mz = 4,
Nx = 10, Nz = N

Nx
, σ2 = −110dBm, PT = 2.5dBm, T = 4.
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Figure 1: RIS locations with different initial setting

The initial RIS location r0 is randomly selected from the 10m radius circle
centered at: (a) BS; (b) midpoint between BS and the user; (c) the user.
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Figure 2: Achieved SNR with respect to N

Joint optimization of RIS location and parameters greatly outperforms
other benchmarks.
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