
1/12

SUPERVISED LEARNING BASED SPARSE

CHANNEL ESTIMATION FOR RIS AIDED

COMMUNICATIONS
IEEE ICASSP 2022

Dilin Dampahalage, K. B. Shashika Manosha, Nandana
Rajatheva, Matti Latva-aho

Centre for Wireless Communications
Univeristy of Oulu, Finland

April 19, 2022

Dilin Dampahalage IEEE ICASSP 2022 April 19, 2022 1 / 12



2/12

Introduction

• Frequent LoS compromise in mmWave: Use RIS to establish LoS

• Uplink channel estimation for RIS aided LoS in NLoS

• Consider the sparse angular domain channel by discretizing AoAs
at the BS

• Consider 2 cases
▶ on-grid: AoAs lie exactly on the discrete grid
▶ off-grid: AoAs can take any continuous value deviating from

discrete grid

• OMP [1] based algorithm in the on-grid case

• Neural networks trained based on supervised learning is used to
estimate the residual angles in the off-grid case
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System Model I

• M antennas at BS

• A single antenna user in NLoS with BS

• RIS with N reflecting elements

• Θ = diag(v) = diag([e jα1 , e jα2 , ..., e jαN ]T ) denote the reflection
matrix of the RIS

Figure 1: Illustration of the system model.
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System Model II

hv = cvaRIS(θ
RIS
R ), (1)

and
Hr = craBS(θ

BS
R )
[
aRIS(θ

RIS
T )
]H

, (2)

g = HrΘhv

= craBS(θ
BS
R )
[
aRIS(θ

RIS
T )
]H

cvΘaRIS(θ
RIS
R )

= aBS(θ
BS
R )

(
N∑

n=1

γ∗
ne

jαn

)
= aBS(θ

BS
R )γHv ,

(3)
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On-Grid AoAs

• The effective channel,

ht,i = gt,i +
S∑

q=1

βt,qaR(θt,q)

= aR(θt,0)γ
H
t vt,i +

S∑
q=1

βt,qaR(θt,q),

(4)

• The angular dictionary can be defined as,

AR =
[
aR(θ̃0) aR(θ̃1) · · · aR(θ̃K )

]
. (5)

• Compact received signal matrix,

Y = ARQ̃Ṽ +N . (6)
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Solving On-Grid Case

• Using the orthogonality of the augmented codebook (based
on [2]),

Y ṽ ∗
0 = Ar q̃0ṽ

T
0 ṽ

∗
0 +Nṽ ∗

0

y ′ = Ar z̄ + n′,
(7)

which can be solved with OMP.

• Next, we remove effect of direct channel,

YRIS = Y −Ar z̄ ṽ
T
0 . (8)

• Now we can find γ by minimizing,

∥YRIS − aR(θ̃0)γ
HV ∥22. (9)
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Off-Grid AoAs

• residual AoA vector δ =
[
δ0 δ1 · · · δK

]
such that

δk =

{
θq − θ̃kq , q = kq, for q = 0, 1, · · · , S , and k ̸= 0

0, otherwise,

• Modified array response dictionary AR(δ)

• Now the Equation (6) can be modified

Y = AR(δ)Q̃Ṽ +N . (10)
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Neural Network for Off-Grid Estimation

Figure 2: NN architecture for residual AoA prediction..
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Results (On-Grid)

Figure 3: Channel estimation with on-grid AoAs.
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Results (Off-Grid)

Figure 4: Channel estimation with off-grid AoAs.
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The End.

Thank You!
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