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Motivation

RIS:

® A planar surface that consists of multiple reflecting elements

e Can modify impinging signals and steer reflected waves in any direction

® Potential of improving system throughput, coverage, and energy efficiency




Motivation

RIS:

® A planar surface that consists of multiple reflecting elements
e Can modify impinging signals and steer reflected waves in any direction

® Potential of improving system throughput, coverage, and energy efficiency

System level challenges:

® RIS modeling

e RIS deployment

® Small-scale fading (SF)

® Macroscopic Fading (MF)
® Cell association

® RIS phase shifts optimization

® |nterference
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Simulation flow:

create simulation environment: BSs & antennas, UEs,
RISs, city, street, building, blockage (types & properties)
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The simulator structure:

small scale fading

large scale fading
hi link
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RIS modeling

® Number of rows: N

® Number of columns: M

® Number of element: L =M x N

® Spacing between each element: t,t = %)\ as default
® Size of each unit cell along the x axis: dx

® Size of each unit cell along the y axis: dy

® The effective area of each RIS: D = L X dx X dy

® Fraunhofer distance: d = % I-th clement
e Reflection coefficient of the /-th element: V, = g;e/% .
1 1
e Amplitude 8; € [0,1], B; = 1 as default P
1 1

® Phase: 0 € [-m, ), random or optimized




RIS deployment

® Deployment options: Poisson distribution; user-defined locations; on building walls
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RIS deployment

® RIS should be placed where it has LOS connection with BS and UE — filter pure NLOS RISs
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Small-scale fading

® Generate channel traces for BS-UE, BS-RIS, and RIS-UE links according to the selected channel models

e Channel models: Rayleigh, AWGN, Quadriga, 3GPP models (Pedestrian A, Pedestrian B, Vehicular A,
Vehicular B,...)
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Small-scale fading

® Generate channel traces for BS-UE, BS-RIS, and RIS-UE links according to the selected channel models

e Channel models: Rayleigh, AWGN, Quadriga, 3GPP models (Pedestrian A, Pedestrian B, Vehicular A,
Vehicular B,...)

® Add relative delays to the RIS-links:

— Delay difference: AT =7t + 7 — 74.

— At =A7-—"t— and A1, = AT ¢

Tt+Tr Tt+Tr
H, =H i H, H,
— Hy =H; - exp(j2nfATt) T, T,
— H, =H, exp(j2rnfAT,) (( )) Hd
— Channel of an RIS-aided link: Hgis = H,» - & - H,/ A\ < > D
d

— & = diag(e/1, ..., e/%): RIS phase shifts
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Pathloss model 1: RISFSPL

e Original far field free space pathloss model for RIS [1]:

_ 6473 d1 dy?
Gt Gr GM?N2dydy N2 F (01, 1) F (Octes, Paes) B

PL

Blocking object

Tx
(xt' y 12 Zt)

<
d, U, - unit cell in the 7 row and m column
[1] (Wankai Tang et al. “Wireless Communications With Reconfigurable Intelligent Surface: Path Loss Modeling and p
Experimental Measurement”. In: |[EEE Transactions on Wireless Communications 20.1 [2021], pp. 421-439) I lj
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Pathloss model 1: RISFSPL

e Adapt the original pathloss model to be compatible with the SLS (RISFSPL), the MF of RIS-link:

- P 647r3d12d22
MsRISFSPL = 5 = GGG, LAN2 32




Pathloss model 1: RISFSPL

e Adapt the original pathloss model to be compatible with the SLS (RISFSPL), the MF of RIS-link:

Py 64r3d2d3

MF,; = b T G CGCIAN
sRISESPL = 5 = G, GG, LAN? 32

— di,d>: distance between TX-RIS and RIS-RX

— G, G, G: TX, RX and RIS antenna gain, G, = G = 1 as default
— L= M x N: number of RIS element

— A =dx x dy: effective area of each RIS element

— F(0t,¢t), F(O4es, Pdes): normalized power radiation pattern of RIS

— B: amplitude of each RIS element, 8 = 1 as default




Difference between the adapted RISFSPL and the original pathloss model:

® The original pathloss model:

— The RIS phases are already optimized for the user when calculating the pathloss: PL L%
— The RIS phase shift optimization happens purely in MF, SF is not involved

— The direct link is not considered in [1]

[2] (Le Hao, Stefan Schwarz, and Markus Rupp. “The Extended Vienna System-Level Simulator for Reconfigurable
Intelligent Surfaces”. In: 2023 EuCNC & 6G Summit. 2023)




Difference between the adapted RISFSPL and the original pathloss model:

® The original pathloss model:

— The RIS phases are already optimized for the user when calculating the pathloss: PL LLZ
— The RIS phase shift optimization happens purely in MF, SF is not involved
— The direct link is not considered in [1]

e The RISFSPL model in the SLS:

— The RIS phase shifts are random when calculating pathloss, since users are not assigned to BSs yet,
cell association is based on the pathloss results: PL % [2]

— After cell association, RIS phase shifts are optimized in SF according to the channel information of
each link

— All the direct and RIS-assisted links, the MF and SF are considered

[2] (Le Hao, Stefan Schwarz, and Markus Rupp. “The Extended Vienna System-Level Simulator for Reconfigurable
Intelligent Surfaces”. In: 2023 EuCNC & 6G Summit. 2023)




Pathloss model 2: RayTracing

® Use MATLAB ray tracer to calculate pathloss

® The received power of BS-UE, RIS-UE,
and BS-RIS links:

K
Pus = | > (\/ Pe/PLY) exp(—j95)
k=1

2

)

2
)

B
Pur = | > (\/ Pis/PLE exp(—j91)))
b=1

2

C
P = |>_(1/Pe/PLY) exp(—0%9))
c=1
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Pathloss model 2: RayTracing

® Use MATLAB ray tracer to calculate pathloss e

® The received power of BS-UE, RIS-UE,
and BS-RIS links:

K 2
Pus = | > _(y/ Pe/PLY) exp(—9))|
k=1
B 2
Pur = | D (V/ Pas/PLE exp(=i03)))| .
b=1
[ ]
C 2 °
P = | > _(y/ Pe/PLY) exp(—j95)))
c=1

The overall pathloss for these links:

PLuy = Pt/Puba

PLu = Pris/Pury

PLy = Pt/Prb-

PL&’;), PLE?), and PL&Z): pathloss of the specific propagation
path

195’2), 195,2), and 19&2): propagation phases of these links

Piis: transmit power from the RIS = received signal power at
that RIS
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Pathloss model 2: RayTracing

® The MF of RIS-assisted link: n
MFiis rT = EPLurPLrba
t

— where n = A\2/4nLA is a RIS size factor




Pathloss model 2: RayTracing

® The MF of RIS-assisted link: n
MFiis rT = EPLurPLrba
t

— where n = A\2/4nLA is a RIS size factor
® Remember that for RISFSPL model, only one path exists for each link:

6473 d?d?
G:LAN?

MPFis RISFSPL =




Pathloss model 2: RayTracing

® The MF of RIS-assisted link: n
MFiis rT = EPLurPLrba
t

— where n = A\2/4nLA is a RIS size factor
® Remember that for RISFSPL model, only one path exists for each link:

6473 d?d?

MF = .
s, RISFSPL G.LAN2

— For RayTracing model, when B = C = 1, the pathloss for each link is

25674 d? d2
G\t

Ply = (4ndi/A,  Plu = (4nch/AP,  MFrsgr = = PLaPly =
t




Pathloss model 2: RayTracing

® The MF of RIS-assisted link: n
MFiis rT = EPLurPLrba
t

— where n = A\2/4nLA is a RIS size factor
® Remember that for RISFSPL model, only one path exists for each link:

64r3d2d3
MF =12
ris,RISFSPL GtLA>\2

— For RayTracing model, when B = C = 1, the pathloss for each link is

25674 d? d2

~ ~ ~ 1 -~ ~
Pl = (4mdi/N)?,  Plu = (47da/A)?, MFrsrr = = PLisPlu = —=—3

—  The difference between MF s rispspr and MFig rr is 77 = A2/4mLA




Cell association

® Strategies:

— Maximum receive power: P, = Pi(gq + &ris) RISs

P> P;: transmit power Pt

A{) B1
(desired)
— Maximum SINR: SINR = P, /(P + 2)

> P, interference power from interfering UE \ .
BSs N o (interference)

> 52: noise power

» g4 path gain of direct link

> giis: path gain of RIS-assisted link
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RIS phase shifts optimization

® To achieve constructive coherent combination of the direct link and RIS-assisted link
® The user receives maximum signals
® For SISO scenarios:

— Phase of direct link: 64 = arg(Hy)

— Phase of RIS-assisted links: 0, = arg(Hy ;- Hp /)

— Optimized phase shift for the /-th element: 0, = 04 — 6,




Contents

Motivation

RIS-tailored Vienna System-Level Simulator (SLS)

Simulation results

Outlook

TU

Slide18 /27 WIEN




Simulation settings in a SISO scenario:

e One BS antenna, one RIS with L elements, ® Direct link has a pathloss of 200 dB
one UE with one antenna e Transmit power: 40 W

® Pathloss model: RT & RISFSPL e Center frequency: 3.5 GHz

e Channel model: Rician and Rayleigh e Bandwidth: 20 MHz

A SISO simulation scenario.
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Simulation settings in a SISO scenario:

e One BS antenna, one RIS with L elements, ® Direct link has a pathloss of 200 dB
one UE with one antenna

e Pathloss model: RT & RISFSPL

® Transmit power: 40 W
® Center frequency: 3.5 GHz

e Channel model: Rician and Rayleigh e Bandwidth: 20 MHz
= 4 = 118

7 o

E 9

Received power [dB]

3, RISFSPL
16, RT
16, RISFSPL
32, RT
- L=32, RISFSPL

10 15 20 25 30 35 40 45 50
Transmit power [W]

A SISO simulation scenario.
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Simulation results in a SISO scenario

® Power scaling law [3]:

— Every doubling of L achieves about 6 dB power gain for optimized RIS phase shifts and 3 dB for
random phase shifts

[3] (Q. Wu and R. Zhang. “Intelligent Reflecting Surface Enhanced Wireless Network via Joint Active and Passive p
Beamforming”. In: IEEE Transactions on Wireless Communications 18.11 [2019], pp. 5394-5409) I lj
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Simulation results in a SISO scenario

® Power scaling law [3]:

— Every doubling of L achieves about 6 dB power gain for optimized RIS phase shifts and 3 dB for
random phase shifts

® Results with random RIS phase shifts:

10 T T T T T T T

2
- =
o
=)
g g
=
&~ _ )
Z 3
v =
F—L=8, RT S
- L=8, RISFSPL 3
F—L=16,RT =
~L=16, RISFSPL
[—L=32,RT
- L=32, RISFSPL o
10 15 20 25 30 35 40 45 50 10 15 20 25 30 35 40 45 50
Transmit power [W] Transmit power [W]

[3] (Q. Wu and R. Zhang. “Intelligent Reflecting Surface Enhanced Wireless Network via Joint Active and Passive p
Beamforming”. In: IEEE Transactions on Wireless Communications 18.11 [2019], pp. 5394-5409) I lj




Results with optimized RIS phase shifts:
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® Results with optimized RIS phase shifts:

©
S

20 T T T T T T T

g . . . . .
r - T -L=8, RISFSPL
80| 3 r-i6.rT 7
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© 57 1 S
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5 L L L L 0 L L L L L L L
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Transmit power [W] Transmit power [W]

® Take away points:

— The RT and RISFSPL show very similar results, which verifies the modified RT model
— The results fulfill the power scaling law, which validates the RIS implementation




Simulation settings in a complex scenario

® Same setup as the previous scenario, except that there are 2 BSs, 15 RISs, and many users

A complex simulation scenario.
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Simulation results in a complex scenario

® Results with random RIS phase shifts:
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® Results with optimized RIS phase shifts:

1
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Outlook

More realistic RIS model

RIS in indoor scenarios

RIS in near-field transmission

RIS with radiation pattern properties

RIS phase optimization for MU-MIMO scenarios

RIS deployment optimization
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Thanks for your attention!
Any questions?

le.hao®@tuwien.ac.at

Meta Wireless P00

Technische Institute of . . .
Universitat Wien Telecommunications ‘ . -
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