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Our Implementation of RIS
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RIS Model

RIS Reflection Coefficient with the Varactor

= Equivalent model for RIS used lo evaluate the - 180
refleclion coefficient jlgg

= R, G, L,areassoclated with the square-shaped unlt 90
cell element - i B

= L Isan equivalent element to account for the ' o &
substrate. It may contaln nonlinear terms In o o2 [

= The varactor is represented by the series R (V). C V), i 30 b
L, where Vis the varactor biasing voltage S :Sg

® Inomder to determine R, €, Ly, a single full-wave simulation without -120
Including the varactor Is performed and the phase reflectlon curve ls 150

-180

determined

L, is determined anaiyticaiiy from the dieiectric subsirate height H and
relative dielectric constant €,

The varactor model in p«rallel wlth t’.‘zf|5.1maly‘t||::alljI calculahed for various
varactor voitages from the provided by the

Wave-Controlled RIS

Freq (GHz)

Algorithm 1, Update for [15, Algorithm 1]

= Marrowband or Aat fading scenario with a single-antenna ansrmiller, K single-
anlenna receivers, and an RIS with M elements.

® Nodirecl signal path between the TX and RX

Signal st k-th regeiver

=T Pgs+
= Where b, and g are the Mx1 channels from the RIS to the f-th RX and the TX to the
RIB, taspactivaly
® RIS response is determined by a diagonal matriz with reflection coefficients of the
$o=ding e ooy
In a varactor-based Implemamatlon tha valua of the m-th raflection coafficlent 5 ls

defermined by a bissing voliage spplied to he m-th RI5 slement
Eecauge RIS elements ane passive, | o | = L forallee — 120 4F
We will use

By e

to danets the vector with all RIS reflaction cosfflclents, we assuma | o, | =1 For
alle = 2.0

= Biasing voltage composed of a sum of basis functions representing
standing waves along the length of the RIS

= For example, with a sinusoidal basis, the biasing voltage v(x) as a
function of the position x in wavelengths along the linear RIS is

\- nwr
where N is the number of modes and @, is the amplitude of the »-th
mode

N is desired to be as small as possible to limit the variation in v(x)
with x, and to reduce the control signaling overhead

Biasing voltage is sampled along the waveguide and applied as
inputs to the RIS elements at positions x=mA, m =0,1.... .M~ 1
where A is the distance between the centers of each RIS element in

wavelength
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FIGURE B. Varialion of [5:]" and . " willii.

SNR Boost Performance, K = 2
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FIGUAE 2. COF plots for SNR Boost [15] with Uniform Polar Guantization
(UP@), Algorithm 1, and Approximation (APX) Algorithm [13], /i ~ 2

Execution Time Comparisons

FIBUAE 3. COF plats ne SNA Eonst [15] whh Uninim Palar Cuantizatian
(UPCH, Akgorithm 1. and Approximation (APR) Algorithm 1137, . <.

Broader Impacts

= Prohlem [continuous-phase version)
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= Continuous-phase solution
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= Uniform polar quantization
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Future Work

= RISs are expected to form the basis of next-generation wireless MIMO
systems. Our wave-controlled RIS structure will simplify the control
of RISs and will likely change the way RISs are implemented in the
future
The project will provide access to users in a wireless network who
may be blocked or may be in heavy fading. It will also provide
coexistence by avoiding physical locations via reflections where
those locations may have alternative wireless transmission
Students involved have gained experience in cross-disciplinary

b the project invol eleclromagnelic system
devel hysical layer ications, reduced dimension

Py

control of RISs, and machine learning

= Different RIS structures

= Development of models with different angles of
incidence

= Investigation of discrete vs. continuous phase angles

= |nvestigation of the role of | ¢, | < 1

= Effect of voltage and phase distribution



