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Current Research areas in IRS

» Resource optimization is IRS-added wireless network.

» Phase optimization of IRS elements is major challenge.

» Performance of IRS has been studied with respect to OFDM,

MIMO, massive-MIMO.

Channel estimation techniques have to be designed individually for
each of the modulation technique.

» |RS-design methods and deployment schemes, etc.

» [RS-aided joint sensing and communication, and other fields.

» Multiple IRS-aided system design and analysis.



Multiple IRS

Exploit diversity for multi IRS assisted communication for

different fading channels!
Outage probability of multiple-IRS-assisted SISO wireless communications
over Rician fading channel for selection combining (SC) receiver

o Selection combining: Select the best signal

1Qutage probability of multiple-IRS-assisted SISO wireless communications over
Rician fading by Rahul Kumar, et al. 2023



System Model
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Figure: Multiple-IRS-aided SISO communication system with SC receiver



System Model Contd...

The m-th received signal can be expressed as
T'm = \/F (ng@nLhm) T+ My 1 S m S M

x; © Tx message with unit energy, P: Tx power
T T
hm = [hm17 hma, ... thm] and m = [gmla gm2s - - gmNm] are

channel coefficients vectors.
®,, = diag{[e/0m1, el0m2 ... ,el%mNm ]} phase shift matrix

hmi and g,,; are modeled as Rician distribution.



Performance Analysis

» The instantaneous optimal signal-to-noise-ratio (SNR) ~,,, of m-th
received signal can be expressed as

Nom 2
TYm = 70 (Z |h7m| |gmi|> )
=1

where g represents the transmit SNR.

» The output SNR ~,, at the output of SC receiver can be given as

Yse = 1§HTlna§XM {me} .
Outage Probability

The OP of an SISO communication system with SC receiver can be
expressed as

M
— < = < =
Pout = Pr(7vse < yen) = Pr (1 Inax {ym} < 'Yth) Hl F,,. (n)



Performance Analysis Contd...

Outage Probability

The OP of a SISO communication system with SC receiver can be
expressed as

Pout =~ H Fm 'Yth

Jth
Hib/l:l (1 - 0,0 (Mm>> ,  CLT — BasedMethod

Jth

Mooy ~ 15— LSE — BasedMethod

~1
where 0, = <0.5+O.5erf (1 [ 42 >) , 0= % —1,and 6 = Z—i




Performance Analysis Contd...

Asymptotic Outage Probability Expression
The asymptotic OP of the considered SISO wireless system can be given
by

Z'nz:l Nm M )\
0o _ Vtn H m (1)
out ’yo M7 N F(sz i 1) )

m=1

where ), = (12 dZ:;m dgm (1+ Kp,,) (1+ Kgm))Nm
x exp (=Np, (Kp,, + K ))-

Diversiy Order and Coding Gain
1
M - M ANm TS o
gd = Zm:l Nm and gc = ’Ythl (Hm:l (W)) m=1 N .



Numerical and Simulation Results
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Figure: OP performance with varying N for M = 2. The marker, solid and dashed
lines denote the simulation, analytical (CLT), and analytical (LSE) results, respectively.
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Figure: OP performance with varying both M and N,,. The marker, solid, and
dashed lines denote the simulation, analytical (CLT), and analytical (LSE) results,
respectively.
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Figure: Asymptotic OP performance with varying both N,,, and M. The solid
lines and dashed lines denote the simulation and analytical results, respectively.
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Figure: OP performance with varying N for M = 2. The dashed and dotted lines
denote the analytical (LSE) and asymptotic results, respectively.
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Figure: OP performance with varying the fading parameter K for SEC scheme.. The
solid lines and marker denote the analytical and simulation results, respectively.
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Figure: OP performance with varying the number of IRS panels M. The solid
lines and marker denote the analytical and simulation results, respectively.
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and marker denote the analytical and simulation results, respectively.



Multiple IRS Contd...

Exploit diversity for multiple IRS assisted communication for
different fading channels:

Outage probability analysis of multiple IRS-assisted SISO system with
switched diversity under Rician fading?.

e Switch and Stay Combining: When the received signal power from the
selected IRS panel goes below a predetermined threshold, then the
received signal branch becomes undesirable and a IRS panel switching is
required.

e Switch and Examine Combining: The receiver will repeat the testing
until either it finds a permissible IRS panel.

2Qutage probability analysis of multiple intelligent reflecting surface-assisted
single-input single-output system with switched diversity By -RahulsKumar, et al. 2023
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Figure: Multiple-IRS-aided SISO communication system with switched diversity.



Performance Analysis

The instantaneous optimal SNR ~,,, of m-th received signal can be
expressed as
Nom 2
Y =0 (Z [P Igmi> :
i=1

where g represents the transmit SNR.

The IRS panel switching is assumed to be done at the discrete
instant of time ¢t = nT', where T is in the order of channel coherent
time.

Ym(n) is the received signal power at the receiving antenna at time
instant n.

~(n) is the received signal power after applying the switched
diversity.



Performance Analysis Contd...

The Switching Operation of SSC Diversity
The Switching operation of IRS panels using SSC diversity can be
expressed as

7(77’ - 1) = Vm(n - 1)3 and ’Ym(n) > Sth
v(n) = Y (n)iff ¢ or

V(= 1) = Ym-1)a)(n = 1), and Y(n-1)u)(7) < 5tn



Performance Analysis Contd...

The Switching Operation of SEC Diversity

The Switching Operation of IRS panels using SEC diversity can be expressed as

Y(n —1) = ym(n — 1),
or
Y(n = 1) = ym(n — 1),

.OV
y(n —1) = '7((m—l)M)(" - 1),

.Or
Y =1 =v((m-1),,) (=1

where m = 1,2,3, ..., M.

or
Y(n —1) = ’Y((mfl)M)(n - 1),

Y(n) = v (n) iff

and vy (1) > Sth
and 7 (n) < sgps

and ’Y((mfl)M)(") < sth

ad Y((m—144) pp) (M) < Sth

Y (m—144) p) (M) < Sth

j=1,2,...,. M

and v (n) < Sth

and v (n) > s4p,d =1,2,...,1

and ym (n) > s4p,7d =1,2,..., M — 1



Performance Analysis Contd...

Outage Probability of SSC Diversity

The OP of a SISO communication system with SSC diversity at IRS panels can be

expressed as

Poutgse =

Sth
—Hm
Om

M)Q<\/”7L

0
Om

F) ) othervise

Jth
o T Hm
(=)
—Hm
+

PR

Sth
Y0

Im

—Hm
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Performance Analysis Contd...

Outage Probability of SEC Diversity

The OP of a SISO communication system with SEC diversity at IRS
panels can be expressed as

M-—1
if(;b —Hm W,Yt(;l —Hm
17@ T om 17@ T om s Yth < Sth

Poutspe = ZM1 ( (\/ um> —Q( th um>>
J= om
j h M
(1 -Q (ﬂ)) + (1 -Q (J)) , otherwise




Performance Analysis Contd...

Asymptotic Outage Probability Expression

The asymptotic OP of the considered SISO wireless system with SSC
diversity at the IRS panels can be given by

)\]\;max:" A 2
t m H
A2V (F(QNM+1)) , if v < sin
o — N,
POUtssc - M otherwise
(2N +1)

2
+ th S]\L Am
2Nm F(QNm,JFl) ’

N,

where \,,, = (12 dz:;m gt (1+ Kh,,) (1+Kg,)) "

X exp (—Nm (Khm + Kgm))'

m



Performance Analysis Contd...

Asymptotic Outage Probability Expression

The asymptotic OP of the considered SISO wireless system with SEC
diversity at the IRS panels can be given by

)\A}Ilms]\;m(M—l) N M ;
t t m H
SN (r(gNmH)) y o Mh < Sth
o B )
POUtsEc - ZM AM(Aﬁm _Sij;\l:n) Am(sth)]\“;’ J
I=1 T@Nm+1)yy ™ \T@Np+1)75 ™
A (sen) V™ .
—CmATth) o otherwise
+(F(2Nm+1)'yév’" ’

where A, = (12 d;‘::; dgs" (14 Kp,) (14 Kgm))Nm
x exp (=N (Kh,, + Kg,,))-



Performance Analysis Contd...

Diversity Order and Coding Gain of SSC
Ga=2Nn,

—1 mo .
Ge = (Atnsin) ? (F(T/\\ffjrl)) T e < sun

1

Diversiy Order and Coding Gain of SEC
Ga = MNy,

_ L _M-1 A Nm .
Ge=(Aen) ™ (stn) ™ (p(gN—:H))  if Yen < sen.

1



Numerical and Simulation Results
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Figure: OP performance w.r.t P (dBm) for without divesity scheme (M = 1),
SSC scheme (M = 2) and SEC scheme (M = 3,4).
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Figure: OP performance w.r.t P (dBm) for without diversity scheme (M =1

and switched diversity schemes (M = 2,3,4).
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Figure: Asymptotic OP performance with varying the number of IRS elements
N, for SSC scheme.

w
e}



Numerical and Simulation Results Contd...
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Figure: Asymptotic OP performance with varying the number of IRS elements
N, for SEC scheme.
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Figure: OP performance with varying the number of IRS elements in the panels
N, = 32,64,128, M = 4 for SEC scheme.
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Figure: OP performance w.r.t distance d; of SEC for M = 4 and fixed
N,, = 64 for SEC.
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