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Abstract—We study the positional impact of an intelligent
reflecting surface (IRS) on the achievable rate for single and
multiple antenna systems. We show that in IRS-aided single
antenna systems, it is always best to place the IRS as close
as possible to the transmitter or receiver since the large-scale
fading for IRS-reflected links is the main factor that characterizes
the performance gain. However, for IRS-aided multiple antenna
systems, the propagation environment has an important role
in characterizing the efficient regions of IRS placement. In
the case of a line-of-sight environment, the channel matrix
turns out to be rank-deficient. Thus, both far and near IRS
placements result in significant achievable rate improvements
where the former provides a substantial additional degree-of-
freedom, while the latter results in a power gain. Furthermore,
as the wireless channel becomes richer with multipath, the rank
of the channel matrix increases. Thus, the efficient far placement
regions gradually shrink until they disappear in the case of a
Rayleigh fading channel where IRS near placements become
more efficient than far placements as they result in higher power
gains.

Index Terms—Intelligent reflecting surface, Position analysis.

I. INTRODUCTION

An intelligent reflecting surface (IRS) is a thin planar array
that consists of multiple reflecting elements, each of which can
induce a controllable phase shift to the incident signal. IRSs
can actively control the propagation channel, by accurately
tuning the phase shifts of their elements to fit a specific need.
Recently, IRSs are introduced as a promising technology for
several communication applications such as unmanned aerial
vehicles (UAV) communications, physical-layer security, and
non-orthogonal multiple access (NOMA) [1].

When an IRS is deployed to assist a wireless communication
system, the achieved performance gain is highly affected by its
position and orientation relative to the transmitter and receiver.
In a scenario where an IRS assists a single-input single-output
(SISO) communication system, the key component of the
achievable rate gain is the large-scale fading of the links that
reflect on the IRS.

However, when an IRS is deployed to assist a multiple-
input multiple-output (MIMO) communication system, the
propagation environment itself has also an important role on
the achievable rate gain. In the case of line-of-sight (LoS)
environment, the direct channel becomes a rank-one matrix
and the benefits of MIMO systems diminish to merely an array
gain. Therefore, the deployed position of an IRS offers a trade-
off between having a power gain or creating a substantial addi-
tional degree-of-freedom. This trade-off is mainly determined
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by the relation between the direct channel and the channel
created by the IRS in terms of the distinction in their angles
of arrivals (AoAs) and angle of departures (AoDs) [2]. Thus,
although far IRS placements, relative to both the transmitter
and the receiver, result in higher large-scale fading for the
links via the IRS, such placements typically result in creating a
substantial additional degree-of-freedom rather than achieving
a power gain. On the contrary, although the positioning of the
IRS near the transmitter or the receiver results in lower large-
scale fading of the link via IRS, such deployments usually
result in a higher power gain rather than creating a substantial
additional degree-of-freedom. Furthermore, in a rich scattering
environment, the channel matrix becomes full rank so the
potential gain of creating an additional degree-of-freedom
using an IRS vanishes since the deployment of an IRS solely
results in a power gain.

Our main contribution in this paper is characterizing the
efficient regions of IRS deployments with SISO and MIMO
communication systems in Rician fading channels. We show
that in IRS-aided SISO communication, near IRS deployments
relative to the transmitter or the receiver are always better
than far deployments. Moreover, we show that in IRS-aided
MIMO communication, the efficient regions of operations are
highly dependent on the propagation environment itself. In
LoS environments, both the near and far deployments can
result in substantial achievable rate gains. However, as the
channel becomes richer with multipath, IRS near deployments
gradually become more efficient than the far deployments.

II. IRS-AIDED SISO COMMUNICATION

We consider an IRS of M lossless reflecting elements, each
of which reflects the incident signal with a unit gain reflection
coefficient denoted by αm = ejϕm with ϕm ∈ [0, 2π], ∀m ∈
M where M = {1, 2, ...,M}. Initially, we assume that the
IRS is deployed to aid a SISO communication system. Thus,
the effective channel denoted by h ∈ C becomes

h = h0 + hT
2 Φh1, (1)

where h0 ∈ C is the direct channel between the transmitter and
receiver, h1 ∈ CM×1 is the channel between the transmitter
and the IRS, and h2 ∈ CM×1 is the channel between the IRS
and the receiver, whereas Φ = diag{ejϕ1 , ejϕ2 , ..., ejϕM } is
the tuning matrix of the IRS.

In this paper, to allow the co-existence of both LoS and
NLoS channels with different proportions, we assume that all
channels involved are based on a Rician fading channel model.



Thus, the channel between the transmitter and the IRS and
the channel between the IRS and the receiver become h1 =
ρ1 � u1 and h2 = ρ2 � u2 , respectively, where � is the
Hadamard product, while ρ
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∈ RM×1 accounts for the large-

scale fading channel, ∀ l ∈ L where L = {1, 2}, and
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is the normalized small-scale fading channel such that κl ≥ 0
is the Rician fading factor, h̃

l
∼ NC (0, IM ) is the NLoS

channel component, and h̄
l

is the deterministic LoS channel.
Generally, the large-scale fading and the deterministic LoS

channels depend on whether the IRS is placed in the near-field
or the far-field relative to the transmitter and receiver. IRS
regions of operation are usually defined based on the relation
between the maximum dimension of the IRS and the length
of the IRS link. The near-field region occurs whenever the
length of the IRS link is in the same order of magnitude as the
maximum dimension of the IRS, whereas the far-field region
occurs whenever the length of the IRS link is much longer than
the maximum dimension of the IRS [3]. In the case of IRS
near-field deployment, the spherical wave propagation model
becomes essential for the deterministic LoS channel which can
be defined as [4]

h̄
l

= [e−jkdl1 , e−jkdl2 , ..., e−jkdlM ]T ∀ l ∈ L, (3)

where dlm , ∀m ∈M is the distance from the mth reflecting
element in the IRS to the communication node, either the
transmitter or the receiver, whereas k = 2π/λc is the wave-
number, while λc is the wavelength. Moreover, because of the
near-field deployment, the large-scale fading channel varies
over the reflecting elements which can be defined for the mth
reflecting element based on Friis’ formula as [5]

ρ
lm

=

√
alm

4πd2
lm

∀l ∈ L, (4)

where ρ
lm

is the mth element in ρ
l
, alm is the effective

area of the mth reflecting element that is seen from the
communication node. It is important to note that although the
IRS is placed in the near-field, the large scale fading channel in
(4) assumes that each individual reflecting element is in the far-
field relative to the communication node, therefore the double
integration over the physical area of each reflecting element is
omitted here. However, this is a reasonable assumption since
the conventional side lengths of the reflecting element are in
the range of sub-wavelength [6], [7]. For instance, given an
IRS operating at 3 GHz carrier frequency and composed of
square reflecting elements each of half-wavelength (0.05m)
side length, the reflecting element can be considered in the far-
field when the length of the link to the communication node
is greater than 0.5m. Thus, given a square shape reflecting
element of a physical area equals to ∆2

i , the effective area can
be written as

alm = ∆2
i (
~dlm · ~n) ∀m ∈M & ∀l ∈ L, (5)
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Fig. 1: Plane wave propagation model for IRS.

where · denotes the dot product, ~dlm ∈ R3 is the normalized
vector that points from the mth reflecting element to the
communication node, whereas ~n ∈ R3 is the unit normal
vector to the two-dimensional IRS.

In contrast, when the IRS is placed in the far-field relative
to the transmitter and receiver, the distances between the
communication node and the reflecting elements converge to a
constant; i.e., dlm ≈ dl, ∀m ∈M and ∀l ∈ L where dl is the
distance between the center reflecting element in the IRS and
the communication node. Thus, the plane wave propagation
model is applicable such that the deterministic LoS channel
in (3) can be simplified as [8]

h̄
l

= [ejµl,1 , ejµl,2 , ..., ejµl,M ]T ∀l ∈ L, (6)

where µ
l,m

= gT
mq

l
, ∀m ∈M such that q

l
∈ R3 is the wave

vector which describes the phase variations over the reflecting
elements in the IRS for an incident/reflected wave as

q
l

= k [cos (φ
l
) cos (θ

l
) , sin (φ

l
) cos (θ

l
) , sin (θ

l
)]

T
, (7)

where θ
l

is the elevation AoA/AoD, while φ
l

is the azimuth
AoA/AoD for an incident/reflected plane wave as shown in
Fig. 1. Furthermore, gm ∈ R3 contains the Cartesian coordi-
nates of the mth reflecting element. Moreover, because of the
far-field operation ~dlm becomes approximately a constant vec-
tor over all the elements; i.e., ~dlm ≈ ~dl, ∀m ∈M and ∀l ∈ L
where ~dl is the normalized vector that points from the center
reflecting element in the IRS to the communication node.
Thus, the large-scale fading vector converges to a constant
over all the reflecting elements in the IRS; i.e., ρ

lm
≈ ρ

l
,

∀m ∈M and ∀l ∈ L.

III. ACHIEVABLE RATE OF IRS AIDED SISO
COMMUNICATION

Consider a transmitted signal denoted by s ∈ C of power
p. Then, the received signal becomes

y =
√
phs+ n, (8)

where n ∼ NC
(
0, σ2

)
is the additive white Gaussian noise

(AWGN). Thus, the channel capacity of the IRS-aided SISO
communications can be defined as

C = log2

[
1 +

p |h|2

σ2

]
. (9)



An alternative formulation of the composite channel in (1)
is

h = h0 +

M∑
m=1

αm [h1]m [h2]m , (10)

where [v]mis the mth element in the vector v. The received
signal-to-noise ratio (SNR) is maximized whenever the re-
flected paths from the IRS are added constructively to the
direct channel path. Therefore, the reflection coefficient of
each reflecting element which maximizes the received SNR
should satisfy

αopt
m = ej(arg {h0}−arg {[h1]m[h2]m}) ∀m ∈M, (11)

where arg {·} denotes the phase of its complex entry. Conse-
quently, given the optimum tuning of the IRS elements, the
received SNR becomes

SNR =
p
[
|h0|+

∑M
m=1 ηm

|[u1]m [u2]m|
]2

σ2
, (12)

where η
m

= ρ
1m
ρ

2m
represents the effective large-scale fading

channel of the two-hop link through the mth reflecting element
which can be defined using (4) and (5) as

ηm =
∆2
i

[
(~d1m

· ~n) (~d2m
· ~n)
]0.5

4πd1m
d2m

=
∆2
i εm

4πd1m
d2m

. (13)

Importantly, ηm is the single parameter that characterizes the
effect of the IRS position and orientation on the channel capac-
ity for any normalized Rician fading channel. Furthermore, εm
represents the normalized effective area of the mth reflecting
element which is solely dependent on the reflecting element’s
orientation relative to the transmitter and receiver. Hence, it
can be maximized by a proper adjustment of the orientation
given a particular geometric location of the transmitter and
receiver. Simply, (~d1m

· ~n) and (~d2m
· ~n) are maximized

when ~d1m
and ~d2m

are aligned to ~n, respectively. Therefore,
εm is maximized whenever cos−1(~dlm · ~n) = cos−1(~d1m

·
~d2m

)/2,∀l ∈ L. However, since all elements in the IRS share
the same ~n. Thus, we rely on maximizing the normalized
effective area for the center element in the IRS as it will result
in an optimized orientation over all elements in the planar IRS.
In Fig. 2, the IRS orientation adjustment is shown. Initially,
the green IRS is deployed parallel to the y − z plane such
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Fig. 2: IRS orientation adjustment over its azimuth and eleva-
tion angles.

(a) κ0 = κ1 = κ2 = 0

(b) κ0 = κ1 = κ2 = ∞

Fig. 3: Achievable rate of IRS-aided SISO communications
when deployed in different propagation environment.

that its normal points parallel to the x-axis. Then, the azimuth
and elevation angles of the IRS are tuned as indicated by the
red and blue arcs, respectively, which results in the yellow
IRS orientation such that the effective area is maximized. In
addition to the effective area, the unfavorable propagation loss
of the two-hop link through the reflecting element is inversely
proportional to the product of d1m and d2m as shown in (13).
Consequently, the propagation loss is minimized whenever the
IRS is placed as close as possible to the transmitter or receiver.

In Fig. 3 the achievable rates of an IRS-aided SISO system
versus the position of the IRS are shown for a direct channel
of 20dB SNR which modeled as a Rician fading channel with
factor κ0. The transmitter and receiver are placed on the y-axis
at (0,−25, 0)m and (0, 25, 0)m, respectively. An IRS of 225
reflecting elements is placed perpendicular to the x− y plane
such that the center element of the IRS coincides with the x−y
plane. Furthermore, the orientation of the IRS is adjusted to
maximize the effective area in each possible position for the
IRS. Moreover, the placement of the IRS is forbidden inside
the circles of 3m radius around the transmitter and receiver.
These forbidden areas are assumed to maintain the feasibility
of the far-field assumption with respect to individual reflecting
elements in the IRS.

In Fig. 3a, the ergodic rate for the Rayleigh fading channel,
κ0 = κ1 = κ2 = 0, is shown where the results are averaged
over 4000 iterations per each possible IRS position. Without



the IRS 5.9 bps/Hz is achieved. Moreover, when an IRS is
deployed the maximal performance gain achieved when the
IRS is placed as close as possible to the transmitter or receiver.
Similarly, the achievable rate in case of the LoS environment,
κ0 = κ1 = κ2 = ∞, is shown in Fig. 3b. Without the IRS
6.7 bps/Hz is achieved. Moreover, when an IRS is deployed
the performance gain follows a similar behaviour to that of
the Rayleigh fading channel. This suggests that regardless of
the propagation environment it is always best to place the IRS
as close as possible to the transmitter or the receiver for IRS-
aided SISO communication.

IV. IRS-AIDED MIMO COMMUNICATION

In this section, we consider the scenario where the IRS
is used to assist a MIMO communication system. Thus, we
assume one-dimensional uniform linear arrays (ULAs) of nt
and nr antennas at the transmitter and receiver, respectively.
Consequently, the composite channel matrix denoted by H ∈
Cnr×nt can be written as

H = H0 +

M∑
m=1

αmh2mhH
1m
, (14)

where H0 ∈ Cnr×nt is the direct channel, whereas h1m ∈
Cnt×1 and h2m ∈ Cnr×1 are the channel between the mth
reflecting element to the transmitter and receiver, respectively.
Moreover, the direct channel matrix can be defined given the
Rician fading channel model as

H0 = ρ
0

[√
κ0

1 + κ0
H̄0 +

√
1

1 + κ0
H̃0

]
, (15)

where ρ
0

accounts for the large-scale fading channel, H̃0

accounts for the stochastic NLoS channel with its entries being
modeled as ∼ NC (0, 1), whereas H̄0 is the deterministic
LoS channel that could be defined, given that the transmit
and receive ULAs are in the far-field, using the plane wave
propagation model as [9]

H̄0 = h̄20
h̄H

10
, (16)

where h̄10
and h̄20

denote the transmit and receive response
vectors, respectively, which are defined as [9]

h̄10 = [1, e−jk∆t cos(βt), ..., e−jk(nt−1)∆t cos(βt)]T,

h̄20
= [1, e−jk∆r cos(βr), ..., e−jk(nr−1)∆r cos(βr)]T,

(17)

where βt and βr denote the AoD and AoA of the direct
channel at the transmit and receive arrays, respectively, while
∆t and ∆r denote the antenna separations of the transmit and
receive arrays, respectively.

Similar to the SISO scenario, the channel from the mth
reflecting element to the transmit and receive array are defined
as

h1m
= ρ

1m

[√
κ1

1 + κ1
h̄1m +

√
1

1 + κ1
h̃1m

]
,

h2m
= ρ2m

[√
κ2

1 + κ2
h̄2m

+

√
1

1 + κ2
h̃2m

]
,

(18)

where ρ
1m
∈ R and ρ

2m
∈ R account for the large-scale

fading channels, whereas h̃1m
and h̃2m

account for the NLoS
channels with their entries modeled as ∼ NC (0, 1).

In the scenario where the IRS is deployed in the near-
field relative to the transmitter and receiver, the deterministic
LoS channels based on the spherical wave propagation model
become

h̄1m
= [e−jkd1m,1 , e−jkd1m,2 , ..., e−jkd1m,nt ]T,

h̄2m
= [e−jkd2m,1 , e−jkd2m,2 , ..., e−jkd2m,nr ]T,

(19)

where d1m,b
∀b ∈ B and d2m,z

∀z ∈ Z are the distances from
the mth reflecting element to the bth antenna in the transmit
array and to the zth antenna in the receive array, respectively,
such that B ∈ {1, 2, ..., nt} and Z ∈ {1, 2, ..., nr}. Further-
more, similar to (4), the large-scale fading channels can be
defined as

ρ
lm

=

√
alm

4πd2
lm,1

∀l ∈ L, (20)

where alm is the effective area of the mth reflecting element
that is seen from the transmit or receive arrays as shown in
(5).

When the IRS operates in the far-field relative to the
transmitter and receiver, the LoS deterministic channels based
on the plane wave propagation model become

h̄1m = e−jµ1,m h̄1IRS , h̄2m = e−jµ2,m h̄2IRS∀m ∈M, (21)

where µ1,m and µ2,m account for the phase variation over the
path incident on and reflected from the mth reflecting element
in the IRS, respectively, which we previously described using
(7), whereas h̄1IRS and h̄2IRS are the transmit and receive
response vectors for the signal incidents on and reflects from
the IRS, respectively. In this paper, we assume that the transmit
and receive arrays are placed parallel to the x-axis in the x−y
plane. Therefore the transmit and receive responses for the IRS
link are defined as

h̄1IRS = [1, e−jk∆tϑ1 , ..., e−jk(nt−1)∆tϑ1 ]T,

h̄2IRS = [1, e−jk∆rϑ2 , ..., e−jk(nr−1)∆rϑ2 ]T,
(22)

where ϑ1 = cos(ψ1) cos(γ1), while ψ1 and γ1 denote the
azimuth and elevation AoDs from the transmit array to the
IRS, respectively. Similarly, ϑ2 = cos(ψ2) cos(γ2), while ψ2

and γ2 are the azimuth and elevations AoAs from the IRS to
the receive array, respectively. Furthermore, because of the far-
field assumption the large-scale fading converges to a constant
over all the reflecting elements in the IRS; i.e., ρ

lm
≈ ρ

l
,

∀m ∈M and ∀l ∈ L.

V. ACHIEVABLE RATE OF IRS-AIDED MIMO
COMMUNICATION

Let the composite channel matrix be known at both the
transmitter and receiver, then the MIMO channel capacity
becomes [9]

C = log det

[
Inr +

1

σ2
HQHH

]
, (23)



where σ2 is the noise variance, and Q ∈ Cnt×nt is the
transmit covariance matrix which satisfies tr (Q) ≤ P , while
P is the total transmitted power. In order to maximize the
channel capacity, both the covariance matrix and the reflection
coefficients of all elements in the IRS have to be jointly
optimized which was shown in [10] to be a non-convex
optimization problem. Alternatively, for the sake of simplicity,
in this paper we maximize the composite channel power over
the reflection coefficients of all elements in the IRS which
will result in an improvement to the achievable rate. Thus, we
define the composite channel power maximization as

(P) max
α1,α2

,...,αM

‖H‖2 (24)

s.t. |αm| = 1, ∀ m ∈M, (25)

where (P) is a non-convex optimization problem because the
composite channel power is non-concave over the reflection
coefficients of IRS. However, using an alternating optimization
algorithm which solves for a single reflection coefficient while
the remaining coefficients are set as constants will converge to
a sub-optimal solution [10]. Thus, given that {α

m
}Mm=1,m 6=k

are set to constants the composite channel can be written as

H = Hf + α
k
h2k

hH
1k
, (26)

where Hf = Ho +
∑M
m=1,m 6=k αmh2mhH1m

. Then, the com-
posite channel power becomes

‖H‖2 = tr
(
HHH

)
= ‖Hf‖2 + αktr

(
h2k

hH
1k

HH
f

)
+ α∗ktr

(
Hfh1k

hH
2k

)
+ tr

(
h2k

hH
1k

h1k
hH

2k

)
= ‖Hf‖2 + 2Re

(
α∗

k
hH

2k
Hfh1k

)
+ ‖Hk‖2,

(27)

where tr
(
Hfh1k

hH
2k

)
= hH

2k
Hfh1k

. Thus, the optimum
reflection coefficient of the kth element in the IRS that
maximizes the composite channel power becomes

αopt
k = ej arg {hH

2k
Hfh1k

}. (28)

The overall alternating algorithm starts with randomly gen-
erated reflection coefficients for all the reflecting elements in
the IRS; then iteratively computes (28) until the composite
channel power converges.

Furthermore, after convergence of the composite channel
power, the optimum covariance matrix can be obtained based
on the singular value decomposition of the composite channel
matrix. In particular, define H = UΛVH , where U ∈ Cnr×D

and V ∈ Cnt×D are unitary matrices, D is the rank of
composite channel matrix, and Λ = diag{δ1, δ2, ..., δD},
where δi is the ith singular value of the composite channel
matrix. Then, the optimum covariance matrix is given by [9]

Qopt = Vdiag{p
1
, p

2
, ..., p

D
}VH , (29)

where p
i

denotes the power allocation of the ith data stream,
which is optimally computed using the water-filling algorithm
as [9]

pi =

(
µ− σ2

δ2
i

)+

, (30)

Fig. 4: Null-space metric of IRS-aided MIMO communications
in LoS environment.

where (x)+ = max(x, 0) , and µ is chosen to satisfy the total
transmit power constraint as follows

∑D
i=1 pi

= P .
A special but important scenario for characterizing the

efficient regions of IRS deployments is when the IRS is
deployed in the far-field relative to the transmitter and receiver
in LoS environment such that κ0 = κ1 = κ2 = ∞. In this
scenario, the composite channel matrix simplifies to

H = ρ
0
h̄20

h̄H
10

+ η ω h̄2IRS h̄
H
1IRS
, (31)

where η = ρ1ρ2 is the effective large-scale fading chan-
nel of the two-hop link through the IRS, whereas ω =∑M
m=1 αme

−j(µ1,m+µ2,m ) represents the effective reflection
coefficient of the IRS [11]. It is clear from (31) that the
direct channel is a rank-one matrix. Therefore, the effective
large scale fading of the IRS-reflected link is not only the
main factor that describes the impact of the IRS position on
the achievable rate but also the relations between the trans-
mit/receive array responses of the direct channel (h̄10

/h̄20
)

and the channel via the IRS (h1IRS/h2IRS) have an important
impact on characterizing the impact of the IRS position.
Simply, these relations control the source of the achievable
rate gained by the deployment of an IRS which could either be
classified as a power gain, an additional degree-of-freedom or
a mixture of both. An important metric that can relate between
IRS position and the source of achievable rate gained is the
null-space metric [12]

E =

(
nt −

∣∣h̄H10
h1IRS

∣∣) (nr − ∣∣h̄H20
h2IRS

∣∣)
ntnr

, (32)

where 0 ≤ E ≤ 1 such that E = 1 occurs when both the
transmit array and the receive array responses of the direct
channel and the reflected channel on IRS are orthogonal.
In other words, E = 1 indicates that the IRS deployment
only results in creating an additional-degree-of-freedom which
could be seen from (31). In contrast, E = 0 occurs when the
transmit array and/or the receive array responses of the direct
channel and the reflected one on IRS are aligned. Thus, E = 0
indicates that the IRS deployment only results in a power gain
[2], [9].

In Fig. 4 the null-space metric for an IRS-aided MIMO
system of nt = nr = 4 is shown, while the rest of the



(a) κ0 = κ1 = κ2 = ∞ (b) κ0 = κ1 = κ2 = 7 (c) κ0 = κ1 = κ2 = 0

Fig. 5: Achievable rate of IRS-aided MIMO communications in different propagation environments.

simulation parameters are similar to that of the IRS-aided
SISO systems that we previously mentioned in section III.
Moreover, in the case of IRS near-field deployment relative to
the transmitter or receiver, the null-space metric is computed
based on the transmit and receive responses of the center
element in the IRS. It is important to note that the null-
space metric is mainly dependent on the distinctions of AoAs
and AoDs of the direct channel and the channel created by
the reflection on the IRS [2], [9]. This creates an important
trade-off between the null-space metric and large-scale fading.
In short, a high value of the null-space metric imposes the
IRS being placed far away from both the transmitter and the
receiver, which results in a high large-scale fading. In contrast,
a low value of the null-space metric imposes the IRS being
placed close to the transmitter or receiver which results in a
low large-scale fading.

In Fig. 5a, the achievable rates of an IRS-aided MIMO
system in LoS environment is shown. Without the IRS 10.7
bps/Hz is achieved. Moreover, when an IRS is deployed both
the far and near deployments result in significant achievable
rate improvements where the former mainly creates a sub-
stantial additional degree-of-freedom, while the latter mainly
results in a power gain.

In Fig. 5b and Fig. 5c, the ergodic achievable rates for
Rician fading channel with κ0 = κ1 = κ2 = 7, and Rayleigh
fading channel are shown, respectively. Without the IRS, 17
bps/Hz and 22.3 bps/Hz are achieved for the Rician and
Rayleigh fading channels, respectively. As the Rician factor
decreases, the wireless channel becomes richer with multipath
so the rank of the direct channel matrix increases and the
distribution of its eigen-channels improves. Therefore, the
efficient far-away deployment regions of the IRS gradually
shrink with decreasing Rician factor until they disappear in
the case of Rayleigh fading channel as the potential gain
of creating an additional degree-of-freedom vanishes and the
deployment of an IRS solely results in a power gain. Thus, in
a rich-scattering environment for the sake of a higher power
gain, near deployments of the IRS relative to the transmitter
or receiver become more efficient than far deployments.

VI. CONCLUSION

We have characterized the efficient regions of IRS deploy-
ment for SISO and MIMO systems. We have showed that for

IRS-aided SISO communication, the large-scale fading of the
IRS-reflected links is the main factor that affects the efficient
regions of IRS placement. Thus, it is always best to place the
IRS as close as possible to the transmitter or the receiver. We
showed that for IRS-aided MIMO communication, the efficient
regions of IRS deployment are highly dependent on the prop-
agation environment. In LoS environment, both the near and
far deployments can result in substantial achievable rate gain.
As the channel becomes richer with multipath, the efficient
far-away deployment regions of the IRS shrink gradually until
they disappear in case of rich-scattering environment and the
near deployment of the IRS become more efficient than far
deployment.
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