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Abstract—Intelligent Reflecting Surface (IRS) is a promis-
ing technology for next generation wireless networks. Despite
substantial research in IRS-aided communications, the assumed
antenna and channel models are typically simplified without con-
sidering site-specific characteristics, which in turn critically affect
the IRS deployment and performance in a given environment. In
this paper, we first investigate the link-level performance of active
or passive IRS taking into account the IRS element radiation
pattern (ERP) as well as the antenna radiation pattern of the
access point (AP). Then the network-level coverage performance
is evaluated/optimized in site-specific multi-building scenarios, by
properly deploying multiple IRSs on candidate building facets
to serve a given set of users or Points of Interests (PoIs). The
problem is reduced to an integer linear programming (ILP) based
on given link-level metrics, which is then solved efficiently under
moderate network sizes. Numerical results confirm the impact of
AP antenna/IRS element pattern on the link-level performance.
In addition, it is found that active IRSs, though associated with
higher hardware complexity and cost, significantly improve the
site-specific network coverage performance in terms of average
ergodic rate and fairness among the PoIs as well as the range
of serving area, compared with passive IRSs that have a much
larger number of elements.

Index Terms—Site-specific Deployment, Active IRS, Passive
IRS, Ergodic Throughput, Coverage Enhancement

I. INTRODUCTION

Intelligent Reflecting Surface (IRS) is a promising new
paradigm capable of reconfiguring the radio propagation envi-
ronment by controlling a large number of low-cost reflective
elements [1]. The IRS-aided communication paradigm has
attracted intensive research studies on its hardware architecture
[2], link performance analysis [3], and joint beamforming
optimization [4], etc. (see [5] for more references). The
current literature focuses mainly on passive IRS due to its
low power consumption and low hardware cost, which are
important considerations for the practical deployment of IRS
[6]. However, research findings demonstrate that the multi-
plicative fading of passive IRS poses a significant challenge
for providing coverage enhancement to distant users. One
option is to utilize a larger-scale IRS with more elements
to enhance the performance gain, which yet increases the
hardware cost and also the computational complexity for
IRS phase optimization. An alternate solution is to exploit
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Fig. 1: Site-specific deployment of IRSs for coverage enhancement.

the recently proposed active IRS [7], which helps alleviate
the power loss due to multiplicative fading in IRS-reflected
channel by incorporating power amplifiers to amplify/control
the reflection amplitude in addition to phase. In this paper, we
focus on the deployment optimization of active/passive IRSs to
enhance the communication coverage for a given set of users
or Points of Interest (PoIs) in site-specific environments, and
compare their difference in deployment strategies, key factors,
and coverage performance.

One of the key factors that is commonly ignored or simpli-
fied is the element radiation pattern (ERP) [8] of IRS, as well
as the antenna patterns of transmitters/receivers, which affects
not only the link power budge, but also the fading statistics
and hence ergodic rates. Our recent work in [9] proposes
to deploy/integrate one passive IRS as part of a sectorized
access point (AP), and reveals the significant impact of IRS
ERP on the fading statistics and thus three-dimensional (3D)
coverage performance. In this paper, we extend such modeling
and consideration to both active and passive IRSs deployed
distributively in the target area. Link-level performance evalu-
ations confirm the non-negligible impact of IRS ERP as well
as AP antenna pattern on the coverage performance.

Another key factor that affects the IRS deployment de-
cisions and associated coverage performance is the site-
specific propagation environment. Existing research on IRS
deployment typically assumes either blocked or non-blocked
propagation paths between the AP, IRS and users without
considering the specific physical source of blockages and
the heterogeneous candidate sites for IRS deployment. The
literature on passive IRS, such as [10] [11], has investigated
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various deployment strategies without considering IRS ERP
and site-specific environments. Similarly, studies on active
IRS [12] [13] have explored IRS deployment issues and pro-
vided comparisons with passive IRS configurations, without
considering IRS ERP and site-specific scenarios. Unlike these
studies, our research undertakes a comprehensive analysis of
both active and passive IRS deployment in site-specific, multi-
building scenarios, taking into account the impact of IRS ERP
and propagation environment on the deployment strategy.

In this paper, we first investigate the link-level performance
of active or passive IRS taking into account the IRS ERP
as well as the antenna radiation pattern of the AP. Then the
network-level coverage performance is evaluated/optimized in
site-specific multi-building scenarios, by properly deploying
multiple IRSs on candidate building facets to serve a given
set of user equipments (UEs) or PoIs. The problem is reduced
to an integer linear programming (ILP) based on given link-
level metrics, which is then solved efficiently under moderate
network sizes. Numerical results confirm the impact of AP
antenna/IRS element pattern on the link-level performance. It
is found that given the same total number of elements, passive
IRS favors centralized deployment at a single spot in order to
compensate for the multiplicative fading effect, while active
IRSs could be deployed at multiple spots to improve both
the network throughput and fairness. In addition, active IRSs,
though associated with higher hardware complexity and cost,
could significantly improve the site-specific network coverage
performance in terms of average ergodic rate and fairness
among the PoIs as well as the range of serving area, compared
with passive IRSs that have a much larger number of elements.

II. SYSTEM MODEL

A. Positions of AP, IRSs, UEs, and Buildings

As shown in Fig. 1, the AP is located on the Z-axis of the
cartesian coordinate system, with a height of HAP. Distributed
IRSs are installed on building surfaces to assist the AP in
communicating with ground UEs, which are located in a target
area A with site-specific blockages. For simplicity and the
purpose of illustration, buildings are modeled as cuboids with
random heights. Each IRS is assumed to be a uniform planar
array (UPA) with N ≜ Nh ×Nv elements. The spacing of the
elements along the horizontal and vertical direction are dh and
dv, respectively, whose values are usually between λ

10 and λ
2

[14], where λ is the signal wavelength. The entire candidate
area on the building surfaces for IRS deployment is denoted
as B. The actual deployment location of the IRS j is denoted
as wj ∈ B, j ∈ J ≜ {1, · · · , J}.

The coordinate of typical UE u ∈ U ≜ {1, · · · , U}, in
ground area A is expressed as gu ≜ [ux, uy, Hu]

T . Taking the
position of the central element as the IRS reference point, then
the coordinate of the IRS j reference coordinate is denoted by
qj ≜ [xj , yj , zj ]

T .

B. AP Antenna Pattern and IRS ERP

1) AP antenna pattern [15]: Assume that the AP antenna
is composed of a uniform linear array (ULA) with several co-
polarized dipole antenna elements placed vertically with equal

spacing between elements. So the antenna pattern of the AP
is a fixed pattern that is isotropic in the horizontal plane but
vertically directional. In particular, the main beam of the fixed
pattern is electrically down-tilted by θtilt. The antenna gain and
the uniform radiation pattern of the AP are denoted as Gtx and
F tx, respectively. For a detailed expression of the fixed pattern,
one can refer to the literature [15].

2) IRS ERP: Consider the IRS with the actual ERP, denoted
as F i(θ, φ), and denote Gi as the maximum power gain of the
element. The general expression of the ERP is as follows [8]

F i (θ, φ) =

{
(cos θ)Gi/2−1, θ ∈

[
0, π

2

]
, φ ∈ [0, 2π] ,

0, θ ∈
(
π
2 , π

]
, φ ∈ [0, 2π] .

(1)
where θ is the elevation angle and φ is the azimuth angle.

III. SITE-SPECIFIC CHANNEL MODEL AND IMPACT OF
RADIATION PATTERN

In this section, we introduce the distance/angle-dependent
and site-specific channel model in the considered area, with
emphasis on the impact of IRS ERP on the channel statistics.
Consider the downlink communication from a single AP
to its served UEs or PoIs, denoted by U ≜ {1, · · · , U},
whereas the results obtained can be similarly applied to the
uplink communication as well. To focus on the coverage
performance, assume that the served UEs are assigned with
orthogonal-time Resource Blocks (RBs), i.e., time division
multiple access (TDMA) or time-sharing is adopted.1 For a
typical UE u ∈ U assigned on a typical RB with bandwidth
Bw, we introduce the IRS-related channels in the following.
Assume far-field propagation conditions for the AP-IRS, IRS-
UE, and AP-UE link. The baseband equivalent channels
from AP to IRS j, from IRS j to UE u, and from AP to
UE u are denoted by h̃

(j)
i ≜ [h̃

(j)
i,1 , · · · , h̃

(j)
i,N ]T ∈ CN×1,

h̃
(j)
r,u ≜ [h̃

(j)
r,1,u, · · · , h̃

(j)
r,N,u]

T ∈ CN×1, and h̃d,u ∈ C,

respectively. Further, denote Φ(j) ≜ diag{eiϕ
(j)
1 , · · · , eiϕ

(j)
N }

(with i denoting the imaginary unit) as the phase-shifting
matrix of IRS j, where ϕ

(j)
n ∈ [0, 2π) is the phase shift

by element n ∈ N ≜ {1, · · · , N} of the IRS j on the
incident signal. P (j) ≜ diag{p(j)1 , · · · , p(j)N } represents the
amplification factor matrix of IRS j. In general, passive IRS
element has amplification factor less than or equal to one.

A. AP-IRS Channel

When considering the isotropic radiation patterns on the AP
and IRS sides, the channel amplitude from AP to the element
n of IRS j can be expressed as [9]

|h(j)
i,n | ≜

√
g
(j)
i ξ

(j)
i,n , (2)

where g
(j)
i denotes the average channel power gain, ξ

(j)
i,n

accounts for channel fading and can be modeled as a random
variable (RV) that characterizes the multi-path fading effect.

1TDMA is in general superior over FDMA due to hardware limitation of
IRS passive reflection, which can be made time-selective, but not frequency-
selective [5]. Other multiple access schemes are left for extended future work.



For simplicity, we assume half-wavelength spacing between
elements. Then the fading terms ξ

(j)
i,n can be considered as

independent and identically distributed (i.i.d.), which follow
the Rician distribution with a mean power of E{|ξ(j)i,n |2} = 1

and the Rician K-factor K(j)
i .

When the non-isotropic radiation patterns of AP and IRS
are considered, the expression for channel amplitude becomes

|h̃(j)
i,n | ≜

√
g
(j)
i ξ̃

(j)
i,n . (3)

The Rician factor of new channel fading becomes K̃
(j)
i , and

the mean power becomes E{|ξ̃(j)i,n |2}. To describe the variation
of small-scale fading, we respectively define the gain of the
Rician factor GK(j)

i
and the mean fading power gain ρ(j)

i as

GK(j)
i
≜

K̃
(j)
i

K
(j)
i

, (4)

ρ(j)
i ≜

E{|ξ̃(j)i,n |2}

E{|ξ(j)i,n |2}
= E{|ξ̃(j)i,n |

2}. (5)

Drawing upon reference [9] and [16], we further derive the
following expressions. The Rician factor gain and mean fading
power gain can be respectively expressed as

G
K

(j)
i

=
GtxGiF

tx(θ
(j)
tx,0)F

i(Ω
(j)
i,0 )

(K
(j)
i + 1)E

(j)
i,NLoS

, (6)

and

ρ(j)
i =

K (j)
i

K (j)
i + 1

GtxGiF
tx(θ

(j)
tx,0)F

i(Ω
(j)
i,0 ) + E

(j)
i,NLoS. (7)

In the formulas, E(j)
i,NLoS is the mean power of the NLoS com-

ponent when non-isotropic antennas are considered, F tx(θ
(j)
tx,0)

and F i(Ω
(j)
i,0 ) represent the values of TX and RX along the

LoS direction, respectively. Here, θ(j)tx,0 denotes the elevation
angle of the LoS direction of departure (DoD) for the AP,
while Ω

(j)
i,0 ≜ (θ

(j)
i,0 , φ

(j)
i,0 ) specifies the LoS direction of arrival

(DoA) at the IRS.

B. IRS-UE Channel

Ground UEs are equipped with an isotropic antenna with
unit antenna gain. Similarly, when considering the isotropic
radiation patterns at both IRS and UE sides, the channel
amplitude from the element n of IRS j to UE u is given
by

|h(j)
r,n,u| ≜

√
g
(j)
r,u ξ

(j)
r,n,u, (8)

where, g(j)r,u denotes the average channel power gains, ξ(j)r,n,u
account for channel fading. When the non-isotropic radiation
pattern of IRS is considered, the expression for channel
amplitude becomes

|h̃(j)
r,n,u| ≜

√
g
(j)
r,u ξ̃

(j)
r,n,u, (9)

corresponding Rician factor gain GK(j)
r,u

and average fading

power gain ρ(j)
r,u can be respectively expressed as

GK(j)
r,u

=
GiF

i(Ω(j)
u,0)

(K (j)
r,u + 1)E

(j)
r,u,NLoS

, (10)

and

ρ(j)
r,u =

K (j)
r,u

K (j)
r,u + 1

GiF
i(Ω(j)

u,0) + E
(j)
r,u,NLoS, (11)

where, Ω(j)
u,0 ≜ (θ

(j)
u,0, φ

(j)
u,0) denotes the LoS DoD at the IRS.

C. AP-IRS-UE Channel

Based on the above model and analysis, by considering non-
isotropic radiation patterns at the AP and IRS, the cascaded
AP-IRS j-UE u channel can be written as

h̃
(j)
ir,u ≜ [h̃(j)

r,u ]
TP (j)Φ(j)h̃

(j)
i =

N∑
n=1

h̃
(j)
i,n h̃

(j)
r,n,up

(j)
n eiϕ

(j)
n , (12)

where h̃
(j)
ir,n,u ≜ h̃

(j)
i,n h̃

(j)
r,n,up

(j)
n eiϕ

(j)
n denotes the AP-element n

of IRS j-UE u channel.

D. AP-UE Channel

Similarly, when considering the isotropic radiation pattern,
the channel amplitude from AP to UE u is given by

|hd,u| ≜
√
gd,uξd,u, (13)

where gd,u is the average channel power gain, ξd,u accounts for
channel small-scale fading. When the non-isotropic radiation
pattern is considered, the above formula becomes

|h̃d,u| ≜
√
gd,uξ̃d,u. (14)

The corresponding Rician factor gain GKd,u and average
fading power gain ρd,u can be respectively expressed as

GKd,u =
GtxF

tx(Ωtx
u,0)

(Kd,u + 1)Ed,u,NLoS
, (15)

and
ρd,u =

Kd,u

Kd,u + 1
GtxF

tx(θtx
u,0) + Ed,u,NLoS, (16)

where θtxu,0 represents the elevation angle of LoS DoD from
the AP towards the UE.

E. Site-Specific LoS/NLoS Channel Model

All the aforementioned average channel power gains adopt
the formulas for urban macro(UMa) scenario in 3GPP [17].
Due to site-specific blockages, the channels could be either
LoS or NLoS. If the direct link between A and B is obstructed
(A, B could refer to AP, IRS or UE), the average channel
power gain is calculated by the NLoS path-loss model. Oth-
erwise, it is calculated using the LoS path-loss model.

For the aforementioned Rician factors when considering the
isotropic radiation patterns at both TX and RX sides, based
on [18], we have the following formula for ground UEs,

K = 13− 0.03dTR (dB), (17)



which decreases with the TX-RX distance dTR (m).

F. Received Power and SNR

The signal received by UE u can be expressed as [7]

r(j)u =
√
pu(h̃

(j)
ir,u + h̃

(j)
d,u)su + h̃(j)

r,uP
(j)Φ(j)v + nu, (18)

where pu represents the power sent by AP to UE u, su repre-
sents the signal sent to UE u by AP, and satisfy E{|su|2} = 1,
v ∈ CN×1 represents the dynamic noise inside the active IRS,
which is set to 0 for passive IRS. nu represents the thermal
noise of the UE receiver.

The received SNR of UE u aided by IRS j can be expressed
as

η(j)u =
pu

∣∣∣h̃(j)
ir,u + h̃d,u

∣∣∣2
∥h̃(j)

r,uP(j)Φ(j)∥2σ2
v + σ2

, (19)

where σ2 ≜ N0Bw represents the noise power of additive
white Gaussian noise (AWGN) at UE u. Here, N0 and Bw

represent the power spectral density (PSD) of the noise and
bandwidth, respectively. Similarly, σ2

v ≜ NvBw represents
the active noise power of each element. Here, Nv represents
PSD of the active noise at each element. Assume that each
active IRS element has the same amplification factor (i.e.,
p
(j)
n := p(j) for all n ∈ N ). Define that P

(j),max
A represents

the maximum power consumed on active IRS j, and Pmax
u

represents the maximum power transmitted by AP to UE
u. Assume that each active IRS has the same maximum
reflect power (i.e., P (j),max

A := Pmax
A for all j ∈ J ). Assume

that perfect channel state information (CSI) can be obtained
through channel estimation methods, then the optimal SNR for
UE u is achieved when the following conditions are satisfied
[7]:

popt
u = Pmax

u , (20a)

ϕ(j),opt
n = −∠(h̃(j)

i,n , h̃
(j
r,n,u)+∠h̃d,u,∀n ∈ {1, · · · , N} , (20b)

p(j),opt =

√√√√ P
(j),max
A

pmax
u

∑N
n=1 |h̃

(j)
i,n |

2
+Nσ2

v

,∀n ∈ {1, · · · , N} .

(20c)
By substituting (20) into (19), the optimal SNR can be

obtained as

γ(j)
u =

Pmax
u

∣∣∣p(j),opt ∑N
n=1 |h̃

(j)
i,n ||h̃

(j)
r,n,u|+ |h̃d,u|

∣∣∣2
(p(j),opt)2σ2

v

∑N
n=1 |h̃

(j)
r,n,u|

2
+ σ2

=

Pmax
u

∣∣∣∣√P
(j),max
A

∑N
n=1 |h̃

(j)
i,n ||h̃

(j)
r,n,u|+

√
T |h̃d,u|

∣∣∣∣2
P

(j),max
A σ2

v

∑N
n=1 |h̃

(j)
r,n,u|

2
+ σ2T

,

(21)
where, T = Pmax

u

∑N
n=1 |h̃

(j)
i,n |

2
+Nσ2

v .

G. Ergodic Throughput and Coverage Indicator

The corresponding instantaneous rate of UE u aided by IRS
j is expressed in bps/Hz as

r(j)u = log(1 + γ(j)
u ), (22)

and the ergodic throughput can be expressed as

R(j)
u = E{r(j)u }. (23)

In addition, the average SNR in dB can be expressed as

γ̄(j)
u = 10 · log10 E{γ(j)

u }. (24)

Denote SNR (dB) as the required average SNR level. Then
the coverage indicator for UE u aided by IRS j can be defined
as

C(j)
u =

{
1, if γ̄(j)

u ≥ SNR,

0, otherwise.
(25)

Finally, note that due to the complexity of the SNR expres-
sion in (21), closed-form expressions for the ergodic rate and
coverage indicator can not be found. Therefore, we resort to
Monte Carlo (MC) simulations to evaluate them by averaging
over a large corpus of channel fading samples. Fortunately, the
per-link ergodic throughput or coverage indicator needs to be
calculated only once for a given UE served by a given IRS,
and the computational time is negligible compared with the
time it takes to make practical deployment decisions.

IV. PROBLEM FORMULATION AND OPTIMIZATION

Our research focuses on system-level performance optimiza-
tion, and aims to maximize the average ergodic throughput of
all the UEs in the region A by jointly optimizing the IRS
locations and the association between the UEs and IRSs. The
problem can be formulated as follows:

(P0) : max
wj ,j∈J

1

|U|
∑

u∈URu (26)

s.t. Ru = max
j∈J

R(j)
u , (27)

wj ∈ B,∀j ∈ J . (28)

The constraint (27) represents the maximum ergodic through-
put of UE u with optimal IRS association. In addition to the
combinatorial complexity of UE-to-IRS association, another
main challenge lies in the continuous (infinite) candidate
deployment locations of the IRS on the building surface.
Due to site-specific blockages, the channel variations across
continuous IRS locations could be drastically different due
to possible changes of the LoS/NLoS propagation condition.
As a result, there is no closed-form continuous expression
for the performance metric (e.g., ergodic throughput) as a
function of IRS candidate locations, and hence traditional
continuous optimization methods (e.g., convex optimization)
are not applicable.

To this end, we propose to discretize the candidate IRS
deployment sites into grid spots and reformulate the problem
into an integer linear programming (ILP) based on given per-
link ergodic throughput R

(j)
u . The building surface can be

divided into grids with a proper resolution, thereby reducing
the number of candidate IRS locations. Further reduction
can be achieved by applying filtering strategy based on the
LoS/NLoS status of AP-IRS links, since the LoS condition is
prefered in general. By applying such filtering, the candidate



IRS deployment spots could be irregularly distributed in the
target region, making up a set M = {1, · · · ,M}.

As a preliminary study, we consider deploying at most one
IRS per candidate grid point, and each UE is served by only
one IRS, with no upper limit on the number of UEs served by
each IRS. The problem can be reformulated as

(P1) : max
au,j ,bm,∀u,j

1

|U|

U∑
u=1

J∑
j=1

au,jR
(j)
u (29)

s.t.
J∑

j=1

au,j = 1,∀u ∈ U ; (30)

M∑
m=1

bm = J ; (31)

au,j ≤ bm,∀u ∈ U , j ∈ J ,m ∈ M; (32)
au,j , bm ∈ {0, 1},∀u ∈ U , j ∈ J ,m ∈ M. (33)

Here au,j is a binary variable indicating the association
between IRS j and UE u, which is set to 1 if IRS j serves UE
u, or 0 otherwise.. Similarly, for each candidate deployment
grid point m ∈ M, bm denotes a binary variable which equals
to 1 when an IRS is deployed at candidate deployment grid
point m, or 0 otherwise.

Although the complexity has been reduced, problem (P1)
is still NP-hard in determining the optimal IRS deployment.
When considering M candidate deployment grid points and J
IRSs, the total number of possible combinations is given by
CJ

M = M !
J!(M−J)! . Classic solution methods include heuristics,

metaheuristics, branch-and-bound, etc.. Fortunately, for our
considered single-AP scenario serving moderately large target
regions, we could leverage on state-of-the-art commercial
solver such as Gurobi [19] (version 10.0.1) to solve it, with
default parameter settings. More explorations on the algorithm
design to be applied for larger network sizes are left for our
future work.

V. NUMERICAL RESULTS

This section provides numerical evaluations on both the
link-level performance and the site-specific network perfor-
mance. Each MC result is based on the average of 10000
random fading samples. The following parameters are used if
not mentioned otherwise [7] [9]: the carrier frequency fc =
2 GHz, Bw = 200 KHz, Nv = -160 dBm/Hz, N0 = -174
dBm/Hz, HAP = 25 m, Hu = 1.5 m, Gi = 6 dBi (i.e. cos θ),
the total power Ptotal = 10 mW, Pmax

u = 5 mW, Pmax
A = 5

mW. When no IRS is deployed, the transmit power at the AP
is equal to Ptotal.

A. Link Performance Analysis

In order to analyze the link performance, we consider the
scenario depicted in Fig. 2, with additional parameters given
by RAU = 250 m, RI = 10 m and HI = 10 m. The signals
received by the UE have two types: direct signals from the AP
and reflected signals from the IRS. We assum LoS links for
AP-IRS and IRS-UE, and the NLoS link for AP-UE. Different
ergodic throughput for the UE can be achieved when the IRS’s

AP
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Fig. 2: Single IRS deployment link performance experiments.
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Fig. 3: Ergodic throughput of the UE aided by IRS or AP-only.

horizontal distance RAI is changed. To draw a comparison,
experiments were conducted with different number of IRS
elements. Moreover, two ERPs for the IRS are considered,
with Gi = 6 dBi (i.e. cos θ) and Gi = 9 dBi (i.e. cos3 θ),
respectively. We also consider a baseline case without IRS.
The simulation results are shown in Fig. 3.

It can be seen that deploying IRS (passive or active) brings
significant performance improvement. Notice that when the
RAI = 50 m, the active IRS (N = 64) outperforms the
passive IRS (N = 256) significantly, with the gap up to about
12bps/Hz. However, on the UE side, the performance of the
active IRS (N = 64) and the passive IRS (N = 256) are
close to each other. This is primarily due to the increased
effect of active noise when the active IRS is close to the UE.
Additionally, it has been observed that when the total number
of passive IRS elements is increased, such as N = 4096,
its link performance improves significantly and can surpass
the active IRS at some locations. Nonetheless, it should be
noted that in practical implementations, a passive IRS with
a large number of elements may lead to increased cost as
well as challenges in channel estimation and beamforming.
Moreover, the overall performance corresponding to the ERP



Fig. 4: Site-specific deployment of IRS to enhance coverage, consid-
ering the grids as candidate deployment locations, 100 UEs and 149
candidate deployment locations.

of cos θ is better than that of the ERP of cos3 θ. This is because
the more focused antenna gain leads to diminished gain when
the incident and departure angles deviate from the center of
the beam. Furthermore, the fixed pattern of the AP impacts
the link performance. When the signal falls into the sidelobes
or gap of the AP’s fixed pattern, a noticeable degradation in
performance can occur.

B. IRS Deployment Given Total Number of Elements

As shown in Fig. 4, we consider a scenario with 4×4 = 16
buildings within an area of 270 m by 400 m. Each building has
a length of 30 m and a width of 40 m. The building heights
are randomly generated within a range of 12 to 22 meters.
Additionally, 100 UEs or PoIs are randomly distributed on
the streets, and there are 149 grid points available for IRS
deployment.

This section discusses the performance variation when a
total number of elements are equally divided into different
number of distributed IRSs. The experimental setup is similar
to the previous section, with the same total number of elements
N = 1024 for both active and passive IRS. The results are
shown in Fig. 5. It is found that to maximize average ergodic
throughput, there exists a more suitable division for the active
IRS. For example, in the considered setup here, it’s best to
divide into 2 active IRSs. On the other hand, for the passive
IRS, dividing it into more IRSs does not bring the expected
benefits. This is because the more divisions there are, the
smaller each IRS becomes, and the benefits that each UE
receives from a single IRS become much smaller as well.
Notice that, in terms of the fairness index2, the fairness of
active IRS is improved with more divisions, but the fairness of
passive IRS is decreased with more divisions. This is because
passive IRS is more suitable for deploying at the AP side or
the UE side. When passive IRS is deployed at the UE side, it
only serves the UEs in its vicinity, which results in a wider
gap in the performance among the UEs.

2This index is defined as J ≜
(
∑

u∈U Ru)2

|U|
∑

u∈U R2
u

, where J ∈ (0, 1] and a
higher J represents better fairness.
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Fig. 5: IRS deployment given total number of elements N = 1024.

Fig. 6: Optimized IRS deployment positions. For active IRSs, when
the total elements are divided into 1, 2, and 4 IRSs, the optimal
deployment locations are (P4), (P4, P7), and (P1, P2, P4, P7),
respectively. For passive IRSs, the optimal deployment locations
under the same dividing schemes are (P4), (P4, P5), (P3, P4, P5,
P6), respectively.

To visualize the optimal deployment results, the dividing
schemes with 1, 2, and 4 IRSs are plotted as shown in
Fig. 6. The result indicates that when the total elements are
divided into only one IRS, the optimal deployment location is
relatively close to the APs for both the active and passive IRS.
this is because it allows all the UEs to benefit from the IRS
beamforming as much as possible, and maximizes the average
ergodic throughput of all UEs. When divided into multiple
IRSs, such as 4 IRSs, the optimal deployment locations for
active and passive are different. For active IRSs, the IRSs can
be placed farther away from the APs because the active IRSs
have power amplification. However, for the passive IRSs, the
optimal deployment location of the IRSs will not be very far
away from the APs so as to increase the power reaching the
IRSs.

C. Network Coverage Ratio with Increasing Number of IRSs
in a Wider Area

In contrast to the preceding two subsections, the purpose
of optimization here is to maximize the coverage ratio of the
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Fig. 7: Comparison of network coverage ratio by different schemes
in a wide area.

UEs. We substitute the objective function with the sum of
coverage indicators in optimization problem (P1) and solve it
using Gurobi. The main parameter settings are the same as
the previous ones, while a larger area of 1080 m×1600 m is
considered. Moreover, the number of UEs is also expanded to
200, the length and width of each grid are 20 m and 7 m,
and the number of selected candidate grid points is 176. Note
that at longer distances, the coverage capability of the AP is
weakened, and it is more meaningful to introduce the IRS for
coverage enhancement.

In this experiments, we set the SNR thresholds as SNR =
20dB, 30 dB, respectively. The experimental results are shown
in Fig. 7. It is evident that the deployment of IRSs can
enhance network coverage, irrespective of whether thresholds
are set at 20 dB or 30 dB. However, active IRSs exhibit
superior efficacy, achieving substantial coverage improvements
with a smaller number of IRSs. In contrast, passive IRSs
require a greater number and larger size to achieve comparable
coverage enhancements. Especially at high thresholds (i.e.,
SNR = 30dB), the coverage performance improvement due
to passive IRSs is more constrained. This limitation arises
because passive IRSs have an inherently weaker channel en-
hancement capability, which is insufficient to meet the demand
of a higher threshold.

VI. CONCLUSION

In this paper, we first investigate the link-level performance
of active or passive IRS taking into account the IRS ERP
and AP antenna radiation pattern. Then the network-level
coverage performance is evaluated/optimized in site-specific
multi-building scenarios, by properly deploying multiple IRSs
on candidate building facets to serve a given set of users or
PoIs. The problem is reduced to an integer linear programming
(ILP) based on given link-level metrics, which is then solved
efficiently under moderate network sizes. Numerical results
confirm the impact of AP antenna/IRS element pattern on
the link-level performance. In addition, it is found that active
IRSs, though associated with higher hardware complexity and
cost, significantly improve the site-specific network coverage

performance in terms of average ergodic rate and fairness
among the PoIs as well as the range of serving area, compared
with passive IRSs that have a much larger number of elements.
In future work, we will investigate multi-AP configuration,
inter-IRS reflection, interference, and resource scheduling.
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