1866

IEEE WIRELESS COMMUNICATIONS LETTERS, VOL. 12, NO. 11, NOVEMBER 2023

Static IRS Meets Distributed MIMO: A New Architecture
for Dynamic Beamforming

Guangji Chen, Qingging Wu"', Celimuge Wu"', Mengnan Jian", Yijian Chen™, and Wen Chen

Abstract—Intelligent reflecting surface (IRS) has been con-
sidered as a revolutionary technology to enhance the wireless
communication performance. To cater for multiple mobile users,
adjusting IRS beamforming patterns over time, i.e., dynamic IRS
beamforming (DIBF), is generally needed for achieving satis-
factory performance, which results in high controlling power
consumption and overhead. To avoid such cost, we propose a
new architecture based on the static regulated IRS for wire-
less coverage enhancement, where the principle of distributed
multiple-input multiple-output (D-MIMO) is integrated into the
system to exploite the diversity of spatial directions provided by
multiple access points (APs). For this new D-MIMO empowered
static IRS architecture, the total target area is partitioned into
several subareas and each subarea is served by an assigned AP.
We consider to maximize the worst-case received power over all
locations in the target area by jointly optimizing a single set of
IRS beamforming pattern and AP-subarea association. Then, a
two-step algorithm is proposed to obtain its high-quality solu-
tion. Theoretical analysis unveils that the fundamental squared
power gain can still be achieved over all locations in the target
area. The performance gap relative to the DIBF scheme is also
analytically quantified. Numerical results validate our theoreti-
cal findings and demonstrate the effectiveness of our proposed
design over benchmark schemes.

Index Terms—Intelligent reflecting surface, dynamic beam-
forming, static IRS, distributed MIMO, coverage enhancement.

I. INTRODUCTION

NTELLIGENT reflecting surface (IRS) has been envisioned
as a promising technology to boost the spectrum efficiency
and to enhance the coverage range for sixth-generation (6G)
wireless networks [1], [2], [3]. Through altering the phase
and/or amplitude of the impinging radio wave, IRSs are able to
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dynamically control the wireless channels for various objec-
tives, such as signal enhancement, interference suppression,
and blindness compensation [4].

From the perspective of enhancing signal-to-noise ratio
(SNR) of the wireless communication link, passive beamform-
ing designs for users with fixed and known locations were
investigated in [5], [6], [7], [8]. In particular, the analytical
result in the seminal work [5] demonstrated that the funda-
mental squared power gain of the IRS can be reaped even
with the discrete phase shifts. In addition to providing high
SNR, IRSs can also be deployed flexibly to create a virtual
communication link between the access point (AP) and users
in blind spots, thus ensuring the basic communication require-
ments of users located in the signal blind zone. The adoption of
IRSs for coverage enhancement has been studied in previous
works [9], [10], [11], where the coverage range and system
capacity were significantly improved.

However, all the above contributions rely on channel state
information (CSI) of IRS involved links and dynamic config-
uration for IRS reflection phase-shifts, which incur significant
signalling overhead. In the scenario where users change their
positions frequently, the overhead of channel acquisition and
dynamic configuring IRS phase-shifts may be unaffordable to
cater for mobile users in real time. Moreover, exploiting the
dynamic regulated IRS also leads to higher controlling power
consumption compared to the static regulated IRS, which
is more appealing for rapid deployment due to its advan-
tage of simple control. Regarding the static regulated IRS,
the works [12], [13] investigated the static IRS beamforming
design, where a single set of fixed IRS phase-shifts is designed
to balance the passive beamforming gain in a target area.
However, it has been demonstrated in [8] that employing static
IRS beamforming suffers substantial performance-loss com-
pared to the dynamic IRS beamforming (DIBF) scheme. Thus,
one practical issue arises naturally: How to achieve high pas-
sive beamforming gain with a single set of fixed IRS reflection
phase-shifts?

To address the above issue, we propose a new architec-
ture to unlock the DIBF gain for the static regulated IRS,
where the concept of distributed multiple-input multiple-output
(D-MIMO) is smartly integrated into the considered scenario.
For the proposed architecture, namely D-MIMO empowered
static IRS, an IRS is deployed near a cluster of distributed
APs to extend the signal coverage from APs to a given tar-
get area, as shown in Fig. 1. The target area is partitioned into
several subareas and each subarea is served by an assigned AP
in order to exploit the diversity of spatial directions provided
by different APs. We aim to maximize the worst-case average
received power over all locations in the target area by jointly
optimizing IRS beamforming and AP-subarea association. The
formulated optimization problem is challenging to be solved
since the IRS beamforming pattern is highly coupled with the
AP-subarea association. Nevertheless, we propose an efficient
two-step solution by decoupling the AP-subarea association
optimization and IRS beamforming. Note that the proposed
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Fig. 1. D-MIMO empowered static IRS for coverage enhancement.
solution only relies on the location information and thus can be
implemented off-line, which means that real-time CSI acquisi-
tion and dynamic control for IRS beamforming are not needed.
Then, we unveil that the fundamental squared power gain can
still be achieved with only static IRS beamforming provided
that the number of APs is sufficient. The performance gap
relative to the DIBF scheme is also analytically quantified.
Finally, we present simulation results to show the practical
advantages of the proposed architecture.

II. SYSTEM MODEL AND PROBLEM FORMULATION

As shown in Fig. 1, we introduce the D-MIMO empow-
ered static IRS architecture, where a cluster of distributed APs
communicate with multiple single-antenna users with the aid
of an N-element IRS. The number of the APs is denoted by
J and each AP is equipped with M antennas. The users are
uniformly distributed in a target area, denoted by 4. Due to
the densely distributed obstacles, we assume that AP-users
direct links are blocked [11], [12], [13]. As a remedy, an IRS
is deployed on the ceiling to establish virtual LoS links from
the APs to the users. For convenience, we denote the sets of

APs and reflecting elements of the IRS as J 2 {1,...,J} and

NE {1,..., N}, respectively. Note that in practice, it is diffi-
cult for the IRS to arbitrarily adjust its beamforming pattern to
align served users due to the high controlling overhead/power
consumption. To this end, we consider the static regulated
IRS and thus use one set of fixed IRS beamforming pattern,
denoted by ® = diag(e®r, ..., V), where 0, € (0,2n]
denotes the phase-shift of the n- th element of the IRS, n € N.
To improve the received signal power in the target area, we
propose the AP selection protocol for the D-MIMO empowered
static IRS architecture, described as follows.

The target area A is further partitioned into K disjoint sub-

areas, denoted by A, k € K a {1,..., K}, which satisfy
Urex Ar = Aand Ay Ay =0, Vp # ¢,p,q € K. Each
sub-area A, can be associated with one AP j, j € J and
users in sub-area Aj; will receive its desired signal from AP
Jj- Thus, we introduce the set of binary variables {)\/w-}, ke
K, j € J, which indicates that sub-area .A;, is associated
with AP j if Ay ; = 1; otherwise, Ay ; = 0. To simplify
the practical implementation, we assume that the user in each
sub-area can only be associated with at most one AP in J.
Thus, we have Z —1k,j < 1. Specifically, the users in the
target area A4 are scheduled following the round robin scheme
and the scheduled user in a specific time slot is referred to as
the typical user. When the typical user is in sub-area Aj, AP
Jin J which satisfies Ay ; = 1 would be activated to serve
the typical user. The remaining APs in [J/{j} are available
to serve users outside the target area by adjusting their beam
directions, which may not generate strong interference to the
typical user. Note that the controlling overhead for determining
{A kJ} scales linearly with respect to J, whereas the associated
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overhead for implementing the DIBF scheme is proportional
to N. Since J < N, the controlling overhead is significantly
reduced.

The base-band channels from AP j to the IRS and from
the IRS to the typical user in sub-area 4; are denoted by
G; € CN*M and hy,(u;) € CV*1, where uj, € Aj, denotes
the position of the typical user in sub-area Aj. Without loss of
generality, we employ the Rician fading model to characterize

the AP j-IRS and IRS-u; links as
£ = 1 -
h = —Vh —h 1
k(ug) P2,k(uk)<\/5+5 k(uk)+\/€+1 k(uk)>7( )

0 = 1 =
i =rig (\/ sri Ty 5+1Gﬂ>v @

where p2 5 (ug) and pl - are distance-based large-scale path-

loss, € and § are R1c1an factors. hy(u) and G, are deter-
ministic LoS channel components. By contrast, hy,(u;) and
G, are non-LoS (NLoS) channel components, whose ele-
ments are independent and identical distribution random
variables following CA/(0,1). For ease of exposition, we
assume that both the APs and the IRS adopt uniform
linear arrays. Then, G; and hy(u;) can be respectively

expressed as G;j = ay(¢7 ;.77 ;)a all ( iomf). 3 € J, and

hy(ur) = ay (6 ), (wp), mk(uk)), u, € A, k € K, with

ay(p,m) = [1,...,e —i2m(N-1)§ SIn@cosn] - where d is the
elements/antennas spacing, \ represents wavelength, ¢§7 o 771?7 j
(#7 ,(ug), n¢ . (uy)) are respectively the zenith and azimuth
ang7les of depérture (AOD) from AP j to the IRS (from the IRS
to the user located at uy,) , 77T are respectively the zenith
and azimuth angles of arrlvaf (AoA) from AP j to the IRS.
The transmit beamforming vector of AP j is denoted by w;

Then, the received signal power of the typical user located at
u;, can be expressed as

J
2
pr (W, A, M) = Zxk,j)hf(uk)eejwj )
j=1
Our objective is to maximize the worst-case/minimum aver-
age received power within the target area .4, by jointly
optimizing the static IRS beamforming pattern ®, subarea-
AP association {\;, ;}, and the transmit beamforming at the
AP w;. The maximum transmit power of APs is denoted by
P ax and the optimization problem is formulated as

max min  E|max pr(ug, Ag, Agj (42)
0,{\;} ke ureAy ij} T(k k k,j)]

J
st. > Mgy < 1,VE, (4b)
j=1
Ak,j € {07 1}7Vk7ja (4’C)
[w; [ < Punax, Vi, (4d)
18], = 1. vn. (de)

For problem (4), the active beamforming vector w; in the
inner maximization is optimized based on the instantaneous
CSI while ® and {)\ ;} are optimized based on the location
information. Notice that solving problem (4) is very challeng-
ing in general due to the lack of a closed-form expression of
the objective function and the coupling of the optimization
variables.
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III. PROPOSED SOLUTION AND PERFORMANCE ANALYSIS

In this section, we first propose an efficient algorithm.
Then, we further theoretically characterize the worst-case
received power in terms of system parameters, which is use-
ful for quantifying the performance-loss between our proposed
architecture and the DIBF scheme.

A. Proposed Solution to Problem (4)

To solve problem (4), we first consider the optimization
of {w;}. Under any given {\;;} and ©, it can be read-
ily shown that the optimal transmit beamforming vector w;
follows the maximum ratio transmission towards the equiv-
alent channel th (u,)®G; of the typical user, i.e., w; =
Prax(bf (u,)0G;) /|[bff (u)®G;|| for A ; = 1. Then,
we have the following proposition.

Proposition 1: Problem (4) is equivalent to

J
Z]_ )‘k:,jpr (ukVAk7)\kj) (5a)

(4e),

max min
0,{\r;} kEKureA;

s.t. (4b), (4c), (5b)
where

p:f’j(uk7Ak7/\k,j)
_ 2 2 CH = |12
= PmaxpT ;P (ag) | 71||hy (ur)OG;|| +72MN |, (6)

with v =ed/((e +1)(0 + 1)) and v2 =1 — 5.

Proof: Plugging the optimal transmit beamforming vec-
tor wi = Pmax(hf(uk)GGj)H/Hh,?(uk)@Gj|| into the
objective function (5a), we have

min  E|max p,(ug, Ak, A\p
ke](:,llkE.Ak [{W]}pr( k k kJ)‘|

J
2
— _min Puacd AeiB|[pff @G-H].
petin P> k. { ; (ug)OG;

Then, we focus on deriving E[||th (uy,)OG; ||2] as follows

E[Hth(uk)GGj HQ}
- o (0006, 3 et
m=1

2 92 EH A~ |12
= p1,jP2 1 (uk) Wthk (“k)@GjH + 2 MN |, ®)
where
21 = 0Bf! ()G, /(= + 1)(5 + 1),
7y = chf! (u;)0G; /(e +1)(3 + 1)),
z3 = hif (u,)0G/((c +1)(0 +1)). ©)
By applying (8) into (7), the proof is completed. |
Proposition 1 indicates that the objective function (5a) is
independent of the fast-varying instantaneous CSI G; and
hy,(uy). Instead, it only relies on the statlstlcal CSI i.e., AoD
and AoA in G;, the path-loss coefficients p1 , p2 k(uk) and
Rician factors 4, €. Note that the correspondlng statistical CSI
only depends on the locations of the distributed APs, IRS,
and the target area, which remains static over the time. As
such, the optimization of ® and {)j ;} can be implemented

offline and the optimized results are not required to be varied
according to instantaneous CSI, which effectively eases the
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synchronization, control, and channel estimation requirements
in practical systems. Problem (5) is still challenging to be
solved due to the coupled optimization variables {\j ]} and
® in the objective functlon By fully exploiting the special
structure of problem (5), pr (ukvAka/\k,j) in its objective
function (5a) can be re-expressed as follows

_k.j
Pr’J (uk: Aka)‘kd)
2 2 2t (g7 pay|[°
=PmaxP1,jP2,k(uk) 71|Xk,j| HaM(¢>t,ja"7t,j)H + 2 MN
2
:Pmaxp%,jp%,k(uk)(71|Xk’-7| M+V2MN)7 (10)

with Xkj = a%( jk(uk)?m“,k(uw)@afv( i,j,ﬁ?,j) We
define |y ]| as the passive beamforming gain of the IRS
when uy, € Ay, is associated with AP j, ie., Ay ; = 1. [x K
can be further expressed as

N _

Z I (On+2m(n—1)d(® k (up)—Qr5))
n=1

with @ p(ug) = singg, (ug)cosnyy(ug), Q;
bmqﬁ . cos nr ,and d = d /). By ignoring the constant term,

i.e., y2 MN in (10) we transform problem (5) in an equivalent
form as

2

Ixks|” = (11)

J

ug )|y (12a)
(_){/\kj} keKukeAkZ k,JpLJpzlc k| k]’

s.t. (4b), (4c), (4e). (12b)

In the following, we focus on solving problem (12). To
avoid that the achieved passive beamforming gain is over-
whelmed by dlstlnct path loss of dlfferent APs-IRS links, we
assume that p1 1= = pl = p1 In a D-MIMO system,
APs have the merits of low cost and easy-deployment. The
condition p11 = ... = p1 j can be satisfied by properly
deplo ing the APs in the network planning stage. By ignor-
ing P, ;(0x;) in the inner minimization of (12b), we transform
problem (12) into an approximate one as

J

i 2

max min )\ X . (13a)
0,{ A} kE’C,ukeAkJZ::l kg | X |

s.t. (4b), (4c), (de). (13b)

This approximation is reasonable since the passive beamform-
ing gain |xy, ; |2 is more sensitive than p2 1 (0x;) to the location
variation in the target area 4. Based on the special structure
of problem (13), we propose an efficient sub-optimal solution
by decoupling © and {\, ;}. For arbitrarily given {) ;}, the
optimization of ® is equivalent to maximize the worst-case
passive beamforming gain within a given angular span, which

can be written as
2

N
max Z i(On+2m(n—1)dA)
6 mm({/\;”})<A<Amx {51

n=1
(14a)
st. 0<0, <2m,Vn N, (14b)
where
J
Amax({)\k’j}) = ?ea’%(jz:: Ak, uzneza(k (‘bt,k(uk) — Qr7j), (15)
J
nnn({>\k ]}) - mln ZA]@,] unéln ((I)t k(uk) r,j)' (16)
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Algorithm 1 Algorithm for Solving (18)

1: Initialize {/\k j} by assigning all the sub-areas to AP j with arg mi}} Qpj-
) je )

2: repeat
3

: Determine the bottleneck sub-area A Ky as ky =

argmaxZ] 1 Ak maj{ <<I>f r(ug) — er) and assign AP j* to
u, €

subarea A, which results in the minimum value of Ag ({)‘k J
exists more than one AP that can be assigned to subarea Ay

the same value of Ag ({)\k’]};,
5%, (Per () =2

4: until the objective value Ag ({)\;w' }) can not be decreased.

). If there
with achieving
the one that yields the minimum value of

is chosen.

We define As ({\e;}) 2 Amax({Ar}
the angular deviation associated with {7)\ k j}
the following proposition.

Proposition 2: The optimal objective value of problem (14)
is non-increasing with respect to Ags({\ ;}).

Proof: Without loss of generality, two angular spans
[Ag, Ap] and [Ag, Ac] with A; > Ay are considered. As
such, their associated angular deviations are Al = A, — A,
and A2 Ac — Ay, respectively. A2 > Al and [Ag, A =
[Aa,Ab] [Ab,A ]. Suppose that the 0pt1rnal IRS phase-
shift to max1m1ze mrnA <A<A. |ZN ei(Ont2m(n—1)dA)2

mm({>‘k’ j}) as
Then, we have

is ©@* = diag(e® , € 0y ) and the correspondmg objective
value is go(A2). Then we have
N 2
min Z ei(@;ﬁ—i—?a(n—l)aA)
2 . AaSASAb n=1
92 (As) = min 9 s
min ﬁ% pi(0n+2m(n—1)dA)
Ap<A<A. |p=1
N * ()
< . i(On+2m(n—1)dA)| "~ (AQ)
a2 sals)
n=1
(17)

where (a) follows by that ®* is one feasible solution to
maximize SN eiOnt2m(n=1)dA) 12 ang g; (A2)

is its optimal ObjeCtIVC value. Thus, we completes the proof. B
Proposition 2 identifies the fact that the optimization of
{Ak,;} in (13) is equivalently to minimize the resulting angular
deviation, which leads to the optimization problem as
{rnin} Ag ({/\k,j }) s.t. (4b), (4c).
A

kg

Il'lln

(18)

Note that the angular deviation can be effectively adjusted
by switching the AP association to control Apax({Ag;})
and Apin({Ag,;}), which provides us an efficient succes-
sive refinement algorithm to reduce the angular deviation
iteratively. The details are shown as in Algorithm 1.

With the obtained Ay ; by Algorithm 1, the IRS phase-shift
O is optimized by solving problem (14). Such a problem can
be solved by adopting the beam flattening technique proposed
in [12] and the details are omitted for brevity.

B. Theoretical Analysis

In this subsection, we provide theoretical analysis to char-
acterize the worst-case passive beamforming gain, which is
useful to quantify the practical performance gap between the
proposed architecture and the DIBF scheme. First, we aim to
measure the ability of using distributed APs to reduce the cor-
AI

hin denote

. .- A
responding angular deviation. Let AL = AL —
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the initial angular deviation by assrgnmg one AP (e g., AP
1) to all the subareas, where AL = Amax{)\ } and

Alin = Bmin{AL ;) with AL | = 1,Vk, A =0, 7é 1, Vk.
Note that the 1n1tlai angular deviation depends on the locatlons
of the total area A. Then, we have the following propos1t10n

Proposition 3: Under the condition that Q,; = Q.1 +
(j — 1)A[£ /J, the optimal objective value of problem (15) is

Ag/J.

Proof We prove A% = AI/J by showing that A% > AI/J
and A* < AL/J, respectlvely First, we focus on proving
AY > A[ s/J as follows. The lower bound of the value of

max{)\kj} can be obtained as Amax{)\k]} = AL+

r1 — Sy . Similarly, the upper bound of the value of
mm{)\kg} is Aglbm{)\kj} AL. . As such, we have
A% > AL fdeg} = A} = AL = (7 - DAL/ =
AI I/J. Then, we focus on proving A* < Al/J by demon-
strating that Al 5/J 1is achievable. Specrﬁcally, A can be
partitioned into K = J subareas. Let (Pm‘n =Al 4 Q1

min
and dax = AL 4 1. For each subarea A, it satisfies

Dy j(uj) € [PV 4+ (5 — 1)AI/J Pinin —s—jA[/J} u; € A;.
By assigning AP j to subarea .4 ; ie, Aj; = 1. We have

Amax{M;} — Amin{\;} = AL/J and thus Ar < ALy
Based on the facts that A} > AI/J and A} < AI/J we
obtain A* = AL/J, which thus completes the proof. [ ]

Pr0p0s1t10n 3 exphcltly unveils that the corresponding angu-
lar deviation can be effectively reduced from Al to AL/J
by properly designing the AP-subarea associations, which is
helpful for reaping the high passive beamforming gain. Define
|x™|? as the worst-case passive beamforming gain achieved
by using the beam flattening technique to solve problem (14).
Then, we identify the minimum required number of APs,
denoted by Js, to achieve the fundamental squared power
gain and further characterize |x*|? with respect to N in the
following theorem.

Theorem 1: When J > J; £ [NdAL], we have [y¥]? ~
4N? /72 as N — .

Proof: When J > Jg, its resulting angular span is
[Amin, Amax] and Apmax — Amin < 1/(Nd). By setting
On = —2m(n — 1)d(AmH1 +1/(2N d)). The worst case pas-
sive beamforming gain within [Apin, Amax] can be derived as

w 2 —im(n—1)/ 1 ( ) 4 2

"= Z ‘ = s2meN)y 2y U9
where the approx1mat10n in (a) becomes tighter as N - oo
since lim,_,o(sinz)/x = 1. Thus, the proof is completed. W

Theorem 1 indicates that the power scahng law of O(N?)
can be extended from the single-user case in [S] to the case
for area coverage. Denote the worst-case received power of
the D-MIMO empowered static IRS architecture and the DIBF
scheme as p*(N) and pZ(N), respectively. Then, we have
the following corollary to quantify the practical performance
gap relative to the DIBF scheme in terms of the worst-case
received power.

Corollary 1: When J > Jg, it follows that

N by / pr(N)>4 / 7 (20)
Proof: Based on Theorem 1, we have
(a)
lim  p,’(N) > (’YIM lim [x|? +72MN>L
N—o0 4 N—o0
= (wﬂMW + wMN) L, @1)
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5o = =0 = =0 = =0 - =0 - {Q--0 -0~

—A—N =32

J=2|—=-N=128

N =512

Js =1 - - Analytical result in Theorem 1

2 3 4 5 6 7 8 9
Number of distributed APs, J

Fig. 2. Worst-case IRS passive beamforming gain versus J.

—A—Static beamforming
20 [|—8—D-MIMO empowered static IRS
—o—DIBF scheme

Worst-case SNR (dB)

o
20 15 10

5 10 15 20

5 0
Rician factor (dB)

Fig. 3. Worst-case SNR versus Rician factor.

o . 2 . . 2
where L = (minjey pf ;)(mingex ming, e, p3 5 (ug))
accounts for the worst-case concentrated path-loss and (a)

holds since ming ey f(z)g(z) > mingecx f(2) mingcx g(z).

Then, p%(N) can be expressed as pd(N) =
(Y1M N? + 49 MN)L. Thus, we obtain

prN) v14M N? /72 + vo MN (i) 4

pA(N) = MMNZ+MN 72

where the equality in (b) holds when 7y =1 and 2 = 0. ®

Corollary 1 implies that the worst-case received power-loss

of the D-MIMO empowered static IRS architecture relative to

the DIBF scheme is always less than 3.9 dB when the number
of APs is sufficient.

(22)

IV. NUMERICAL RESULTS

We consider a three-dimensional Cartesian coordinate
system, where the IRS is located at (0, 0, 10) meter (m).
The target area is assumed to be a rectangular centered at
(150, 0, 0) m. whose length and width are set as 100 m
and 40 m, respectively. J distributed APs are located on
a circle centered at (0, 0, 0) m with radius 10 m, whose
specific locations satisfy Q,; = Q.1 4+ (j — DAL/ as
indicated in Proposition 3. The target area is partitioned
into K = J disjoint subareas and subarea A; satisfies
Dy ;(u)) € [@PIN 4+ (j — DAL T, @10 4 jAL/T] uj € A;.
The pathloss exponents of both the AP-IRS and IRS-user chan-
nels are set to 2. The signal attenuation at a reference distance
of 1 m is set to 40 dB. The remaining system parameters are
set as: M = 4, Ppax = 23 dBm, and d = 0.5.

In Fig. 2, we evaluate the worst-case passive beamforming
gain versus J under the different number of IRS elements.
It is observed that the minimum required number of APs to
achieve the fundamental squared power gain increases as N
becomes large, which is consistent with that the expression of
Js shown in Theorem 1 is a increasing function with respect
to N. This is because the beamwidth formed by the large
IRS is narrow, which requires more APs to keep the result-
ing angular span falling into its beamwidth. Benefited by the
diversity of different directions provided by distributed APs,
the angular deviation is significantly reduced and thus sub-
stantial passive beamforming gain (more than 10 dB) over the
case of J = 1 can be achieved. Additionally, the value of the
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achieved passive beamforming gain is near to 4N?2 / 72, which
agrees with our analysis in Theorem 1.

In Fig. 3, we show the worst-case SNR versus the Rician
factor by normalizing the resulting received power by the
noise power —90 dBm. The results of the proposed D-MIMO
empowered IRS architecture are obtained under the condition
of J = Js. The DIBF scheme and the static IRS beam-
forming scheme (with J = 1) [12] are also considered for
performance comparison. It is observed that the performance
gain of our proposed scheme over the static IRS beam-
forming scheme becomes more pronounced as Rician factor
increases, which implies the significance of deploying the IRS
to create LoS links with both the target-area and the AP.
Moreover, the performance-loss of the proposed architecture
compared to the DIBF scheme is observed to be 0.73 dB and
3.6 dB for N = 128 and N = 512, respectively. The resulting
performance-loss is lower than 3.9 dB, which validates the
analysis in Corollary 1.

V. CONCLUSION

For the static IRS enhanced wireless coverage, we proposed
a novel D-MIMO empowered static IRS architecture to achieve
dynamic beamforming gain with only a single set of static
IRS beamforming pattern. By exploiting the spatial direction
of multiple APs, the target area is partitioned into multiple
subareas and each subarea is covered by an assigned AP. We
aim to maximize the worst-case average received power over
all locations in the target area by jointly optimizing a single
set of IRS beamforming pattern and AP-subarea association.
Moreover, we demonstrated both analytically and numerically
the achieved performance gains of the proposed design over
the conventional static beamforming design.
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