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Abstract—With the arrival of sixth-generation communication
systems, advanced technologies like multi-input single-output
(MISO), reconfigurable intelligent surfaces (RIS), and integrated
sensing and communication (ISAC) are poised to drive a broad
range of Internet of Things (IoT) applications. Integrating ISAC
into MISO networks, however, calls for a reassessment of perfor-
mance metrics such as outage probability and sensing rate. In this
work, we propose an innovative multi-sector RIS framework that
partitions the surface into independently controlled sectors, each
dynamically selecting the closest sector to target users, who are
assumed to be distributed following a Poisson point process (PPP).
For downlink transmissions, this multi-sector RIS design com-
bines phase-shift control and simultaneous transmission/reflection
within the chosen sector. Our approach includes a nearest-
sector selection strategy around a reference user, with closed-
form approximations for the outage probability derived under
the assumption of a blocked direct link between the base station
(BS) and users. The framework also enables ISAC by transmitting
sensing signals within the selected sector, facilitating both user
communication and target detection. Sensing performance is char-
acterized by the sensing rate, with results showing that increasing
RIS elements in the multi-sector design significantly enhances
sensing capabilities. Overall, the proposed system demonstrates
superior performance over traditional STAR-RIS configurations.

Index Terms—Integrated sensing and communication (ISAC),
multi-input single-output (MISQO), multi-sector, Poisson point
process (PPP), reconfigurable intelligent surfaces (RIS).

I. INTRODUCTION

The Internet of Things (IoT) envisions a future where devices
communicate autonomously, without human intervention [1],
thereby enabling a wide range of applications—from smart
cities and connected vehicles to healthcare and more. Cellular
networks are ideally positioned to support [oT communications,
providing a robust foundation for various IoT services. To meet
the escalating demand and the growing traffic generated by
IoT, 6G network architectures are integrating multiple-input
single-output (MISO) technologies [2]. Given the unprece-
dented sensing requirements of upcoming wireless networks,
there is a strong push towards integrating radio sensing within
communication systems. A key design challenge in integrated
sensing and communication (ISAC) is to identify efficient
and cost-effective solutions that align with existing network
architectures [3]. While communication utilizes radio waves

to relay signals between a transmitter and a receiver, sensing
relies on analyzing radio frequency echoes reflected from a
target. By processing these echoes, target parameters such as
location, velocity, and dimensions can be determined, often
through conventional or learning-based techniques [4]. One
feasible approach is to introduce minimal modifications to
current communication models, enabling them to also support
sensing functions [5].

Reconfigurable intelligent surface (RIS)-enabled wireless
communications have attracted significant attention, as demon-
strated in studies such as [6]-[9], for enhanced coverage. For
instance, [10] examined a full-duplex system with Nakagami-
m fading, where a full-duplex transceiver facilitated downlink
and through two RISs, each operating in full-duplex mode.
In [11], the outage probability (OP) and symbol error rate
(SER) were derived for RIS-assisted wireless communications
over Rayleigh fading channels. Performance evaluation under
Nakagami-m fading, specifically the coverage probability, was
conducted in [12] by leveraging moment-generating functions
for RIS-enabled systems. The impact of the line-of-sight (LoS)
link was further analyzed in [13], which evaluated the OP,
ergodic rate, and average SER for RIS-based networks un-
der Rician fading. Additionally, [14] addressed the resource
allocation problem for spectrally efficient full-duplex RIS sys-
tems. [15] developed a system model for active STAR-RISs,
focusing on the analysis of their communication performance
enhancements. [16] explored the integration of STAR-RIS
with NOMA systems, focusing on optimizing location and
beamforming to improve system efficiency. [17] delved into
the use of non-diagonal phase shift matrices in RIS, presenting
new possibilities for system design. [18] investigated strategies
for the deployment and beamforming of STAR-RIS to optimize
communication performance. [19] examined the interplay be-
tween transmitting waveform design and passive beamforming
in RIS-aided ISAC systems, providing a novel approach to
enhance sensing and communication.

A. Motivation and contribution

The RIS structures described in [6]-[8], [10]-[14], [20], have
limited applications, assumed that the incident signal could



only be reflected from the same place after modification. Put
simply, there was no connection between the elements of the
RIS, such RIS are termed the conventional RIS. Consequently,
the phase shift matrix exhibited a diagonal structure, failing to
leverage RIS’s potential to enhance system performance fully.
Conversely, a new multi-sector RIS configuration is introduced,
which enables the transmission of incident signals from one
sector to another through precise phase shift calibration. Fur-
thermore, most of the current works assumed the BS to have
a single antenna, hence the integration of MISO technology in
ISAC networks has not been extensively studied. This work
aims also to fill this gap. The primary contributions are:

o A multi-sector RIS is considered by partitioning the sur-
face into sectors, each of which can independently control
its phase shifts and reflections/refracting behaviour to
target different users. The uses are homogeneous Poisson
point process (PPP) distributed, and the RIS dynamically
selects the sector closest to the user based on location.

« The nearest sector selection strategy is applied, centred
around a reference user at the origin and approximate
closed-form expressions for the OP are derived, assuming
a blocked direct link between the base station (BS) and
the user.

o To support ISAC, the BS also transmits a sensing signal
within the selected sector for target detection. Thus, each
sector not only relays communication signals to users but
also facilitates target sensing, integrating the two functions
within the same RIS-assisted framework.

o The sensing performance of multi-sector RIS is charac-
terized by calculating the sensing rate. It is shown that
increasing the RIS elements can enhance the sensing rate
in the multi-sector RIS.

B. Paper organization

Section II presents the system model. Section III focuses
on deriving analytical expressions for OP. In Section IV, both
analytical and simulation results are examined. Finally, Section
V provides the conclusions.

Notation: Lower and uppercase bold letters denote vectors
and matrices, respectively. The conjugate transpose of a matrix
or vector is indicated by (-)¥. The notations || - || and | - |
stand for the Euclidean norm and the modulus operation,
respectively. For any matrix C, Tr(C) refers to its trace, and
diag(C) extracts its diagonal elements as a vector. The notation
CN(0,0?) describes a complex Gaussian random variable with
zero mean and variance 2. Complex matrices of size P x Q
are represented by C”*@. The notation E[] represents the
expectation operator. The identity matrix of order M is written
as Ip;. Lastly, P[A] designates the probability of event A
occurring.

II. SYSTEM MODEL

We consider a multi-sector RIS-assisted ISAC system as
depicted in Fig. 1. The BS is equipped with A/, transmit
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Fig. 1: Overview of the proposed system model.

antenna and M, receive antenna, allowing it to serve users
and simultaneously receive signals for target detection. For
simplicity, it is assumed that M, = M;. The multi-sector
RIS contains N sectors each having R elements. Therefore
the coverage area is divided into N sections based upon the
number of sectors. The users are distributed as a homogeneous
PPP denoted as €2, with density \,. It is assumed that a direct
connection between the BS and users is blocked. The users
are served by the help of multi-sector RIS which provides full
space coverage. The users are selected based on the nearest
sector selection scheme wherein the sector closest to the user
is assigned. NOMA is used by the BS to serve the user
and also transmit a sensing signal on the selected section of
the sector to sense the presence of the target. To carry out
the transmission, the BS simultaneously sends the dedicated
sensing signals x; and the communication symbol zj for the
k-th user. Specifically, considering that the = ~ CN(0,1)
and x; ~ CN(0,Ry), where R; = E[x;x[’], and {xj,x;} are
statistically independent. Thus, the joint signal sent by the BS
is given by

K

X = Zwkxk + X¢, (D

k=1
where the beamforming vector for symbol x; is represented
by w. From (1), the transmitted power is evaluated as E[||x|?
|= Zkl,il |wi||* +Tr(R;). Furthermore, the sensing signal x;
is the general multi-beam transmit signal [21]. Consequently,
employing the eigenvalue decomposition (EVD) of Ry, x; is
further written as

rank(Ry¢)

Xt = Z Wi,iLt,i, )
i=1

where all sensing waveforms follow CA/(0, 1), and w, ; denotes
the beamformer.

A. Multi-sector RIS Model

The RIS elements across all sectors are connected by re-
configurable impedances and thus support the multi-sector



transmission. The sector n serves 1/N of the coverage area
which belongs to R,, = {(n —1)R+1,...,nR},Vn e N =
{1,..., N}. The BS is connected to the sector 1. Moreover, the
BS is out of coverage for the sector n, such that Vn € N, n # 1.
Therefore, the multi-sector-RIS utilizes the energy splitting
(ES) protocol. Each sector elements transmits the signal, di-
recting them into NN separate spaces, enabling sensing and
communication in all directions. We denote W,, € CE*XE a5
the phase shift matrices for the transmission from n-th sector,
which is mathematically modelled as

v, = diag (Q / A(n_l)R+1ew(7l—1)R+1, ceey AnRewnR> 5

3)

where /A; € [0,1] and ¥; € [0,27) are the amplitude and
phase-shift of the n-th sector’s r-th element transmission coeffi-
cient. The phase shift matrix satisfies the constraint represented
as

S wliw, =1y “)

B. Channel Model

In this model, we assume a LoS link between the BS and
sector 1 of the RIS because the BS and RIS are in sector 1.
Nakagami-m fading characterizes the BS-to-RIS and RIS-to-
user links. The channel between the BS and sector 1 of the
RIS, H;, is modelled as an R x M; matrix with Nakagami-m
fading parameter m;. This matrix captures the gain between
the ¢-th transmit antenna at the BS and the r-th element within
sector 1 of the RIS, expressed as:

h1,1 hl,I\/It
H=|:@ .. : ; 4)

hr1 hr,,

where each entry h,, ~ Nakagami(m,1) represents the
channel gain from the m-th BS antenna to the r-th element in
sector 1 of the RIS. The users, modeled by a PPP distribution,
are located within the coverage area of the multi-sector RIS.
Each user connects to the RIS through the closest sector based
on proximity, ensuring optimal signal strength. The channel
from the selected RIS sector to the user UE; is denoted by
gk, a 1 X R vector also following Nakagami-m fading with
parameter me. For a selected RIS sector n closest to user UEy,
the channel matrix is represented as:

9B (6)

where each g, ~ Nakagami(mg,1) models the fading be-
tween the r-th element of sector n and the receiving antenna of
UEj. Each sector, W,,, is configured with a phase shift matrix
to optimize signal reflection and transmission toward its users.
This multi-sector approach enables each RIS sector to operate
independently, directing energy to both support communication
and conduct sensing for users within its designated area.

gk = [gm

C. Communication SINR

The signal that was received by the k-th user from the multi-
sector RIS is expressed as

Ye =1 s Hpwyry + Z#k grW  Hwix;

inter user interference
+ grWPrHpx; +ng, @)
—_——

sensing interference

where ny, ~ CN(0,0%) is AWGN noise at the k-th user.
Substituting hy, = g ¥ Hj, in (7), the SINR at the k-th

user is written as

_ |hj w[?

Y bf'w|2 + hi'R, by, + 03
i#k

Sk

®)

D. Sensing SNR

The echo received at the BS utilizing the multi-sector RIS
from the target is given by

K
vo =(gs ¥ Hy)" (g, % Hy) (Z Wik + Xt) +m (9)
k=1

where n, ~ CN(0,0%1y,) is the AWGN at the BS. Sub-
stituting g, = g, ¥, Hg. Using a number of mathematical
manipulations, the sensing SNR [22] may be expressed as

K
S =l g II? (Z wi gl” + gbRrgz?) oz (10)

k=1
III. PERFORMANCE ANALYSIS

In this section, we will start by evaluating the outage proba-
bility for the conventional STAR RIS and then later convert the
composite channel to the proposed non-diagonal multi-sector
RIS using order statistics. Since the RIS is partitioned into
multiple sectors, users positioned closest to a given sector will
experience an amplified signal from that sector. Consequently,
the phase shift matrix will be transformed into an ordered
matrix to optimize these gains.

A. OP of blocked user
OP is the probability that the SINR at the k-th user is below

the SNR threshold level, denoted as
Pry =Pr{Si < Sin, }

u

an

where Sy, = 2ftni —1 with Ryp, being the threshold rates of

k-th user. For calculating the OP of the k-th user, the transmit

beamforming vector wy is obtained by the maximum ratio
H

transmission (MRT) technique. It is given by wy = HE—kHH
From (8) and (11), the OP can be rewritten as: g
Sthy(14+p57)
Pr, :Pr{ hy ||P< 0 (12)
¢ [Reven 20— prSine



where p, = ’%’, and p, = are the transmit SNR for
Tk

Pr
2
Tk

the communication and sensing signal. P, and P, are the

power allocated to the message and sensing signal. 7 =

S>> |hffw;|? denotes the inter-user interference. For the
i€K itk
conventional multi-sector RIS the norm of the composite chan-

Z hr 19k,r

represents the individual elements of Hy and g, respectively.
With [Hy| and |g,| being i.i.d. distributed, as given in [23],
the multiplication of two random variables having Nakagami-
m distribution results in the probability distribution function
(PDF) that is represented as

nel is given by || hy, ||?= , where h, 1 and gy, ,

m;+mg
fXd (l‘) _ 4 (mlmw) i +7nz—1]

mi;—m 2 i )
F(ml)I‘(mm) i—Mme ( vim mlw)
(13)
where Xy =||hy|?, m;=min{my,ma}, my=max{m;,ms},
I, —m, () represents the modified Bessel function of the
second kind and subscript X represents the PDF for diagonal

STAR RIS. Due to the complexity in calculating I,,,, —, () in
(13), we employ the Laplace transform (LT) of X, given as:

—s||hg 2 — 4<m2mw)
Lx,(5) =B (oM7) = o B

o0
/ xm”m’”_le_”[trtl (2y/m;m,x) dx
0

Using [24, eq. (6.621.3)], (14) can be reformulated as

(14)

2m1
Lx,(s)=m(s+2ymimg)”
1 1 —2 Pz
F 2m1amz_m¢+*,ml+mdb+77ﬂ ,
2 2" s+ 2/mymg
(15)
where m= Y™™~ et (mymg)™ ’F(2m1)F(2mzf2ml) and

1"(77L11"(77Lz)1"(m1+mm+0 5)
F(-,-;-;-) represents hypergeometric series. Then, upon assum-

ing my # mgy and s — oo, the LT is approximated as

Lx,(s)~m(s+ 2 /mymg)

Considering that the reflected links as i.i.d.,
channel gain is computed as

Lx,(s) ~=m® (s + 2 /mymg) 2"
Utilizing the inverse LT in (17), the PDF is calculated as

(16)

the cumulative

a7

mR
2m1R 1 —21 /iy me,

fXd( ) 2m,R

(18)

The cumulative density function (CDF) of the composite chan-
nel is expressed as

Fra(@) = r'(2m;R)

¥ (2miR, 2y/mimgz) . (19)

The channel gain for the proposed non-diagonal multi-sector
RIS is organized in ascending order and can be articulated
through order statistics [25] as

Z()&d Wl = Fx, @I @0)

where (R) it and Fx, , («) represents the CDF. Using
(12) and (19) t e OP for UEk under composite fading in the
multi-sector RIS setup can be expressed as

r=> (1)

R (4mimm)7miR g
)

= ¥ F(szR
J
|: (2m7’R 2\/7 thk(1+pb1) ):|
p’r’Sth;C
mlR
wliom B (4mymy)~
F(ZmiR)

R—j
thk(1+pr) ) :| . (21)
pT Sthk

X 7y (2mz ,2¢/m

B. Sensing Rate

From an informational standpoint, the evaluation of ISAC
system performance depends on the key metric known as
the sensing rate (SR). This metric gauges the information-
theoretic boundaries governing the retrieval of environmental
information. Without the loss of generality, the sensing rate is
written as

E [log(1 + Ss)]

K
log <1+” & | <Z|W£gb|2+gbR7'gf>>] :
% k=1

(22)

1
R, = log(2)

1
= E
log(2)

Considering the transmit beamforming vector be designed
using the maximum ratio transmission (MRT) technique and

I, = Y |wlg,|% The distribution of ||g;||? is considered
€K ik
to be similar to ||hy||?. The sensing rate is expressed as

R

R :0/10g(2) log (1+z(ppz+psz+ppLs)) Z (j>fXd(33)

j=1

X [Fx, (@) 7' [1 = Fx, (2)] "7 7" (j = RFx,()) dz. (23)

C. System Throughput

The system throughput is evaluated by computing the OP
at a specified rate, represented as R;. The throughput of the
proposed multi-sector RIS MISO network is described as

Tsys = (1 - P,

i) R (24)

where PF , is the outage probability at the UE, given in (21).
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Fig. 2: Outage probability comparison between the proposed multi-
sector RIS, the STAR RIS, and the conventional RIS.

IV. RESULTS AND DISCUSSIONS

The section discusses results obtained from analyzing the
proposed multi-sector RIS system. The analysis is verified
through Monte Carlo simulations. In which, we assume a BS to
be equipped with 4 antennas, communicating with K = 4 users
while performing target detection using the proposed multi-
sector RIS, which consists of R elements. The transmit power
is P, = 10W, and the noise power is 02 = —80 dBm. The
interference power is assumed to be Z = Z, = —50dBm.

A. Outage Probability

Fig. 2 plots the OP of the proposed multi-sector RIS with
the SNR for m; = 2, my = 1. The number of multi-sector
RIS elements is also varied from R = 16 to R = 32. The
target rates for the UEj is R;,, = 1 bits per channel use
(BPCU). (21) is used to plot the outage probability of UEj.
The curves generated from numerical simulations closely match
the expressions derived in the previous sections. Increasing
R improves channel gain and outage probability. The red,
black, blue, and magenta curves indicate the OP as the R
increases from R = 16, and 32, respectively. This indicates
that increasing R reduces the OP. Furthermore, the solid lines
represent the proposed multi-sector RIS, and the dashes denote
the conventional STAR RIS. It is evident that the proposed
system showed improved performance than the conventional
STAR RIS. The performance gain is obtained because the
channel gain of the multi-sector RIS is obtained after sorting
the channels in ascending order, which results in a higher
overall gain than that of the conventional STAR RIS. Fig. 3
illustrates the OP of multi-sector RIS networks by considering
different target rates. The red, black, blue, and magenta curves
indicate the outage probability as the target rate increases from
Ryp,, = 0.5,1,1.5, and 2 BPCU, respectively. R is set to 16
to obtain the plot. An important observation is that higher
target rates in multi-sector RIS networks result in increased

Outage Probability
=)

—8— Multi-sector RIS
—p— STARRIS

—— Conventional RIS

-5 0 5 10 15 20 25 30 35 40
SNR (dB)

Fig. 3: Outage probability of users as a function of transmit SNR for
various threshold rate values.
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OP. This is due to the relationship between threshold rates and
the required SNRs.

B. System Throughput

The system throughput for the designed multi-sector RIS
network in the downlink is illustrated against the transmit SNR
in Fig. 4, with Ry, = 1 bits per channel use (BPCU). The
curves are derived from equation (24). The plot demonstrates
that the throughput of the multi-sector RIS configuration con-
sistently outperforms the conventional STAR RIS setup across
all SNR levels, mainly due to the influence of OP on throughput
performance. As the number of reflective elements grows, the
proposed structure achieves higher throughput, attributed to
improved outage characteristics for user UEg. Additionally,
an increase in RIS elements contributes to enhanced spectral
efficiency.

C. Sensing Rate

Fig. 5 plots the sensing rate of the proposed system versus
the SNR with setting to be m; = 2, my = 1, for different
numbers of RIS sector elements R. (23) is used to plot
the sensing rate. The figure reveals that the sensing rate of
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Fig. 5: Sensing Rate comparison between multi-sector, STAR and
conventional RIS.

the proposed multi-sector RIS is greater than conventional
STAR RIS. This enhancement is attributed to the multi-sector
design, which allows users nearest to each sector to benefit
from focused, sector-specific signal amplification. Furthermore,
increasing R improves the system’s sensing rate because a
higher R enables greater flexibility in the ordered phase shift
matrix, further boosting the sensing rate.

V. CONCLUSION

In conclusion, this paper presents a novel framework for
multi-sector RIS-assisted MISO networks with ISAC for 6G
applications. By partitioning the RIS into independently con-
trolled sectors, each capable of dynamic phase-shift adjust-
ments and sector-specific transmission or reflection, the pro-
posed system effectively targets distributed users while si-
multaneously supporting target detection through ISAC. The
derived closed-form outage probability expressions validate the
reliability of the nearest-sector selection strategy, particularly
under blocked direct link conditions between the BS and users.
Additionally, sensing performance is enhanced by calculating
the sensing rate within each sector, revealing that an increased
number of RIS elements significantly boosts target detection
capabilities. Comparative analyses demonstrate that this multi-
sector multi-sector RIS architecture outperforms conventional
RIS and STAR RIS, substantially improving communication
and sensing metrics. This framework highlights the potential
of sectorized RIS to drive advanced applications in next-
generation IoT networks.
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