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A novel multistatic integrated sensing and communication (ISAC) system based on cel-
lular network is proposed. It can make use of widespread base stations (BSs) to perform
cooperative sensing in wide area. This system is important since the deployment of sens-
ing function can be achieved upon the mobile communication network at low complexity
and cost without modifying the architecture of BSs for full duplexing. In this work, the
topology of sensing cell is first provided, which can be duplicated to seamlessly cover the
cellular network. Each sensing cell consists of a single central BS transmitting signals and
multiple neighboring BSs receiving reflected signals from sensing objects. Then an esti-
mating approach is described for obtaining position and velocity of sensing objects that
locate in the sensing cell. Joint data processing with an efficient optimization method is
also provided. In addition, key issues in the cellular network based multistatic ISAC system
are analyzed. Simulation results show that the multistatic ISAC system can reduce inter-
ference power by over 10 dBm and significantly improve position and velocity estimation
accuracy of objects when compared with the monostatic ISAC system, demonstrating the

1 | INTRODUCTION

Mobile network has been revolutionized in the past few decades.
It has been evolving from providing only voice service to sup-
porting high-speed data transmission for massive users. The
upcoming sixth generation (6G) mobile netwotks are envi-
sioned to be the key enabler for instantaneous and unlimited
connectivity for everything [1]. As a result, novel services and
capabilities can be provided, including extended reality (XR),
artificial intelligence (AI), computing, sensing etc. [2]. One of
the key emerging capabilities in 6G network is sensing which is
expected for the realization of various new use cases, such as
target detection, environmental monitoring and action recogni-
tion, with large amounts of device-free objects [3, 4]. Due to
the commonalities between the communication and sensing in
terms of hardware and radio resources [5], an integrated sensing
and communication (ISAC) system was recently proposed [0, 7].

effectiveness and promise of implementing the proposed system in the mobile network.

In ISAC system, the waveform for wireless communication pur-
pose is simultaneously utilized for sensing function. Therefore,
considerable integration gain can be achieved on cost, spec-
tral efficiency and energy efficiency. On the other hand, the
channel for ISAC system is also dual-functional and its model
is critical for the performance estimation of both functions
[8, 9]. Specifically, the sensing function aims to extract object
parameters from the information of propagation channel while
the communication process needs to correctly transfer the data
via propagation channel [10]. Hence, mutual benefits between
sensing and communication can be achieved by fully exploiting
results from both functions, for example, the transmit beam-
forming can be designed to achieve the optimal performance in
both functions [11]. Experimental study has also been obtained
to verify the practicality of ISAC system [12]. These natural
advantages make the deployment of ISAC system more desired
in the mobile network.
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To implement ISAC system in the mobile network, one
approach is using each single base station (BS) as transceiver
to sense the surrounding environment and this is referred to as
monostatic sensing [13, 14]. By transmitting the communication sig-
nal, the BS can receive the reflected signal from sensing objects
at the same time [15]. Then the object parameters, including
position and radial velocity, can be obtained by estimating the
angle of departure (AoD), angle of arrival (AoA), time delay
and Doppler frequency etc. [16]. However, a full-duplex BS
is required to accomplish the monostatic sensing while it is a
currently immature technique [17]. In the mobile network with
time-division duplexing (TDD) mode, an additional receiver for
sensing function can be implemented with spatial isolation to
the original transmitter on the same BS while the total size,
cost and complexity of BSs are significantly increased. More-
over, the power of the self-interference (SI) due to BS self
transmission and the mutual interference (MI) from the other
neighboring BSs is strong in cellular network with monostatic
sensing, resulting in degraded sensing performance. Therefore,
it is a great burden for operators to deploy monostatic sensing
in the cellular network.

To address the issues in monostatic sensing, bistatic sensing
utilizing two BSs was proposed where one BS acts as transmit-
ter with the other one being receiver [18—-20]. This avoids the
requirement of full duplexing and no further hardware change
is necessary for BSs. Owing to the long distance between BSs,
SI is automatically addressed. Besides, the number of BSs that
transmit signals is reduced by half when incorporating bistatic
sensing into cellular network, which can efficiently suppress the
MI. However in bistatic sensing, there is always a blind zone
where significant position estimation error occurs for objects
located in this area [21]. In addition, similar to the monostatic
sensing, the bistatic sensing is unable to fully recover the infot-
mation of velocity [21]. As further extension of bistatic sensing
and to overcome the challenges in both monostatic and bistatic
sensing, in this work we propose a novel multistatic ISAC sys-
tem based on cellular network. In this system, multiple BSs form
a sensing cluster to petform multistatic sensing [22] whete sens-
ing results of multiple BS receivers can be jointly processed to
improve sensing performance. To the best of our knowledge,
an analysis of the multistatic sensing in cellular network has not
been performed in the literature. The main contributions of this
work are summarized as follows:

1) Proposing multistatic ISAC system in cellular network. With
novel sensing cell structure, the proposed system overcomes
the issues in monostatic and bistatic sensing, satisfying
the requirement of large-scale ISAC implementation for
operators.

2) Proposing an efficient approach with joint data optimization
method to estimate position and velocity of sensing objects.

3) Analyzing and discussing key issues, including synchroniza-
tion, uplink/downlink frame structure and interference in
the proposed system.

4) Demonstrating the proposed multistatic ISAC system by
simulating the interference power in the system and the error

of position and velocity estimation. It is shown that the
proposed multistatic ISAC system can effectively suppress
the interference power and improve the object estimation
accuracy when compared with the monostatic ISAC system.

This article is organized as follows. Section 2 formulates the
multistatic ISAC system model in cellular network. Section 3
describes an efficient estimation method for obtaining position
and velocity of sensing objects. Section 4 analyzes key issues
of the proposed system. Section 5 provides simulation results
to demonstrate effectiveness of the proposed multistatic ISAC
system. Section 6 concludes the work.

Notation. Bold lower and upper case letters denote vectors and
matrices, respectively. Upper case letters in calligraphy denote
sets. Letters not in bold font represent scalars. || and £[4] refer
to the modulus and expectation of a scalar a. [a]; and ||a|| refer
to the /th element and /-norm of vector a, respectively. A7 and
A refer to the transpose and conjugate transpose of matrix

A, respectively. C denotes the complex number set. j = y/—1
denotes imaginary unit.

2 | SYSTEM MODEL

2.1 | Sensing cell in cellular network

For monostatic ISAC system, as illustrated in Figure 1a, all BSs
work in the same uplink (UL) or downlink (DL) mode at cer-
tain time, which is consistent with communication settings in
TDD cellular network. However, BSs simultaneously transmit
and receive signals for sensing purpose so that each BS receives
both SI signal from itself and MI signals from all the other BSs.
To avoid SI and MI issue in monostatic sensing, we consider
multistatic ISAC system where BSs work in different modes. In
general, smaller proportion of BSs in the DI mode is more ben-
eficial for MI suppression. Thus as shown in Figure 1b, partial
BSs in the DL mode transmit signals to surrounding environ-
ment with the other BSs in the UL mode receiving the reflected
signals from objects.

To analyze the multistatic ISAC system in Figure 1b, we dis-
cretize cellular network into multiple fragment of sensing cells as
enclosed by blue line in Figure 2. In the sensing cell, a single BS
with 3 panels locates at the center, each panel has /V antennas
as transmitter covering a sector of the sensing cell. In addition,
panels of BSs in the neighboring cells, facing towards the central
BS, act as receivers in the sensing cell. Receivers ate rotationally
symmetrical about the transmitter and the structure of the sens-
ing cell has both rotational and axial symmetries. Therefore, it is
straightforward to note that the sensing cell can be duplicated
and transformed to seamlessly cover the cellular network. In
addition with the sensing cell structure, only one-third of the
BSs in cellular network work in the DL mode for sensing func-
tion, resulting in lower MI power. The overall interference of the
cellular network with this sensing cell structure will be presented
in the simulation section.
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FIGURE 2  Structure of sensing cell in multistatic ISAC system.

2.2 | Signal model

The transmitted signal on the #th transmit antenna is in the
form of orthogonal frequency division multiplexing (OFDM)
signals [23, 24] given by

Ni—1 N—1
Xn (t) = Z Z Sn (”m ”.&‘) MZH/A”[”' = ”J*]D’” =12,-,N,

;=0 1,=0
O

where N, and IV, are the numbers of subcartiers and OFDM
symbols, respectively. s,(7,, #;) is the modulated symbol on the
n,th subcartier of the #th OFDM symbol at the #th transmit
antenna. fA is the subcarrier spacing, 7] is the OFDM sym-
bol period including cyclic prefix, 7(¢) is the function of pulse
shaping filter. The received frequency-domain symbols (with
matched filtering) of the &th receiver, £=1,2,...,K, in the

Downlink

Uplink \7

i B
BV R
>

Examples of UL/DL status of BSs in (a) monostatic (b) multistatic ISAC system based on cellular network.

sensing cell can be written as
y/é(”u n) = Hk(”[’ ”.r)s<”w ”.r) + nk(”n n;) + ik(”[a ”.r)’ @)

where Yk (”m ”y) = [)%,1 (”m ”f)’J/k,Z (”c’ ”y)’ e Vi, N (”w ”J‘)]T €
CMXL is the received symbol vector with V(s 1;) being the
received symbol on the 7,th subcarrier of the #,th OFDM sym-
bol at the sth receive antenna of the th receiver. n, € CV*1
and i, € CV¥! are the additive noise and interference sig-

T N
nal.  8( 1) =[5 (e 1)y 52 (103 1), e sy (5 1)) € CNVX

is the transmitted frequency-domain symbol vector.
H (1, 1) € CV is the frequency-domain channel given
by

L

H (1., n,) = Z B¢/ I SDkis 2Tkt InMeq 4 (Qp g /)
=1

xay (Qr,), €)

where L is the number of sensing objects, 8, ; € C is the chan-

nel gain of the /th path, 7., = %4 s the time delay with 4,
¢

and ¢ referring to the signal propagation distance and light

speed. Specifically, d; = dy; + dg 4, where dy ; and dp 5 ; are

the signal propagation distances from the transmitter to the

/th object and from the /th object to the £th receiver [25].

_ Lkl
Ips =

7|6, and £, denoting projected velocity and cartier frequency,

is the Doppler frequency of the /th object with

respectively. In particular, the projected velocity ») ., can be
decomposed as 7 ¢, = v g s + 7,7, Where v g e, and v 7
are the radial velocities of the /th object with respect to the
kth receiver and the transmitter [25]. ag :(Qgr /) € CN¥! and
ar(Qy ) € CVX1 are the steering vectors of the receive anten-
nas and the transmit antennas, respectively, Qz,; and Qr
are angle of arrival (AoA) and angle of departure (AoD) of
the /th path. Hy can be written as Hy = [hg 1, hz 2, ..., he ]
with h, , € cVx1 being the channel related to the #th trans-
mit antenna in the frequency domain. It should be noted that
to estimate the channel parameters related to sensing objects,
that is, fp s/, Tey, and Qp ;. the modulated symbol vector
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s is normally chosen as communication treference signal that
known to all receivers. Then the channel parameters, estimated
by all receivers, are sent to server for further joint processing to
determine position and velocity of sensing objects. This will be
described in the next section.

3 | MULTISTATIC SENSING

In this section, we present an efficient approach to estimat-
ing position and velocity of sensing objects in multistatic
ISAC system.

3.1 | Channel parameters estimation

We start with estimating AoA of the received signal.In this work,
we consider the multistatic sensing on the azimuth plane (with
azimuth angle ¢) as an illustrative example. Assuming AoA
remains unchanged within /V; OFDM symbol period, from (2)
we define

n)s ¢ € @y, *

2@ n,n) = al; (¢)Y@(

where @ is the AoA range for the 4th receiver in the sensing
cell. Then we calculate the sum power for all /V, subcarriers in
N; OFDM symbol period as

—1N,—1

be(@) = 2 Z e @, )

;=0 n,=0

Generally when ¢ = ¢p s, ¢ € Py, (2) can be perfectly com-
pensated for ag . (¢) so that (5) reaches local maximum value.
Therefore, AoA set ® . can be obtained by searching the peaks

Next we estimate signal propagation distance and projected
velocity based on g in (4) and the estimated AoA. Using each
stream of modulated symbol s, to divide g;, we have

4@ nen) _

ﬂ

+ a;{k(¢)flk(ﬂ[, n),p € Dpy (6

g/é,r/(qs’ My ”.r) = (¢)h/é 7/(”:9 7, )

0y (1575) Fig (e575)

Jﬂ(”[;”.r)
ference plus noise to the transmitted symbol. To extract the

where 0y (1, 1,) = refers to the ratio of inter-

information of time delay and projected velocity from (6), we
can perform two dimension (2D) discrete Fourier transform

(DFT) on g, [26] as

N;—1 N,—1

Ck,n (P, NN (¢ Ny 1 )

=0 1,=0

(. Nj\ew . \om
« )T T

where /N, is assumed to be even. The peaks in G ,(p,9),
indexed by (g, §¢.,)» are derived for estimating time delay and
projected velocity of the propagation path as

®)

Tfy = ©)

The propagation distance o 4, and the projected velocity 7 ¢,
of sensing objects can then be solved as

1\/
o (um3)
4 K, = )
W =N,

g7 _ (%k,n - 1)[
TN

(10)

1n

It should be noted that (6) to (11) can be repeated for each

5 =1,2,..., N, and we can thus average d; , and 9 ¢ ,,, 7 =

7>
N~

1,2, ..., IV, that s, ‘?k=%z dk”andynk—%zﬂ_ k>
as the estimated propagation dlstance and projected velocity by
the £th receiver. To this end, the estimated channel parameters
of sensing objects (@R,k, dy, 7)) can be obtained.

We provide here brief expressions of the estimation error
on @R’k,z?/g, ?|,¢)- For the estimation of AoA, the error ¢ =

|43R,k — @l depends on the resolution of ¢ in (4), denoted

by A, and its expectation is E[¢°] = AT¢. This is because ¢* is

uniformly distributed within [0, A7¢] Similarly, the resolution of

projected velocity and signal propagation dlstance are, respec-
tively, given by Ay = . f and Ad = . Therefore, the

NedsJe : [/A

expectation for estimation error of projected velocity and sig-
——and E[d] = —

AN.T.f. AN, fa

which are inversely proportional to the total OFDM symbol

duration NV, 7] and system bandwidth N, fj, respectively.

nal propagation distance are /Z[v |’|]

3.2 | Position and velocity estimation

In this subsection, we estimate position and velocity of sensing
objects based on the estimated AoA q@ R,&> Signal propagation
distance d; and projected velocity i for £=1,2,..,K. As
shown in Figure 3, assuming the coordinate of transmitter
is (xp,70) and the distance between transmitter and receiver
is dy, the location of receivers in the sensing cell are given

by (xease) = (30 + docos(“—10),y + dysin(*—1)) for &=
1,2,...,K.
3.2.1 | DPosition estimation

We first estimate object positions using AoA qu,k and prop-

agation distance d e k&=1,2,...,K. There are two estimation
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y ) _ i the optimization problem can be formulated as
Transmitted Signal ¢ D ;
. R,2 \ ('] Receiver 2
— = = > Reflected Signal ] .
x min f(x,9). (13)
/, X
/,

/ b . . L
do dR,z/’ G The problem (13) is an unconstrained optimization prob-
Wo % _— lem. Therefore, efficient optimization algorithms, such as

N = dr - Farget ’ quasi-Newton method [27], can be used to solve (13).
i \ l ) b \ V\T‘ v =[x W To help find an optimal solution that is close to the global

W= % = . o .
- = optimum and suppott convergence, it is important to provide
X .. . . .
% a good initial point for the quasi-Newton method. Specifically,
Transmitter dra ¥ we can use two AoA ¢p ¢ and ¢p ¢ estimated by the £ th and
u the &,th receivers together with receiver location (xy,, yy, ) and
\ . T
do \ " (e, ’J/kz)’ kl,.,éjz =1,2,..,K, k1 # k; to detive the initial guess
Ra W of object position as
N\
v N Receiver 1 . A

4 x Jky Ik T tan(¢R,k1 )xh - tan( R,éz)xkz

2 Ninit = = = (14
an(@ry, ) = an($r, )

FIGURE 3 lllustration of position and velocity estimation method in Xp, — X, + COt(éR,kl )J/k1 — COt($R,k2 )J/,éz

cellular network. Dinit = — — (15)
cot(@r.,) = cot(bry,)

methods that are related to different data fusion strategies:
(1) Hard data fusion: each receiver estimates and sends the
object position to server for calculating the weighted mean
position [21]. This method is referred to as mean position
method (MPM) and is most suitable for the scenarios where
computing resources at the server is tight. (2) Soft data fusion:
all receivers send AoA $R,/< and propagation distance 4, to
server for joint optimization to estimate object positions. In this
work, we mainly focus on the second method while the per-
formance comparison between two methods is provided in the
simulation section.

Assuming the coordinate of object position is (x,y), we
define the loss function for position estimation as

K 5 K 2
Zk:l Oc/@|dk—df _dR,/él +Zk:1 6/é|¢R,/€_¢/e|
K K
Zk=1 293 zk=1 Ble

5

fpos (X’J/) =
(12)

where dy = \/(x - XO)Z +( —)/0)2 is the distance between

the transmitter and the object, dp , = \/(x - X/QZ + @ —)//ﬁ)2
is the distance between the object and the 4th receiver, ¢, =

228 s the angle of object with respect to the &th receiver.
X=Xt

ay and B are the weighting coefficients for the th receiver. To
determine the value of otz and B, we consider the signal power
at the Ath receiver side. The received signal power is inversely
proportional to d%dé’/e [6] so that we let ¢t = d;zdéi. On the
other hand, the position estimation error due to the AoA esti-

arctan

mation error can be approximated as dg ¢|®Pr . — Prl. Thus,
we define 8 = Apdp i = d;Zd;,Z. It is expected that AoA and
propagation distance associated to the object at location (x, y)

are closest to the estimated parameters ¢ , and d . Therefore,

Using initial object position (Xiyirs Jinit), We can derive d ;i and
dp 4inic 3 the initial distance between the object and the trans-
mitter as well as the Ath receiver. The initial AoA is ¢g ;i =

Jinit )k — d_z -2

7,init? R, £,init and

arctan . The initial values for ag ;.

Xinit =%
Brinit = d;?nitd];}% i €an also be obtained. By using the pro-
posed optimization method, the optimal estimation of object
position can be rapidly obtained as (%, J).

3.22 | Velocity estimation

Next, we estimate object velocity v = [v,, y}]T based on the
estimated object position (%, j) and the projected velocity 7| ¢,
£=1,2,...,K.To perform the estimation, we need to first find
the relationship between 7| ; and v. Since the projected veloc-
ity 7) & is composed by two radial velocities )| 7 and 7 g z, We
set up local coordinate to obtain 7) 7 and ) g+ as a function
of object velocity v. As shown in Figute 3, the local coordinate
(, w) are set with the origin being the position of transmitter or
receiver and the positive #-axis pointing from the origin to the
object. The coordinate transformation from global coordinate
to local coordinate can be expressed by matrix

cos(¢)

16
—sin(¢) (16)

T@=[ m@}

cos()

As shown in Figure 3, by decomposing v in the local coor-
dinate of the transmittet, that is, (#,,#)-coordinate, we can
obtain v = [y, 7, pJ_J]T where ») 7 and v} 7 are referred to
as the radial and tangential velocity of object with respect to
the transmitter. Similar decomposition can be performed on
v in the (#, wy)-coordinate of the Ath receiver and we obtain
Ve = YR e UJ_,R’/e]T where ) g ¢ and v} p 4 are referred to as
the radial and tangential velocity of object with respect to the
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kth receiver. We can relate the velocities in local coordinates and
in global coordinate by

A

vy =T(r)v, (17)

~

vee=T(¢re)v, (18)

where ¢ = arctanZ2> and Pri = arctanZ=2%  Based on (17)
X=X X—=xy

and (18), the relationship between the projected velocity #) ; and
the object velocity v can be derived as

— A
Yk =07 F U RE =W,V (19)

where w; = [w, 4, u{),,/ﬁ]Y‘ with w, , = cos(qu,/ﬁ) + cos(qsr) and
wyp = sin(qu’k) + sin(qu). With (19) we can define the loss
function for velocity estimation as

K ~ |~
2t Ok [P = 2]

fea (V) = < , (20)

~

=1 %k

where &, = ‘?;2[2}_21 with 4, and 4 r4 being the distances
between the estimated object position (%, J) and the transmit-
ter as well as the 4th receiver. The corresponding optimization

problem can be formulated as
rrgn Feel V). (21)

The optimization problem (21) can be solved again by using
quasi-Newton method.

We also provide a good initial guess for object velocity
Vinit = [Zxinits inic] T 'This can be derived by collecting two esti-
mated projected velocities into vector ¥ ¢ ¢ = [7) 2,5 Z”’/QZ]T,
ki, ky =1,2,..,K, k| # ky and using (19) as

-7,
Vinit = [W/é1 W/éz] V”ﬂélﬂéz' (22)

By using quasi-Newton method, the optimal estimation of
object velocity v = [0, 7)] 7" can be obtained. Note that monos-
tatic and bistatic sensing system cannot fully recover the velocity
of object v.

Algorithm 1 summatizes the overall method for estimating
position and velocity of sensing objects. The performance is
verified in the simulation section.

4 | KEY ISSUES

In this section, we analyze and discuss key issues in multistatic
ISAC system in cellular network, including time synchroniza-
tion, uplink/downlink frame structure and interference.

4.1 | Time synchronization

Synchronization issue is critical in any mobile communication
system. In multistatic ISAC system, the estimation accuracy of

ALGORITHM 1 The optimization method for position and velocity
estimation.

Input: fp e, dg, o b= 1,2, ..., K;
1: Find x5 and y;5 by (14) and (15);
2: Find d7 jnic, dR g inits 0d P jnie using Xigie and s
3: Find (%,) by (13);
4: Find d, jk,k, q@k,é, and ¢ using (%, ) in step 3;
5: Find 2,7 and #)| g ¢ by (17) and (18);
6: Find v;;; by (19) and (22);
7: Find ¥ by (21);

Output: (%,7) and v;

signal propagation distance d, and resulting positioning accu-
racy strongly depend on the time synchronization error among
BSs. For example, the BS synchronization error in current BS
protocol TS 38.133 [28] shall not exceed 3 s, indicating that
the estimation error of 4, due to asynchronization can reach
900 m which is totally unacceptable. To reduce the synchro-
nization erroft, global navigation satellite system is one solution
where few-nanosecond asynchronization can be achieved [29]
and the consequent estimation error of d, is below 3 m. For
higher-precision positioning, one approach is to obtain syn-
chronization error among BSs to mitigate estimation error of
d . This can be performed by round-trip transmission for each
pair of BSs in the cellular network. The time delay differ-
ence between the forward and the backward propagation in
the round-trip transmission can be utilized to calculate syn-
chronization error. However, this approach is exhaustive and
time-consuming when the number of BSs to be synchronized is
large. Another approach avoids BS synchronization error issue
by estimating object position without using signal propagation
distance d . That is, the position estimation can purely depends
on the estimation of AoA and the term related to distance in
(13) can be dropped. This approach is preferred when object
association can be performed.

4.2 | UL/DL frame structure

As shown in Figure 1b, the UL/DL status of BSs are different
in the multistatic ISAC system, which is inconsistent with the
communication settings as in Figure 1a. To realize multistatic
sensing in TDD cellular network, dedicated symbols or slots
have to be allocated by receivers to receive the reflected signal
from sensing objects. Therefore, the frame structure for trans-
mitters (DL) and receivers (UL) are different. One frame design
with least modification to the original frame structure is to tune
the DL/UL symbol ratio in flexible slot for transmitters and
receivers. An illustrative example is provided in Figure 4a where
the sensing function is performed during the sensing period of
few symbols time. However, an elongated sensing duration is
desired for velocity estimation whose error is associated to the
total OFDM symbol period as described in Section 3. A. To
that end, a double-function slot can be designed in new frame
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5G Frame Structure of China Mobile TABLE 1  System parameters of cellular networks.
Frame U|U|D|D|D|D|D|D‘D.U|U| Parameters Set 1 Set 2
transmitter P Ty o [ o 0| 6|6 [U]u]u]u] pL Cartier frequency /, (GH2) 2.6 26
} U| UL
1::::::;: [p[p[p[p[clc|ulv|u]u]v]u]u]u] [l viesivie sor Subcarrier spacing fn (kHz) 30 120
Sensing Period (2 symbols) Guard Period System bandwidth BW (MHz) 100 400
(a) OFDM symbol period 7; (ms) 0.0357 0.0089

Novel Frame Structure with Sensing Slot

Frame |[D[Dp[D[D[D[D[s[s[s[ulp[p[p[p[D]D][D[S]S]U]

[p] oL
UL

Transmitter

Slots p[p[p[p[p[p[p][D]D]|U

Receiver
:]:lt‘:l L ‘ 4 ‘ D | d | D I b I | L I i El Double-function Slot
Sensing Period (3 slots)
(b)
FIGURE 4 Illustrative examples of UL/DL frame structure for sensing

purpose in cellular network.

structure for multistatic ISAC system as illustrated in Figure 4b.
That is, the double-function slot is activated for sensing purpose
when sensing service is prior to communication service.

4.3 | Interference

It is also important to analyze the interference issue in the mul-
tistatic ISAC system. We also analyze the interference in the
monostatic ISAC system as comparison.

One of the major interference signals received by a single
receiver in multistatic ISAC system is mutual interference (MI)
from the DL BSs in the non-adjacent sensing cells. Particularly,

MI power is higher as the number of BSs in the DL mode
increases. For our proposed sensing cell structure, the ratio
of DL to UL BSs in cellular network is ~ so that MI power
is lower than that in monostatic ISAC system where all BSs
simultaneously transmit and receive signals for sensing purpose.

On the other hand, user interference (UI) from the user
equipments (UEs) in the UL mode can also be received in
the multistatic ISAC system due to the co-existence of sens-
ing and communication. However, when the power difference
between the received UL communication signals from UEs and
the received reflected signals from sensing objects is smaller
than the maximum dynamic range of analog-to-digital con-
verters (ADC), the received UL communication signals can be
deleted from the overall received signals using method as suc-
cessive interference cancellation. To meet the requirement of
ADC, the uplink power control of UEs is needed. Another way
to address this issue is using different subcarriers or resource
group for sensing and communication, which also performs a
tradeoff between the sensing and communication performance
since the bandwidth for sensing determines the estimation error
of object parameters. Instead of interfered by UEs in the mul-
tistatic ISAC system, BSs in the monostatic ISAC system suffer
from self-interference (SI). The power difference between SI
and the reflected signals from objects should be smaller than

the maximum dynamic range of ADC so that SI cancellation
technique can be utilized [30].

The overall interference power in the multistatic and monos-
tatic ISAC system will be provided in the next section.

5 | SIMULATION RESULTS

In the simulation, we consider two types of cellular networks,
including the existing low-frequency mobile network and the
future high-frequency millimeter wave mobile network. The
system parameters are listed in Table 1. In addition, we con-
sider quadrature phase shift keying (QPSK) modulated symbols
on each subcarrier and IV = 16 antennas with half-wavelength
separation are utilized in each panel of transmitter and receiver.

5.1 | Interference

We first estimate the received interference power for a single BS
receiver in the proposed multistatic ISAC system, which con-
sists of MI from the DL BSs in the non-adjacent sensing cells
and Ul from UEs in the UL mode. In the simulation, the num-
ber of UEs is assumed as 500 in each cell. The transmit power of
BSs and UEs are 43 dBm and 23 dBm, respectively. The system-
level simulation results ate provided in Table 2, which are also
benchmarked with monostatic ISAC system in cellular network.
It should be noted that in the monostatic ISAC system, UEs ate
in the DL mode so that there is no Ul in this case.

It can be observed from Table 2 that for both low-frequency
and high-frequency cellular networks, MI power in the multi-
static ISAC system is 10 dB lower than that in the monostatic
system for all BS distances. This is because the number of
DL BSs in the proposed multistatic ISAC system is smaller.
In addition, UI in the multistatic ISAC system is also smaller
than mean SI in the monostatic ISAC system [31]. Therefore,
the overall interference power in the multistatic ISAC system
is lower than that in the monostatic ISAC system, demonstrat-
ing that the multistatic ISAC system can effectively suppress
interference power.

5.2 | Positioning and velocity estimation
performance

To further highlight the advantages of the proposed multi-
static ISAC system, the performance of position and velocity
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TABLE 2  Simulated interference power in multistatic and monostatic systems.
2.6 GHz 26 GHz
Multistatic (dBm) Monostatic (dBm) Multistatic (dBm) Monostatic (dBm)
BS distance (m) MI UI Overall MI SI Overall MI UI Overall MI SI Overall
100 —32 —32 -29 =22 =27 =21 =50 —48 —47 —40 —48 -39
200 —38 -39 —36 —28 =27 =25 =56 =56 =53 —47 —48 —45
300 —42 —43 —40 —32 =27 —26 —60 —58 =56 =50 —48 —46
500 —47 —45 —43 —37 =27 =27 —65 —59 —58 =55 —48 —47
1 5 €6
5
L 25¢
0.8 tg
74!
" 0.6 —Monostatic w
=) — Multistatic K=2 S3
o - - ‘Multistatic MPM K=2 2
0.4r Multistatic K=3 1 ‘D
Multistatic MPM K=3 g 2
—Multistatic K=4 -
0.2+ - - ‘Multistatic MPM K=4/ - o
— Multistatic K=6 wtr
-~ ‘Multistatic MPM K=6 s
0 - ' : ' : x 0
0 2 4 6 8 10 2 3 4 6
Position Estimation Error (m) Number of Receivers
(@ (b)
FIGURE 5 Simulated (a) CDF and (b) RMSE of position estimation in the proposed multistatic ISAC system based on 2.6 GHz cellular network.

estimation in terms of the cumulative distribution function
(CDF) and root mean square error (RMSE) are simulated. We
consider a single object located in the sensing cell and utilize
results from K receivers, including AoA, signal propagation dis-
tance and projected velocity, for joint processing to obtain the
estimated position and velocity as described in Section 3. B. The
distance between BSs is assumed as 4y = 300 m when f, = 2.6
GHz and 4, = 100 m when f, = 26 GHz. In addition, the reso-
lution of ¢ in (4) is set as A¢ = 1°. Particulatly, the resolution of
projected velocity is inversely proportional to carrier frequency
so that the number of OFDM symbols required for velocity
estimation in f, = 2.6 GHz system is very large. Therefore,
we only estimate the velocity in multistatic ISAC system with
/; = 26 GHz where object velocity ranges from 5 to 35 m/s
with arbitrary direction.

5.2.1 | Position estimation performance

As shown in Figure 5, the CDF of position estimation error as
well as the RMSE, based on the joint optimization method, in
the proposed multistatic ISAC system (referred to as Multistatic)
based on 2.6 GHz cellular network are simulated, which are also
benchmarked with the performance of monostatic ISAC sys-
tem (referred to as Monostatic) and the multistatic ISAC system
based on the mean position method (referred to as Multistatic
MPM). We can make following observations about Figure 5:

First, it can be straightforwardly noticed that the position esti-
mation error decreases as the number of receiver K increases.

This is because activating more receivers in the proposed sens-
ing cell can estimate sensing objects from various directions and
thus improve the position estimation accuracy. Second, it can be
observed that when K = 4 and 6, the position estimation error
in the multistatic ISAC system is smaller than that in the mono-
static ISAC system, demonstrating that the multistatic ISAC
system with the proposed sensing cell structure outperforms the
monostatic ISAC system in position estimation. Third, it can be
observed that our proposed estimation method achieves better
performance than the mean position method (MPM), showing
the effectiveness of the joint data optimization.

We also simulate the CDF and RMSE of position estimation
in 26 GHz cellular network as shown in Figure 6. The same
conclusions hold again that the multistatic ISAC system with
K = 6 receivers in the proposed sensing cell structure outper-
forms monostatic ISAC system. It can also be observed that the
position estimation performance in 26 GHz cellular network is
better than that in 2.6 GHz cellular network. This is because
the sensing area in 26 GHz cellular network is smaller while
the system bandwidth is larger compared to that in 2.6 GHz
cellular network.

It should be noted that the BSs in both monostatic and
multistatic ISAC systems can only estimate a pair of AoA
and propagation distance for each object. Therefore, the
computational complexity at each receiver in multistatic ISAC
system is the same as that in monostatic ISAC system. The
only difference is that the computational complexity at the
server side of multistatic ISAC system is higher due to the joint
data processing using quasi-Newton method. However, the
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FIGURE 7 Simulated (a) CDF and (b) RMSE of velocity estimation in the proposed multistatic ISAC system based on 26 GHz cellular network.

computing power in the 6G network is envisioned to be greatly
enhanced to overcome the issue of increasing computational
complexity in our proposed optimization process.

5.2.2 | Velocity estimation performance

We also provide CDF and RMSE results for the velocity esti-
mation in the proposed multistatic ISAC system as shown in
Figure 7. It can be observed again from Figures 7a and 7b
that the velocity estimation error decreases as the number of
receivers K increases. This is not only because more receivers
provide much information about the projected velocities, but
also related to the reduction of position estimation error. In
addition, the velocity estimation error in the multistatic ISAC
system is significantly smaller than that in the monostatic ISAC
system. The large velocity estimation error in the monostatic
ISAC system is caused by the undetectable tangential velocity.
These results demonstrate that the proposed multistatic ISAC
system can fully recover the velocity of objects by using multi-
ple receivers and overcome the drawbacks of monostatic ISAC
system that can only estimate the radial velocity.

To conclude, by implementing multistatic ISAC system in cel-
lular network, the interference power within the network can be
greatly reduced. The estimation accuracy of object position and
velocity can also be improved when compared with monostatic
ISAC system.

6 | CONCLUSIONS

In this paper, we proposed a novel multistatic ISAC system in
cellular network. The proposed system well satisfies the ISAC
implementation requirement of operators by making use of
widely deployed BSs. Specifically in this system, we propose
the topology of sensing cell to seamlessly cover cellular net-
work. The sensing results of multiple receive BSs in the sensing
cell can be jointly processed with efficient optimization method
to estimate position and velocity of sensing objects. In addi-
tion, key issues related to this system are also analyzed. It is
shown by simulation results that the proposed multistatic ISAC
system can efficiently suppress interference power by over 10
dBm for sensing function when compared with the monostatic
ISAC system. In addition, the proposed system outperforms
the monostatic ISAC system in terms of the estimation error
of object position and velocity. These results demonstrated
the effectiveness of the proposed multistatic ISAC and the
promise of implementing such system in the upcoming 6G
mobile network.

This proposed system can serve as an initial guidance in ISAC
deployment for operators. For future works, the RCS char-
acteristics of realistic sensing objects can be considered. The
reflected signal power to different direction is determined by
the RCS distribution over the objects surface. Therefore, further
comparisons between multistatic and monostatic ISAC system
can be made for typical sensing objects such as unmanned
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aerial vehicles. However, multistatic ISAC system can receive
reflected signals from various angles, which is beneficial for the
estimation of sensing objects.

In addition, the effect of UEs power control on data trans-
mission can also be investigated. The UL power control may
be needed for reducing UI and improve sensing performance
while this will reduce UL data transmission rate. However, as
per Table 2, when there are 500 UEs in each sensing cell of
the multistatic ISAC system, UI power is close to MI power
so that around 3 dB overall interference power reduction can
be achieved by stopping all UL transmissions. Therefore, UL
power control with reduced UL data transmission rate has lit-
tle effect on improving sensing performance. These will be
investigated in our future research.
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