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Integrated sensing and communications (ISAC) is expected

to play a vital role in the sixth-generation (6G) wireless

networks [1]. By utilizing high frequencies, extremely large-

scale antenna arrays, and new antenna designs, the 6G-

empowered ISAC faces several new challenges, one of which

is the considerable near-field (NF) region [1]. Compared

with far-field (FF) plane wave model, the NF model as-

sumes spherical wave. This will affect beamforming (BF)

designs in ISAC. Most previous works on ISAC beamform-

ing assume the traditional FF model [2]. Recently, the BF

design for NF ISAC has also attracted interest [3]. All these

studies have considered only the NF or FF model. Ref. [4]

considered mixed NF and FF scenario for communications,

but without sensing. In practice, the targets and the com-

munication users (CU) could be in different fields. In the

mixed near- and far-field, due to their different operating

ranges of communications and radar or different mobilities

of users and targets, assuming only NF or only FF mod-

els causes potential performance loss [5]. Inspired by the

observations above, this letter considers a mixed-field ISAC

scenario, where the dual-functional base station (BS) serves

multiple NF and FF CUs and detects one NF target using

mono-static setting. The contributions of the letter include

the design of beamformers for the mixed near- and far-field

in ISAC and the investigation of the sensing performance

loss due to mismatched channel models. The system model

is shown in Appendix A. Specifically, a communications per-

formance fairness profile (FPO) problem is formulated, and

a Dinkelbach-type successive convex approximation (SCA)

algorithm is proposed to solve the problem. Note that using

NF models for FF CUs or targets may increase the complex-

ity with little performance improvement. It is beneficial to

use FF model for FF target or CU in a mixed-field scenario.

Channel model. Assume that the dual-functional BS

employs a uniform linear array (ULA) with Nt transmit

antennas and Nr receive antennas. The adjacent antenna

spacing is set to d = λ
2
, where λ is the carrier wave-

length. Assume that the center of the BS is the origin,

and the coordinate of the n-th antenna is [δ(n)d, 0], where

n = 0, . . . , Nt − 1, δ(n) = n − Nt−1
2

. Assume that the

target or CU has distance r and angle θ ∈ [−π
2
, π
2
] from

the origin. The complex channel gain is β = β0
r
e−j 2π

λ
r,

where β0 is the 1-meter reference free-space path loss [5].

The Rayleigh distance, denoted as dF = 2D2

λ
, determines

the boundary between the NF and FF regions, where D is

the antenna aperture [3]. When r < dF , the NF channel

vector is modeled as hnear = βa (r, θ), where a (r, θ) is the

NF beam focusing vector that can be modeled as a (r, θ) =

[e
−j 2π

λ

(

r(0)−r
)

, . . . , e
−j 2π

λ

(

r(n)−r
)

, . . . , e
−j 2π

λ

(

r(Nt−1)−r
)

]T,

and r(n) is the distance between the n-th antenna and

the target or CU [3]. When r > dF , the FF channel

vector is modeled as hfar = βa(θ), where a(θ) is the

FF beam steering vector that can be modeled as a(θ) =

[ej
2πd
λ

δ(0) sin(θ), . . . , ej
2πd
λ

δ(n) sin(θ), . . . , ej
2πd
λ

δ(Nt−1) sin(θ)]T.

Communications signal-to-interference-plus-noise ratio

(SINR). Assume that the system serves multiple single-

antenna mixed-field CUs. There are M NF CUs denoted by

m ∈ {1, ...,M}, and N FF CUs denoted by n ∈ {1, ..., N}.
The CU channels are assumed to be static during L time

samples. Note that this letter considers fixed LoS channels

with uniform power for all antennas during a given period.

This can be extended to NLoS channels, with each antenna

having its unique channel gain for future works [6]. The

data signal transmitted by the BS is given by

x [l] =
M∑

m=1

b
m
neard

m
near [l] +

N∑

n=1

b
n
fard

n
far [l] =

M+N∑

j=1

bjdj [l] ,

(1)

where l = 1, . . . , L, {bj} ∈ CNt×1 are the transmit beam-

forming vectors, dj [l] ∼ CN (0, 1) are the Gaussian dis-

tributed data samples. The received signal at the j-th CU

is given by

yj [l] = h
T
j bjdj [l]

︸ ︷︷ ︸

desired signal

+h
T
j

∑

k 6=j

bkdk [l]

︸ ︷︷ ︸

interference

+zj [l] , (2)

where {hj} =
{
{hm

near} ∪ {hn
far}

}
are the Nt × 1 channel

vectors of CUs, {hm
near} and {hn

far} are the channel vectors

of NF and FF CUs, respectively, zj [l] ∼ CN
(

0, σ2
j

)

is the

additive white Gaussian noise (AWGN) at the j-th CU. The

SINR at the j-th CU is given by

Γj =
h
T
j bjb

H
j h

∗
j

M+N∑

k=1,k 6=j

h
T
j bkb

H
k h

∗
j + σ2

j

=
fj ({bj})

gj ({bj})
. (3)
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Figure 1 (Colro online)(a) Average CU SINR versus SCNR constraint s; (b) average CU SINR versus P0 when SCNR constraint

= 25 dB.

Sensing signal-to-clutter-plus-noise ratio (SCNR). Using

the transmitted signal in (1), the output of the sensing re-

ceiver can be expressed as

ys[l] = f
H
s βsarsa

T
tsx[l] + f

H
s

R∑

r=1

βrarra
T
trx[l] + f

H
s zs[l]

= f
H
s βsAsx[l]
︸ ︷︷ ︸

sensing signals

+ f
H
s

R∑

r=1

βrArx[l]

︸ ︷︷ ︸

clutters

+ f
H
s zs[l]
︸ ︷︷ ︸

AWGN

,
(4)

where fs ∈ CNr×1 is the receive beamforming vector whose

expression can be found in Appendix B. zs[l] ∼ CN
(
0, σ2

sI
)

is the AWGN at the sensing receiver, R is the number of

clutters. ats,atr and ars,arr are the transmit and receive

beam focusing vectors, respectively, As and Ar are the cor-

responding beam steering or focusing matrices. βs and βr

are the complex channel gains of the target and clutters,

respectively. Then, the SCNR can be expressed as

γs =

∑M+N
j=1 |βs|

2
f
H
s Asbjb

H
j A

H
s fs

∑R
r=1 |βr|

2
f
H
s Ar

(
∑M+N

j=1 bjb
H
j

)

A
H
r fs + σ2

s f
H
s fs

.

(5)

Beamforming design. The optimization problem can be

formulated as

(P1) max
{bj}

min
j=1,...,M+N

Γj

cj
(6a)

s.t.

M+N∑

j=1

tr(bjb
H
j ) 6 P0, γs > s, (6b)

where cj is the minimum SINR requirement of the j-th CU,

s is the minimum SCNR requirement of the target, P0 is

the transmit power constraint. (P1) is non-convex, and to

solve it we convert it into a convex one in Appendix C. We

propose a Dinkelbach-based SCA algorithm in Appendix D.

Simulation results. We consider that the BS is equipped

withNt = Nr = 65 antennas and operates at 28 GHz, result-

ing in dF ≈ 21.94 m. There are two NF CUs, two FF CUs,

and one NF target, their locations are listed in Appendix E.

The minimum SINR requirement of NF CUs is 15 dB, while

for the FF CUs this value is 10 dB. The SCNR constraint

is set to 25 dB. P0 is set to 30 dBm, σ2
j and σ2

s are set to

1. Both Figures 1(a) and (b) consider four cases, including

the communications only systems with mixed or FF channel

models and mixed ISAC systems with mixed or FF channel

models. Figure 1(a) shows the effect of sensing SCNR on the

average CU SINR. One sees that for both mixed ISAC sys-

tems, the average SINR decreases with the sensing SCNR.

The average SINR of communication only systems remains

flat as the sensing SCNR constraint increases, because they

are not affected by the sensing target. The systems with

mixed models have higher average CU SINR than those with

traditional FF models. The difference between mixed ISAC

systems with mixed models and FF models increases dra-

matically as the sensing SCNR constraint increases. This

is expected, as for NF CUs and the NF target, the trans-

mit energy focuses on the locations of CUs and the target,

respectively, resulting in reduced energy leakage to the in-

terferers and clutters.

Figure 1(b) shows the effect of total transmit power on

the average CU SINR. In all four cases, the average SINR in-

creases with the total transmit power P0. The systems with

mixed models have higher average SINR than those with FF

models. The communication only systems have higher aver-

age SINR than mixed ISAC systems. As the total transmit

power increases, the gap between systems using mixed mod-

els and FF models decreases. This is because higher trans-

mit power enhances overall communication quality, which is

particularly beneficial in cases with mismatched models.
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