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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 Ny transmit
antennas and N, receive antennas. The adjacent antenna
spacing is set to d = %,
length. Assume that the center of the BS is the origin,
and the coordinate of the n-th antenna is [§(")d, 0], where

where A is the carrier wave-

n=20,...N—1 6 =n— N‘Q_l. Assume that the
target or CU has distance 7 and angle 0 € [-7F, 5] from
the origin. The complex channel gain is 8 = ﬂ—r‘)e_j%rr,
where Bo is the l-meter reference free-space path loss [5].
The Rayleigh distance, denoted as dp = g, determines
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the boundary between the NF and FF regions, where D is
the antenna aperture [3]. When r < dp, the NF channel
vector is modeled as hpear = Ba(r,0), where a(r,0) is the
NF beam focusing vector that can be modeled as a (r,0) =
[e*j%" (r(o),r) o 7e*j277r (r(‘“)fr) o ’e*jo" (Y(Nt’l)flf)]T7
and (™) is the distance between the n-th antenna and
the target or CU [3]. When r > dp, the FF channel
vector is modeled as hyq, = [a(f), where a(f) is the
FF beam steering vector that can be modeled as a(f) =
Paj%zs(o) sin(0) .7ej%a<"> sin(0) 7ej¥5<Nc*1) sin(G)]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

M N M+N
x[(] =3 bltardhbar (1 + D bl di, 1= > byd; 1],
m=1 n=1 j=1

(1)
where | = 1,...,L, {b;} € CNtx1 are the transmit beam-
forming vectors, d;[l] ~ CAN(0,1) are the Gaussian dis-
tributed data samples. The received signal at the j-th CU
is given by

yj (1= hibsd; [I] +h] > brde [l]+2;[1], (2)
N—_—— kg

desired signal

interference
where {h;} = {{h7_ }U{h} }} are the N; x 1 channel

vectors of CUs, {hj,.} and {h} } are the channel vectors

of NF and FF CUs, respectively, z;[l] ~ CN (O,J?) is the
additive white Gaussian noise (AWGN) at the j-th CU. The
SINR at the j-th CU is given by

h7b;bi'hy D)

g ({bs})’

Uy ==~ (3)
> hibgbih} + o?
k=1,k#j

info.scichina.com  link.springer.com


http://crossmark.crossref.org/dialog/?doi=10.1007/s11432-024-4152-9&domain=pdf&date_stamp=2024-10-15
https://doi.org/10.1007/s11432-024-4152-9
info.scichina.com
link.springer.com

Xiao Y, et al. Sci China Inf Sci
o R s
8! T e
= L (a)
g 215 T sl
1) "\1_\
=3 S
O 21 5
< -e-Communication only with mixed models IS,
£ 205 -a-Communication only with FF models \’\.\
< Mixed ISAC with mixed models i
-a-Mixed ISAC with FF models
% 21 22 24 25 2 28 29 30
Sensing SCNR (dB)
Figure 1

= 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

R
ys[l] = £ sarsal x([l] + £ >~ Branalx[l] + fz[l]

r=1

(4)

R
£18. Ax[l] + £ BrArx[l] + £zl
_,—/ r—1 \,—/

sensing signals AWGN

clutters

where fs € CNr*1 is the receive beamforming vector whose
expression can be found in Appendix B. zs[l] ~ CN (0, 02T)
is the AWGN at the sensing receiver, R is the number of
clutters.
beam focusing vectors, respectively, As and A, are the cor-
responding beam steering or focusing matrices. Bs and B,
are the complex channel gains of the target and clutters,
respectively. Then, the SCNR can be expressed as

ats, aty and ays, apy are the transmit and receive

SN |85 £l A b, b ATE,

SE 1B AL (S0 Vbl ) AlTE + 0261

(5)
Beamforming design. The optimization problem can be
formulated as

1—‘.
(P1) max min = (6a)
{b;} 7=l M+N ¢;
M+N
st. Y tr(bbf) < Po,vs>s,  (6b)
j=1

where c; is the minimum SINR requirement of the j-th CU,
s is the minimum SCNR requirement of the target, Py 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
with Ny = N, = 65 antennas and operates at 28 GHz, result-
ing in dp &~ 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. Py is set to 30 dBm, o2 and 02 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.

November 2024, Vol. 67, Iss. 11, 219301:2

B Mixed ISAC with mixed models
-=-Mixed ISAC with FF models

-o-Communication only with mixed models
-A-Communication only with FF models

)r\:

R (dB

»
8

o

Average CU SIN

297 298,299 30 30.1 302
31 32

24 25 26

27 28 29
Transmit power Py (dBm)

(Colro online)(a) Average CU SINR versus SCNR constraint s; (b) average CU SINR versus Py when SCNR constraint

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 Pp. 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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