ON THE UNILATERAL APPROXIMATION CONDITION WITH LINEAR

ARRAYS IN NEAR-FIELD NLOS PROPAGATION

Aniol Marti', Luca Sanguinettiz, Xavier Gracia'

{aniol.marti, xavier.gracia}eupc.edu, luca.sanguinettieunipi.it

TUniversitat Politécnica de Catalunya - BarcelonaTech (UPC)
Dipartimento di Ingegneria dell’ Informazione, University of Pisa

Barcelona, October 2026

UNIVERSITAT POLITECNICA
DE CATALUNYA
BARCELONATECH




h

[ B!

Transmitter Receiver

* What is the impact of receiving antennas on transmitting ones?
* In the far field: negligible (unilateral approximation).

* Large arrays & high frequency — Near field.
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System Model

* Single-antenna single user. y e
* N side-by-side Hertzian dipoles: o 4 1
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* NLoS propagation:
L
h =% 2an.6)
C, = ZIL:I Bra(r, 6)a(n, ) Geometry of a ULA deployed along the y axis.
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Multiport Communication Theory

Signal generation ; Antenna coupling !
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Multiport communication model of a SIMO system.

Antenna Coupling
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Unilateral Approximation
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Asymptotic Analysis

Intra-array coupling admits the lower bound [2]:

, , H(Z) H(4) H(6)
12Xy + ZR||F > N|Z. +RJ* + NR

&d)?  (d) | (xd)

Generalized Harmonlc Numbers — Bounded for fixed d

The reflected component is given by:

tr(Cy) . R[S 1 1
a(r, 0)|s, aln,n/2)|,=—=12) ——— =
Tz |ZG+ZT|Zﬂ,||(z Dl lau /Dl =520, 5 =

Discrete Arrays (D — oo)

Continuous Arrays (d = D/N — 0)

12y + Zglly = OWN), 121y + Zg|ly = O(N??),
. R2r; coth( 2L
limy_.a(r, 7/2)l; = d—() < oo tr(Cy)/1Z + Zi| = O(N)

[2] A. Marti et al., “Asymptotic analysis of near-field coupling in massive MISO and massive SIMO systems,” IEEE Communications

Letters, vol. 28, no. 8, pp. 1929-1933, 2024 o



Numerical Res

Parameter Value Parameter Value
Carrier frequency f=10GHz Scattering sphere radius 7, =3m
Amplifier and load impedance Z; =7, =186 —j31.6Q Dipole length 1=1/20
6 |- 12 |
10 10 —a— 1Z 0y + Zgls
3,;_.—”——""'/.—././.—././.—. 10° H—e—L =15 u=(10,1)m
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Impedance [Q]
Impedance [Q]

Intra- and inter-array coupling norms as functions  Intra- and inter-array coupling norms as functions
of N for fixed inter-element spacing d = 1/2. of N for fixed aperture D = 5m.
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Additional Scenarios

Collinear Dipoles Practical Antennas

Toroidal radiation of Hertzian dipoles, with
mutual impedance:

(icr)?
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Cier 1 j
Z|(r)=3Rre J (—W'F )

No 1/r term

* Smaller mutual coupling compared to
side-by-side dipoles.

» Conclusion: same divergence rate.
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* Qualitatively similar mutual impedance.

* Inter-array coupling is evaluated in the
radiative near field (point sources).
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Conclusions

* Validity in near-field NLoS: The unilateral approximation is asymptotically satisfied on
average in near-field NLoS multipath channels.

* Fixed d: Intra-array coupling grows as O(v/N), while reflected coupling converges to a finite
upper bound via Poisson summation as N — co.

* Fixed D: Intra-array coupling grows as O(N>®) once d < 1/20, dominating the linear O(N)
growth of reflected coupling.

* LoS consistency: Divergence rates match prior LoS results and apply to collinear dipoles.
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