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Motivation

Transmitter Receiver

𝗵

?
• 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.
• 𝑁 side-by-side Hertzian dipoles:
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3
2
𝑅rje−j𝜅𝑟(
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−
j
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• Near-field region:

[a(𝑟 , 𝜃)]𝑛 = 𝑔𝑛
e−j𝜅𝑟𝑛
𝜅𝑟𝑛

• NLoS propagation:

𝗵 = ∑𝐿
𝑙=1 𝛼𝑙a(𝑟𝑙 , 𝜃𝑙)

C𝗵 = ∑𝐿
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Geometry of a ULA deployed along the 𝑦 axis.
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Multiport Communication Theory
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Signal generation Antenna coupling Noise Load

Multiport communication model of a SIMO system.

Antenna Coupling

𝗭UA
A = (𝑍T 𝟬

𝗵 ZR
) ∈ ℂ(𝑁+1)×(𝑁+1),

[ZR]𝑚,𝑛 = 𝑍||(𝑑|𝑚 − 𝑛|), 𝑚 ≠ 𝑛

Noise-Free Relation (𝘃L = 𝗱vG)

𝗱UA =
𝑍L

𝑍G + 𝑍T
(𝑍LI𝑁 + ZR

��
���HH
HHH

− 𝗵𝗵T

𝑍G + 𝑍T
)
−1
𝗵

Unilateral Approximation

E[‖𝗵𝗵T‖F]
|𝑍G + 𝑍T|

≪ ‖𝑍LI𝑁 + ZR‖F ⟹
tr(C𝗵)
|𝑍G + 𝑍T|

≪ ‖𝑍LI𝑁 + ZR‖F
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Asymptotic Analysis

Intra-array coupling admits the lower bound [2]:
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Generalized Harmonic Numbers → Bounded for fixed 𝑑

The reflected component is given by:
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= 1
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Discrete Arrays (𝐷 → ∞)

‖𝑍LI𝑁 + ZR‖F = 𝑂(√𝑁),

lim𝑁→∞‖a(𝑟𝑙 , 𝜋/2)‖
2
2 =

𝑅2
r𝜋𝑟𝑙 coth(

𝜋𝑟𝑙
𝑑
)

𝑑𝜅2𝑟2𝑙
< +∞

Continuous Arrays (𝑑 = 𝐷/𝑁 → 0)

‖𝑍LI𝑁 + ZR‖F = 𝑂(𝑁 3.5),

tr(C𝗵)/|𝑍G + 𝑍T| = 𝑂(𝑁 )

[2] A. Martí 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
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Numerical Results

Parameter Value Parameter Value

Carrier frequency 𝑓 = 10GHz Scattering sphere radius 𝑟s = 3m
Amplifier and load impedance 𝑍G = 𝑍L = 186 − j31.6 Ω Dipole length 𝑙 = 𝜆/20
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Intra- and inter-array coupling norms as functions
of 𝑁 for fixed inter-element spacing 𝑑 = 𝜆/2.
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Intra- and inter-array coupling norms as functions
of 𝑁 for fixed aperture 𝐷 = 5m.
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Additional Scenarios

Collinear Dipoles

Toroidal radiation of Hertzian dipoles, with
mutual impedance:

𝑍|(𝑟) = 3𝑅r e−j𝜅𝑟 (−
1

(𝜅𝑟)2
+

j
(𝜅𝑟)3

)
⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟

No 1/𝑟 term

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

• Conclusion: same divergence rate.

Practical Antennas

0 1 2 3

−0.2

0.0

0.2

0.4

0.6

0.8

1.0

𝑑/𝜆

ℜ
(𝑍

21
)/
𝑅 r

Isotropic radiator
Hertzian dipole

𝜆/2 dipole

• 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(√𝑁), while reflected coupling converges to a finite
upper bound via Poisson summation as 𝑁 → ∞.

• Fixed 𝐷: Intra-array coupling grows as 𝑂(𝑁 3.5) once 𝑑 ≤ 𝜆/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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