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Interference Analysis in Mixed-field Communications with
Extremely Large-scale Planar Arrays

ZHOU Chao, YOU Changsheng’
(Department of Electronic and Electrical Engineering, Southern University of Science and Technology, Shenzhen, Guangdong 518055, China)

Abstract: Extremely large-scale arrays are regarded as a key enabling technology for sixth-generation (6G) wireless
systems, owing to their substantial gains in spectral efficiency, spatial resolution, and beam-focusing capability. As the array
aperture and carrier frequency increase, near-field spherical-wave propagation becomes more pronounced, making mixed-
field communication scenarios with coexisting near-field and far-field users inevitable. Existing studies mainly focus on uni-
form linear arrays, while the physical mechanism of far-field beam leakage toward near-field users in the two-dimensional
angular domain under uniform planar arrays, as well as its impact on achievable rate, remains insufficiently characterized.
In this paper, we investigate a mixed-field downlink system equipped with an extremely large-scale UPA. Based on a sepa-
rable Fresnel approximation, we derive a closed-form expression for the mixed-field correlation function between near-field
and far-field steering vectors, which reveals the intrinsic 2D coupling characteristics of far-field leakage. We then establish
a rate-loss model for the near-field user under far-field leakage interference, obtain the exact rate-loss expression, and char-
acterize its structural properties with respect to the leakage intensity and the interference-free signal-to-noise ratio. Numeri-
cal results validate the theoretical analysis and further examine the effects of array size, 2D angular mismatch, user distance,
and power allocation. The results show that mixed-field leakage under planar arrays exhibits pronounced 2D coupling fea-
tures, and that the rate loss is monotonically increasing and strictly concave with respect to the leakage intensity. Moreover,
under a high interference-free signal-to-noise ratio, the near-field user becomes more sensitive to far-field leakage. These
findings provide theoretical guidance for beamforming design, user scheduling, and interference management in mixed-field
communication systems with extremely large-scale planar arrays.

Keywords: extremely large-scale array; mixed-field communication; planar array; channel correlation; interference
analysis
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Figure 3  Two-dimensional distributions of the rate loss AR with respect to the azimuth angle ¢ and elevation angle @ of the far-field interfering

user for different near-field user distances
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Figure 4 Achievable rate, rate loss, and energy efficiency versus the near-field user distance
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