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Abstract

In this paper, the orbital angular momentum (OAM) channel model is dealt with focusing on multiple users. Generally, the OAM
channel model includes Bessel function to show the divergence. However, the channel model can be approximated by different aspect which
research requires to focus on. Therefore, modified Bessel function is used to derive channel model giving fair dirvergence effect for multiple
users. The performance analysis of proposed model is simulated in terms of average capacity and outage probability.

I. Introduction

Orbital angular momentum (OAM) in radio communiation referes to a
property of waveforms that represnts a potential new degree of freedom[1]. To
generate vortex waves, the uniform circular array (UCA) is recommended
because of its adjustable size and supporting multiple OAM modes[2].
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Figure 2 Geometrical transceiver

O. System model

In this section, we suggest a system model consits of a base station (BS) and
K number of OAM users (UEs) shown in Figure 1. The BS has concentric
UCAs supporting multiple OAM users. We assume that every OAM user has
a single UCA and the maximum number of OAM mode is determined according
to the number of UCA elements. It is known that L number of OAM modes

can be generated at given /V number of UCA elements[ruination].

Figure 2 shows a geometrical transceiver for OAM. The number of UCA
elements at the BS is identical to that of OAM users. It represents that each
UCA from a BS communicates with a sinlge OAM user. The radii of transmit

and receive UCAs denote 7 and K. The number of transmit and receive UCA
elements denote 7 and 72. The elevation angle ¢ is tilted angle between
centers of transmit and receive UCAs. The center distance DD is a distance
between transmit and receive UCA. The element distance d,,, is a distance

between transmit and receiver UCA elements. The element distance can be

rewritten and approximated as follows

dyn = m\/l . 2(DRsin ¢ cos pm — rRcos(m — ¢pn) — Drsin g cos p,)
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where (a) follows the binomial approximation 1+ 2 = 1+ /2 [4] and
(b) follows the condition D > 7, K. The multiplication of discrete Fourier
transform (DFT) and inverse DET (IDFT) is exploited with OAM line-of-sight
(LoS) channel[5]. The LoS and non LoS channel model referred from [6] can
be obtained using (1) as follows
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II. Performance analysis

In this section, we describe the performance of the proposed channel model in
the aspect of average capacity (AC) and outage probability (OP). The AC can
be expressed as follows

P EIL=1 |hNLoS |2

Cr=E{log,| 1+
’ No? &)

where FE ( . ) is the expectation operation and © is the transmit
signal-to-noise ratio (SNR). L is the total number of OAM modes. /V is the

number of transmit UCA elements. ¢ is the additive Gaussian noise.
The OP is degined with cumulative distribution function (PDF) of the transmit
SNR given rate threshold. The exact OP is derived from [7] can be rewritten

as follows

Fi = {1 = Py(ym < 2% -1}

(@)

IV. Simulation results & Conclusion

The section presents the simulation results in terms of AC. The simulation
parameters are considered as wavelength A=0.01 where the carrier frequency
is 30GHz and a coefficient related to antenna characteritics 8=47. The radii
of transmit and receive antenna is given as 3[ml for UE 1, 4[m] for UE 2, 5[m]
for UE 3 (# = ). The center distance is given as 40[m] for UE 1 , 45[ml]
for UE 2, 50[m] for UE 3. The number of transmit and receive UCA antenna
is given as 6 (/N = M)). The total of OAM modes is given as L=[-323]. The
elevation angles are given as 20 ° for UE 1, 10 ° for UE 2, -10 ° for UES.
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Figure 3 AC comparison
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Figure 4. OP comparison

ACKNOWLEDGMENT

This research was supported by the MSIT(Ministry of Science and
ICT), Korea, under the ICAN(ICT Challenge and Advanced Network
of HRD) program(II'TP-2022-RS-2022-00156394) supervised by the
TIITP(Institute of Information & Communications Technology Planning
& Evaluation)

This research was supported by Basic Science Research Program
through the National Research Foundation of Korea(NRF) funded by
the Ministry of Education(No. 2022R111A1A01066178)

REFERENCES

[1] Mohammadi, Siavoush Mohaghegh, et al. "Orbital angular
momentum in radio—A system study.” IEEE transactions on
Antennas and Propagation 58.2 (2009): 565-572.

[2] Chen, Rui, et al. "Orbital angular momentum waves:
generation, detection, and emerging applications.” IEEE
Communications Surveys & Tutorials 22.2 (2019): 840-868.

[3] Chen, Rui, et al. "Multi-mode OAM radio waves: Generation, angle
of arrival estimation and reception with UCAs.” IEEE Transactions
on Wireless Communications 19.10 (2020): 6932-6947.

[4] Griffiths, David J. "Introduction to electrodynamics.” (2005):
574-574.

[5] Kushel, Olga, and Mikhail Tyaglov. "Circulants and critical points
of polynomials.” Journal of Mathematical Analysis and Applications
439.2 (2016): 634-650.

[6] Jing, Haiyue, Wenchi Cheng, and Xiang-Gen Xia. "A simple
channel independent beamforming scheme with parallel uniform
circular array.” IEEE Communications Letters 23.3 (2019): 414-417.

[7] Lee, Man Hee, and Soo Young Shin. "On the performance analysis
of flexible pairing between UAV and GU in NOMA."” Turkish
Journal of Electrical Engineering and Computer Sciences 30.5
(2022): 1715-1725.



