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Abstract— This paper presents a low-cost circularly polarized
conical-beam RFID antenna designed for integration with indoor
access points. The antenna consists of two FR-4 PCB layers, where
the lower layer represents the access point PCB and serves as the
ground plane and mechanical support of the RFID antenna, while
the upper layer contains horizontal radiating elements that excite
the TMo2 mode to generate the conical radiation pattern. Radial
meandered feed lines provide in-phase excitation to perimeter
radiating arcs, enabling a compact structure. Four central screws
connecting two PCBs also act as conductive RF pins, carrying
vertical current flows. The resulting circular polarization achieves
an axial ratio below 3 dB across the entire 920 — 925 MHz RFID
band. The simulated results demonstrate a realized gain above 1
dBi and a radiation efficiency of approximately 75%, making it
suitable for cost-effective indoor RFID applications.

Index Terms—RFID, FTTR, conical-beam,
circular polarization, Indoor Access Point.
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L INTRODUCTION

With the development of fiber-optic indoor networks, Fiber-
To-The-Room (FTTR) solutions enable high-speed and reliable
Wi-Fi coverage in every room of a residence. An FTTR system
typically consists of a main unit, referred to Master FTTR Unit
(MFU), and multiple secondary units, knowns as Sub FTTR
Units (SFUs), forming a centralized Point-to-Multipoint (P2MP)
topology [1-2]. This architecture ensures reliable service
delivery and enables unified network management across all
SFUs.

Antennas play a crucial role in FTTR systems by providing
flexible coverage and stable connectivity, through fixed-beam
antennas with either directive or omnidirectional radiation
patterns [3], as well as reconfigurable antennas capable of
intelligently distributing beams among multiple access points
and users [4]. FTTR antennas can adapt to diverse use cases in
both residential [5] and professional environments such as
industrial or office environments [6-7]. Furthermore, compact
multi-band filtering antennas integrated in MFU and SFUs [8]
can enable Wi-Fi communications supporting Multi-Link
Operations (MLO), as key Wi-Fi 7 feature defined in /EEE
802.11.bn.

Although indoor localization using Wi-Fi signals has been
widely studied as the Integrated Sensing and Communication
(ISAC), relying solely on communication waveforms often
limits positioning accuracy in complex and dynamic indoor
environments due to multipath propagation, polarization
mismatch, and environment variations. Employing a dedicated
RFID technology and frequency band specifically optimized for
indoor localization can provide higher precision and robustness,
while complementing the communication function of FTTR Wi-
Fi access points [9], enabling advanced features such as adaptive
coverage optimization and Al-enabled intelligent connectivity.
Therefore, integrating RFID capability directly into FTTR
access points requires compact and compatible antenna
solutions that can operate in parallel with existing Wi-Fi
antennas. By embedding dedicated RFID antennas within the
access point hardware and leveraging Wi-Fi links primarily for
coordination between MFU and SFUs, accurate global
localization can be achieved even when access point placements
are not optimal.

In RFID systems, circularly polarized antennas with conical
radiation patterns (for ceiling-mount devices) offer key
advantages, including reduced sensitivity to tag orientation,
wider and more uniform indoor coverage, improved reliability,
and enhanced robustness in multi-path environments, making
them well suited for indoor tracking with randomly distributed
tags and users. Conical beams are commonly realized by
exciting higher-order modes such as TMp, TMo; [10-11], or
TM,; [12], while circular polarization is achieved through
multiport feed networks with phase shifts or structural
modifications of the radiator and its current distributions [10],
[12]. However, these approaches often increase design
complexity, fabrication sensitivity, and fabrication costs.

To address these challenges, this work proposes a circularly
polarized conical-beam RFID antenna designed for indoor
localization, and integration into ceiling-mount FTTR access
points. The proposed architecture eliminates complex feeding
networks and external phase-shifting components, simplifying
implementation while keeping stable circular polarization and
uniform conical coverage, with its novelty supported by a patent
[13].



II. ANTENNA ARCHITECHTURE AND OPERATION

Fig. 1 demonstrate the proposed antenna which consists of
two FR4 PCB layers, both with a relative permittivity of ¢ = 4.4
and a thickness of 4 = 1.2 mm, which is a commonly used
material for less-expensive manufacturing. The bottom PCB has
a square shape with a side length of L =240 mm, which can also
function as the main PCB of the possible host product, while the
upper PCB has a circular shape with a diameter of D =200 mm
and includes the horizontal radiating elements. The distance
between the two layers is H= 15 mm.

The antenna is fed at the center using four M6 vertical screws
that carry the RF signal to the upper radiating layer. Several vias
are placed at the PCB connection points to ensure stable
electrical contacts. The screws also provide mechanical support
for the upper PCB, while few plastic spacers between the two
layers can be added to improve assembly accuracy and
placement tolerances. The upper radiating layer operates in the
TMo: mode, which generates a conical beam radiation pattern.

Fig. 2 illustrates the operating mechanism of the proposed
antenna. The distribution of surface currents on the top layer is
shown in Fig. 2(a), which demonstrates that the currents flowing
along the meandering lines do not radiate constructively and do
not contribute significantly to the radiation. Instead, these lines
primarily transport the RF signal from the center to the radiating
arcs of the curved monopole and feed them in phase. Fig. 2(b)
shows the electric field distribution calculated at a distance of 3
cm above the antenna, where the meandering lines modify the
TMoz mode, reshaping the field and producing minimal radiation
from the central region of the antenna. In contrast to the
conventional TMoe2 mode, which exhibits a purely radial electric
field distribution, the radiating arcs introduce an additional
azimuthal component, thereby perturbing the original mode.

The circular polarization of the antenna is achieved by the
combination of V-pol fields radiated from the vertical feeder and
H-pol fields radiated from the arcs located near the edge of the
upper layer. The 90° phase difference between these two
orthogonal components is controlled by the length of the non-
radiating meander lines. This design ensures that the two
components combine coherently at an observation distance of
approximately one wavelength (L), resulting in circular
polarization with a good axial ratio.
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Fig. 1 Architecture of proposed RFID antenna with two FR4 PCB
layers, and the central feeder.
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Fig. 2 Surface current and electric field distributions of the proposed
antenna: surface current distribution with simplified black arrows
indicating vertical and horizontal current flows (a), and electric field
distribution illustrating the modified TMo> mode (b).

III. SIMULATED PERFORMANCE

The simulation results of the proposed RFID antenna, using
CST Microwave Studio, are presented in this section. Fig. 3
shows the simulated return loss (in dB) and the axial ratio (4R)
versus frequency. The return loss remains below —15 dB,
indicating good impedance matching over the full RFID band
(i.e., 920 MHz to 925 MHz). Within the same band, the AR
remains below 3 dB, confirming effective circular polarization.

Fig. 4 shows the radiation patterns of the antenna in the E-
plane, demonstrating conical shapes due to the TMo> mode at
both the beginning and the end of the RFID band. It also shows
3D radiation patterns of the realized gain, with maximum gain
slightly above 1 dBi over RFID band.
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Fig. 3 Return loss versus frequency in dB (top), and axial ratio in linear
(bottom) of the proposed antenna as shown in Fig. 1.



Fig. 5 shows the total radiation efficiency of the proposed
antenna versus frequency, achieving approximately 75%
efficiency across the entire RFID band, which indicates
acceptable performance for indoor RFID access point
applications. The dielectric losses, as well as fabrication and
assembly tolerances, should be carefully considered if a high
radiation efficiency is required. In particular, for ceiling-mounted
access point applications (for example in FTTB applications [4-
71), where mainly forward radiation (along z-axis) is desired, a
larger ground plane should be additionally considered to improve
the front-to-back ratio.

IV. CONCLUSION

A low-cost circularly polarized conical-beam RFID antenna
has been proposed and analyzed for indoor access point
applications in the 920 — 925 MHz band. The simulated results
demonstrate good impedance matching, stable circular
polarization with an axial ratio below 3 dB, and a conical
radiation pattern providing uniform spatial coverage for FTTR
applications. The antenna achieves a realized gain of
approximately 1 dBi and a radiation efficiency of about 75%
across the operating band, confirming its suitability for short-
range indoor RFID deployments.

The proposed design offers a simple structure with reduced
fabrication complexity, making it an attractive candidate for cost-
sensitive applications. A prototype of the antenna is currently
under fabrication, and future work will focus on experimental
validation of the simulated results and evaluation of its
performance in practical deployment scenarios, including
ceiling-mounted access point configurations.
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Fig. 4 Radiation performance of the antenna: Normalized realized Gain
in E-Plane versus elevation angle (6) at 920 MHz (a) and 925 MHz (b).
3D realized Gain patterns at 920 MHz (c) and 925 MHz (d).
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Fig. 5 The total radiation efficiency (linear) of the proposed antenna, versus
frequency.
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