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Challenge #1: High-Performance FSS with Minimal Layers

Topic 1: Minimize FSS layers by integrating more resonant modes in metallic layers 

Topic 2: Minimize FSS layers by integrating filtering circuits

Research Topics

Extremely Simplified Macro Station for Sub100G Challenges in Minimum-Layer FSS

Background

• With the increasing spectrum demand but limited antenna installation platform, 
the future macro base station antenna is evolving to multi-band and wideband 
operation. However, the limited antenna spacing causes high cross-band mutual 
coupling, resulting in deteriorated performance and poor coverage efficiency 
across all bands.

• FSS technology can be used to reduce the cross-band interference for improving 
the coverage efficiency.
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▪ High out-of-band rejection

▪ Limited space and high cost for 
multiple layer FSS (thickness)

GAP between the objective and the current capability

Band 1 Band 2

Band 3

FSS

• Designing FSS structures with broad passbands and extra transmission zeros 
generally demands numerous metallic layers and significant spacing between 
layers to create necessary resonances and couplings. 

• How to consolidate multiple resonant modes into a single layer to reduce the 
number of metallic layers? 

• How to integrate filtering circuits into FSS cells to achieve desired performance 
with a lower profile and fewer metallic layers?
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• The number of metallic layers: ≤ 6

• Total thickness: ≤ 0.11λ0 (λ0 is the wavelength @2.25GHz)

• Layer spacing: equal, with an identical dielectric constant
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Challenge #2: Independent Beam Control for Multi-band Arrays

Challenges in Multi-band Independent Beam Control  

• Requirement: Reconfigurable beams according to different frequencies  for 
shared-aperture antennas

Research Topics

Topic 1:  Independent beam control for multi-band shared-aperture arrays

Topic 2:  Consistent and wide-range beam control within a small antenna spacing 
of 0.5λ0
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Coverage across Different Frequency Bands

Band

Background: According to different propagation characteristics, wireless 
network communication usually uses low frequency bands to provide basic 
network coverage, and high frequency bands to implement high capacity 
services. Furthermore, for different bands, radiation patterns should be 
independently reconfigured in terms of beam direction and beamwidth for the 
network optimization of respective cells. This will better adapt to various user 
scenarios in diverse regions at different time.
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Beam adjustment for shared-aperture multi-band antennas

• LB: 700/800 MHz, FBW of 25%, HB: 1.8/2.1 GHz, FBW of 25%

• Horizontal width: 200mm for LB antennas (0.47λ0 @700MHz), 100 mm 
for HB antennas (0.6λ0 @1.8GHz)

• Independent beam adjustment capability for LB and HB antennas

• Adjustable horizontal beam direction: ±60°

• Adjustable horizontal beamwidth: 50°–90° (HBW3), 120°–180° (HBW10)

• Consistent beam adjustment over the wide bandwidth
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Challenge #3: Reconfigurable and Movable antenna for Wireless Communication 

Wenyan Ma, Lipeng Zhu, Yanhua Tan, Beixiong Zheng, Yujie Zhang, Yuchen Zhang, Keke Ying et al, “A Survey 
on Reconfigurable and Movable Antennas for Wireless Communications and Sensing,” IEEE Communications 
Surveys & Tutorials (2026).

Background

• Reconfigurable Antennas (RA) and Movable Antennas (MA) are pivotal for 
advancing 6G systems, offering enhanced spectral efficiency, link reliability, and 
coverage via flexible radiation pattern adjustment, position/orientation tuning, 
and polarization control.

• However, most existing performance analysis rely on ideal assumptions such as 
unlimited motion and full pattern reconfigurability, which contradict real-world 
hardware constraints. In practice, antennas face limited motion ranges, bounded 
rotation angles, discrete operational states, and limited reconfigurable range of 
radiation patterns. This gap between theory and practice undermines the 
reliability of simulation results.

Research Topics

RA/MA Enhanced Wireless Communication Challenges in RA/MA Enabled Wireless Performance

Comparison of MIMO capacity for 
MA and RA systems versus SNRMA-aided MIMO System

Topic 1: Theoretical performance analysis under realistic channel models with  
constrained DoF RA/MA

Topic 2: Optimized practical RA/MA deployment for 5G-A/6G scenarios

Azimuth adjustment: ±60°
Remote E-TiltRemote Azimuth Steering

MA

Remote Control of HBW

MA + RAT RAT

Elevation adjustment: 0° ~ 10° Horizontal HBW change: 60°±15°

• Develop a unified mathematical model to characterize practical constrained DoF 
for RA and MA, including limited motion, discrete states, and hardware 
impairments.

• Propose an accurate performance calculation framework to quantify spectral 
efficiency, sum rate, and link reliability under realistic constraints. 

• Design low-complexity joint optimization algorithms for antenna state and 
communication systems, enabling adaptive matching between hardware and 
transmission strategies. 

• Derive quantitative design guidelines (e.g., required motion range, number of 
reconfigurable modes) to optimize practical antenna systems for 6G scenarios.

Gap: Ideal vs. Practical Mismatch, leading to over-
optimistic performance predictions that fail to 
guide real deployments.
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