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System background

• The wireless communication frequency bands are moving towards higher 
frequencies
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• The loss of traditional transmission lines increases with frequency

Microstrip line

• More and more bands and channels are integrated in one antenna, leading to 
increasingly limited space available for feeding lines
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Topic 1: New-type low-loss transmission line structure

Topic 2: Mode converter design with low loss and simple structure

Topic 3: Low mutual coupling among densely distributed transmission lines

Challenge 1: Due to dielectric loss, conductor loss, and radiation loss, the transmission loss increases 
with its electrical length, especially at high frequencies. 

Challenge 2: The transition loss between different transmission modes is high.

Challenge 3: When the layout space is limited, the coupling between transmission lines becomes a 
major contributor to the transmission loss. 
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Background Description of the Problem

Research Topics
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Challenge #1: Low-loss Compact Transmission Line (RF Efficiency, New Spectrum)
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Challenge #2: High-Selectivity FSS (Coverage efficiency, New spectrum) 

System 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.

Topic 1: Theoretical method to derive the performance boundary of 
single/multiple layer FSS

Topic 2: FSS with high selectivity and angular stability but simple structure
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 Limited selectivity of FSS

 Limited angular stability of FSS

 No theoretical method to derive 
the performance boundary of 
single/multiple layer FSS

• The performance variation of FSS is large with the incidence angle under TE/TM wave, 
especially at large incidence angles.

• How to achieve higher selectivity? 

• Lack of theoretical method to derive the performance boundary of single/multiple layer 
FSS, in terms of bandwidth, selectivity, transmission loss, reflection level, etc.

GAP between the objective and the current capability

Background Description of the Problem

Research Topics
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Challenge #3: Wide-Angle Scanning (Beamforming efficiency, New spectrum)

Topic 1: Broaden beamwidth of antenna element at limited array spacing

Topic 2: Small active VSWR of phased array with large scanning angles

Topic 3: Low-cost radome design for improving wide-scan capability (±90°) 

• The beam steering angle of conventional planar antennas has limitations.

• Due to the limitation of the array 
size and spacing, existing 
electrical scanning arrays 
inevitably suffer from gain loss 
while extending the scanning 
angle

• Significant performance 
degradation with the scanning 
angle larger than 50°

dH= 0.5λ @fm

Dense Array

System Background
• The antenna array with wide-scanning capability is required for the wide-angle coverage 

scenarios.

θ

1. How to broaden the element beamwidth to compensate for the limited array spacing and 
improve the wide-angle scanning capability?

2. How to reduce the mutual coupling in dense array to improve the active VSWR and wide-
angle scanning capability?

3. How to realize a lower-cost radome that improves wide-angle scanning capability?

Relation between scanning ability and 
array factor & antenna element

Mutual coupling between 
antenna column 

Background Description of the Problem

Research Topics
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Challenge #4: Intelligent Antenna Array Design and System Compatibility

• The intelligent antenna beam should be achieved with low PIM, fast 
switching, high power handlity, and simplified design.

• Low PIM  ≤ −107dBm

• Single Channel Power ≥ 20W

• Fast switching speed
< 1 µs

• The number of switches determines the cost and power consumption

TTI1

TTI2

RRU BBU OSS

AISG: Antenna Interface Standards Group 
(rate is only 9.6Kbps)

• Intelligent antennas will greatly improve 
scheduling capability

• High-speed transmission protocols are required

Challenge in Antenna Array Design

Switch 1
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Switch 6

Challenge in System Compatibility

• Handover compatibility between system requirements and antenna beams.

New 
Opportunity

New 
Challenge

Service complexity

O&M complexity

Connection Complexity

B2C->B2B->B2X
Agility: service provisioning, self-service

Deterministic SLA: sensitive latency, high reliability

2G->3G->4G->5G->5.5G->6G
Wireless: nx M-MIMO

Antenna: From Black Box to Intelligent
Core: virtualization, cloudification, and edge sinking

Load: flexible east-west traffic scheduling

Connecting People -> Connecting Everything

100x Connection density

1.5x Connection mobility

1000x Connection data

Intelligent social governance

Social development trends

Accelerated evolution of 
telecom networks

101010
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Connecting PC to connecting 
people and applications

Internet Era to Cloud Era

Digitalization of 
economic operation

Online public 
consumption

Smart society 
requires 

Internet of 
Everything

Manual and 
automation 
alone cannot 
meet the 
challenge

Beam scheduling with AI

Research Topics

Topic 1: Low-cost fast-switching antenna array with high power and low PIM

Topic 2: AI enabled smart beam scheduling
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Challenge #5: New Array Architecture to Bridge 20dB+ Coverage Gap of U6G

• U6G has much larger bandwidth and therefore higher capacity. 
However, its coverage capability is weak.

• U6G ELAA with new architecture is desired to support high gain 
and low loss

20dB+ Coverage Gap at 6-15GHz

Sub15G is critical for broadband applications
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Nuan Song, et al, ”Overlapped Subarray Based Hybrid Beamforming for Millimeter Wave Multiuser Massive MIMO”

Traditional antenna array Performance ComparisonOverlapped Subarray

Traditional Low-loss architecture

Filter Filter
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Filter Filter

Sparse array

Background Description of the Problem

1. Request new array architecture for U6G ELAA with high performance

2. Request new low-loss antenna architecture for U6G ELAA

Research Topics

Topic 1: Simplified array architecture for U6G ELAA

Topic 2: Low-loss antenna system for U6G ELAA

System background
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2023 Huawei Antenna innovation Cup

https://competition.huaweicloud.com/information/10000
41886/introduction

Important Dates

15 Oct. 2023 Deadline of submission

30 Oct. 2023 Announcement of winners

Hertz Award:
Topic 1: Consistent Array Element Pattern

Topic 2: Ultra-low Profile Broadband Dual Antennas

Maxwell Award:

Topic 3: Beam Convergence and Precise Beamforming of 
Wideband Array


