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Introduction

 Unmanned aircraft system (UAS) is the aggregation of multiple 

systems:

• Unmanned aircraft subsystem

• Ground control station (GCS) subsystem 

• ATC subsystem

• Sense & Avoid subsystem 

• Payload subsystem (e.g. video camera, etc.).

 The physical aircraft is the unmanned aerial vehicle (UAV) or, 

simply, unmanned aircraft (UA)

 Well-developed UAV technology 

 Significantly lower costs than that of traditional manned aircraft 

systems [1]



Projected and Current Applications

Categorization of 

UAS Users 

Application Examples



Classification of UAVs [2]

 Useful UAV Classification are mean takeoff weight 

(MTOW) based 

Nano UAV:

Hummingbird

Micro UAV:

Raven A/B

Small UAV:

RQ-16A T-Hawk
Small UAV:

RQ-16A T-Hawk



Projected Relative UAV Quantities
 Around 22% and 67% will be of type MAV and SUAV by 2035

 SUAV and MAV communication typically LoS radio communication [3] (and not BLoS)

 BLoS is the indirect radio communication between the UA and a UACS using satellite 

communication services

LoS and BloS Example

PMF of UAV Quantities



Control and Non-payload Communication 

(CNPC) and Payload Links 



Computed Spectral Requirement

 Bandwidth Requirement for any link:

 Computation is based on Methodology I of ITU-R [4]

 Only 34 MHz of spectrum for LoS CNPC is intended to be allocated

 Increase of Spectral Efficiency to 1.45 bps/Hz  



Air-to-Ground Propagation
 Cell Planning in Spectrum Computation is utilizing radio horizon as 

link range

 For LAPs high shadowing effect at low elevation 

angles

Illustration of Radio 

Horizon
Shadowing of LAP [5]

Radio LoS Probability 



DL Spectrum Sharing Scenarios

 UAV missions can be either of individual or 

cooperative nature

 Routes are either pre-planned (point-to-point or 

aerial-based) or unplanned

1. CNPC Spectrum from Higher Layer 

Available (Video/Weather Radar)

2. Intra-tier Spectrum Sharing

3. Unused spectrum from terrestrial 

communications systems 

(e.g. 3.5 GHz)



DL Spectrum Sharing of 

Cooperative UAV Swarms

 Similar concepts apply for Cooperative UAV 

Swarms

 Choose the “best” Master UAV to optimize 

throughput [6]



Conclusion

 Spectrum sharing solely based on sensing is 

not suitable for the UAS context

 Sensing as support of DSA

 Knowledge about neighboring UAVs (location, 

pre-determined route, phase of flight, etc.) 

needs to be available to make accurate 

decisions about opportunistic spectrum access

 A-priori knowledge of spectrum availability may 

also apply 

 Location-based sensing allows the spectrum to 

“move”
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Projected Absolute UAV Quantities

 Predicted Quantity for all 3 Type of Users by Function 



Link-Specific Data Rate 

Requirement

 CNPC Data Rate Requirement in bps [4]



Cell 

Types



LAP ATG Propagation


