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Agenda

• Introduction to 5G systems 
– Motivation to future systems: densification 
– Wireless fronthaul: Role of Network flying platforms 

• Vertical FSO-based framework for fronthaul 
– Link budget, weather conditions and system losses
– Performance evaluation in terms of data rate
– Cost evaluation (capital) for various technologies

• Drone-small cell association problem
– Problem formulation and numerical analysis 
– Two algorithms: distributed and central 

– Airborne SON
– Layered architecture for cellular network
– Drone placement problem and SON

– 3-Takeaway Points
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Network Flying 
Platforms:

Introduction to 5G systems 



Nikola Tesla
(10 July 1856 – 7 January 1943)

“When wireless is perfectly applied, the 
whole earth will be converted into a 
huge brain, which in fact it is, all things 
being particles of a real and rhythmic 
whole. We shall be able to communicate 
with one another instantly, irrespective 
of distance.” 
Nikola Tesla (1925)
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Roadmap to 1000x: sustainable way!

Advanced  

Interference  

coordination

Self  

Organizing  

Networks

Hyper-dense HetNets

Ad-hoc Small-cells and other  

radio access technologies

Wi-Fi Integration

2020: Beyond 4G, Radio Evolution for the Gigabit Experience, Nokia Siemens Networks, Aug. 2011

• Logical separation  
between idle mode  
and userDTX/DRX

• More antenna >>  
higher rate >>more  
time forsleep

• Higher capacity
without desired

densification

Milli-meter and •  
Microwave wave  

spectrum
Visible Light

spectrum

Unlicensed  

spectrum(ASA)

Spectrum aggregation
• Phantom cell >>  

control/data plane
decoupled

• Cognitive principles in  
spectrum and resource  
allocation

• Trafficoffload
• Improved and reliable

links

• Green backhaul  
solutions forhyper  
dense small cells

• D2D communications
and other device

centric services

• Load balancing
• CoMP and other  

network
coordination >>  
energy savings
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Network Densification: Pitfall

Source: Project: Post card from the near future, CTVR , Ireland, 2014.
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Backhaul/fronthaul Dynamics: 
Ultra-dense HetNet

Internet

Backhaul 
Hub

RRU
Fronthaul

Lightly loaded residential area 
during peak time 

Core network

Central controller 

• RF NLOS backhaul/fronthaul 
• Placement of backhaul/fronthaul hubs  (NP-Hard 

problem)
• Data rate of Gbits/s could not be achievable 

Fiber backhaul

• Fiber 
• Deployment cost 
• Latency due to bending, etc. 

Wireless 
fronthaul

Free space optical (FSO) 
communications: towards the 
speed of wireline links . . .

Capacity routing fronthaul link

Heavily loaded business area 
during peak time 

Fronthaul over shared/adjacent 
channel

Multi hope links
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Real World Scenario: Wireless 
Backhaul
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Network Flying 
Platforms: 

Vertical FSO-based framework for fronthaul 
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Vertical FSO-based Fronthaul for 
Ultra-dense HetNets

M. Alzenad, M. Z Shakir, H. Yanikomeroglu, and M.-S. Alouini, “FSO-based vertical fronthaul/backhaul framework for 5G+ 
wireless systems,” in IEEE Communs. Mag., Oct. 2017, https://arxiv.org/abs/1607.01472
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Spectrum for Vertical NFP-based 
Communications

Technology Data rate Channel modeling Atmosphere Wind

Free space  
optics  
(FSO):

• Up 10 Gbits/sec
• LOS isrequired
• Unlicensed
• Reduced interference

• Link budget analysis
• model forFSO

satelliteComm
• mathematical

models

• Fogand visibility
• Cloudthickness

• Combinationof  

weather

• Wind shear and wind speed
dislocate the UAV

• May lead to higher  
scintillation errordue to UAV  
motion

RF (sub-6  
GHZ)

• Mbits/sec
• LOS/NLOS
• Licensedand costlyspectrum
• Higherinterference under NLOS

• Somesuburban,
rural models

• FSPL+ NLOS/LOS

• Limitedmodelsover  
subGHz and5GHz

• Negligible  
atmosphere

• Atmosphericparticle  
absorptionis very low  
overthe lower
electromagnetic
spectrum

• Negligible signalfluctuations
as compared with fading due
to obstacles

• Signal fluctuationsdue to  
wind, vegetation,etc.

Mm-
wave/Tera
hertz

• Few Gbits/secto10x Gbits/sec
• LOS
• Unlicensed/lightly licensed
• Reduced interference –massive

MIMO

• No vertical models
• Trails ongoing

• Rain attenuation
• Doppler effect
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Scattering Loss

• Scattering occurs when the FSO beam 
collides with the particles in the atmosphere 
which is the layer of gases that surround the 
planet Earth. Scattering can be classified into 
three categories, namely, 

• Rayleigh scattering; 

• Mie scattering; 

• Non-selective scattering.
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Mie Scattering
• The Kruse model describes the attenuation due to Mie 

scattering as 
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M. Grabner and V. Kvicera, “Fog attenuation dependence on atmospheric visibility at two wavelengths for FSO link planning,” 

in Proc. IEEE Antennas and Propag. Conf. (LAPC’2010), pp. 193–196, Loughborough, England, Nov. 2010.
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Fog Attenuation
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Rain Attenuation
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S. S. Muhammad, P. Kohldorfer, and E. Leitgeb, “Channel modelling for terrestrial free space optical links,” in Proc. IEEE 7th 

Int. Conf. Transparent Optical Networks, vol. 1, pp. 407–410, Barcelona, Spain, Jul. 2005.

NoF 2017, London



Cloud Attenuation
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M. Awan, Marzuki, E. Leitgeb, B. Hillbrand, F. Nadeem, and M. Khan, “Cloud attenuations for free-space optical links,” in 
Proc. IEEE Wksps. Satellite and Space Commun. (IWSSC’2009), pp. 274–278, Siena-Tuscany, Italy, Sep. 2009.
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Turbulence Loss
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B. Epple, “Impact of ground profile on scintillation index for high-altitude optical wireless links,” in Proc. IEEE Conf. Global 

Commun. Wksps. (GC Wkshps’2010), pp. 1057–1061, Miami, FL, USA, Dec. 2010.
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Geometrical and Optical Loss
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Data Rate of Vertical FSO Links
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Simulation Results (Data rate and Link 
Margin under weather conditions)
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data rate Link Margin
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Simulation Results (under Fog and  
Cloud and varying Divergence angle)
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data rate Link Margin
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Favourable Solutions for Vertical  
Fronthaul under different weather

Weathercondition FavourableSolutions

• Adaptive transmit power control
• Low altitude flights
• Systems parameters such as Divergence angle
• Hybrid FSO/RFsystem

• Low or extreme high altitude flights (less than 5 km or more  
than 20 km (higher clouds are very thin))

• Site diversity (via multi hope communications between hubs)

• Hybrid FSO/RFsystem
• Sitediversity
• Low altitude flights
• Increase transmit power Systems parameters such as

Divergence angle
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Total Cost of Ownership: Comparison 
for various backhaul/fronthaul

A snapshot  of the typical Poisson  distributed HetNet Deployment cost of several backhaul/fronthaul   solutions
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Network Flying 
Platforms:

Drone-small cell association problem



NFP-SCs Association
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S. A. W. Shah, T. Khattab, M. Z. Shakir, M. O. Hasna, “A distributed approach for networked flying platform association with 

small cells in 5G+ Networks,” in Proc. IEEE GLOBECOM’2017, Singapore, Dec. 2017. https://arxiv.org/pdf/1705.03304.pdf

S. A. W. Shah, T. Khattab, M. Z. Shakir, M. O. Hasna, “Association of networked flying platforms with small cells for network 

centric 5G+ C-RAN,” in Proc. IEEE PIMRC’2017, Montreal, Canada, Oct. 2017. https://arxiv.org/pdf/1707.03510.pdf
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NFP-Small cell Association 
Problem formulation
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Distributed Maximal Cells 
Algorithm (DMCA)
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Centralized Maximal Cells 
Algorithm (CMCA)
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Simulations: NFP-SC Associations
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Network Flying 
Platforms:

Airborne Self-organising networks 



Airborne Self Organising Networks 
A-SON
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Functionalities of Layers 

● Higher Layer (HL): NFPs operating in the HL belong to High Altitude 
Platform (HAP) category and are responsible for optimizing the 
resources in transport networks for lower layers.

● Medium Layer (ML): NFPs in the ML belong to the Medium 
Altitude Platform (MAP) category and are responsible for relaying 
the network between the lower and higher layer. NFPs in the 
medium layer are dual role playing i.e., in addition to relaying, 
MAPs are performing surveillance to ensure safe and secure 
operation of the architectures.

● Lower Layer (LL): NFPs operating in the LL are typical low altitude 
platforms (LAPs) flying at relatively lower altitudes and 
responsible for network optimization including NFP placement 
and association based on resource allocation, interference 
management, etc.
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Classification of NFPs

• HAP: operate at the HL providing Line of Sight (LOS) connectivity 

over a wide geographical area (30km radius):

• planes or airships, manned or unmanned, payload of a few kilograms to a 

few tones, stay aloft a few hours to a few years providing backhaul and 

control/fleet coordination services for other aerial platforms at lower layers. 

• MAP: operate at the ML and can be used as a relay between a HAP 

and a LAP:

• mostly UAVs with long endurance capabilities as well as manned aerial 

vehicles, can stay airborne for several hours and are usually destined for 

military missions. MAP coverage area is expected to be of up to 5km radius. 

• LAP:  tethered balloons, drones, operate at the LL. LAPs provide 

LOS communications with favorable radio conditions: 

• have the ability to rapidly deploy a fleet of LAP with modular communication 

payload capabilities. LAP are optimally distributed to offer capacity and 

expand coverage via resource and interference management.
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Spoil for choice over platform 
selection? 
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Optimisation of Airborne SON

• NFP-LL placement to capture maximum UEs can be formulated as:

• where N is the number of LAPs in NFP-LL, U is the number of UEs, and 

dn;u is 1 if the uth UE is served by LAP n, otherwise it will be zero. RSSn,u

denotes the received signal strength of UE u from LAP n. RSSn,u denotes 

the strengths of received signal from other nodes of NFP and the 

Macrocells, if exists. 
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Simulation of LL A-SON

• We modeled an NFP where the 
LL provides service to a demand 
hotspot. 

• The UEs in the system are served 
by the macrocell and the NFP-LL 
assists the macrocell by 
capturing UEs. 

• The NFP optimizes its LL for a 
given number of LAPs. 

• Due to weather conditions, 
battery failure or surveillance 
duty the system may lose LAP. 
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Network Flying 
Platforms:

Challenges, future directions and some ongoing/past 
research/trials 



Challenges and Future Direction

Although airborne systems have attracted industry and academia’s attention in the last couple of years,
there still exists several challenges and open research directions:

● Standardization: Airborne cellular networks are yet to be standardized. The existing networking
standards cannot fully address the challenges of airborne networks and proper standards for
airborne communication and networking is required.

● Surveillance: Airborne cellular network would offer complementary connectivity services to expand
the coverage or inject the capacity under some unknown situations, therefore their successful
operation would depend on advanced surveillance mechanisms to detect amateur flying platforms
and combat to avoid any further disruption in cellular services.

● Ethics and privacy: NFPs and swarm of NFPs may face two-fold challenges in order to comply with
regulatory issues related to privacy and ethics. NFPs should be able to protect the privacy of the
connected users while following the flying ethics as per regulations and avoiding no-flying zone.

● Testbed and verification: Various projects in Europe and United States study and test the
performance of future Internet and connectivity architecture, resource allocation techniques,
waveforms, and integration of future technologies using advanced testbeds. To the best of our
knowledge, none of the existing testbed validation and experimentation provide an environment for
testing the proposed airborne SON.
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3-Takeaway Points – it’s a blue-sky

• ➢Hybrid FSO/mm-wave medium should be considered  
as a potential solution to meet the demands of 5G+  
networks using NFP communications.

• ➢Brownfield solution: NFPs can join the key players
of 5G communications for immediate impact of the
technology with right combination.

• ➢Interdisciplinaryresearch efforts are required to 
make the story successful. Wind turbulence,  
regulatory alignments, security/privacy, 
operational and capital  expenses  are to be done.
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Flying platforms for 5G and Beyond: 
Some ongoing/past developments

• Sep 2017: Droneway between 
Isle of Lewis and Mainland by EE. 

• Feb 2016: Intel testingdrones  
over AT&T LTE Networks, Verizon 
starts 5G Trials with Samsung

• Jan 2016: Project Skybender:  
Google's secretive 5G internet  
drone tests revealed

• Jul 2015: Facebook launches  
Aquila solar-powered drone for  
internet access
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