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Osnova prezentace

Vyvoj mobilnich siti k 5G
Motivace pro vyvoj za hranici 5G

Létajici zakladnové stanice
» Scénare
» Implementace
» Architektura sité
» Vyuziti a efektivita



Vyvoj mobilnich siti
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5G - Prvni faze (3GPP Release 15) zkompletovana v zari 2018
» Druha faze (Release 16) predpokladana v roce breznu 2020



Motivace pro rozvoj mobilnich siti

za 5G

Pozadavky na budouci mobilni sité (za hranici 5G - ,,Beyond 5G*)
» Rozmanita zarizeni (od senzoru po komplexni systém, napr. automobil)

» Mix komunikace lidi a stroju
> Rozdilné pozadavky z pohledu kvality (spolehlivost, prenosové rychlosti, zpozdéni,...)

» Proménlivost komunikacnich pozadavki v Case a prostoru

> Vysoké pozadavky na flexibilitu sité a efektivitu vyuziti radiovych prostredk
> Efektivni vyuzivani spektra véetné vyssich kmitoctl a viditelného spektrum

Reseni?
» Vysoka hustota malych bunék(Ultra-dense small cells)
> Pokrocilé anténni techniky (beamforming) Sarems 2 Ko
> Rizeni interference C ';‘"' rGus ,'" w ke "}
> Pridélovani radiovych prostredku A' X /;// + 3
> ... /,g-// f %\‘“‘/“"“ ‘



Scénare pro budouci mobilni site

Problém pohybujicich se uzivatell
» Velké mnozstvi malych bunék nevyuzito vyznamnou cast ¢asu

> Naklady na vybudovani a udrzbu velkého mnozstvi malych bunék snadno presahnout jejich
pridanou hodnotu



Létajici zakladnoveé stanice

Potreba reseni schopného reagovat v realném case na zmeény v siti
» Zména konceptu béznych zakladnovych stanic

» Drony/bezpilotni letouny nesouci zakladnové stanice
> Létajici zakladnoveé stanice - Flying base stations (FlyBS)
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Scénare vhodné pro létajici

zakladnoveé stanice

Pozadavky na scénare vhodné pro létajici zakladnové stanice
» Dynamicnost: pohyb uzivatell a/nebo casta zména komunikacnich pozadavku v Case
> Pohybujici se uzivatelé (ve skupinach)
> Docasné pripojeni

Priklady scénaru
» Komplikované dopravni situace (dopravni zacpy)
» Pramyslové oblasti nebo univerzitni kampusy
» Sportovni a spolecenské udalosti (fotbal, hokej, koncerty,...)



Ukazka typického scénare
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Z. Becvar, M. Vondra, P. Mach, J. Plachy, D. Gesbert, "Performance of Mobile Networks with UAVs: Can Flying Base Stations Substitute Ultra-Dense Small Cells?", European

Wireless (EW 2017), pp. 1-6, 2017.
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Praktické aspekty létajicich

zakladnovych stanic

Casti létajici zakladnové stanice
» Maly/stredni drone (quad/hexa-copter)
> Vcetné ridicich prvkd pro let
» Komunikacni hardware umistény na dronu
> Antény
= Hmotnost < 100g

» Komunikacni rozhrani
= Softwaroveé definované radio (20-50g)
> Procesor a obvody pro rizeni a zpracovani komunikace
= Embedded PC (300-400g)
* Mozno vyuzit i pro rizeni dronu (vybér polohy)
» Zdroj a napajeni komunikacni ¢asti
» Vysokokapacitni baterie (300-400g)
» Celkova hmotnost < 1kg

Provozni doba

» Doba letu
> Bézné drony: desitky minute
> Drony napajené vodikovymi bateriemi: 2.5h letu s nakladem 1 kg

> Mozno vyuzit ,,energy harvesting*
= Napajeni létani i komunikace



Architektura rizeni site
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Z. Becvar, M. Vondra, P. Mach, J. Plachy, D. Gesbert, "Performance of Mobile Networks with UAVs: Can Flying Base Stations Substitute Ultra-Dense Small Cells?", European
Wireless (EW 2017), pp. 1-6, 2017.
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Vliv FlyBS na kvalitu

komunikacniho kanalu a proustnost
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Vyrazné zvyseni kvality komunikacniho kanalu a propustnosti

» 1 FlyBS - vyhodnéjsi nez 10 statickych zakladnovych stanic
> 45 m rozestup klasickych statickych zakladnovych stanic
» Vhodné pro vyuziti vyssich kmitoctovych pasem (desitky az stovky GHz, viditelné
spektrum)

Z. Becvar, M. Vondra, P. Mach, J. Plachy, D. Gesbert, "Performance of Mobile Networks with UAVs: Can Flying Base Stations Substitute Ultra-Dense Small Cells?", European
Wireless (EW 2017), pp. 1-6, 2017. 11



Energeticka efektivita komunikace

Kolik bitl je mozZné prenést na joule z pohledu uzivatelského
zarizeni?

—e—FIyRRH
RIyRS
—6—1 SCBS
——2 SCBSs
5 SCBSs
——10 SCBSs

Relative energy efficiency [-]

0 200 400 600 800 1000
Number of UEs [-]

Energetické efektivita zvySena cca 5x

Z. Beeuas MNiondra) Praeh) Préchy, BlaGdibert, "Perfbraiance 6f Mobile NetworKswith 0 AVs{ 0an Fiying Basel StatioAsSubstitite Bira-Dénséeshiall Cals?t EGropean-Dense
Binelds€ W20 e dcfin A047eless (EW 2017), Dresden, Germany, May 2017. 12



Létajici stanice samo-optimalizujici

polohu

Pozice FlyBS podle pozadavku uzivatelu s e
» Kombinované metriky 9 cFenoa
» Komunikacni propustnost 200 Fob2
> Energie spotrebované na komunikaci i

100

» Genetické algoritmy
» Vyssi kvalita radiového kanalu
> Nizka vzdalenost a mezi uzivatelem a FlyBS
> Vyssi pravdépodobnost primé viditelnosti
» Moznost vyuziti vyssich frekvencnich pasem

50

1000

1.5 T T T 400
=2 ©- © < - © —+— Proposed GA
LIDJ 145} 350 | |~ ¥ —k-means
._ - --©-— SBS only
8 14} g
S < 300
813 25% 3
E 2250 200%
7} =)
c 1.3 2
E _————m = ——— R P s x :5:2004
5 s - ~ ~ 7 ~
5 o) - £ 1507
% —+—Proposed GA =z
5115 — ¥ — k-means 1 100% — = — = %— - — - = H——— == N ———— K = —— = X
z ~--©- SBS only

1.1 : : - 50 L L |

0 0.2 0.4 0.6 0.8 1 0 0.2 04 0.6 0.8 1
Energie o Propustnost Energie o Propustnost

Z. Becvar, P. Mach, J. Plachy, M.F.P. de Tuleda, "Positioning of Flying Base Stations to Optimize Throughput and Energy Consumption of Mobile Devices", IEEE Vehicular
Technology Conference (IEEE VTC-Spring 2019), pp. 1-7, 2019 13



Létajici zakladnové stanice jsou vhodnym dopliikem pro budouci
mobilni sité

» Vyrazné zvysuji efektivitu komunikace (propustnost, energetickou efektivitu na
strané uzivatell)

» Mnozstvi vhodnych scénard vyuziti FlyBS

Létajici zakladnové stanice umoznuji masivni a efektivni vyuziti
vyssich frekvencnich pasem pro budouci mobilni sité

14
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Regulations

Safety regulations
» Operation of drones in commercial scenarios
» Drones (FlyBSs) should not endanger people!

» Current regulations vary among countries
» Minimum distance of drones from people is typically in dozens of meters

Recent discussions about changes in regulations
» Pushed by market in other domains of application of drones

» Relaxation of limits

> Strongly supported by many industries including cellular network operators
> US

= Small drones allowed to fly above people
= Larger drones shall be limited to 3m vertically and 6m horizontally from people

» Europe
= Discussions on a general framework for regulation of the commercial UAVs

- ideal time to start research now ©

16



Small cells vs. FlyBS

Positioning of FlyBS - center of gravity

1
Xq = a;x;;

Total number of UEs \

Relative throughput
requested by i-th UE

a,e<0,1>;2ai =1

Coordinates
of i-th UE

Parameters Value
Carrier frequency 38 GHz
Bandwidth 500 MHz
Transmitting power of BSs 32 dBm

Path loss models Fly/BSs — UE
Path loss models Fly/BSs — BS/BBU

Partially obstructed; PL exp. 2.21
LOS; PL exp. 1.92, 20 dBi ant. gain

Modulation and coding QPSK, 16 QAM, 64 QAM, 256 QAM O™
Code rate 78/1024 to 948/1024

Average speed of UEs 1.4 m/s

Mobility model linear crowd — bottleneck [1]

Static BSs CoMP-DPS and int. mitigation [2]

Number of simulations drops 50
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[1] I. Karamouzas, B. Skinner, S.J. Guy, “Universal power law governing pedestrian interactions,” Physical review letters, Vol. 113, No. 23, December 2014.
[2] Y. Gao, L. Cheng, Y. Li, X. Zhang, D. Yang, “Performance Evaluation on Cell Clustering Interference Mitigation and CoMP in Multi-Pico Network with Dynamic 17/

TDD ” IFEE VTC Spnrine. 2015



How many static BSs can be

replaced by FlyBS?

How many static BSs is needed to provide same throughput as
single FlyBS for moving users?

10 BSs 15 BSs
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Positioning of multiple FlyBSs

How to determine positions of multiple FlyBSs?

» (Almost) Static UEs
> Analogy to common network planning (static BSs)
» Propagation and coverage maps

» Moving UEs
» Bio-inspired optimization algorithms
Evolutionary algorithms
= Swarm inspired algorithms
= etc.

19



Genetic Algorithms

Initial population
» Set of solutions

Selection of Parents

» Solutions with higher quality survive more likely
> Selection pressure (higher - better solutions are preferred)

Offsprings (new solutions) generated from population

Parents

» Cross-overs
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Genetic Algorithms for possitioning

Solution 1 Solution 2
szllz:i: 1 @ riBs2
0oq o ° * Solution 2
Initial population ® || O
» Set of solutions
.. FlyBS 3 . ]
> Positions of FlyBSs | solution1 @ s ‘
Solution 1
Selection of Parents o @[

» Solutions with higher quality survive more likely
> Positions giving highest cost function (e.g. throughput) are more likely to be selected

Offsprings generated from population

» Cross-overs
@ A »O

Parent 1 Offspring Parent 2
(FlyBS 1, Solution 1) (FlyBS 1, New solution) (FIyBS 1, )
» Mutations e ® o
Offspring

(FlyBS 1, New solution)
New population
» Initial population + offsprings
» Same population size kept - only best (maximizing targeted metric/cost function) remains

= Keep only solutions with, e.g., high throughput
21



Maximize number of UEs satisfied with experienced data rate
» Find positions of FlyBSs

» Associate UEs to either BS or FlyBS and Allocated resources to UEs
> Remove FlyBS if not needed

= 1 if condition fulfilled

= 0 otherwise Throughput
\ l/ required by i-th UE

B,V = argmax 2 1(cimm < Ci,k)

Bi’kEB,VkEV iEN [\
Throughput
experienced by i-th UE
s.t.:0 < ﬁlk <1 from k-th (Fly)BS

> Bie=1

IEN
\ Bandwidth allocated to
i-th UE at k-th (Fly)BS
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Algorithm

Generate Initial population
» Random set of positions of FlyBSs
» Associate UEs to (Fly)BSs according to SINR

min

> Allocate resources f5; , = to each UE at (Fly)BS providing highest SINR

i
log, (1+vik)
= Until all bandwidth allocated to UEs

> If any FlyBS serves no UE - turn it off
» Calculate Cost function for each set of FlyBSs’ positions: ¥;cy 1(c/™" < ¢; )

Update of position and association

» For each FlyBS

> Selects candidates for cross-overs an mutations
* Previous positions leading to a “good” result (cost function)
= Roulette wheel: better position has higher probability to be selected

> Generate offsprings (new positions)
= Cross-overs and mutations
= Associate UEs
= Calculate Cost function in new offspring

» New position of FlyBS
> Best of: Original population + Offsprings

23



Satisfaction and number of
required FlyBSs
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UEs’ satisfaction improved by GA and PSO (Particle Swarm Optimization)
» GA and PSO almost the same performance
» Gain wrt k-means increases with lower number of UEs

Number of active FlyBSs lowered by GA

» At least 1 and 3 less FlyBSs required wrt PSO and k-means, respectively

J. Plachy, Z. Becvar, P. Mach, R. Marik, M. Vondra, "Joint Positioning of Flying Base Stations and Association of Users: Evolutionary-Based Approach”, IEEE
Access, vol. 7, pp. 11454-11463, 2019. 24



