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~ Feature
Carbon Dioxide Emissions
No. of BS Sites

BS density
Green Technology Used

Carbon footpﬁnl per mobile
subscription
Femto cell Power Consumption
RAN Electricity Consumption
Number of antennas at the base
station
Access Technology
Number of antennas at the SCA
Type of antenna used

OPEX
SAR Values

| Average power consumption per site |

3G
86 Mto

3.3millions

1.7kW

4-5 BS/km’

High Efficiency Tracking

20kg

10W
49TWh
2

WCDMA, CDMA2000

Clip, high gain and outdoor
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antenna
Low.
High

1G 2G 3G 4G 5|G
| | | 100 % Mobile
Bigcro cell Rising 7 broadband penetration
dependence | [ power and | | Introduction
CO,; of Dense
small cells | |Deployments

4G
170 Mto.
7.6millions
13kW
8-10 BS/km’
Green base stations,
phantom cells, liquid
cells, soft cells
23kg

6W
77TWh
8

OFDMA, SC-FDMA

Patch and slot antenna

High
Higher

56
235 Mio
11.2millions
LIk
40-50 BS/km’
D2D, massive MIMO,
spectrum sharing

31kg

SW (expected)
86TWh_
Up to 100
BDMA, FBMC
3 antennas at the SCA
Phased array antennas

High
Expected to reduce
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B Mobile Device Manufacturing

M Mobile Device Operation

M RAN operation

B Operator Activities

M Data Centres and Data Transport
W Others
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10 30% TOV KOGTOVG AtTOoVPYiaG EVOC
b
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0 5G, OTG:

EMIKOIVOVIO LETAED cvokevmv (D2D),

vrep-mtukva oiktva (VDNS),

. Kown ypnon edouatog (spectrum sharing),

. Oyxkwoec MIMO,
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planning and

GULOG IOV YPTCUOTOLET

e antenna Kot Ayotepa LEPT
eotnuévog and to 2012 ko petd
apovctalel S0% Aryotepn Katavdimon

Evoopdatmwon texvikav mopaymyng
EVEPYELNG OO OVOVEDGULES TTNYEG

v BlokMpatikn oyedioon kapmivag

O1 KOTOOKEVAGTES TTOPEYOVY TAEOV
TEXVIKEG ADGELS TOV LEUDVOVY KOGTN
EMEVOLOTG Kol AELTOLPYi

]
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Green BS Site

Features

= Co; emissions reduced up to 30%
. Lesser amount of feeder line loss

Tower Tube = Introduced by Ericsson
=  OPEX reduced up to 40%
. Lower CAPEX
*  Introduced by Ericsson

Capsule Site = Highly suitable for installation in urban areas
. Introduced by Nokia Siemens Network
®=  Possess ability to be managed remotely

Flexi Base Station = Supports use of renewable energy

= Can be upgraded to support new wireless technologies

=  Number of elements greatly reduced, resulting in reduced power consumption

SDR Soft Base station =  Radio frequency unit capable of software programming
= Power consumption reduction by 75%
= Introduced by Nokia
. Single RAN base station
= Ability to keep pace with the growing traffic
= Supports green communication
=  Energy efficiency enhancement up to 60%
= Low cost
=  Introduced by Qualcomm
= Ultra low power
5G New Radio = Latency up to Imsec

®  Transmission rate 3Gbps

AirScale Base Station
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KOTAVAAMGNG evEPYELOS BS
0 BS o€ katdotaon elagppac 1 Babeioc
LWVOAOYOL LLE TNV GTIYULOL0 KOTAVOUTN TOV
DIVOVIOKOD (POPTIOV

A INTERNATIONAL
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VIKQ Ol ADGELC EIVOIL TPOGAUPLUOGUEVES GE OLAPOPL
TPUKTIKA GEVAPLO EQaPLOYNG. Mia YeEVIKOTEPN
neboooroyia (CRAPS) peimonc g evepyelokng
Kotavalononc PaciCetarl otny vioBETNON TEXVIK®OV
TPOCOPLOYNG KEPULOV KOl AAYOPIOL®mV EAEYYOV 1GYVOC KOl
VTVOGCTG KATA TNV avabeo KavaAmy Yo TNV
gcumnpETNoN TOLV Poptiov. Me ™ nEBooo avt
EMTVYYAVETOL ECOIKOVOUNGCT evEpyelog amo 25%-40%.
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g ENERGY
DV VO OVTIUETMOTTIOTOVYV Ol loT EFFICIENT
VEC OLVTEG OTTOLTNOELS, Y10 TOL / TECHNOLOGIES
=~ Massive

o 5G mpoPAEmeTal N evooUdTOON
VIOC TOV GYETIKDOV TEYVIKAV TPOTOTMOV 2 MIMO
LOC GELPAG EVEPYELOKA ATOOOTIKMV A, / —
TEYVIKAOV, OTMOG EMKOVOVIN LETAED ﬂ s::m:?

GVGKELMV, VITEP-TUKVA dikTvo, MIMO
EVPELNG KAMUOKOG, KOVN Ypnon
QAGLOTOC Kot AladikTLO TOV

Ipoayudtmv.
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vykopdng (Energy harvesting). , .

@ by ; o
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and tv HM axtivoPolia avodik®mv kol Kabodkamv
Cevéemv SLAPOopmV TOPOKEILEVOV AGVPULATMV
OIKTV®V, GUUTEPIAAUPAVOUEVOD KO TOL STKTOOV
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Som— Direct Link
— — — - Link for Resource Management
Wired Link

—  Cellular Communication Link

~eweeeew Link for information Relaying
ér) 6 Users

& Small Cell Base Station ON

‘ Small Cell Base Station OFF

()

A Macro Base Station

peTa peyaAlov
AV umopet vo
uvtifeto amotédeoua.
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VIO éranéav ko

/TIKO POLO GTO VPIGTALEVOL
, Yl0L T, OTTOlOL LITAPYEL

ym Yo Aertovpyio pEypt ko 8
POV Yo Kepaieg o€ KdBe BS.
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- MIMO

Constant circuit

consumption

| Up to eight antennas used at |
~ the base station

3GPP Release 11

| Operates in FDD and TDD

| hnprovcd throughput, but less
_than massive MIMO

Involves use of simple channel

- models, like Knonecker

Improved EE

| Supports i'mprovemen't' in SE

_ Cannot prevent jamming

No problem of pilot

~contamination

Supports  large

 freedom
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power |

degree of |

olktvo 4G ko 5G

Massive MIMO |
Circuit power consumption is not

constant due to the wuse of

_extensive circuitry }
Hundreds of antennas can be
. used at the base station

- 3GPP Release 13
| Mostly TDD opcratmn can
._support FDD also |
Large scale improvement in |
| _throughput |
Sophisticated channel models
~used ;
| EE lmprovement of the order of |
100 times ;
" SE improvement is 10 times than
| conventional MIMO
 Highly robust to ]ammmg
' Has the
- contamination ,
Supports much larger degree of
. spatial freedom

problem of pilot
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%‘\ UNIVERSITY n xpncn (PaﬁuaTOg
QAGLOTOG TTOV OEV YPNOUOTOIEITAL, O
JOVTOIL VOL EAATTOGOVV TNV EVEPYELNKT)

51. H onuovpyia piog kovne oecopeving

ATIKWYV TOPWV KO DTOOOUMYV, TPOVTOOETEL
TPACIVY]” PLAOGOPLO. GUVEPYUGLAS LETACD TOV.

. Mg tn ypnomn YIAOGTOUETPTIKOVD UNKOVS KLUATOV MM-
Waves 6€ GLVOVAGCUO LE TNV EQapUOYN TEXVIKOV MIMO
HEYAANG KALOKOG, PEATIOVETOL GUOVTIKA OYL LOVO N
EVEPYELNKN OTTOO0CT TOV OIKTVOL GAAQ KOl 1) TOLOTHTA
VANPEGIOG LECM® TNG AVENGCNC TNE TEPLOYNS PAOLOKAALYNC
TOL 6TAOUOV Bacnc Kivnmg TnAEpmvioc.
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ENERGY
HARVESTING

COMMUNICATION

oL A YOP1OOG
dedOUEVOVY aTd
Oupovg kot

0 TOVG KOVTIVOTEPOLG.

avapproo1ot cONTPES
G€ KOTAGTOOT VTVOGTG.

v EE0TKOVOUNOT) EVEPYELNG GE KTV,
oOntpoVv epapuolovrot aryopiduot
BeAtiotomoinong ocunvovug (PSA).

MACHINE=TO=
MACHINE
COMMUNICATION

XPNOIUOTOLOVVTAL TEYVIKEG LEYEOVLVONC KOWEANC
KOl TPOAYETOL 1] YPNOT TPO-ATOONKEVUEVOV
OEOOUEVDV.
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DOKANGELS Yo TV Epevva

POGAOTMV KOl AVTIKEWLEVOV ONUOVPYOVV TPOOTTIKY)
optag. H yrydvioon avti pumopel va oomynocet e Oeapatikn
rtomtombel cuvietaypeva kot pe oefacpd 6to mepIPailov.

M 0et Kotd T0 OLVATOV TO EVEPYELNKO KOGTOC TMV OIGVPLUTMV
DOV, 1 TAYKOCULO EPEVVNTIKT KOWVOTNTA avalnNTd AVGELS EGTIALOVTAC

OLLELC:
gYVOAOYiO TNG UraTaplog Yoo 0ENGT Y OPNTIKOTNTOS KOl VTOVOULNG
Texvoloyieg evepyelokng GLYKOUIONG

AlyopiBuot oroeipiong evépyetac otafumv Bdong edtkd ota TAOicLo TG EQAPLOYNG TNG
dladtKaciog HLITVEOGCNG

BeAtiotonoinon cuvOnk®dv Aettovpyloc VITEPTLKV®OVY SIKTV®V
Evepyeraxn dwayeipion ko fertiotomoinon cvotnudtov MIMO oAb peyding kiipokog

Avdivon tov puOoTik®v BELdTOV TOV AVOKVTTOVV OTT0 TO EVEPYELOKO OPELOC TTOL TPOKVTTEL
HUEC® TNG KOWNG YPNONG PACUOTOS KOl VTTOOOUDV

Alyop1Buot evepyetakng dtayeipiong oto NE@og ota mAaictio tov IoT
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VTTVEC TEYVOAOYIEG KOl 1] EVTOATIKN EPELVOL
/10 TN BEATIOTOTTOINGT TNG EVEPYELNKNG

¢ TOWV GLGKELMOV KOl TOV TNAETIKOIVOVIOKOV

, OEV OPKOVV Y10 TNV VAOTTOINGT) TNG TAEOV
DTEAEGUOLTIKTG TOALTIKTG TPOGTAGIOG TOV TEPPAAAOVTOC.

[t v epaproyn g TAEOV ATOTEAEGLLOTIKNC TTOALTIKNG
TPOOTOCLOC TOV TEPIPAAALOVTOC, ATATOVVTOL GLVEPYELEC KOl
ocvvepyaoiec petacy Tov IHapdywv Kivnme Tniepwviac, Tov
Tomkov Kowvoviov kot Ajumv, g apuootac Pubuiotikng
ApyNc aALG KOt 1] 0VATTTUEN LULOC GUVELOTTOTTOINUEVIG
TOALTIKNG “TTPAGIVIS YPN oS~ TNS GLOKEVNC Ao TOV KAOE

XPNOTN.
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