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Introduction daial)
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Standard, Switching type, Service, Duplex regimes,

Mobility, Modulation type, BW Bandwidth, FB Frequency Band,
Access technique, Latency time, Data capacity.
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Features of Mobile Radio Jigad) gaaly &l jea
Properties
AM/FM/PM
Modulation \/ Ba?c:'Widtxh; \ Circuit switches
Q II'I 1"{ ‘u\:- E’f I \ i-'fl It-.\ r— circuit swiches ——
bt e ® —— Access ﬂ g g E—a
é‘.hm s technique
L] 8§ Mﬂ‘; M#@%‘ Packet routing through WAN/Internet
QPSK | [:
ASK/FSK/PSK i gl
BPSK/QPSK/8PSK/ MM Ww .
QAM/16QAM/64QAM Packet routing
o 0o | o 0 Frequency [Hz]
o0 o0 Data rates [Bit rate = bps] Switching techniques
00 00
00 oo

16QAM
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Frequency Band 23 yil) (gas
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The Radio Spectrum ) ) canha
The Radio Spectrum

Inf g Visible Ulira YR Gamma Cosmic
nira-e Light Violet RaYS 1 Rays Rays

Radio Spectrum

3G

DECT|WiFi
GSM luetooth

Microwave
Radio Links

LMDS
TETRA

Long Wave Medium Wave
Radio Radio Radm
|
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_ Increasing Range Decreasing Range
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: . )
Wireless development Sy gl
cellulaire satellites aofdle;s wireless LAN
" ~ fw . m,:; : s! - - " .
1881: CTO
NMT 450 1982 L
l 1983 Inmarsat -A
AMPS 1984
l e
1986: H
NMT S00 1687
1988: CT1+
Inmarsat-C ¥
1989
CT2
4
1991:
1992 1962 DECT 198x:
GSM Inmarsat-B proprietary
H'ITIEI:rEﬂ-H ¥
Lo / 1997-

DCS 1800 \ 1998; IEEE 23111
/ Iridium 1999
NN/

802.11b, Bluetooth
IEEE 802.11a
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Mobile system : Generation Zero  (0G) i)l Ju> : Jgoseoll allas
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First Mobile Radio Telephone 1924
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Mobile system : Generation Zero

AU JLaY g (waldd) Jaadl 483
(0G) i)l Ju : Jgameall allas
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First mobile generation system (1G) 1980-1990 Jgexall oI Juxxdl pUas
2 4 L 754
Analog - 5 L
Data capacity Ul daw 2.4 Kbps
Technology dxadl Analog
Standard e‘.&ﬁl Jlas NMT 1981, AMPS 1983,TACS 1985
Switching  Joudl g95 Circuit
1G Frequency 3l 800 to 900MHz
(MS: Tx:824 - 849MHz / Rx: 869 - 894MHz)
Bandwidth il (= e 30 KHz (832 channels 3.é)
Latency (Sl cdg >450ms
Modulation Jsxill FIM (g3 a0l St
Access technique Jsasl) 4k FDMA 23 ) asadiy aanial) J gaca i)
» NMT (Nordic Mobile Phone) in Sweden, Norway, Denmark,1981 SRSt Bl Sl
> AMPS (Advanced Mobile Phone System) in USA, 1983 AS) yeY) Basdall LY Sl

» TACS (Total Access Celular System) in UK, Italy, Spain, Austria, Ireland, 1985 Ll 5 Jail 5l 5 Wity 5 Liluwl 9 3asiall 4uiUay jull 4<Laal
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Access technique : FDMA (Frequency Division Multiple Access) 23 ) aseadily ddeial) J gua gl 1 J gua o) Ak

slial) JS&3 dpe 4 Glilai sac ) 22 5l gUas aliy o

frequency
AEE—
.-
Time @ T
AMPS, TACS, NMT FDMA y
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Access technique : FDMA (Frequency Division Multiple Access)

Frequency —

FDMA — Frequency Division Multiple Access

30 KHz

30 KHz

30 KHz

30 KHz

30 KHz

30 KHz

30 KHz

30 KHz

frequency

Time —

time

480 SLal) g Gualdd) Jaal) Ayss

33 ) sy dseial) J gua gl 1 J gua o) Ak

allall aie ¢ 2 @Y readiieadl A8l G g3l | anadls FDMA

Aeddiine pe ot Lgile ¢ sliall avadi Wl 1Y) ]
Jan oy 2

Akl il g IV 8 a0l Jew 3
Adliala Y 4

) i)y Jatail) Jalal & 5 jem A8l Agail) |5
Jalsll =153 91 Jal (0 ¢(FDD aFDMA 2 a1 .6

TDD (Time Division Demultiplexed)
FDD (Frenquency Division Demultiplexed)
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Architecture of network 1G JoVI Sl Al duia

Akl 38 832 v/
KHz30= BWs22_ il gaill (2 e v/

l. g B MHz 25=FB 22 il 3lai v/
B . ] L~
X g i
Air
Interface I
.x" S ;‘}@J‘ :&@A\j ’ . o
| ms = Ty
Mobile il L | ML
Station w L | nwin Is
| :
- - BSC MSC.
AA Base Mobile
I~ Station Switching
Each band is 25 MHz, Ly \ Controller Center
de of -kH I h I . g
made of 832 30-kHz analog channels BBS WMY\ | - d | d,u;ﬂ )SJA
Forward communication: base to mobile St::ieon
824 30kHz 849 869 894 . P
) MHz MHz MHz MHz  Ji Al ddaadl
p\is Mobile station Base station BS
band band

Reverse communication: mobile to base 16
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Disadvantage of network 1G

d_;}’l J;.zﬂ dl.«aﬁ‘i\ :\S,uit QQ,\LA

g B Cgal) 1
ddmiia dandl) 3aga 2
(o %) Ll ¥ .3
B gaae clilul) daw 4

Saturation.z<dll 5
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Second mobile generation system (2G) 1990 Jgezeall QU Juzmdl pUas

¢ oiall e.Ué.'d\ Cra ) Jaall
(bl daad 11 4 glal) dadasl) Jlay|

Ssall J) gl
GASJM ..S\

(Glly + G ga) Gleddll (e Aiss 4o g

33]!” o T v e L‘ﬂ\l o ‘

aa JS5 8 Gllall 5 488) gla g ) ) l) dddd Gldasa

Second generation cellular system TDMA d\-u{)\}” -

Introduction of digital cellular systems (90s)

Development of unified international standard for mobile communications . .9
Pan-national roaming w w
Digital encryption

Enhanced range of services (data +voice)

Low power consumption

Light weight, conpact and packet size terminals

TDMA transmission technology

Huge capacity
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Second mobile generation system (2G) 1990 Jgezeall QU Juzmdl pUas

Transition for analog to digital
Capacity

compression in digital gives more channels
Compatibility with others systems
As ISDN (Integrated Service Digital Network)
Quality
Cost
Security

ban) giall dalaly) A8y pa (38 gilly liay ALY Jaadd

Aad ) ) Ay BN (he JUEY)

A2

Sl g8 (e 2 jall any (el Jakaal

s AY) Lalaly) aa 38 gl

ISDNALKia]) cilaaall 408yl 4<03l) g PSTNAL yalidl) ASuil)
e aga

Ggada Gl

”

Al Jual g (ualdl) a4
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Second mobile generation system

GSM (Global System for Mobile Communications)

2G

GSM:

UL: 890 to 915 MHz

DL: 935 to 960 MHz

124 Channels from 200KHz

DCS: Digital Cellular System
UL: 1710 to 1785 MHz
DL: 1805 to 1880 MHz
374 Channels from 200KHz

AUl JLal g ualdd) Joal) 483

(2G) 1990

Jgeseall QU Jesmll alUas
Digital, Circuit Switching (CS)

Data capacity <“wV4~ 9.6-14.4 kbps
Technology & Digital
Standard &Y S GSM, CDMVA
Switching ¢ €s%  Circuit
Service <l Voice and data
Frequency 2,4 850MHz to 1900MHz (GSM) and
825MHz to 849MHz (CDMA)
Bandwidth @i oas 200 KHz
Latency & <dy 2300 ms
Modulation Jsal GMSK (GSM), QPSK (1S-95)

Access technique

Jsasl i TDMA (GSM), CDMA (iS-95)

GMSK Modulation

DY

L &

r

|

1 bit per symbol

01~
@

20
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Second mobile generation system (2G) 1990 Jgemxall W Jumd! ol
, | LMAY &1 g3
SO S‘ o 0 4 ‘ M3 s 8
¢ B o £200 110 0e S 13
P K| Gd‘g.«.'d\ AS3 0100 oo 5 See LA
) 235 N S 1 e Sk LAY
4, s 4uds Al Types of cells
Picocell In-Building 200m

Microcell Urban 3km
Macrocell Suburban 35km

Global
Satellite

Suburban

A sl Aghiall g 3 Jlia
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Second mobile generation system (2G) 1990 Jgezxall 3UJI Juzedl plas

Cluster (o Aalua iy asadi 8 oo (S0 LA JS (LA 7 £ saa

Cluster size is expressed as n
In this cluster n=7

Cluster
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Second mobile generation system  (2G) 1990 Jgezmall LI Juomdl plas

Cluster

GSM
Global System for

Mobile Communications Digital

Cellular
System

@ RTCP

.
; T
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Architecture of network GSM 2G Al duaia

General architecture A o
dalad) 4 ) ) eal) 480

PLMN Public Land Mobile Network

v

A

AUC

; PLMN
PSTN
ISDN

................. HLR S PLMN : Public Land Mobile Network
----- < - Home Location BSS : Base Station Subsystem
VLR Register C MS : Mobile Station

Visitor Location Register BTS : Base Transceiver Station
BSC : Base Station Controller

NSS : Network SubSystem

BSC

Nt MSC e Gateway MSC y 5 : Mobile-services Switching Center
Controller Mo!:nle-.ser'wces """" HLR : Home Location Register
BTS Switching Center - VLR : Visitor Location Register
MS . . ' GMSC : Gateway MSC
Mobile Station Equipment Identity Register EIR : Equipment Identity Register
Base Transceiver Station AUC : Authentification Center

v

d
<

: > OMC:Operation and Maintenance Center
BSS Base station Subsystem NSS Network SubSystem (gg:. Operation Support Subsystem 24
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Architecture of network GSM 2G AL ddin

Base Transceiver Station(BTS) (ubud) Judiad) g Juu ¥) alai
Jlu ) 3 5l sac 8 aSay
Oz 23 55 (e ¢ 3 LB axding Lgiamy ¢« e ) @l 8 8 e Jla ) Dlea IS (s 5
Base Station Controller(BSC) 4sulul) dasall asali 3aa g
BTS sdiy ol (il Jualdll) 3L} mpmds b oSaty
BSS: Base Station Subsystem 4ihic Jahs ardudll Slidee
Downlink Slill 13 MSC / VLR §34) s 4lall Jaka 33 s gl Aliiiall llasall 48y
Mobile-services Switching Center(MSC) Jsaaall J; a3 S
aliiidll @YlaiVl sy ( TSDN exchange) <l 23 sei il Jals
Home Location Register(VLR) il a8 sa Jan
MS MSC (3 ¢ 3 ¢« Glly 3acd
Mobile Station abaiill J sanall Glana a8 g0 e (5 ging
Home Location Register(HLR) Jiiall adsa Joaus
Equipment Identity Register(AuC) 4sbadl 3S o & Baladl Slaslae ) 8 Loy ¢ & yiliall Glaglaa o (g sias
Equipment Identity Register(EIR) iuall 4350 Jau
£13 gm Al pm g ¢ JUll Juas e « Equipment Identity Register (IMET) Jsesall ciilell cillana 3 j¢a ¥ 4 gall 43 5¢]) 550
A8 5 pusall il 5l
Public Land Mobile Network(PLMN)s <l PSTN  Jie (o a¥! galadiadly oUaill Ly 5y Gateway Mobile Switching Center(GMSC)

25
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Architecture of network GSM 2G Al daia

PLMN : Public Land Mobile Network
BSS: Base Station Subsystem
s MS : Mobile Station
BTS : Base Transceiver Station

- 4 4 BSC : Base Station Controller

NSS: Network SubSystem
— omscT 4 MSC : Mobile-services Switching Center
' HLR : Home Location Register

VLR : Visitor Location Register
GMSC : Gateway MSC

BTS — Base Transceiver Station EIR: EquipmenT Idenﬂ’ry Regis'rer'

BSC — Base Station Controller . €1 H
s g s AUC : Authentification Center

VLR — Visitor Location Register
HLR — Home Location Register

MSC/VER
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Architecture of network  GSM 2G dacsall Aual) dwain

PLMN : Public Land Mobile Network

N\ F
R
BTS
MS : BTS: BSC: MSC : HLR : AUC :
Mobile Base Base Mobile- Home Authentification
Station Transceiver  Station services Location Center
Station Controller Switching Register
Center
BSS : Base Station Subsystem NSS : Network SubSystem

VLR : Visitor Location Register
EIR : Equipment Identity Register

GMSC : Gateway MSC
27
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Second mobile generation system

GPRS (General Packet Radio Service)

2G

(2.5G) 2000

A el ¢ g-‘gJ

480 SLal) g Gualdd) Jaal) Ayss
Jgezeall U1 Juoell plias

Digital, Packet Switching (PS)

GMSK Modulation

Y

L o>

4

1 bit per symbol

1

=

Data capacity  <bibul) dau 200 Kbps
Technology 4.l GPRS
Switching  Jwxill g o Packet switch
Service  «leadll Internet MMS
Frequency Al 850MHz to 1900MHz |
Bandwidth Gkl (o s 200KHz ‘6
Latency — Ogesl) cdg >300ms
Modulation sl GMSK (GPRS),
QPSK (CDMA2000) 2
Access technique  Jyasl 4.l TDMA (GPRS),
CDMA (CDMA2000) \e

10

2 bit per symbal

28
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Second mobile generation system (2.75G) 2003 Jgezxall U1 Judl ol
EDGE (Enhanced Data Rates for GSM Evolution) Digital, PS, modulation quick
Data capacity <Ube) dx 384 Kbps
Technology & EDGE
Switching J=ll g5 Packet switch
Service <« Internet MMS
2G Frequency 4 850MHz to 1900MHz - 6E Modulation
Bandwidth kil ae 200 KHz 010tQ
Latency Osasl) g 2300 ms o )
I
Modulation il 8PSK (ﬂ,@,::{&?\ a1
Access technique Js<sl 4 TDMA 109" ﬁ/f’{um

3 bits per symbol



Access technique: TDMA (Time Division Multiple Access) <8 o) anudly daial) J gua gl 1 J g o) Al

® "

5G and next generation AEN Jal)y (ualdd) Jaal) 4y

Frequency

R
C
G
o
AL i n’
£ .\?/
‘.J . -
‘ -

— 4" :
Time
TDMA, PDC (TDMA] T e

GSM — GPRS/EDGE

Total frequency band allocated to a user during given time intervals (slot).

30
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Access technique: TDMA (Time Division Multiple Access) < gl) anealy ddniall J gua gl 1 J gua gl Al
One timeslot = 0.577 ms One TiMAframe= 8 timeslots ‘;\5‘93\ M Adxiall J\MJM TDMA
. . | | - - | . Slots Q\A:\é ‘.A;\ hm‘ &AJM Jjjﬂ‘ - ..1 . ! e e.-.e.l
:‘L o | | | , slots _re dl..\ﬂiu\j dl.m)}.\.bﬁﬂ L‘j em 2
G z | , (S JSd e N QLA anadi oy
Q@ .., . ver ™ - . w |- O
:‘.:_ 200 KHz | | LSJJJ.;AUA\J.\M?.HMJ:\L u\q\:\ﬂ\ Jlass)
e 200 KHz | | :\_mS) L_Q\.\A:_J\j LLU\:\..\M

g vkl @A)J‘ 1]l g dgae 6] Gildasll s=>2 Guard intervals
Time — Aejall (0730 + 20 Aeadldl Sy S
Sz 523l TDD padiy

ONo LD WN

FRAME j FRAME j+1 FRAME j+2

SLDTlJ S5LOT 2 I SLOT 3 I SLOT 4 I SLOT 5 I SLOT 6
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Access technique: TDMA (Time Division Multiple Access)

Fower

frequency

TDMA

time
e
_ TDMA
/ Each user allocated a
7 | different time on the
channel.

» Frequency

480 SLal) g Gualdd) Jaal) Ayss

B o) anudiy daial) J gua gl 1 J g o) Al

Cyalanall

(Opeddiual) asaad aal g J8as 5

bl die Clati sae | panadd (Sa 2

Al Gl Juady 28U 8 Al jua J8T 1S53

AT

(Aeaall Clily ana) clilal) ana (e 23l 1
Akl gaall Vel Ay g pa Aalaall 2
ladl) | jauads Akt 3

GAY) Calh Y ae Jalail) 5 A e Daid) dd) 4
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Architecture of network 2.5G Al dwria

PLMN :Public Land Mobile Network
BSS: Base Station Subsystem

MS : Mobile Station

BTS : Base Transceiver Station

BSC : Base Station Controller

NSS: Network SubSystem

MSC : Mobile-services Switching Center
HLR : Home Location Register

VLR : Visitor Location Register

EIR : Equipment Identity Register

AUC : Authentification Center
OMC:Operation and Maintenance Center

OSS: Operation Support Subsystem
GMSC : Gateway MSC

SGSN Serving GPRS Support Node
GGSN Gateway GPRS Support Node
CGF Charging Gateway Function

OMC-G Operations And Maintenance
Centre GPRS

(AR RS AR L LT

33



5G and next generation
Disadvantage of network

AUl JLal g ualdd) Joal) 483
2G Al ol

Lfb SJJ@ Jﬁ'ﬁ ZLA.B.N\ 03A
dAleal) Cililunl) 2 Jalatily
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Third mobile generation system

3G Vision

Universal global roaming

Multimedia (voice, data & video)

Increased data rates

384 kbps while moving

2 Mbps when stationary at specific locations
Increased capacity (more spectrally efficient)
IP architecture

480 SLal) g Gualdd) Jaal) Ayss

(3G) 2001 Jgoeall CIEI Jusel! pUas

salladl J) g2l

(22l 5 L) 5 < aall) Baaaiall aibas )

ULl Y ama 330 )

AS jall o) Al b w384 o

Badne adl e b ARG ()5S Levie Sl 8 Culase 2 o
(cadall alasind 8ol ST) dadl 304

P Aia

35



5G and next generation AN JLaYl g Gualdd) Jual) A
Third mobile generation system (3G) 2001 Jgezeall SN Jusmll pllas

o o) vl

.

( xT‘ILT-P:E (ITU) Y LAt L;Jjﬂ\ Ay
. 24 ol s )1 s
IMT-2000
2000 3l sall Alitiall YLt 4] S 535 3G YL gall A Jalil) an!
ti?-j 3G Partnership Projects 3GPP 48| i a jlia (& ¢ stadll daly) 5 Anila ) el Slia
2\ Lol 50 5 o lewd ALl 8 Lma el 1,80 W & 52 S ETSI «CWTS. T1 STTC STTA STIA 5 ARIB
(3GPP 5 3GPP2) 3G 48| 14 ay i
Ll Sl Jpea s e S il

G0N

International Standardization
Q ITU (International Telecommunication Union)

o Radio standards and spectrum
O  IMT-2000

o ITU’s umbrella name for 3G which stands for International Mobile Telecommunications 2000
L National and regional standards bodies are collaborating in 3G partnership projects

o ARIB, TIA, TTA, TTC, CWTS. T1, ETSI - refer to reference slides at the end for names and links
Q3G Partnership Projects (3GPP & 3GPP2)

o Focused on evolution of access and core networks

36
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Third mobile generation system

(3G) 2001

2.5G

2G Packet Data
1G Digital Voice

Analog Voice

L Jua¥ g pwaldd) Juald) A
Jgazeall CJEI fuoell allal

2.75G 3G
Intermediate Multimedia
Multimedia

37
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Third mobile generation system

UMTS (Universal Mobile Telecommunications System)

AU JLaY g (waldd) Jaadl 483
(3G) 2001 Jgaseall CIEI Juoell allas

Broadband transmission,

2 Mbps speed on 5 MHz.

Data capacity <) dau 384 Kbps - 2 Mbps
Technology A4l Broadband / IP, FDD and TDD technology
Standard eLB.'d\ S CDMA, WCDMA, UMTS, CDMA2000
Switching  Jsill g 6 Packet switch
Service Glaadl) high-speed voice, data and video
Frequency 34l 1.6-2.5 GHz
Bandwidth kil ,a e 5 MHz
Latency  OseSll < >250 ms
Modulation = Jyx»id QPSK (UMTS), 16QAM (CDMA2000)
Access technique Jya gl At W-CDMA (UMTS), CDMA (CDMA2000)

TDD (Time Division Demultiplexed)
FDD (Frenquency Division Demultiplexed)

01" T
I'I.f .III'|
I\\ _.-".II
DD® I~ ®10
2 bit par symbaol
16QAM

4 bits f symbol
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Third mobile generation system

HSDPA (High Speed Downlink Packet Access)

(3.5G) 2003

480 SLal) g Gualdd) Jaal) Ayss
Jgeall U Juoedl allas

14 Mbps speed on 5 MHz

3GPP: 3rd Generation Partnership Project
S A g PN RN PR

Data capacity <lilal) dau 2-14 Mbps
Technology 4l GSM / 3GPP
Standard WAl L= HSDPA
Switching Jwuil) £ o Packet switch
Service <leadll Voice / Data / Video Basaiall Jailes ol Jlentiad 4y
Frequency Al 1.6-2.5 GHz
Bandwidth (@il o= e 5 MHz 16QAM
Latency (sasll g >250 ms o oo
Modulation  Jzaill 16QAM o ©
Access technique Jsasll 4l W-CDMA =

4 bits f symbol
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Jgaseadl CIEI Juoell allas

Dual Carrier

5G and next generation
Third mobile generation system (3.75G) 2003
HSUPA (High Speed Uplink Packet Access)

28 Mbps speed on 5 MHz

3GPP: 3rd Generation Partnership Project
SN Sl AS) 5 g g pdka

Data capacity bl dau 30 Mbps
Technology 4l GSM / 3GPP
Standard ALl jlaa HSUPA
Switch type  Jsill £ o Packet switch
Service <laadll High-speed Internet/Multimedia 16QAM
Frequency Al 1.6-2.5 GHz .
Bandwidth kil sa e 5 MHz _©
Latency (gasll g >250ms
Modulation Ji=3d 16QAM
Access technique  Jsa gl 4k W-CDMA #pie feymeer

40
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Access technique: CDMA (Code Division Multiple Access) 358 apaail aniall J gaca g 1) gacn o) i
il glra JaT Ciaay Lo s sl Goa 3 B 3 LY Jias O

(Gsill) Jasill dilas m
u..)AJAI\MAM Adx1a d}é)l

bl e Hhaill Garg e Gk e (gaa Al @Uaill (e iy O
el 0203 5w el ae JLELY) Jlea (el 3 o) caan O

’// R
//Frequency

>
Time
COMA--EVXDO [CDMqA
UMTS -*HSDPA —J
TD-SCDMA = A

CDMA
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Access technique: CDMA (Code Division Multiple Access) 39S sl daatial) J gua gl 2 gac o) Ak
3 AN 388 e cipal) LS
il @Uaill Jals 4aliiall cilas 1 A gdie and JS5 g de yun 3 HLEY) Jaad a5 ]
B dyia ) &l y38 8 a5 ) el |
s 03 58 aladal oy ¢ Aglliie Aghe ) 5 58 (S 8 3
SLEEY 5 s e gy daddinudll ol gl Julii i jb S5 4
AN G oty jaadll pe el 3 35k 0o AT () 23 5 e LY Slea 38 5
A g8

OSVF coding Cuanil) Aileas
Orthogonal Variable Spreading Factor Codes

| LLLLLLLI Lﬁa ‘—‘t“ @4-‘ GCJ:’ h‘) JJJS L;"; U‘“}:‘ﬂ‘ U:“}‘:‘ﬂ\ MJ\AA
1,1,1,1 |

Recursive rule g [L1111-1,11

N | 1,1,-1,-1,1,1,-1,-1
_ (1,111

ﬂ | l-:' | 1,1,1,-1,01,1,1,1

| 1,-1,1,-1,1,-1,1,-1

PR | 1,-1,1,-1,-1,1,-1,1

SFT=n  SF=2n L,-1 ‘ 11,111,111
FEERIN

| 1,-1,-1,1,-1,1,1,-1
SF=1 SF=2 SF=4 SF=5 42
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Architecture of network 3G EdUY) ) A<l

Lol & g
Types of cells 2 200 i Sy
Picocell In-Building 200m, 2Mbps, 10Km/h 55 3 il Sue

BF Microcell Urban 3km, 384Kbps, 120Km/h =S
Macrocell Suburban  35km, 144Kbps, 500Km/h ?535 Al 5 Sl

WiAR »

AV A

22 i
:‘; ! | Global
N Satellite
Suburban Urban

..'Q.' a il t"l‘ ; Se—
e -t ]’. 37 IF\ ’\ 4 .,‘ ’
T ( .
Y \

In-BuiIdiiﬁ =3
Microcell icocell g i
Macrocell - E ,

o
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Architecture of network 3G EdUl) Jaad) A

PLMN :Public Land Mobile Network
Other Networks BSS: Base Station Subsystem
(_/% MS : Mobile Station
BTS : Base Transceiver Station
N BSC : Base Station Controller
NSS: Network SubSystem
PSTN MSC : Mobile-services Switching Center
HLR : Home Location Register
VLR : Visitor Location Register
EIR : Equipment Identity Register
AUC : Authentification Center
OMC:Operation and Maintenance Center
OSS: Operation Support Subsystem
et GMSC : Gateway MSC
SGSN: Serving GPRS Support Node
GGSN: Gateway GPRS Support Node
Node B: 3G Base Station Transceiver
RNC: Radio Network Controller
TDD (Time Division Demultiplexed) :
1885 a 1920 MHz (uplink band 35Mz)
2010 a 2045 MHz (downlink band 35 MHz).

Base Station
Subsystem

N
a 4 NSS R

Mobile Station Network Subsystem

SIM

PLMN

USIM ME

-

FDD (Frenquency Division Demultiplexed)
1920 a 1980 MHz (uplink band 60 MHz)
2110 a 2170 MHz (downlink band 60 MHz}4
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Disadvantage of network 3G Gl Jaald) dSud el

2G MLJ&AL;SJUSQ ‘)\ Cu*\
i A iad 4,
o) a3 i ) gliag

L E ) Jualy) pa NGO B S Ay by ) zling
. oAl L) s
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5G and next generation

Fourth Mobile Generation System

LTE (Long Term Evolution)

Capacity Downlink

4@‘.@." CAUlﬁjl daw

480 SLal) g Gualdd) Jaal) Ayss

(4G) 2010 Jgezeall aldl Juoedl allas
(3.9G)
MIMO 3232l Gl jaall 5 3a3aall C3AA 438

100 [64QAM] (SISO),
172 (2x2 MIMO), 326 (4x4 MIMO) [Mbps]

Capacity Uplink

selall LULJ! daw

50 (QPSK), 57 (16QAM), 86 (64QAM) [Mbps]

Standard allail) jLaa LTE
Data type OULd! £ Packages
Service SOlodsel VoD
Duplex plans z9lW! Jalas FDD and TDD 64QAM
Bandwidth Sl o,s 1.4,3, 5, 10, 15, 20 [Mhz] oo aeooo
Frequency a2 il 2-6 GHz 5 o
Latency ‘L’t"z“‘“}” WXL irrlig(l)l rr:lasckages"’ 10 ms 000 oloos ’
Modulation S OFDM 6 bite feymbor
Access technique J a5l Ak OFDMA
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5G and next generation

Fourth Mobile Generation System

LTE-A (Long Term Evolution -Advanced)

Capacity Downlink

cLIa.ngJl ubh.d\ A

480 SLal) g Gualdd) Jaal) Ayss
(4G) 2012 Jgezmadl glyll Juzmdl oS

Speed of 1Gbps on 100 MHz

100 [64QAM] (SISO),
172 (2x2 MIMO), 326 (4x4 MIMO) [Mbps]

Capacity Uplink

dislall QBM‘ daw

50 (QPSK), 57 (16QAM), 86 (64QAM) [Mbps]

Standard  aUalll jlaa LTE-Advanced, WWW (World Wide Web)
Data type ULl ggs Packages IPv4 _ mobile
Service oS VoD, 3D, (1 hour HD in 6 minutes)
Duplex plans  z9lW! Jalas- FDD and TDD
.. .t e e 0 - 15 km/h (Optimized), 64QAM
Mobrlity S asllici el 15-120 k/m/(h :)high per)formance) - S
Bandwidth  3Uail youe 100 MHz
Frequency 33l 2-6 GHz Gooooloons
Latency  (jgaSi <8 >10 ms O i
Modulation  JoJda! MIMO-OFDM ° bits fymbel
Access technique (g sl 4485 OFDMA (Downlink), SC-FDMA (Uplink)
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Access technique: OFDMA (Orthogonal Frequency Division Multiple Access) Jolaioll 03 A euudiy ddaiall Jguogll 1 J ga sl 48

A TR VAR
LTV ST ATTARY
AT AT 7 /%
LT ’...«.4

Ay L UARTAR LAy I
“ |

‘I'iij ii"l'*_j
Time
LTE, AIE, WIMAX

OFDMA Jelaiall 33 Al o ddaiad! Jgu0 !

Frequency Y (3Uaill Ay 3 ) gial) due jall Alalall s gall (o 5 dae aladi
Cila glzall Jail o yadl 3lail) ild saus ol dlalal) da gl g

Orthogonal Sub-Carriers

N

. Utilisateur 1
¥ vnlisateur 2

Utilisateur 3
@ vulisateur 4

The use of a large number of parallel narrowband sub-

carriers instead of a single broadband carrier for the OFDMA SC-FOMA
. . Oata symbols occugy 15 b2 tor Data symbobs accupy N 15 bRy for
transport of information. e OFOMA syl perd 1/ SCFOMA sl paoe

48



5G and next generation A ¥l s Guwaldd) Juad) A

Access technique: OFDMA (Orthogonal Frequency Division Multiple Access) Jolaiodl 30 A iy ddatiall Jguo gl J ga sl 48

OFDMA Jwlaial! 0o U1 (Ol ddaioll J gu0 9l
awall
Alavidl) g AnAl) landadl) o

il Hlosall 2antia 3L381 @

[N.Ts] el baw do)) sie Julsa (Ao a3 N OFDM Jos sz @

G Cilalzall OFDM aUill aranail) Cilalza
¢ gaill g oo ¢ dae Al Alalad) il gall dac @
¢ sl gaxille ¢ Sl ¢ g
slide ¢ JA)J\ NPy
als il o Al WA Gy aclille
(O sanll e o) L 53 dadi- ¢ o il JHL Al gy Juaalle
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Access technique: OFDMA (Orthogonal Frequency Division Multiple Access) Jolaiodl 30 A iy ddatiall Jguo gl J ga sl 48

OFDMA Jelaiall 33 Al @unidis ddaiadl Jgue ol

Ba2xal) ) el Anllae & Jlad g las Je .

el Gua Jalal Ay @8 JV 35 Y

(64QAM «16QAM «QPSK) paiiua J<I A Jpaail) prassy

Caulall JalS e dlaladl Cila gall a0 555 IS (e 3 300 £ 6 aladinly ey
il gl 8 LAl e gama LU 35k e a3 sl aladiuly ey
sel) g 5B aladiuly Al £ sl alaAiuly e

SNR e Jaill Jama 3 3 5 JAU JS1 Jaral) Cinsiy o

Zaliie LOA ediiue (g AN sl Jhas aladiud

Jalal 5 S aca s Aglea

LOWOOUITDWN R
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Multi-Input, Multi-Output (MIMO) dadniall cila Aall g daariall DAL

MIMO saaiall s jaall 5 Baseiall cidldaal) 48

Yoo e

TX1 \ i
; ;
il
TX 2 RX 2  Emetteur 1 Récepteur 1 Processeur
Entrée il
[ ] .I;- — —
. — 0 Emetteur 2 Récepteur 2
Flux de '
'“_s ; —= 5 "'_\ ,-_/ données }
TXM RX N \1ff%"f"t__ }j —
Vemewews || écepteur3
Canaux

Multi-Input, Multi-Output «MIMO»
M antennas in transmetter, N antennas in reception
Diversity gain vice multiplexaged gain (capacity)




5G and next generation ALY Ja¥ g ualdl) Jaal) Ay
The chain for 4G (LTE-Adv.) 2l A Jaad) Bl
MIMO-OFDM 322=3all Cila jaall g saaxtel) IR L] 40083 & Lalaial) 23yl avcdhy daetall J gua ol) 40183

N WAVEFORM , i
GENERATOR "('é"_,d" ---[1[o]o[1]o] EXTRACTION ‘& > [--[ o3s+osn [ 0ssvozn]
L e E— :
T
' —_— OFDM Symbol
ENCODER f - -[1]o]1[1]0] CP REMOVAL |1|
-~ ~ @@
'—\ (—‘—\
INTERLEAVER ><: ---{o]1]1]0]1] DFT
-~ —
,MBOL il ,
QAM sY . ; 0T BCARRIER
AM SYMBC [---]0.7+0.7j | 0.7-0.7] | SUBCARRIER
- @ ® ® | —
(—' ___________ r—‘—\
oTS R R |
[ Pilots | Data | -:- |Pilots | Data | --- : EXTabeTION
| ~— G(f)
CHANNEL "
i ] ESTIMATION il
f——\
SUBCARRIERS CHANNEL
ALLOCATION EQUALIZATION
— A _J
Y — ® | ®
IDFT fooc—> t oSyueoL [---Jo[1]1]o]1]1]
-/ _ @ ®
— OFDM Symbol 3
2 N AR
INSERTION : DEINTERLEAVER ><: 1
I - J
r |
SIGNAL : ( ) p
(_CENERATION | — “\Q\_J/}\D DECODER J Iﬂllﬂ
dt
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The chain for 4G (LTE-Adv.) alyI! sl BUS

Binary
mput o  —
dﬂ[ﬂ Chajmfl Chafinel] Pilot _
"Encﬂder‘—.'mlerlem'er_-'”mm}_'lnsﬂﬁﬂn SP ™ IFFT P/S - cyclic—®™ DAC F™RF TX
Prefix ,
Fading °
' Channel,

Symbol

detector/ lg—IpP/S l@— FFT
Equalizes

Channel \ Time and
E stimation Frequecy [#——

Swnch.




5G and next generation

Architecture of network

eNodeB: evolved 4G Base Station TransceiverfMME/GW: Mobility Management F

A Jlall g Gualdl) Juall A

4G Al

User Equipment

UE Enhanced Node B

eNB
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480 SLal) g Gualdd) Jaal) Ayss

Comparison between 3G & 4G o dylide
Characteristics 3G 4G
Switching Jyxil) Packet switching circuit All digital with packet
FB Frequency Band  4:SladU) cufaa jil) glas 1.8 to 2.5GHz 2-6 GHz
BW Bandwidth 2,3 il (2 e 1.4, 3,5, 10, 15, 20 MHz 100 MHz

Data rate <ULl Jaea 384 kbps- 2 Mbps 100-1000Mbps
Applications  <liudail) Voice and data Data and VolP

Supported technologies

da g dal) Culuiatl)

EDGE, EGPRS, WCDMA, HSPA,
HSPA +, CDMA2000

WiMAX mobile, LTE, LTE-Advanced

Network architecture

Based on cells from
the large area

Integration of wireless LAN
and Wide Area Network WAN

Technique Forward Error

Uad alaY) ) 4

Turbo codes

Concatenated codes

Correction used i) il
Video access il Al Jsa gl Provides video access to users  Provides HD video access to users
Virtual presence &l 38Y) 392 5l Unavailable Possible
Navigation Y Digital navigation provided Virtual navigation provided
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Disadvantage of network 4G Aus et

Auald Cilara

Ay panl) ghlial) B dgaa) 418
UQA\ ¢ Jaa B3 glda ej;i\

Bada il & G 3

il gall Ja jiall (2 il
(A8sal) Lait

Sakaal) 3 jgall

. A8l Jig) Mgl

NG BRWNR




5G and next generation AEN Jal)y (ualdd) Jaal) 4y
The development of mobile communication technology ALaTial) Juady) L ol 5iS5 | ghas

3GPP Family Technology Evolution <lohuay)

3GPP: 3rd Generation Partnership Project Release 11

|P Interconnection of
services, Heterogeneous

Release 97 Release 99 Release 6 Release 8/9 Networks (HetNets);
Coordinated Multi-Point

GPRS UMTS HSUPA LTE operation (CoMP); In-
171.2 Kbit/s 2 Mbit/s 5,76 Mbit/s 150/300 Mbit/s device co-existence (IDC)

Release 96 Release 98 Release 5 Release 7/8 - 4
GSM EDGE HSDPA HSPA+ Release 10 R
14,4 Kbit/s 384 Kbit/s 14,4 Mbits 28,8/42/84 Mbits LTE-Advanced
1 Gbit/s
1990 2000 2010 2011 2014
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5G and next generation

The development of mobile communication technology AliTial) Jualy) L ol 5iS5 ) gha
i
Evolution of mobile communication systems ) .
G . 5G| 5G
(800 MHz | IP mobile,120Km/hVoD,3D )
AG 1800 MHz | 100 MHz LTE-Advanced ssqam  1Gbps 4G
| 2.6 GHz qugﬂmc;-omm IP mobile
- 1.4 ,3,510,15,20 MHz Rel11:32TX,MU-MIMO
OFDMA
>100ms LTE 64QAM 200 N’Ibps 3.9G
Rel9:8TX,SU-MIMO
) _Web HSUPA qam 30 Mbps  3:73G
900 MHz | 5 MHz
3G 5100 MHz | CDMA HSDPA 16qpsk 14 Mbps  3.5G
. / 2250ms UMTS QPsK 5 MbpS 3G
Rel8:4X4MIMO,4X2MIMO,8RX, SISO
- [900 MHz T«zfgbxkazwlS,MMS mail EDGE opsc 384Kbps 2.75G
1800 MHz
/-zrgtl}gﬁ'ns paquet GPRS GMSK 200 Kbp5 2.5G
GSM omsx 1A Kbps  2G
‘NMT, AMPS, TACS FDMA
lG 1981 1983 1985 200 * 900MHzT Z‘a Kbps 1G
-.\.T\‘Foi)( ana|og'|que 30KHz [832(23”3[]2]/.- -
1980 1990 2000 2010 2020

v

AUl JLal g ualdd) Joal) 483
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Exemples of Terminal

AUl JLal g ualdd) Joal) 483

M

1G,2G,3G,4G il s¢d ALial

i
y at
i
bl
B2 9
e il
oE i
=
g;:
N
|~ B
Pz

59
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ASBU

el Jeal it 2

Lasall 3 5G aladin) el cilindai 3

(I0T Techniques ) sV < il cilyss 4
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ASBU

AUl JLal g ualdd) Joal) 483
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The development of mobile communication technology alatial) Juai¥) La ol 55 ) ghat

Evolution of mobile phone communications Jseaall dilgd) cylail | gh

1980 1990 2000 2010 2020 2030

. First UK mobile phone call

IIII

SRE - TACS
it - GSM/GPRS/EDGE
. 3G spectrum auction
- WCDMA/HSPA/HSPA+
. 4G spectrum auction
. 2.3 GHz & 3.4 GHz auction

research & U SO
standardisation 0 - LTE/LTE Advanced
commercialisation ::,:_:_: [
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Construction of 5G oAl dial) sl
3rd Generation Partnership Project (3GPP) (3GPP) Ul Jaall 480 1i & 5 piia
International Mobile Telecommunications-2020 2020 - 4 gall ddaviall caylasy)
(IMT-2020 Standard) Spectrum (IMT-2020_kxs)
@ ITU report on harmoaisation )
First LTE-A future ITU
standard 3GPP technology report on Network
[3GPP Release 10)| [Release 12 trends  IMT vision WRC-18 implementations
G ¢ 9 0

2015-2020

¢ o 0 G G
LTE introduction Global projects TUWRC-15 | Technology  Spectrum
[3GPP Release &) underway for 5G vision consensus  licensing
.
3GPP study for 56

(Release 14 onwards||

5G spectrum: ITU WRC-15 (Nov 2015, Geneva); ITU WRC-19
5G definition: ITU circular letter, IMT-2020 (2016)

5G standard development: R14 (2017),R15 (2018),R16 (2019)
5G standard approval (~2020)

5G evolution (2020-2030):R17,...
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5G and next generation ALY Ja¥ g waldl) Jaal) Ay
Caracteristics of 5G ealdd) Jaall (ailad

5G Technical Objectives 5G 4 —laa)

1000x data 50/500 B Up to -
volume devices 10Gbps Few ms E2E 10 years

mECEEE 4 —
Y

E=E
ESE

,@5@11’: é Wﬂm .
: o T T
1000x 10-100x 10-100x SX 10x
higher mobile  higher number of  typical end-user lower latency longer battery life
data volumes connected devices data rates Jal oy saS for low-power devices
Glln ana e S)aae Glily A asae Ol 4 jay e

S8 dseadl i) e andidl

23U Amidia 5 el



5G and next generation

Caracteristics of 5G

Perfomance in
Capacity/m?

Spectral
Efficiency

‘ .‘ Network
Densification
Spectrum Extension

Carrier Aggregation
New Carrier Type

1000x Capacity by 2020
~50x Smaller Cells
~4x More Spectrum
~5x Spectral Efficiency

Relay

HetNet
Small Cells

(Cognitive Radio, etc.)

(Interference Management,

(Cooperative Communication, etc.)

-

Spectrum Extension
Factor 20

Network Densification:

Spectral Efficiency:
Factor §

Factor 50

L
‘

Overall Gain: 10.000

1000x
~50x

etc.)

A Jlall g Gualdl) Juall A

oweadl) Jaal) (ailad

5G More Spectrum okl e 3y yall
More Antennas Lo sl (e 2 3l
Higher Modulation e Jaass

New Multiple Access LA A J pua g

~50x

Smaller Cells
{Interference Management, etc.)

y ,

1000x Capacity by 2020

~4x

More Spectrum
(Cognitive Radio, etc.)

~5X
Spectral Efficiency
ion, etc,

({Cooperative Communication, )

2020 als Jglay dacdll
(&) ¢ Jalaill 5 ly) sral LA

~dx (A ¢ ol ol ) il (e 354

~5x

() ¢ A gl YLl Agida 36 S .
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Caracteristics of 5G ) Jead) Sailas
43 g% ga LA

bl G s Sl o
’ Super real-time
. Best . |
iaie de Great Service , and reliable
S in a crowd experience connections e U
Amazingly follows you , Ubiquitous things JS 2 sl

communicating <l (lSa

fast (((

S )
Q)

e "L@
bit-rate, ] i
Accessibility, - simple devices,

delay Accessibility, delay, coverage

5 dense crowds - e
cCal) Jaza ) mobility reliability o 3 4]
Y s o LT il et
= Jai) g 48 4 5a 67
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Caracteristics of 5G oAl Juall Lailad
Universal Communication Model (UCM) A ga Jlal 535.43
Jailis oll dae3 G el 5 slea Jails oIl aans
multimodality modular, flexible transmission multimodality

Q ( “
Ai - | 1!
T /\ \ o > ®$eD

’ (iestuve‘i\"’ﬂ
CE e CE Mimic S~ 5l Gisa

Haptic el
b2 . > ) 62 : 1w
anybody ° anydevice any media _~ anydevice _  anybody
<% < <& .
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Caracteristics of 5G

wealdd) Jaall (ailas

3K 8L
Performance ALl e 3 “mjf! Extras
Bandwidth C i U‘:ﬁ (4de “‘J‘“‘) ds:"m Mobility (high speed)
Robust modulation 3555 Jpaa oSl Lol ) Link adaptation
Sensitivity Al 3 e JUi 3 8 Variable transmission power
Quick switch between channels < 538l G o ) Gl Badalie <ol o8 Multiple channels
daluall B dlle cllyl) Jana 33 sal) e Jay Link quality assessments
« 1000x capacity/km?
Higher system
capacity s v i tewn .
v . v hmada JUATN) pa ) [ Al
e el da ’ TESEI O
Ja (gasl) C2 g
Reduced Latency
)

Higher data rate !
- 100x typical data rate < ‘
(Even for high mobility)
Jlaty) Aduis

* RAN latency : < 1ms

Massive device — Energy saving & | 48Ual) & aLatd)
connectivity o cost reduction JB) cilasdl) A4l

« 100x connected devices - Energy saving for NW & terminals
(Even in crowded areas) - Reduced NW cost incl. backhaul 69
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Caracteristics of 5G oealdd) Jaall (ailad

oald da g Gy A gl g oA g A0R 33533 500km/h () el Alle A5~ Mobility @ Al 0]

BJAJ L.é \.g_“\j;\ d).a..ajj\ uSA:\ @j‘ ji ilaiall oJ.@Am L_ALAAZ}“ A=) Connection density : (_JLAJY\ 44 D
Al (e A8 CYLAY) Sl gy )l B JUall Jis e e o8 (8 () 50l (1000000) (s Aablis
.M2M A I

(bit/s/ Hz) 4lall g cadall 3 5 ga (pe Bas 5 JSI ULl 4uals) Jas g3 Spectrum efficiency —aall 3:S [

38 yaa dakhia (ST deadal calilud) A< s daal) LALAA‘ Area traffic capacity dalaidll L; a8 all 4an
(10Mbit/s/m2)
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Caracteristics of 5G oealdd) Jaall (ailad

Gbps «llie cag ke Jh 8 4sias Koy ULl Jare ol Peak data rate ; 55,3 Clily Jaxe =
A gyl Jb 4 20Gbps (M sasall () 511 10

Gl Qi) Ukl Ja=s User experienced data rate @ aadieal) Loy afiahy Al clilall Jase
&8 5idl (3 ¢ hotspot Aalull Llail) Y i 100Mbps o8 sl 8 Uil Jars acd (S
Sl Jaly 1Gbpsie el ad ) Gl Jial andiiadl clily Jaxs Juay o

5hIms) Aea sl e Lelbind (ia ULy Al saadd) Jla) o JUEY) e Latency @ sl s
(J8
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Caracteristics of 5G

480 SLal) g Gualdd) Jaal) Ayss

oweadl) Jaal) (ailad

244 7 Billion @M\
WEY) (e = udla Moullity 5 iy Jana
J () = up to 500km/h b gl ity J
Radio Latency Peak Data Rate
:S 1ms B 10Gbps
daluall & cilibyl) Jaa Juady) Al

Traffic volume Density
=> 10Tbps/km?

O gaaal) alibud) Jaza J8)
Minimum guaranteed
Data Rate
~> 100Mbps

Connection Density

it 2

B Imillion/km
7hillion people
7trillion things

Jw\l‘ Cra) =J=\§L“d\
E2E Latency
s 10ms

12
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Caracteristics of 5G oA} Juall Gailad
Jai¥) 380 dusnia

¥ Network
iy rchitecture

e———————— | =—————————

9001 Slicing

High.—lspeed Ability
aliway R ?
aladl 4e ol o :

4.43.1.3;4\5“ M}SLA(:JJSM :\-’M-C;\-UJA

] ]
30~50ms 350Km/h Inflexible
Qe e

dux) yiay) Aual (alds 3 Network Functions Virtualization (NFV)
laa s 38 el sl Software Defined Networking (SDN)
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Caracteristics of 5G oeadd) Jaall (ailad

Al S Jgag
&3 Lf‘ uéﬁ QISA Lﬁ‘ uj Gl Y aea
) ; 100X
1980s 1990s 2000s 2010s 2020s SUAlRAIeSE

"Qf“:"‘cfbuéucfb

~Densification
' i Llaiuy) i
Analo Mobile Mobile A Connected SR
Voiceg BroadBand Internet World _1ms Latency
AMPS WCDMA LTE Non-limiting access Reliability i3 g 5l
TACS CDMAZ2000 LTE-A anywhere, anytime, 99.999%
TD-SCDMA 45G anyone, anything |

WMX ‘ 100X dallal) 5. le<
it Energy Efficiency




5G and next generation

Caracteristics of 5G

Mobile has made a leap every ~10years

Mobile voice Efficient voice to Focus shifts to
communication reach billions mobile data

© o

1980s 1990s 2000s

AUl Jal g ualdd) Joal) 483

oweaAl) Jaal) (ailad

Jiiinal) dga) sl 5aa o duaia

Mobile broadband and A unified future-proof
emerging expansion platform

Analog voice Digital voice Wireless Internet
AMPS, NMT, D-AMPS, GSM, CDMA2000/EV-DO
TACS IS-95 (CDMA) WCDMA/HSPA+,

i
-

2010s 2020s 1Ly Aika

Mobile broadband Wireless Edge |
LTE, LTE Advanced, 5G New Radio 5G 1 gy
Gigabit LTE (NR)
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Access technique: BDMA (Beam Division Multiple Access) J g o) Aiss

Plil) ity axial) Jgagh | A L

\
)
|
|
! !
s | i i
( !
\ \] ! L] i
\ \ g™ t 4
9 Pall & /
9 4
- ] £
- ’
”
\\ ! ’ v
b ! ’ 4
b ) I s
b ’ )
B < !y S

“veet!

‘=§§§%Ti

Time
AMPS, TACS, NMT FDMA

I]Il /F - \

Frequency

V Phased Arrary
Antennas
Time g @ Optimi
. ptimize
TDMA, PDC (TDMA] Optimize
GSM —= GPRS/EDGE FREQUENCY beam dil::;?:m
ower (P
‘ FDMA/OFDMA power (P) (8,)
: Orthogona requency 7
Time @ Division Multip¥e Acces _
CDMA-=EVXDO COMA s o
ms—sppa M) S| SPACE |« 0 = ’ A
TD- SCDMA 2 ' N~
f—:i...:g.g Retay ranamit mokile Ritsive: Motk
.f‘::s"...':uy groug,
& .M&Mk
Tlme rm:»r:uugm

LTE, AIE, WiMAX
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Access technique: BDMA (Beam Division Multiple Access)

Conventional system

‘ (( ))

User 3

@

Conventional User 2

8 "

User 1l

.
-

Radio resource:
time, frequency

Frequency

Time

Frequency

£ lail) AiLal poa il g gl SLin

Swnax‘ I "‘..! .'.S‘
Coverage/
BDMA systom Mobility 1995 2000
A
‘ ’( ))
CDMA
AMPS * TDMA
Bg’g“‘ User 2 ETACS GSM

=
(Digital)
1G
(Analog)

adio resource:
time, frequency, beam

480 SLal) g Gualdd) Jaal) Ayss
J gua gl A8
L) aneadily daxial) (J gaa ol

2005 2010 OFMpA2015+

MIMO
SON

CDMA2000'
EV-DO/DV !
W-CDMA
HSDPA g

: | 2G|
(802.16m ) - ' |
WiBro S I

. D) |\ BDMA
802 16¢/ : Grbup Cooperat,‘on

|gh speed .
. 802.11a WLAN /
. RFID \

802 11b/g
. ZigBee ..
UWB 5
Data rates

Slilal) aYara
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Access technique: BDMA (Beam Division Multiple Access) Jgra gll AiEs

£ ladd) avudliy dartial) J gua ol
ol il sl dgadie A8 A jal ot N Gadll (8 aSail) (Saall (e Jaad dga sall 38 (8 Sl 5 5 sl

Elevation

-
>~“ Y
‘\ - ‘\'\ : - o o
\ ~— T Optimize
‘.‘ - Optimize
‘ beam
= the power

~ direction

L /,,//,/ \3_‘ of the beam {angle:theta phi’
R~ + P
W
(3
-

!

Azimuth Width beam
angle

The control of the Power and the Direction [phases (©: elevation, ¢: azimuth)],
these parameters will make it possible to control the main lobe of a narrow beam directed towards the interconnected.
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Access technique: BDMA (Beam Division Multiple Access) Jga ol dyiss
£ ladd) asudly daxial) J gaa ol

| | Beam
& = forming

i TR
b

//
Y
RX
iS Rk &la.;ﬂ\ o
gladll (o je 2SS
Jasill g Jas) g 411 32 ga g Anazill g Al 1 pamnadil) Laa M
4 garas daarh 3K
Improvement: * Tracking the beam during movement
Capacity,Coverage, Quality of links, Mobility * Adaptation of beam width

Guaranteed spectral efficiency e Both of them 79
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Smart Antenna in 5G Network

il ggdl
Omni-Directional Antennas

switched beams

Al Ja¥l g ualdd) Jal) 4yt
oualdd) Jaad) Sl b S il ggd) il aladiin)
A4Sl il sl (e ddlina g1 g3l

Active

beam Desired user

“ Antenna
matrix

>

Antenna
matrix

A
Gl gl \/
Antennas
dynamic network

Antennas il ol
adaptive network &S A%

The different types of smart antennas 80
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Smart Antenna in 5G Network

A Beam fixed or mobile

botit om e o

dl jada 33 culd &M

-1l
1 BIMO
i MISO

L MIRAG

Qort-Ta- gt link

d Time a3l
J Frequence .
 Code U
] Space dalis
N
ERPy
“"% < .. Beam dth
VAR ..) __adaptation
Psts A s = 'x\\ andtracklng
T & I\H; E
xﬁ-’li
r ; Trackmg:__. i\‘j ;
. BS "~“"Beam =-
! width ;
adaptatlun MS movement

a~y

movement

MS movemeant

AUl JLal g ualdd) Joal) 483

5G A b (83 ) g
“¢*More Capacity S} da

**More Quality A5 Baga
**Power Direction g, g 4il
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Smart Antenna in 5G Network 5G Al b S) Al

Massive connectivity (density) Integration of smart antennas
Aalle 53 ga Jayl yiall aadd AEA Ll gl Jlantina) o sy by dalise & (oS Loyl 53

?, : Beam training unit Beam training unit
it) : ? .
" 5 § - LFQ.\S.J\ e\.b.d\ \.J.\A 9 ds.&»
ﬁ hz{t} s ? = & L
/ -\ ? 3 ; 0] Signal
. x4t b, issued 3
\ ADC L ?
sgsg . 3 Received - DAC
gooe 1¥ . signals Divi b
T .
& Eloments (4x4) Array A H‘l“
(= 12061 At Galn) xH“} ‘: ?F b
Antenna §
network C I - Antenna
et o £ o SULEEEEEEE SRR Py DET nebwork
! u H Estimate | || adapti |
|| Estimation Adaptive || . DoA = w aptive | .
il| of DoA algorithm || ¢ in reception , [ algorithm i |
§ ] b
""" Nispiive procasior Adaptive processor
f Receiver | Transmitter | ‘x\

: I;I.; xfr,-x
0l

Structure and principle of the adaptive system 82
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Smart Antenna in 5G Network

5G Al b S) Al
Evolution MIMO by 3GPP

ceadd) Jaadl A A Jaadl (e 3GPP Aaid 5r MIMO 3aniial) il jiall g 3adniall ANl cild clyi) ged) 4385 ) ghas

5G Research, Prototype, Trial 5G Standard Deployment

Release 8 Release 9 Rel 10 Rel 11 Rel 12 Rel 13 Rel 14 Rel 15 Rel 16 3GPP
4X4 MIMO 8TXTM8 8TX TM9 Downlink Downlink Massive Massive 5G massive MIMO
4X2 MIMO CoMP(TM10)| eCoMP MIMO 16TX MIMO 32TX MIMO 64TX+ 3GPP
8RX uplink New 4TX
Uplink CRAN codebook
2002 2009 2012 2020
SISO SU-MIMO MU-MIMO Massive-MIMO
14Kbps 384Kbps 100Mbps 10Gbps

$ WRC-12 $WRC-15 $Wrc-18/19 ITU
>
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 Time

% sc
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Smart Antenna in 5G Network cualdd) Jaad) ASuE A (K3 I ga
AN (st S
1G 2G-3G-4G 5G

Omni-directional Sectoral Intelligent
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Smart Antenna in 5G Network 5G 4wl A 83 Al g
Small cells using millimeter waves Jladall Gils e a1l 3 ya LA U““&\ S... 1) 3 S. . ‘53 g_sSJ g_g—"jﬁ—‘ ....! 21|

-

Linear
antenna
array
1D

b ot ot bnd b

o IR tesased
Rectangular
antenna

‘Spherical
antenna
array | N Cylindrical
3D antenna

array
3D
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Smart Antenna in 5G Network ualdd) Jaal) ASus A K3 ga

Base Station with Adaptive Massive MIMO Antenna System § .
S MIMO (&) 58 eu_:.s e Al idas s

Only connected users are served

Jaad :'Lﬂ.a"mi\ U._qu X da2All (-.:msﬁ (‘a.\..)

'A

Active

-
W inactive

-

Active

:’I\
!
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5G and next generation

Construction Cells for 5G

Massive connectivity (density) Increase the number of base stations

Aalle 33 5 Loyl yial) dendd Enll Gllasgs ddelina (o gl B pa dalie 8 S Loy 13

® The three dimensions for capacity improvement ""g:e’ Efficiency SRR
~10X RN
<7 /A \ N~
efficiency < Z}k ) « Massive MIMO —
A / %,) A * More efficient radio links
oth h ; A * Advanced Interference management
er enhancements: CoMP TS B anr—
Y o,
* elMTA MIMO ST fp y Qe SPEEti
e D2D == —=— = GAQAM  iiilllll R > ~10X
. eDDA e —— T il ‘;k{; e Bandwidth @ - soc%mg@mliigsg-zésgs 3.5G 5G - 50G
¢ e IO o P expansion 20m-50m [ N S=ingseervim ) —
= ICIC - o . Spectrum expansion: from 300~500MHz to 1500MHz
= e —— P More Sites
o _ Relay 7/@ _ J) >10X * High frequency spectrum
__ HetNet  ~— ——— * Cloud Radio Access * Enhanced carrier aggregation
Cell / » Context-aware Multi-connections * Authorized Shared Access (ASA)
densification * D2D,Multi-hop * Licensed Shared Access (LSA)

Femto-cell: 10m, a power of 0.1W.

Pico-cell:  from 10 to 100 m, a power of 1W. 5G
Micro-cell: from 100 m to 1 Km, a power of 5W. 5G
Macro-cell: from 1 Km to 35 Km, a power of 20W. [2-3-4] G

Small cells: lower power, less electromagnetic pollution,
energy saving, frequency reuse.

[30-300 GHz]: Millimeter waves.
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Universal Resource Management (URM) in 5G Network ) gal) 3 )

dlanad) Al 5200 1) 3 ) ga Cpenty Gualdd) Jaall Bas gall dalad) ASWEd) B 4)3) B aSadl)

» Massively Distributed MIMO
* Real-time Large-Scale Qptinization

5G? = Jont Monagement of Cloud and
Radio Resources '
* QFOMA
= Advanced antenna technology
4G (MIMO)
» Relaying : 4
* Comp ., . -
l“v_, ) '
- COMA : A
3G -+ rPower contrel / , ; Global Universal Cloud
* Turboe coding .é ! A ~ - 3, and Radio Resources
: . A4 —_— Optimization
r y .$. . 3 | - . . 5l
‘kﬁ{& .“a.,{ﬁs’ Multi-Cell & Multi-layer ey G eMIMO . &) 5
Optimization Iy GUay Jde Seall ¢l gll 8 cpaoss
Single-Cell & Multi-User &0 . i " jf.f“é o
2G A Optimization ﬁ'ﬁ\)s‘) A‘-.’\A“M JJ‘}A ‘\SJ""MM "J‘J}”
(&
* Freguency
revse Single-Link & Single-User
= TOMA Optimization
- jfindover Aol A<al- SLOU) J s o) 4805

. < -
\\ GSM > UMTS/HSPA /\ LTE/LTE-A /\ C-RAN & BEYOND
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5G Network
Massive capacity

Alilg) cililpd) das (B asal
Increase the number of antennas

480 SLal) g Gualdd) Jaal) Ayss

 hag) jal) ol e ity Janal cillanal) B ASH) iyl sgd) aae B AR Bl e e B s dalina (B S Jay) i

Shannon's formula
Wider Bandwidth

- High frequency band (> 6GHz)
- Spectrum integration (CA, e.g., h-RAT)
- Cognitive radio (TV white space) &

spectrum sharing (LAA)

F’{_Hn:.l'l'l ZZ
Ef

Duplexing & Multiple Access

- In-band full duplex radio (FDR)

- Overloaded multiple access
(e.g., NOMA, SCMA, MUSA)
- Dynamic TDD

Example 1: n=16, W =250 MHz, log(SNR) =
Example 2: n =100, W =7 GHz,

O Pld Aaua

Advanced Transmission Technologies

- Robust modulation (e.g., FQAM)

- Mew waveform (e.g., FBMC, UFMC, -OFDM)

- Simultaneous non-unique decoding (e.g., SWSC)

- Advanced channel coding (e.q., polar code, LDPC)
1+ 5'5—
| k.t

i

Refficace = Rate per user [bps].

K = duplexing and multiple access.
L = multiple antennas.

W = Bandwidth per user.

log,(1 + SINR)= Spectral efficiency.

PREIY) J Jaxa

QdxLall d}*-éjj\j C\ijY\

3laxia LYY oA

a2diia JS (g2 il (3Uaill (i je
:\ﬂéﬂlﬂj\ 3|

More Antennas

- Spatial multiplexing

- Large-scale antenna
(Multi-user MIMO)

- Beamforming

- CoMP (Network MIMO)

10 Capacity: 40 Gbps

log(SNR) =15 Capacity: 10.5 Thps
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Latency

Low latency vice high speed

Responsiveness

|

<10ms|

5G

10ms

=

Real-time'
analytics

5G

Autonomous

fé" Mission vehicules

2/ critical loT
High-frequency }a{

trading Drones

—_)

VR Telemedicine

e

ssiste
driving A%,
NS Automated Smart E N
4G VOLTE industry communities |3 |4
100ms bil @}
Mobile
P Mass loT
9 broadband High bandwidth
' home
1000 Wi-Fi phone Ultra-fast video
ms
>
<1 Mbps 1 Mbps 10 Mbps 100 Mbps >1 Gbps Speed
2G 3G 4G 5G
1990 2000 2010 2020

480 SLal) g Gualdd) Jaal) Ayss

G sasll

Ilal) Ao yed) e (yabAial) ¢y gaSl

o o - ¢

1s 100ms 10ms I1ms
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Caracteristics of 5G oA} Juall Gailad
5G, New Spectrums 5G (& ikl
bands ajal!
4 sacall ALY Alia g (e 48N alil Adlad ST 5 paria LA 3 jueal ililioad 45 jianldl)l s gl jae dlia gl
30 20 15 10 V\éav%lerslgth“(mv;l) 2 15 1 0.8
1.5GHz .
2.5GHz 0.2GHz - N LA
2GHz & 0, H,0
1GHz SGZH ;GH Available R \ 0
2.25GHz 1.6GHz Z 10GHz Hz bandWldth § }:io / 0, N
HAPC also L. 2 —1
identifiedthese . l i EXIStlng - . 0.0110 15 20 2530 4'1:3 50 60 80 100 150 200 250300 400
bands WlG |g Atmospheric and molecularr::su(:'r;‘ilo‘r?:tz:anave frequencies
||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| GH
Z GHz 57 64 164 200 300
20 30 40 50 60 70 80 90
24.25-27.5GHz 31.8-33.4GHz Pt 526 e
37-40.5 GHz 40.5-42.5GHz
bands have jégj‘;’ggyz bands may require 47-47.2 GHz
allocations as the 47 2-50.2 GHz additional allocations to
“mobile service” ona  50.4-52.6 GHz the “mobile service on a
primary basis 66-76 GHz primary basis”
81-86 GHz 91
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Millimeter wave 5G

5G sialall 4x 54

400MHz  3GHz 6GHz 24-29GHz 37-42GHz 70-85GHz 90GHz 120GHz 300GHz
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Caracteristics of 5G ealdd) Jaall (ailad

Ol daiil dbae 400 2 sicwd 5G Lli4G Aana 25 5aa) g daaa o gl 3G (e S 100 A

ki 4G A 3G e Jundld Ju Y L 5G sl ) Gladll bk,
g_qu}“ OA ,_1_\),4&\ C .ojz<'§“ L.\‘Ls.;.f u\,ﬂ‘){\ L}A M 25 uuy‘ QA M 16 Q‘;
Densification requires To go from 3G to 4G To go to 5G requires at
much more fiber require 25X more fiber least 16X more fiber
- 0 o o s 5 300000000000 00000000
000000000000 DDDDDDDD
000000000 DDDODDDDOODD
000000000 DDDDODDDDODD
1] 1] L: ] 1] 0 0000000000 DDDDDDODO
0000000000 0DO0DDODDDD
0000000000 DDDDDDDDD
00000000 DDDDDDDDDDD
1] (1] 1] (1] 0 00000000000 DDDDDDDD0
o000 DDOODODDDODDDD
oD DDOOPDOODDOODODDODODD
00000000000 DDDDDDDD
[1] (1] 1] (1] (1] 000000000 DDDODDDDODDD
00000000000 DDDDDDDDD
00000000000 0DO0DDODDDD
000000000000 DDDDDDDDO
o (1] o o (1] 00000000000 DDDDDDDD
000000000 D0DDDDDDDDD
00000000000 DDDDDDOD0
o0 DOODODDOODDODDODDDD

4G 5G

3G 1 site every 2km 1 site for every 0.5 km

1 site every 10 km

Cell density=5 x5 Cell density= 20 x 20

Cell density=1 cell/100 km2 = 25 cells/100 km2 = 400 cells
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20 sall By Ciladinall g (pidal gall oy Loy (83 Gae () Gaall ysad (8 Jlad 50 Gueldd) Jaad) L gl il [
Ay 1 84S il s il Gua e G e ady Sladl L g il duelaiaY) g Apslaiy)

Bada Glead g Glinhl d 8 JOA (e (Al aadioeall Biiaa 45 jat il o5y el A Jaad) Lia 6635 025
Aalaie Y ool 8 € Cpead s lioall Gle

g Sl aal g Gl g U Jla¥) (e ddiiiad) GlSdl clalas e Guelad) Jaadl L ol 635 aaiad (O
B Jleel zilai s cilenad acall Cuadi g Cilaaiagll
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() jra 48U Jlady) 43LS

TSl ol e £l S

¢ la gaall ¢ Gl ¢ i ST Slgiiall aan ¢ Jaill Jilas g ¢ saaxiall duadill 3 jea Yl
ol yaalSl g ladiad) 3 jeal area ¢ ol ¢ cile Ll

rASLUOU claddd) G ja% g Ao g8

Ay alai g el g aalaill g dmoall dile g ¢ Cildanall (e 3aaa £ gl g ¢ Aoy g2 30
Alaid) A gally Juaia g JS

Massive Connectivity (Geographic Density)

Everything is interconnected by wireless:

The multiple personal devices, the means of transportation, all the electronic consumers, the clothes, the jewelry, the
watches, the houses, all the sensors and cameras.

Extension and enhancement of wireless services:

4K video streaming, new types of terminals, healthcare, education, security and rescue system.

Everything is connected to Cloud Computing.
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Caracteristics of 5G

Massive Connectivity (Geographic Density)

Everything connected

by wireless
Monitor/collect information & control devices

Multiple personal Transportation
devices H (Car/Bus/Train)

!Jﬁ y = g

Interaction across  Entertainment, Navigation
multiple devices ;§ § Traffic information H
Consumer Watchijeweiryfclaths

electrunics .ﬁ‘\

N

e s

Remote operation usmg ~ Human interface (HI) and
personal terminal T healthcare sensors

House Sensors

el

. e Ll
H Ll §§ Smart power grid : FIEI30F
- Remote control of = Agriculture and farming ] ] i
- facilities - Factory automation - All kinds of services supported
| House security . Weather/Environment Dy the mobile personal cloud H:EH

480 SLal) g Gualdd) Jaal) Ayss

aldd) Jaald) uml.mi
Juaiy) £ ol g 4as

Extension/enrichment

of wireless services
Deliver rich content |n real-tlme & ensure safety

4

Uiden streaming

lﬂ .

4K/BK video resolutions

Video on newspapers
Bﬂ{:kgmun{t video

New types of
terminal/HI

H

check &
counsealing

Remote health

Distance (remote) learning i
i Any lesson mywherefanytimerééé

”

L4

O
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Caracteristics of 5G

Transportation
More efficient and
safer Navigation

Autonomous driving

Health care
Remote medical
examination

V

will enhance the
SOCi0o-economic

Disaster relief satisfaction

Prediction
Robustness to disaster

Education
Distance learning Virtual
experience

40U JLal) g Gualdd) Jaad) 480
ol Jaall (ailad

Richer contents
Multiuser UHD
teleconference, Purchase
enriched video, music, book

House
Home security

Consumer

electronics
Remote control

Safety and lifeline system
Collision avoidance Rescue
(Distress, Accident, etc.)
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Caracteristics of 5G oAl Juall Gailad

AUGMENTED REDEDICATED Se AUTONOMOUS
o U o
TAMING w C{; W' lle traveling

Augmented
shopping e

Augmented
dashboard

Assisted driving

= Bl
=0 .

Maintenance Factory e

INTERCONNECTED

®)

o - ' '
= | lc optimization o\ automationf™ Rea[-time
Real time Rl 5 J \Lﬁ/ remote control

work in cloud cothes N J

Industry 4.0
Tracking / inventory i

I [\ ODile [iving ISmar
_ atc

— :
i MGIEY
___
Communication

REVOLUTIONIZED

= 4
IE
Traffic steering &

management

[

Travel &
commute

—

Real time

0.0
q:,[tﬂ cloud access
\Virtual 3D
Advanced
Heaih

IS
B Remote A\

TOUCh & Steer _ @ communications
VIRTUAL  psecoie TACTILE SUPEREFFICIENT

A

VAN
Smart grids

Safety & Securit Utility & Enera
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Massive Connectivity (Geographic Density) i J.A c_ﬂau.\ dd’-ﬂ.\ JLAA\J\ MUS

Data Streaming

\\ll/

Velocit
Big Data !
characteristics

aJ)
5 sl

D2V V2D

C—p
Vehicule ‘ 0

r, V2V a
V2M 2 m2v
a 1
Y

V =100 km/h brakes in 3 centimeter.
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Caracteristics of 5G

Well-Connected Everything

AUl Jal g ualdd) Joal) 483
oAl Jaadl Gailad

Internet of Things

Tactile Internet

Somall a8 gl /2 3al) ad) gl
o

A1) 3aLal

Autonomous Driving

32 08 haall Als )

Remote Healthcare

Jab Qg 8 i

Drone-based Delivery

Jaia g o S
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5G Applications Gualdl) Jaal) aladied c¥las g iyl

5G mobile is expected to cope with a huge amount of data from a wide variety of applications, thereby fostering every industry innovation, e.g. M2M

M2M JEial) s o ¢ (Sliua Jh) JS Jajad oy Cua ¢ Slail) (e 4 giia A8 gana (pa bl (o AL d3aS pa 5GR Jalay

“ .

Ay Laal) s
Structure

Healthcare
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5G Applications ) i) aladlin) Claa g Cliyudat

5G mobile is expected to support flexible life styles
- e.g. working, learning, shopping

- creating community and interest group a3 yall LAl DAY J sanall ol PORE

Gl 5 alail g Jand) Qi) Jass e
Allad de gana s aainall 3l m
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Immersive Communication
- 5G brings more and more immersive communications into reality, opening possibility for new communication services

Immersive Communication Me Jual ¢

sauaall VLAY Cilaadl 4lSa) ity Laa ¢ @85 ) 5_eladl YLai¥) (e dall st -

By e pald 23l g daal) dgle U 5 ale el Aa ) A5 L)
Immersive Telepresence Immersive Comm. for Healthcare Holographic Comm.

VYEES

Lad

5G and next generation AEh Jual) g (ualdd) Jaal) 4y
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Caracteristics of 5G oAl Juall Gailad
Augmented Reality (AR)

- Higher network speed with higher computing power enables to realize AR with small form factor
- AR has seen many applications such as wearable devices, cars so on. Augmented Reality (AR) J. PO QAUM

Dsoa JSG dalay ) el a6l (30a ALl Ao gal) 3 68 ae dadlal) A0 Ao ju i
A ) e ol jland) s o B AL 5 jea) (e clandaill (pe ypanll ) jaall a8l gl agd

Mobile Wearable
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Augmented Reality & Virtual Reality (AR/VR) u}d\ é‘ﬁjb JJ,_A\ éb}\
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5G Applications ) Jaad) aladiia) Ciflaa g Cilisdat

5G Verticals and Use Casef ) . o - lA .
AaSA) aall S 3l S iy (e SV 56 slss

r’? .@%Smart Cities /r\ Smart Home ﬁ'Transportation

[ k. ) bl i

o e dﬁj\ 471;)-"'4 alatig BJQM

LRertion J Al el o ¢35 <l iUl 380 5

Dl aSadl) ol A ] 2y e b lnd) A oSl

daiadl) Al daa R 5 sl oaal SN ) gl) 4y

" " aalal) 3 410 =TT i

.83 el , e Alaic 5 54

cdate N 2 Ol (8 aSadl Aadle /4S5 iy A

. R Gy ol (23S 55l ol Y1 G S 4 5
48 yall [ dalad) daDld) S s
S

» Vehicle diagnostics

» Autonomous car

: : » Drone monitoring
et et ErergyMansgement ) AETGENCeconto
Waste I\/{Igana gement » Appliance Control » Connected Vehicle

Access Control
Home Security

Smart Parking
Traffic Control

A R ~

VWV WV WV WV ~

Public safety/surveillance » Leak Detection ; irgrai\g’lc \r/nF?g)/(Bg\r/jlgﬁ’ggn
» Smart Metering » Connected Vehicle

» Smart map/navigation
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5G Applications

5G Verticals and Use Cases

G21all g A8l daaall dale )

Energy and Utilities Healthcare

N aia 3408 )1 5 Ja gid) e sl

& ; akall 5 oY)

éﬂ\)Aj‘ C)A\ J’—J O-C ... :...S\

S (il donaall 48 )

4SAl A, 2 (e dal

2y e il

5 35,0 Aal ol
3 3 e Aalall 5 542!
» Fall detection and prevention

» Medical management
» Remote Diagnostics

» Health Monitoring

» Remote Surgery

» Telemedicine

» Robotic Surgery

» Decentralized Medical Devices

» Utility Security
» Smart Metering
» Smart Grid

480 SLal) g Gualdd) Jaal) Ayss
u.a.a&‘ d—)@l\ e\éﬁ—u\ QY@J cﬂ&ﬁhﬁ
aladiuy) cla g 5G gl sa

L 4

&aaﬂ\
’? Manufacturing

O3l & [ aadl o) sall 481
scluall 3 el 2815 AR

SV ASal

Zly) daal 48)

AN 48 e

3008 ) luall

Al / Zly)

» Raw material/stock tracking

» Industrial AR
» Robotic Control

» Production automation Monitoring
» Machine monitoring

» Predictive Maintenance

» Production / Safety
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» Thin Client / Virtual

» 5G Mobile Hot Spots
Mobile Infrastructure

» Rich and Device

» 5G Broadband videoconferencing
» 5G Wearables Connectivity
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eMBB enhanced Mobile BroadBand

Cuasliall € gl a8 atl) o L] 5i) ddle A8 fign Higi m
(11 acceleration of 4G, large payloads, active over longer peridds jj C-%j CS (10 E Sd-bo) 2 19 g1 g )3 o
[11 maximize rate, moderate reliability (e.g.10E-3=1/1000)

MMTC extreme Massive Machine Type Communication

11 fix low rate, unknown active subset from a massive device set
(1) maximize arrival rate, low reliability (e.g. 10E-1=1/10)

URLLC ultra -Reliable Low Latency Communication

(11 intermittent transmissions, but from a much smaller device set

o offer high reliability (e.g. 10E-5=1/100000) while localized in time 109
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« All data, all the time « 30 billion “things” connected « Ultra high-reliability
« 2 hillion people on social media » Low cost, low energy * Ultra-low latency

110



5G and next generation A JLat g (el Jual) A
5G Applications o) Jaal) afadiia) o g cliyda

eMBB enhanced Mobile BroadBand : (sl Jaiial) (i all gUaill

Sl = LA 5 JAls enhanced mobile broadband )z u=s e (s
Asal) Lalaill

4\_\5\_9 < \u\n YA a
Ayl ayLasy!

My Hy Y Ny N

111



5G and next generation

CNYY o ALK e Laty)

extreme Massive Machine Type Communication eMTC

A8 de )3l

J

J

ASA el O

AaUal) 448) e
A4Sl J ol
a0 e Ayl

u
u

J

AU JLaY g (waldd) Jaadl 483
5G Applications cualdd) Jaald) aladic) ciflaa g il

112



5G and next generation A JLat g (el Jual) A
5G Applications o) Jaal) afadiia) o g cliyda

Al Laidie g 48 ¢f gall 4838 LAY
ultra -Reliable Low Latency Communication : uRLLC

A8 e A AS je e Jlaiy

T A Ll

Alsied) il al

ASAl AasUal) S

Tl e )5 303 (o ol 81
Aaeliall 2y

HpEy Y Ny Ny .

113



5G and next generation AEN Jal)y (ualdd) Jaal) 4y
5G Applications ) Jaad) aladiia) Ciflaa g Cilisdat
Al Laiiieg A8 5 gall 4853 LAY URLLC clalkia saf
Latency ($aSd)

Slea ¢ JEal i e ) aals Slea e L) b i) oy Al il g a0 palill ) ey (2 E

Reliability 43 55 gl
Badse JEb) (e ) A jae Geaa daals Bl Jla)) Glea e 3 p0all ) ds Al 0

Availability 8 g3l
Jasl e AUl 558 ) et s3I @
Aldiall &Uaﬁi‘)“ G|V ST RV

URLLC Dimensions Requirements
Latency, which refers to the time delay between data being generated and transmitted from one device (e.g., a sensor), and the same data
being correctly received by another device (e.g., an actuator),
Reliability, which refers to the capability of guaranteeing a successful message transmission within a defined latency budget, .
Availability, which refers to the system endurance against
possible outage scenarios. 114
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Cloud Services for Various Devices and Applications

f

= Cloud gaming
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GPU

- More devices will connect to cloud with the help of 5G hyper-connectivity

- Requirements for 5G cloud :

High reliability (always connected), Large bandwidth, Low latency (especially for cloud gaming)

A world, where Devices are Connected to Cloud Everywhere
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In the 5G era, new use cases will emerge calling for requirement enhancement which will not be satisfied by LTE/4G.
Those will include Mobile Broadband, Massive Connectivity, Low Latency etc..
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Glalba¥) (e daul g 4o gana 15 5G A0

10Gbps 1 - -
Enhanced Mobile Broadband
ora Jiia iy e (3lad
1Gbps
utonomou
vehicle
100Mbps
10Mbps Ultra-Reliable and Low Latency Communications
control Croasd) Aaddliag g daalaic AR CYLaY
1Mbps . Cloud
P £ assisted —
st - drivin
naustr
griculture y OSmart grid
100Kkbps MmMTC N control Massive Machine Type Communications
Smart €diCa - T TV w
City health Al A Al (e ddas CLa)
10kbps N 4 >

100s 10s

1s 100ms 10ms 1ms 100us
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Olsa JS A

Infrastructure, Aiag A
monitor and control  .Sail) g 4.8) yall

N . %
z Critical Control of & o~ aSadll

Remote Devices M e B eyl
..0..§ Interaction Jelatl)
iffin Human-loT i) g )
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NetworkSlicing "5."3\ “l""

1000X <iii3

Mobile Data Volumes

oX 10X
Lower Latency Battery Life
10100 £ a 10:100% a
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A common network platform with ( g

dynamic and secure Network Slices
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5G Ready Core

ol g cllalil) g Gl g 3 10Y)

Management & Orchestration & Analytics & Exposure

Virtualization Software Defined , | Distributed Cloud Network Slicing
‘ UNE || UNE | Networking (SDﬂ) CORE&RN\.‘ | ((| |)‘)
25 [ e B | 2

dua) siBY Cilaa s 4d jall AUl

4 54 Al Al podals
Common network platform

A ldal) A dale

SARAREBARIE
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High performance infrastructure, things are getting more and more connected

KBS Ao e s LEY) Ciaal ¢ g Adle dtan A
4 sl : Hle dnan 4g

Fvents and - R Ur~

) Automotive
tourism

Homes and

buildings Industry 4.0
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- Services
- Ubiquitous bandwidth (no more cell edge)
- HD video everywhere (up and down)
- Internet of Everything (M2M, M2P & P2P)
- Sensing, Presence and Ad-hoc networking
«  Web eco-system of Apps and Services

Lawll 8 5G aladiul ¥l y ciliglas

Lad

AU JLaY g (waldd) Jaadl 483

Cilada

DS IS G g0l @il i e

OSe 8 AR e o

(P2P sSM2P sM2M ) ¢ -5 JS < yu)
Laadd) GlEl y | gcanll s lediny!)
Gleadd) g Alandatll Anl) sl alas
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Drive unlimited communication .
33 gana e Y liat) 3ala8

Any place Any device Always on
4 / — - i :

for any use-cases, any requirements, and any consumer/industry markets

Gaelia [ 48000 (3l pul (g1 5 clillata (o 5 alasinl cs (6N
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Drive unlimited communication .
33 gana e Y liat) 3ala8

Mobile 4K Video Cloud VR/AR
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Mobile Internet Anytime, Anywhere

O gl s g 5] (8 5G Jsanall Cailedl e Juaiy)

Driving ' < oy
High-speed train
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Beyond Mobile Broadband Sad o R TeT .
New opportunities and flexibility for the unforeseen sie ) Baaa A g ye g g
@Uaill 4y a3 o~ Agiaill 4
JSG.SUA:L)AJ\ . ? g i ¢ Gluaa ¢ yia eSaﬂ\Q‘}” O al gall _ .
g gl By S JAL‘JM;{B Massive MTC" e LSl Ay EY Y] Jelss
CT S

Mass market

Smart

Broadband personalized Meters, Il Remote 1 Human /

experience media and sensors, 1! controlled Imj;;asr'gﬁ?cgﬁre ;| .machines And much

everywhere gaming Massive I: machines and vehicles 1,  interaction more!
anytime I MTC” =L ! r )
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More Peak Data Rate & More Spectral Efficiency

daaal) 36T e 2 ) 93 9 Al by Jase (e 2 3l

EJJM\ (JJM

Peak Rate / - - " . e
R Average dU:uj\ og\AS ..Lu.u).m
10Gbps Bandwidth R )
efficiency  (A0/Cw) (533 Al
o o Peak Rate : (bits/sec) * * -
Circuit Circuit/Packet 1Gbps
mode | integrated mode | Packet Mode
1GbpS |-~ | — '
EFDMA IMT-Advanced ,
é : >100Mbps
L v
100Mbps [T W-CDMA - [T MIMO [ )T g 10.0
Bandwidth
efficiency:
10Mbps > 10bps/Hz 1.0
Bandwidth
Efficiency :
3bps/Hz
1Mbps 0.1
2G 2G+ 3G 3G+ 4G | 4G+ 5G 5G+ X
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UHD kilw g chlead
O\Sa sl (B AU 8 Culasa 1 e 13215 5G ae AEWUHD (SLadU Eull ruan
A 3 ale Qladl ¢ g3l aamie (302 elld 3 Ly 3anaUHD bl s Ciledd 5G iy LS

suaall UHD Lailu s dand

Ll g3 daatia 383

Multi-Angle Streaming

b ald Clali

Immersive Gaming

UHD Media Services

Wireless UHD streaming will become available with 5G promising 1Gbps anywhere

5G also enables new UHD media services incl. multi-angle streaming, immersive gaming, etc
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Massive capacity 3D, UHD, 2K, 4K, 8K,... 8K 4K 2K é*bﬁj‘ j Multiview 3D
w Al A 15Wa)120 ¢ dild) Gy sall 3Uaill : 8Kk
o2 ¢ 40l 8 Culaae 800=
M It' H o - — o
3D HDTV b= 6.5 85 1

Mode/Resolution

New Standards 2K 2048x1080
4K 4096x2160

Ultra HDTV Multiview 3D 8K 7680x4320
Capability Video/ Audio Mode 2K'4K'8K""
Super HDTV 50Mbps 8k:massive broadband,120fps=800Mbps
Multiview 3D SDTV  120Mbps [
Ultra HDTV 250Mbps
Multiview 3D HDTV  280Mbps _
- 800 Mbps 1frame=6.5Mb

3D Audio 1.5 Mbps 154
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Serial Digital Interface - SDI Data Rates

SDI formats Data Rates

SD-SDI 142,177,270,360 Mbps
ED-SDI 540 Mbps

HD-SDI 1,485 Gbps

HD-SDI (dual link) | 2,97 Gbps

3G-SDI 2,97 Gbps

6G-UHD-SDI 6 Gbps

12G-UHD-SDI 12 Gbps

24G-UHD-SDI 24 Gbps

AUl Jlal) g oualdd) Saad) 4i8s
Lawll 8 5G aladiul ¥l y ciliglas

alila (80 3 )8

4320

7680
8192
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4096 x Eliﬂﬂ—dhﬂk}

: Each HDTYV standard can use a display variant that conforms to historical analog video standards; 50 Hz (conforms to 25 images
¢ per second PAL or Sécam) and 60 Hz (conforms to 30 images per second NTSC), called SD - Standard Definition

: At the start of the 2010s, Europe was moving towards two main standards:

: Resolution 1,080 lines of 1,920 dots in interlaced display (1080i)

¢ Definition 720 lines of 1,280 dots in progressive display (720p)

: The main HD image formats used in the world are:

: 720p: 1280 x 720 at 50 and 60 Hz progressive (approximately 0.9 megapixels for one image)

£ 1080i: 1920 x 1080 at 50 and 60 Hz interlaced (approx. 2 megapixels for one image)

: 1080p: 1920 x 1080 in 24 and 30 Hz progressive (approximately 2 megapixels for one image)

: 4K2K: 4096 x 2160 progressive (approx.8.8 megapixels for one image): Very high definition

1920 = 1080P - FULL HD

P mu:ﬂ:ﬁ‘:ﬁﬂﬁr‘“’

| : Interleave
p : Progressif
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Adliaall 4l ) gpaal) Class Cu

Syl oradl 5 gl Glaze (u SD s J&I SMPTE ST 259 Jbies Aol 53 1989 ale 4 4aiél o
ulea Bae Cana ¢ Sl

HD-SDI (1.485 Gbit / s),

3G-SDI (2,970 Gbit / s),

UHD-SDI

SUHDTV1 ) 7 sl 3é sl Jls ) Sl ¢(HDTV) 482l dle cay ¥ anad daaliall <Y oS 55 5all apaa]

31 8 e il o) ) aly | gl LS iy Jara 24 Y (8K 4K ¢2K ) dad ) sl 5l (UHDTV?2
Daaall Caaal o e ag N e 21214 & sl Ceaadiiia) JI3RY) S sl 5 ccn 12 5010
43 glaall 12 Ay ) sl COUSH (e ST Gl aal g e ¢ AL S JSE 83, D) (Sar 4 14 14 o e
A el Gt ddadd s ol (BNC cDa s 32 5 3l 750 5 jaall
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Massive capacity 3D, UHD, 2K, 4K, 8K,...
No. of pixis
A

5B Pix/s
Aallaa LaglgiSioladl 8K
g-éj\ Sl &)yl
(& 5ia 10 J8I 54 10)
500M Pi‘)'U’KS
Aadlaa Lia g1 9385 oLy
@Jﬁﬁﬂ\ Gl beﬁ)
(Gls 40 < &) e 10)
50M i

SD
5M Pix/s

alog broadcasting
Monochrome

A JLad g pualdd) Jaal) 438
Lawll 8 5G aladiul ¥l y ciliglas
SJM 84949 J.A".gb.a &.AM: \uiﬁ SJJ&‘

. _ 8K Broadcasting
Digital broadcasting :

signal processing technology trend

(x10 per 10 years) \ 4K Broadcasting*"

“JAKTV

“*«Smartphone, .
Analog broadcasting with' 3K PF
signal processing technology trend
(x10 per 40 years)
HD Broadcasting

108N

i ; i i i i i >

1QFrN 17N 1080 40050 T IR TNy VAN
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2 jall = 3004l deadll & e
QOX Aslus

New Service Mix = More

QoX Sensitivity
Speed
20 Mb/s ==
. - N
& Best Effort )
'/ e
b/ ‘,/ Musug
S Mb/s == Downloa\
Streamlng
H e Online
File p'  Gaming
\ sharing

AL SLal) g Gualdd) Saad) A8s
Lawll 8 5G aladiul ¥l y ciliglas

5G b Jadal 5 aadialy dilaiall il
i yaill 32 sa / Aeadll 33 gal Aubuall Claddll e 3 3l

EVERYWHERE

culaas
2 4 o8

Real-Time &
Quality Sensitive
& -

‘- F""; HDTV
..;'_

O SDTV
El Video
Telephony

‘; VolP
S
Application /Trafch

Sporadic Asynchronous

Real-time, Latency Sensitive

Olsa JS A

& sl gl b
Loal) 53 52l
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(Bl S) g Bilandl 5 adiaall (3 yla Gllh 8 Lay) dalad) dddatall ) J el (e ¢ ALalS dpdaat agdia 13 ) gl
Gl Huas aladialy ad 5l 5 ¢ g 8l Baaldia g ¢ (BUalll ey je < iY) ) J gl ;‘Mﬁsﬁauagw&m\oﬁuﬁsﬁabwéa
Al e Bondll S pa ol @Al 8 aclaa e el RSV J8 e i 3 ) Jgadll g ¢ (il 581 28 )

30 sl
‘*’_'“_U A 100M Households > 100Mbps
Digital Home - ysiy sia gl 100Mbps VR |

] IPTV () 8 g g

ALY A AL

G L) 4K st 2 VR
ol 3350 4K By e &y =2 VR
VR
Home Broadband IPTV VR Gaming
Fiber-like Network 4K Video VR Education

Quick deployment . . .
Fast Provisioning 4K Live broadcast VR Medicine

Digital Neighborhood doa A Jlal) ddass
u.aﬁj\ uﬂ\ o Fiall £ L .
- ~ Jsa 13Dk Commuting Jat
WIFI Bus ABLWIFI
Outdoor Hotspot Taxi b Al b luw
Park, Street Room Vehicle i all 4 ya

Plaza, Mall 160
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5G Verticals and Use Cases 9‘453“\" <Yy 5G @'4‘3-4
il AL J g gl ad i) g 2Dy Jilug Cyunall JEILAN oy ol gUail
° ° !,-"'_“_:}.
FWA M(zldllg, Er];certamment, Z eMBB
Fixed wireless access and e"caf\ sl ) AR -1
J}‘S@ﬁ%ﬂ@)}ARVR. L?"‘"J"S\/@SJ Jhac
4K [ 8K s TN el el il
.o b . )SM\&.\S\ d)ﬁﬂ -
o AEL) . R .
) e Uﬁ{d"’.?": 5 jilee ALy ) lanyl - grde
Ayl L.,ALC L“AJ"‘“ S ) crme ) aanie J) g el o) Gl il ).-.‘%93‘;‘5‘)“3}“
ey g clSlicall 48) Al 1) ) EY) e33O ALal 5 jea Jlasl
S ia ) Jial gl Bila g (pe 2alal) el
s In-home video and TV » AR/VR » Thin Client / Virtual

> High Speed home internet » 4K/8K video > &1 BIElalo S eipais
> Property surveillance & security > CMSSTEEIIL (SR ek Mobile Infrastructure
» Sport Events live » Rich and Device

) l\/!u.ltlpla'yer e ERmes » 5G Broadband videoconferencing
> Digital Signage » 5G Wearables Connectivity
» Next gen social media
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UHD s (382

LS '\~ o

oSbal i d.u.uuis \z”m ) g
Demanding conditions, e.g.venues

Broadband ‘fiber’ to thehome Jial) ) "l (da l) ua.u{ ‘ Virtual reality ) ay é\ &

Higher throughput e dpali) Lower latency RS Uniform experience  34a.5a &uad
multi-gigabits persecond P A { o Culana danta Significantly reduced e2elatenc S (pa ) Julis E2E LS JSin with much more capacity Sy S| dAa
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Whole Home IPTVSTB
DVR SGW

Baiaall dadil) a5 J35al L) Jsaa gl

Home
Surveillance

Location S T
Free IPTV < gt @
IPTV '
Distance N ?
Learning _— . o art
- \ _/" Metering
o A Home
L@ Security
Managed A Tele-assistance
Home N
WLAN

Smartphone
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Jadtiaall 8 S 320 ia g saail) alila 5 )28
Badial) Jaileu gl Jil
s ad) Gladll @l AU 28

Ao m3d B a ¥ AiEAsle  awaall paall (el ShUAS gD

B

a

Extreme HD

Broadband multimedia _ )
video steaming

messaging

2016 2020 2024 2028 2030 2034
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Sbaill I Jpa gl
dana jall shliall 4 (g jall oadll C¥laa
BROADBAND e > Broadband access Op ge(zzlrjtilglyn Ity Areas . ‘J“g:
i daldic
EXPERIENCE in crowded areas SRR Py
everyw here, Broadband accessin Mobility =
- public transport Capacity A
anytime Coverage dadazs

Event platform

Gall loate G Y Jasd
Aol il By 3 (g

"
Vam
9

Maximizes customer
) el gaddiia

experience in both indoor & Target Users
outdoor connectivity Generic mobile users dalall A gasall

e Saall 45 jad aulaat
S Juaiy) e S
@J&‘J

s3gall e i pall 3lal High QoS broadband even in El\e/:;vr\]/?\rllégﬁzrators “5.'3“‘5\)5"““
AT challenging network conditions Eaall &

ok A i daal) 53 5o Olympic games . & &
e all A€ ‘\T)-\Ajj‘}“ L_i\.sd‘)“
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Technology Enablers g}ﬂ}‘sm Sl

/\ alle alily AYaza
S

L4
%
%

High-data rates B S GlaS
_ s N s High volumes e 4K a
5G radio access gigh :nobilitfx]g_ _ MR ERES
pectrum efficiency . .
. Maximize capacity Al
(D,:) QoS support for e.g. emergency/safety JE) Jaaw e daaall 3 5a ac
L related communication. ALl / G5 ) shall Aalaial) cYLATY)
1 5G core network Aggregated data rates are targeted. Al Glilull Y Calagial ol
2] . L Roundtrip latency significantly reduced to be JS ULl Wl Jum) (e ) Juli o
BROADBAND < 5G daulul) audl) in the 1 ms range Al e 1 e 8 o sSil
EX P E R | E N C E E Congestion handling per subscriber/service
or based on usage.
5G management & Dynamic allocation of resources according to
ever y W h er e’ orchestration traffic variation.

. U, Reduce load on transport links and central
5G Gl (a5 1) processing units.

anytime

_e\qs:w\J\
el AS e el g o ) all (Sualisall Gapadl
A0 Sl dAsdlad) clas g Jaill ol 5 e Jaad) Jls

THE ELASTIC MOBILE BROADBAND BEMO
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) e aladiay) c¥la Lia ¢d o<l i€l
el g las e b (s 8l

ol & uyﬁm dJ seaall

Al d\}u‘i\ P .
_ & U‘Jﬂ‘ <Ylaa
Live TV at scale Opportumty Areas sseiall el
_ Broadcast/Multicast Jilas s aen gl ) J saillc
’ On-demand anything Shift to all media consumption Sl b s 5 WY
on consumers terms 315 clilall ¢ 5 54l BG ¢

Mobile for In-home TV

5G for TV for in-home screens A )

- and devices ") s¥ Faede ) Al e
M e d i a Accelerating emerging Enabling media vision for ‘mobile NENPN
markets first’ markets

everywhere
G 983guall () gaddiusall

Ultimate vid ivamvwhere TELELEEE o oSl
imate video quality anyw A O3 ol el
— 4K, 8K, HDR, HFR Pay TV Operators ) O el
Enables industry Broadcasters 2all s N j.JSLf‘
transformation to all IP New content owners and OTT Sasd sodia
_ aggregators
Meeting consumer demands for OTT providers

TV on their terms

High Frame Rate HFR, High Dynamic Range HDR. over-the-top OTT 168
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Technology Enablers

Pt
N

9
Service agility
> MEDIA S

5G (aiiy 3,04
Everywhere SR

5G management &
orchestration

stre-amt

L 531 (03

&La;ﬁ\ JaSEs pea’

Improved beam forming WJIMIMO Ay
Massive MIMO Jal) s 1
Carrier aggregation 2 e s ]

New high frequency spectrum

Cloud based flexible deployment of media

services Al e ala ol o pall )
Flexible and dynamic deployment of media oAb
services

Network slices all optimized media delivery
and managed services enabling enhanced
business models, performance, and
consumer experiences

Ll <l 5 e oy Al o5

CJLA.I uM BJ\JAM C'.\Lo.l;j‘j il

Algiaall o jlad g 1o 5 Auaall JleeY)
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Dule 4.3 e i Le 516232 s Cpdacaall aaal "l 2l Gl UL 5 ¢ 32 e lPv4 JSsis g e
, (st e Gpsliall Gamy) () sie

) jia 36 = de siie 340 s Ul sie (gl 340 pibiar Jaa < 128 LAeIPv6 JoS 55 e s o

Nl 285 GIPVE Cuslie o gl (e ¢ Al Aalil) g

IPv4 address space: 32 bits = 2.E32 addresses = 4.3 billion addresses

IPv6 address space: 128 bits = 2.E128 addresses = 340 sextillion addresses

The IPv4 protocol is encoded on 32 bits, the "maximum" number of hosts is therefore 2E32, or approximately 4.3 billion addresses (some addresses
are not available).

The IPv6 protocol is encoded on 128 bits for a total of 340 one decillion addresses, ie 340 followed by 36 zeros.

Technically, it is assumed that IPv6 addresses will never run out. 170
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Culy 65536 () elaSh A jall ana Joay o)) (S .l 60 (ool 25 iy 20 () aay e ana Al [Pv4 Gl o JaaY

IPv4= 65536bytes @I|Pv4=4.3Milliards
0112 (4|56 |7|8|9 (1011|1213 |14|15|16|17]|18|19|20|21|22]|23|24|25|26|28]|29 |30]|31 IPV4Header
Version -l DSCP ECN Total Length
Length
Identification Flags Fragment Offset

Time To Live Protocol Header Checksum Variable length
Min : 20 Bytes
Source IP Address Max : 60 Bytes

Destination IP Address

Options (if IHL > 5, 20 Bytes (5*32))

Note that an IPv4 header has a variable size of a minimum of 20 bytes and a maximum of 60 bytes. The size of an entire packet can be up to 65536 bytes. 171
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IPv6

= Larger address space. (3.4 x10738/IPv4=4.3Milliards) lgal gl (e de sana ol Cilgal sl paail [Py6 (slic 223005
= Better header format.(paquet=4.29Gb/IPv4=64Kb) 0 128 o)) siall aan m
= New options. Ulse 382010%x 3.4 =
= Allowance for extensions. sad e 2 a/nsic 282010 % 6 =
= Support for resource allocation. O sl dalise 368 (e JI da el OOLLLAL
= Support for more security. Gl s 4.29Gh Agiall e
* |IPv6 addresses are used to identify interfaces or a set of interfaces.

e Address size: 128 bits 0 4 8 12 | 16 | 20 | 24 | 28 | 32 | 36 | 40 | 44 | 48 | 52 | 56 | e0 |PV6 Header

* 3.4 x 10 ~ 38 addresses Ver | Trafic Next Hop |

* 6x 10 A 23 addresses / m2 on Earth sionl Class Flow Label Payload Length | |~ | s

* hierarchies reduce the efficiency of the address space
* Capacity paquet 4,29Gb
Source Address

>_ Fixed length
40 Bytes

Destination Address

IPv4= 65536bytes @IPv4=4.3Milliards
IPv6= 1280bytes to 4.29Gb ~ @IPv6=340*103° 172
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(IoT Technigues ) LVl < il culys 4

Axes:

1. Introduction to the development of networks

2. 5G characteristics

3. 5G applications and uses in the media

4. Internet of Things (lIoT Techniques) 175
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Wireless connectivity is driving major societal changes: 50 dunaiae Ol s L SLaoU Jleady) 3 iy

(B

5 INTERN'ET‘:f -}

% THINGS 1.

3G - 4G &  5G and beyond
Dﬂ' "—_" ;
2020s 2040s
1980s — 2000s - :
i i Trillions of connected objects
Millions of voice users Billions of Mobile J
Broadband users
Applications range explodes and new value chains emerge: Buaa dad LDl jedai g chlanail) alai jaaiy
N B & 'S&f*ge@vt ve o iol & g
‘SMAan- 9", & W O i
Iogfstlcs % « X 4 J, ]% @6 Di &3
@ro, [ o % k r;m @ oo | My E
Logistics Shopping Agriculture Industry 4.0 Health Sustainable Automotive &

ENEgy transportation .
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5G and next generation
5G Applications

Digital loE

i § 0§ 2
RO O O O e O

Voice il el 5 ludl) el )

1980 1990 2010 2020
Analog voice  Analog voice Internet Broadband AR/VR
& simple data data data
NMT 1981 GSM 1990 UMTS 2001 LTE-adv Much faster
AMPS 1983 CDMA one CDMA WiMax Super connected
TACS 1985 WCDMA Higher mobility
>300ms >250ms >5ms Ultra-reliable
<2.4Kbps <236Kbps <2Mbps <1Gbps Energie-efficient
> 6 235G Internet of Things loT
GPRS 2000, HSDPA 2003 ;nternet f:f Vehicules
mart Grid
EDGE 2903, HSUPA 2003 D2D,V2V,M2M
CDMA2000 LTE.WiMax S
>10ms
<384Kbps <30Mbps 179
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HSPA* GSM e 43 )l8a 3Ly
compared
) Jara 55 ® toGSM!
ddaylell il
DownlinkPeak = 240 kbps 384 Kbps 14 Mbps 42 Mbps 150 Mbps 1 Gbps 20 Gbps
DataRate
:‘\:\é..gjal\ 3¢S
Spectral Efficiency 0.17-0.33 bps/Hz 0.51 bps/Hz 2.9 bps/Hz 12.5 bps/Hz 16.3 bps/Hz 30 bps/Hz 40 bps/Hz
Jaull Lﬁqs)ﬂ\ é\Lﬂ\ Uae
Carrier Bandwidth 200 kHz 5 MHz 5 MHz 5 MHz Up to 20 MHz Up to 100 MHz 400 MHz
Round Trip Latency 300 ms 250 ms ~70 ms ~40 ms ~30 ms ~20 ms ~1 ms
Ll s Llad (o oSl
«— 2G —> < 3G > < 4G > < 5G+ >
voice users broadband users of devices
.- SR A " v . -y GAMA L (e Q\JL}SA\ U—’L’).-.‘L‘..)-‘
@AM:}L:\U% alall ua.))zj\ de.\M pac 65 ing el L § 3023 e
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Diversity of requirements u . \&jﬁ

S
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Factory Automation Motion Control Tactile Internet Intelligent Transportation Systems

<1ms <1ms 1 ms 5ms

plad) Laa A8 al) b agal) (rall) i i) A1) Jas) Ak

| ) 'N

KL, N
4 Jes AL

Smart Grid Remote Control Automated Guided Vehicle Process Automation
3-5ms 5-100 ms 15-20 ms 100 ms

Asa Al asail jlga Al il ) 4 4 ellealf Adad]
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Mobile internet 5G Jall cwileg) ye cu yisYyl

)

oy

Internet of things

low-power daddia 48l
massive-connections dadia YL
low-latency O3Sl G 18
high-reliability Alle 4.8 51 g
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Every day a new wireless network is added to the things :;L)u)d "..SS N U_Ua.)bj . R il 335 o dS '@?}

Smat VOLTE, ¥ Private LTE, Internet of,-_ﬁ.

phone VOWiFi
revolution [{6

Mobile

Voice

olo] =

D.
Network | =
eterogeneous Function e ("“
network Virtualization %

Licensed- |

unlicensed

(WiFi)
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5G will enhance existing and expand to new use cases b gl g Allad) aladiad) el Gpwad o 5G A Jaas
A8 Gaall/ Sl /3l
Smart homes/
buildings/cities

S i ¢ Aliaal) S all

Autonomous vehicles,
object tracking

New form factors,
e.g. wearables and sensors

me‘ 3}@‘} c\ﬂjm M.\Lﬂ\ 3)’@43”

A4S AAl ¢ Al Al A8) s
Infrastructure monitoring &
control, e.g. Smart Grid

Mobile broadband,
e.g. UHD virtual reality

¢ dlsall g el Gladll
UHD (=) y8Y) cé\jl\

¢ Cilaleall diadf g amy (o aSal)
QUEJJSUQ\);\H\JM\J*\MQJQ

Remote control & process

1/ Jila Demanding indoor/outdoor _
WA /&; ’ automation,

Slafeca 5 ,al) conditions, AL .
e.g. venues e.g. aviation, robotics
Enhanced Mobile Broadband Wide Area Internet ofThings Higher-Reliability Control
Faster, more uniform user experiences More efficient, lower cost communications with deeper coverage Lower latency and higher reliability
Cmnall JaEall ay yell slaill s Lddl EUaill gl 5 i i) i sl e oS3
G ow e T . e ) Aozt xa 48l J8) g 3.leS S| Y la) U
100 BN Y &J""\ AR ol GEEREE s selis T slel A 5 ga g JBI () 5aS
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SENSORS

EVERYWHERE OSe 08 (8 JlaSiul) 3 eal

BROADBAND AND MEDIA
EVERYWHERE

i Y g ) g
e S A

SMART VEHICLES, Jaall 5 ASA LSyl

®

TRANSPORT

Infrastructure, ‘*%f%%‘ \
monitor and control PS5 A8l
CRITICAL CONTROL ozl Sal
OF REMOTE DEVICES ey e EJ'@A,SZ\

INTERACTION
HUMAN-IOT

Jelal)
S o 5 5 i) O
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5GReady Core b wla 3] o

A8 yidall AL A Aaia

ol s 3l 5 Gl 9 5 1oy
Management & Orchestration & Analytics & Exposure

Virtualization Software Defined Distributed Cloud

i CORE & RAN
‘ VNE || VNF | Networking (SbN) S

Common network platform

SARAREBARIE
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5GDistributed Cloud

ey

SLU J a5l 4S5
Cloud RAN

<€
<€ -
Q : : Avlad) clilal) 3S) e

ﬂ : -
@ Access Aggregatio

[ N

[ N

Network Functic
Workloads like CDNSs, Firewa

A<ual) s
ddeall ) )2 sCDN S Jia Janll olic]

5G is g Al

CDN Content Delivery Network 189
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Devices & 9 55¢aY
Consumers O 98 gall
Applications il )
& Industries cilelall
Service (oia
Providers daddl)
Network Juaiy) A
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Al Jlae Y clilace

Connected Smart Car Smart Meter Smart Farm Logistics

loT is where physical objects are seamlessly integrated into networks, becoming active participants in biz processes.
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loT use cases Ll i) aladi) a¥la

mMMTC

= environmental monitoring

dohnl) 4080 yal)

BaS Ayiad oy m
fucliall ciLaall g £ 2l gall 5 3kl

Sl b B ge =

= |arge infrastructures
roads, ports, industrial plants

= parking
= smart agriculture SN dc) H 3l m

= management of object fleets vehicles, bicycles )
Silad Hall g S yal) Jadald 3 yla) =
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MM\@AAM&DM\@Mme&}aﬁS&WJ@

In 2022 2022 oo i
Global connected devices Lallal) Aiatall 3 3eaV!
29 billion w29

Business : Growing service provider’s demands

A huge variety of service providers will emerge due

to the maturation of the Cloud

(Speech translation, Communication Robot, Al --) 193
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5G Enables the Internet of Everything e o JS e < 1Y) (S 5G
ata (5 Saw JhaiV! (e ddton e S
= WS

World Population 6.3 6.8 7.2 7.6
(Billion) ' ' ' '
® P ® ® ’} °
L L L L ¥
Connected Devices 05 12.5 25 50
(Billion) ' )
0 =
T Q D D & .@ @
Connected Devices per 0.1 ' 1.8 3.5 6.6
Person ' ﬂe e vices ' . .
than People
>
2003 2010 2015 2020

50 billion connected devices vision

Jaia e Lk 50
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50
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BILLIONS OF DEVICES

KA B AN A

IoT Is Here Now - and Growing!

Inflection
Point

6.8

2010

12,5

25

7.2

TIMELINE
2015

A Jlall g (ualdl) Jual) A

L&) i) lades

50 Billion bl

“Smart Objects”

Rapid
Adoption

Rate of Digital
Infrastructure:
5X Faster Than
Electricity and

Telephony
World
o Population
7.6

2020

S5 Gl
L) Ll
Al )

e g oml e 5
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Safety
and
security

SIS

Utilities

Health Energy

Transport

&F

Education

&

Applications

3GPP core network

Q)

3GPP RAN

([(g}))

()

A

=N

(@) ()
A

A

A

"

((@ i) %(ﬂ =

480 SLal) g Gualdd) Jaal) Ayss

LS Cd il byl

AL dasi je e 25 JS5G A

Il

196



5G and next generation

loT Technigues

Smart
Planet
Smart
Building
- Smart
Fac Industry
automabon
Remote
Diagnosis
Real-time
remote control

Smart
Cities

Scope of

loE

ecosystem

Smart
Health

—_—

O]

®

| |
Energy Smart gnids
Smart e
Transport | miw=M Selfdriving
Smart [ﬁ SINY
tiving | LWl Persona

Reliable emergency

communications

480 Slal) g Gualdd) Jaal) Ass

L3l i) L
Jala plle A 3aaa aladiu) OV

4

Energy Health Entertainment

. Transportation
Agriculture 5 G Automotive

Education |APplications |municipalities
Defence Hospitality | | public safety
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weddl - Papple

4 ul
Ls)ln-.' o 7 Connecting People in

E\-A:‘gj da )35‘ More Relevant, Valuable
Ways

GG Data

8 ULl (e Balaiul!
«* = 4 Leveraging Data into

Gl slzall (30 23l More Useful Information
DA AASY sadall for Decision Making

010101
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001

AU JLaY g (waldd) Jaadl 483

c-\_.pi‘ﬂ\ Cad yid) Calyia
EONTA I S OIS S TONEN | VR PEN | g

Process

Delivering the Right
Information

to the Right Person (or
Machine)

at the Right Time

Things

Physical Devices and
Objects Connected to the
Internet and

Each Other for Intelligent
Decision Making

b

sl a
dasniall Gl glaall anlids
}\) Cdliall addll )

e Lol
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Connected Devices

e i) 3 el o yia

/\)

Meters and Sensors

S sl g jledany) s jeale
Ll s Alaiall 3 jeall 5 culalasll
AdlSil) dcaidie g ddagss 9 B yraa
daddia Al oladiul <
sl Buany Andait
» Sensor, actuators, meters, connected
devices and things
» Small, simple, low-cost
» Low energy consumption

» Long-range coverage

7

£
-

Intelligent Transport Systems

il Al Al Iyl o
Jaill 3,

ALl ddlaial) chlaadld) &lla 2 Lax

ot J:‘.;‘u(

Ade 48 )8 <

» Connecting vehicles, transport
infrastructure and
transport management

» Incl. safety-related services
» Lowdelay
» Highmobility

LY i i) e
Laial) 5 3gaY

da all aylaty)

Critical Communication

& e ) sall diaiaall SSadl)
3y 3l Al ) el
Alsisadle 48450 <
AUdiia @.u:(
» Distributed embedded control &
cyber-physical systems
» High reliability and availability
> Lowdelay

» Autonomous operation

Z [l

o 0

480 SLal) g oualdd) Jaal) Aiss
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Alaie 3 s
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Aaial) daall
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ASAl el 3l
A4 44 il
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“1BhpacimeE

Smart City
Connected Industry
Connected Building

Connected Car
Smart €Energy
Other

Connected Health
Smart Supply Chain
Smart Adriculture

Smart Retall

Industrial Internet of Things (IloT)

Smart City

-
'
-

Consumer Internet of Things (CloT)

o
A
e2
Smart Watch

PR,

/

”
”
’
.
-
-
- ~
- i~
- ~
-’ A €
[

Smart Phone

7’
/.

7/
/

Smart Shoes

-—
Smart Clothes

j oran

[—‘ Smart Wall Sockets
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Traffic Montoning

Metro Cells

small Calls

—

. = Bbase Stehons
Automotive v @ (g1
Avancad T

:' ,)) Socunty

Networked
). Prnters

7 ] 4\"
Erterpnse Gateways.@
Data Swichers, Roulars
Centor

Cloud
Compuiing

Hame Headth
Monilors + Fiiness

Industna
Natworking

Human - Machmne
Interface

Enargy
Meters Maching - Machine
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Al i ye o 28 IS el Juall 4

Al H2H + M2M ¢ S0 ¢l sl bl 5 The loT 5 1,_' -
Smart car parking, n TN g Wearables,
H2H + M2M, -t i D2D for M2M,
- .
Automation, o Vehicular,

Smart home,

N ' ¢M2M 2 D2D ¢ &) 50 2L 3 jeal)
5 S il ¢ Sl

Small data,

Smart factory,

Rural deployment,
Overload control,

Coverage extension,

Smart grid :
-g ’ RN Commuter train
Massive M2M, e ; ¢ Gl Ly
Smart agriculture Jeal b aSal) ¢ LS a5 yshaall iy QS Jad ¢ Aphaill aad 0>

IS Al 50 ¢ JHIM2M ¢SSl ASaall ¢ il 3
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RIFCIVRERNIN
Ddladl e Opportunity Areas wadl) c¥laa

Immersive augmented reality el& ) jza a3l 5 EEGCHETITSIVEIRENS ., 3l pae
) . - . I 3 4ua 9&&;
Immersive gaming PRIl H>Privacy o N
Surveillance BN Reartime 4 &

ySustainability Aalaiuy)

" Tactile internet malll s i) il

I ag%%;?tﬁlr(g?—helmets ) > »"Mobility Jal
nteraction

A ) sl )RS3 358

h u m a n - IOT Child moriitoring

Smart houses Jikall 48
i)
Target Users — Qsdagiaall () gadidinl

15 J e
SSAN ) /il
Lol ]g, | 2 &1l Sy
IOT - O ?‘ Fills a gap between ;mwt&‘ﬂ)ﬂj\ »Public safety dalad) L)
humans and IoT. e Al NE e aiadl 3L

yHealth care I ile )S\

Smart shipping/post

BENEFITS

.J_\\)S Context awareness is the main
difference from M2M.

»Family life, everyday life _
Bl o ) ¢ g ) sl
M2M. (e (ouuti Nl CIDEAY) a doa gl 3L
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Technology Enablers

IOT - Obady) Jelas

R

Interaction
human -I10T

OnSatll

ENABLERS

AUl Jal g ualdd) Joal) 483

LS Cd il byl
L ol i<l (sl

a5 Jrdlly e LY (pe dyaedl 58 g5 a3
e 5G JarivsITE sk yili s 13| TE.
s yn ST 5aY) Jaag ela¥) Gaead

):’J‘JM 4;‘ d)“’jﬂ Many of the things are already provided by
5G radi LTE. This is the LTE evolution effect and 5G
radio access will improve performance and make things
more flexible
3 Yl 5<,. . o ASOET 2 E JATS Al S
douluy) Al Integrate environment network within - T8 Jals Al 484 e

K network slices Sl )l dga gall :La‘ittaﬁ‘ﬁj asd
>G core networ Support for pub/sub message oriented de pll /A4l
communication.

i A€ il 3 4la) aUas s
5G management & Achieve a data management sy_stem that 2 il oLl el s
9 can address device heterogeneity. Ol Guilad pae dallae

orchestration Support for different departments/users (iaall / JLudyl Cilidal s

w“ ':“:nj 3‘)\3?‘
ERATI |

SOCIAL WEB OF THINGS
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REECHRY REAYIN

sl e : ua Al aNlaa
Opportunity Areas o
Smart infrastructures Sustainability "‘“J-‘“}"
c ‘;'*‘Sdﬂg ‘\'v““t” Hl Security OleY!
onnected bus-stops i ! 4
SMART VEHICLES ety > Mobilit Jis A<
Deployment s

TRANSPORT & Connectedfucks, L Scalability
INFRASTRUCTURE Connected cars

il )
A
I:IHEIIIIIII

- IS S ¥ 'Ag.w I Oy gaddliall
“U'.S.ﬁ‘ ‘:‘QSJAM (_534 Focused on massive Qs Q3

machinetype  Juai¥ e Sy

o) L1

Lol 204
Aianl) daial g communication A ¢ 5 i el RELUC[SREEIEIgS o jandl
- - . _ Automotive At
We can consider sensors Infrastructures > =
embedded in roads, railways and Transport companies Jaill @l L

airfields to communicate each Administration/governments & 1_‘,)5;3\ [ 35021
other and/or with smart vehicles.

Aapanl) IS 5 R 8 Aaase et 8 jenl 3 el Wik
ASY LS ) a5l /5 Gl Lpans e Jual sill
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ENABLERS

SMART VEHICLES

TRANSPORT & 5G management

& orchestration

ol 3 laY)

INFRASTRUCTURE

ASA) s pal) JA
dgiadl) 435

01 N a5l

5G radio access

ST P TERA
5G core network

‘optimizing transport, routing and services in the backhaul network

401 JLa¥ g (ualddl Jaal) A8

L) cn ) e

Massive density alila 48U
Device energy consumption AUl g jleal) A8l
Device cost '

Significantly reduced signalling el Af{u‘fbu“?“. doa 2 L ale U‘“""
overhead compared to today. 5 62USIM 052 sISoft-SIM - Jsis

Soft-SIM or no-SIM operation for (at least) il & 53 (g
sensor type devices.

Integrate public infrastructure network within
network slices A ] b raa deladl el ) S0

. T (aa 4 2 SEE A GAJ
Support for pub/sub message oriented .~ = . . ) .
communication. A il [ Aalall Bl g sl L) o
Orchestration of a big amount of data and
input interfaces.
Common view for all the utility/infrastructures

suppliers.
Define different user profiles to access the
same network. JaaY) cileal 55 bl (e b 50 L Gous

Al Al /881 5all (53 50 pand & jidia m e
ASEN G ) a5l Adlie aaions iy e lile 2m
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saladl e
Remote control of heavy Op po rtun ity Areas )
‘ - machineries g Safety YUY
Factory auto%ation Sustainability ) .‘ulmw
. Real-time monitoring of I\D/IOb'“ty Janil) 41|
C ritica | C ontro | plant / process conditions L;;aal llull
- hal) Cd gl 6 A8l . s
of Remote Devices S ] g g 5
Smart grids 4,83 ¢l
% Remote surgery
3 (e Aalall
Controlling heavy machinery . ad siiall () gaddiioual)
remotely to lower risks in Target USQFS o o3 .
hazardous environments > Manufacturing ran
BENEFIT Qi aey e LS YY) A oSal > Mines e\_;d‘y\
. . . i o8 3 hall cligll 8 kil »  Healthcare . I ile
SA.M\ SJ.GA\J‘ uﬁ £ Increase efficiency andreduce ’ A
®w & L . .
- costs. Replace communication

bus with wireless links
Ll (Jles ¢ e s 3l )
AL Loyl 5,1l StV J Jasiad 207
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Critical Control
of Remote Devices

ENABLERS

& A asadll
Bl 8 3gaY)

*»

0 I Jyea sl

5G radio access

5G core network
Ay A<

5G management
& orchestration

Conaiill 55510V

480 SLal) g Gualdd) Jaal) Auss

J s oll & geud Aiimall gaal Hll yYliasl
Enhanced radio connections for accessibility L Bl V) e 5,8l
and retainability Asiaall 48 i gall o g3 s
Estimate and report about achieved reliability Jlasdl
of a connection. JIYI e daadl) [ saiall e ji g
High node/service availability at least sdc g 1“99_999

99.999% node availability spall e gad e J I Ol )

Uplink for high quality video

QoS functions to “guarantee” deadlines dalas "glaza" Jal (e QoS waila g
match il e gal)
99.9% accessibility and retainability for O sV 43S4) 5 799.9

comm. services Glaad VLG Lalaay) g

Improve response time for diagnostic
questions.

Meet real-time constraints

Estimate and report about achieved reliability
of a connection.

The system shall be able to estimate and
report about the achieved reliability of a

connection (per user, per service). | ;a:d 5l Ay iy Ca8 g s

EENJC ppseT e

SR JlaiDU dsiadl 48 6 gall e $ Y15 i

Aiaal) 48 g gall i o 1508 Al ) K5 o) s
(R IS0 ¢ aadiine K1) Leie & 30Y1 5 JlaiD] 208
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Connecting the massive Internet of Things
Optimizing to c%nnect anything, anywhere with efficient, Iogw cost d“\'@J\ “L‘“y‘ ‘—L’)‘"‘ 'L"',)
communications 4l MAM} Allad k—iyhadh u\-SA Lg\ uﬁ c«‘_;u Lg\ ( L\m}a C g

i lrp . MR, WA

Smart cities . ‘Smart homes

daiaal) ABLLY) [ ofas S ALSEERY

Wearables / Fitness ~ Remote sensors / Act Object tracklng
Power efficient Low complexity Long range
Multi-year battery life Low device and network cost Deep coverage
Aal) 3elig Adatl) Laddia el Ly

) giad) adaia 4y e ASuil)y jlgall Acadiie Aals Wpes dykais 209
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Higher reliability control
Enabling new services with more reliable, lower latency communication links :X:@jﬁ}d\ @ ‘;Lc 5533

JEB) ey J8) g 48 6 ) Jlai) Jasl g g saa Ciledd pSad
L)AJ j a‘yﬁ j} o -~

Autonomous vehicles  3aLal) 4503 clis yall

Industrial automation _?‘Z\.);um.n diay) Aviation . Medical >

Higher reliability Lower latency - Higher availability .
Significantly reduced packet lossrate Significantly reduced e2elatency Multiple links forfailure tolerance and mobility
el 4dgiga B ¢y gas ol s

. s . durl 0 e e a1l) Lot} Jaadl dasetia oy
S 05 Laal) ()5 Jana alisd S 08y E2E JUAH (e ) JulS Sy gl Jandl Bamle 2l 210



5G and next generation AEh Jual) g (ualdd) Jaal) 4y

loT Techniques elad ) i yi) s
vl i s ) 3l
Gl QLY 5 palall ol (e A Adall s 3
Aal) (3l [ da¥) (DG guadll aay o 2 g3l

UHD s (38

- Justan o el i il e
Demanding conditions, e.g.venues Broadband ‘fiber’ to thehome Virtual reality
Higher throughput Lower latency Uniform experience
multi-gigabits persecond Significantly reduced e2elatency with much m9recapacity
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Healthier Cities Civic loT

Energy Efficiency

EPB in Chattanooga built Hiawatha Broadband in US Ignite and cities around
out a fiber network to Minnesota piloting project  the U.S. (and the world) are
reliably manage its energy  to use its fiber as a platform developing a smart city app
and electrical systems for home monitoring of store predicated on big
patients with dimentia bandwidth
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Smart
Mobility
A

Safer Streets Connected Community

Verizon and the City of Santa Monica City Net

Boston are using sensors provides fiber-supported
and advanced traffic signal Wi-Fi to its residents in

controls to measure traffic, public places

improve safety
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s i Factor ©
O&, @ Logistics) Maintenance Yy e

optimization | automation™ Real-time
TEIR (2XX) remote control
el H . Industry 4.0
Tracking / inventory .

systems
REVOLUTIONIZED

—=C 4
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. . Traffic Mgmt.
Traffic steering &
management

Persona
robot
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Communication

[0

<~

Virtual 3D :
_ Advanced Smart grids
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s Safety & Securit Oty & Thers
B Remote A\ _
Reliable emergency
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Real-time Touch & steer
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5G Architecture a

y Ao did

MN — Moving networks “ o w -

URC — Ultra reliable communication ASJM u&“M N -

m;\f\f —Ul\l/lass(;ve machine cli)mmunication Ll 3 6 g JLailURC -
— Ultra dense networks TR UL SN L s

Wide range of network topologies foned Abilel Ay oy 'MMC -

cellular, D2D, V2X, M2M, mesh, etc 48Ul 4l ILEUDN -

&l ¢ A5 cM2M «V2X <D2D

D2D+NN

Traditional
Access Nodes

o Centralized
Functions
& OAM

| ~:~ 1 !'3?:15;_; :
Aggregation Network (local,
So— regional, national)
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