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CAGR:

3.8bn 5.0bn

S 49@

UNIQUE MOBILE SUBSCRIBERS
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CAGR:
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% of connections Excluding licensed cellular IoT
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56 0 connections e
\% of total connections
2 0 % Excluding licensed cellularloT ﬁ

.

120bn 24.6bn

Total connections Total connections

MOBILE INDUSTRY CONTRIBUTION TO GDP

4.1th $4.9tn

SMARTPHONES

% of connections
cluding licensed cellular IoT
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2019 2025
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2019 2025
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2018 2025
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Cell Cluster Re-use Patterns

Coverage area tiled’
with 7-cell clusters




1G & 2G Architecture

s

BSS — Base Station System
BTS — Base Transceiver Station
BSC — Base Station Controller

MS — Mobile Station

MSC

NSS GMSC

AuC
NSS — Network Sub-System

MSC — Mobile-service Switching Controller
VLR — Visitor Location Register

HLR — Home Location Register

AuC — Authentication Server

GMSC — Gateway MSC

PSTN



Typical 2.5G Architecture

2GMS {vaice arty)

PSTN
2G4+ MS (vace &daa)
PSDN
BSS - Base Station System NSS ~ Network Sub-System SGSN ~ Serving GPRS Support Node
BTS ~ Base Transceiver Station MSC ~ Mobile-service Switching Controller  GGSN — Gateway GPRS Support Node
BSC ~ Base Station Controller VLR ~ Visitor Location Register

HLR ~ Home Location Register GPAS — General Packet Radio Service

AuC ~ Authentication Server



3G/UMTS Architecture




4G Architecture

Y

Y

Internet and
er IP NetworKks

X ) e

n GTP Tunnels /

UE: user equipment
eNodeB: base station
S-GW: serving gateway

P-GW: packet data network
gateway

MME: mobility management
entity

HSS: home subscriber server

PCRF: policy charging and
rule function



B Low frequency 1l
cells 700 MH:

%

-

Large scale events Vehicle communications
Thousands of users  Transport infrastructure

5G

High frequency
cells 3.4-3.8 GH:

Environmental
monitoring &
Smart cities

I Millimetre wave
cells 26 GH:

*>

Transport & Improved residential
infrastructure connections,
Smart energy

N



Up to 10Gbps data rate

10 to 100Ximprovement
over 46 and £%.9D6 networks

1 millisecond latency

. is driven by .: ' coverage
: 2 b 0

‘.'.
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-
(@ssser)

”//

1000X bandwidth per unit area

9 9..9.9. é % a vai lability ))))))))};

oG technology

specification

requirements

Up to 100X number of
connected devices per unit
area [compared with 4G LTE

Up to 10-year battery life
for low power loT device

90% reduction in network lli
energy usage [
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Building a future we can al



©) B

Machine to Machine

b o
)
LL

L
Tel
Human to Machine

o f

Human to Human

||||||||||| ., ‘
i N I 1
! | I “ _
| . S |
_wg I | 1 m =
1 C 1 1 1 L - |
_|.U.U 1 1 1 = M |
_Cu 1 1 1 Mm
I @ o I | 1 - O _
= c | I 1 ] _
_.m.u | | ; £5 |
I | I <
I o | I I _
_M I I “
I | I
X PR =
e e / H | EEEE = P ;
................. “ (HEEL “ "_..\ [ ....a._ ; /,
SR . |
i 1 1 | " | H 1
- L || s 1! A@v :
= & | | w0 Lo “
= ¥ I 3 i
285 BRI 8 g | |
[ = i — “ _.“ | ' m 1 “ “
“Wn i r & L = 1 L o i
i 0 i [ v . 1) O v i
S L 1y E B 1 = EZ “
i ] 1 S I eOrm I EGEV 1
_, [ I m 1| =+ = [ = ;
\ / I W “___z ...L.. \ J
o —_— 1 - - S I_..L
Tl e e e e
L
ST y _.._.. ||||| N “ m “ a\... |||||||| ™\ ,..\... llllllllllll ..:..f
i 89 S N \
“ | H%_ 1 11 ] l
“ R t B 1 I “ ° I
[ i | V_ | m 11 | 1
| 11 1 1 __ - — _
i | | | E 11 ! c !
: R AR I I “
i “_E“ } 1| e v 5 I
[ 1] 1 1 1 — [T |
i ] | I i 0 I L O I
N M 1 | I 5 L= \ ‘c e~ _
i _“ 1 I “_ = _ eoew !
“ “_.._ \_ I " | o ! \ = Yo (]
I I e 1 I M_
i | ' b o
“ | N || o
“ “_ I 1 _“ C-
- ! 1 ! I
W | “._ | ““ <
—_ 1 1 b=
L | | |1 o
1 e __ 1 1 __ e-
e g w | I 11 T
- ool 1 "
i .mw ““dﬂ_ “ 1 I
P2 1 0 | i 11 I
e, X I 11 [
“ LTS 1 11 ]
i R l 1 1 /
“ Wo m, ||||| iy e’ VR —
1
“..._nm.. | B ™\
i ' TR —,
i > ! T e e e e e e e = ...\. ;.J
= L 7 “ \
5 e @ | "
L e 11 E B “ “
| o= ] | 1 o - I I
“ @ “_ __o -_ U 0 ! |
P = il [ ™ ; Q0 3 | ] I
P E TR A “E “ “
[ , 1
P> X @\@ z .. = |
i || I + - I
“ il N /! , ® I
i 1 I e e e e ;W n I
i il S [ |
i 1 1 - ~\ | = I
_ i ! \ ) 2 I
i iy B I 1 & I
“ i omyE oW 1 & PN _
s il i% 11 § ] | |
i 1 — __a 1 1 1
i i | mM e o I
NS AR B A _
\ 'y a3 - =/ 1 1 “
i i Wm “__ ! _ ]
i 1] ) !
DN v 9



~ Timo Boll versus KUKA KR AGILUS

KUKA KR AGILUS, FASTEST ROBOT ON EARTH

“CableLabs Inform[ED]: Catalysts for Change - Cable and the Future of Wireless, 2016”
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