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December 1947 by Douglas H. Ring and W. Rae Young
Bell Labs

April 3, 1973 | |Eiicie= BiEnae
Article: The Mobile Phone: 46 Years Old and Going Strong

QMBNRSD www.mobilebroadband.ir
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Base \
transceiver
/ station

Public Mobile Y
telecommunications telecommun-
switching ications Base
network switching transceiver
office station

v

Base
transceiver
station

QMBNRSD www.mobilebroadband.ir






Advanced .
Prone Jol Jus
Macro Cells : 1-40 km radius

30 KHz

25 MHz in 800 MHz

Frequency Reuse

Handoff/Handover

Adjustable Mobile Power levels

QMBNRSD www.mobilebroadband.ir
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Loy °

Nordic Mobile Telephony (NMT)

Total Access Communication System (TACS)

C450
C-Netz

Radiocom 2000

NTT System - Nippon Telephone & Telegraph (NTT) —

QMBNRSD

www.mobilebroadband.ir
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1990 s
Digital
Voice + low rate data
FDMA/TDMA/CDMA

Improve Security

Increase System Capacity

Reduce Cost

Additional services and

Global System for Mobile

Communication (GSM)

Personal Digital Cellular (PDC)

Digital AMPS (D-AMPS)

* Interim Standard-54 (1S-54)
* 1S-136

1S-95 or CDMA-0one

features (SMS, caller ID,..)

QMBNRSD

www.mobilebroadband.ir
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Based on TDMA/FDMA

Each frequency carrier
— 200 kHz
— 8 voice channels
Example Spectrum in Europe

— Uplink (Mobile to BS): 890-915 MHz
— Downlink (BS to Mobile): 935-960 MHz

Modulation Scheme: GMSK

Optional Frequency Hopping

QMBNRGD www.mobilebroadband.ir
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GPRS: General Packet Radio Service

Data rates Up to 170 kbit/s

* depending of number of Time slots allocated and coding scheme

Packet Switching

New Coding schemes 2 o 5 G

New Network elements

EDGE: Enhanced data rates for GSM evolution

Data rates up to 300 kbit/s
2.75 G

New modulation: 8 PSK

\

QMBNRSD

www.mobilebroadband.ir
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3G

-

0

Better Performance in different
multipath propagation

Video Services

Better voice quality

Higher data rates

Flexible assignment of spectrum

Variable data rates

\

/

Pow Jowd

C

Higher capacity

Higher spectral efficiency
Higher power efficiency
Using current spectrum
Worldwide agreed standard

Worldwide roaming by design

QMBNRED

www.mobilebroadband.ir




ITU and 3G

IMT-2000 0551 p 30 o 8300 ITU. ol 5,5
ITU-R

VARY Hs cudled ¢ 9
Yooo dlogly eyl S Sun

g 9

a,;q,\@wpa‘g.u&u‘@wmmw\goy —

8,9 bl ey

International Mobile Telecommunications (IMT)

QMBNRED

www.mobilebroadband.ir
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ITU and 3G

* IMT-2000 objectives

— High spectrum efficienc
gnsp y Recommendation ITU-R M.1457

— High quality
— Worldwide roaming capability
— Capability for multimedia applications, and a wide range of services and

terminals

* IMT-2000 Data rates
— Local area - 2 Mbps
* In office, stationary
— Limited mobility - 384 kbps

* Urban pedestrian

— Full mobility - 144 kbps

* Ruralincar

QMBNRSD www.mobilebroadband.ir



IMT-2000 Spectrum

| | ] | ]
ITU 1955 MToo00 40 2gioags 2010 b ongp 210 2200
. mss | M MSS
(WARC-92) Land Mobile Land]Mabie Land Mobile
I I ]
18p0 190 1420 190 2di02tps ofio 2910 22ho
UMTS UMTS
Europe GSM1800 | | UM UMTS] yrs UMTS
Unpards  Paired UL SAT | Unpgires Pared DL | cat
| [
0 mT-2000 F° 210 72000 2|7
Japan , :
Land Mobile UL Land Mobile DL
| |
Korea , .
Land Mobile UL Land Mobile DL
| I
450 pcg 110 190 oo 190 >ho 2300
Reserved
USA UL DL

1800 1850 1900 1950 2000 2050 2100 2150 2200
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3G Standardization Process

Mobile Operators @

ITU
Recommendations

| IMT-2000 oo
Partnerships Radio & Membership
Standards Development Network
Organizations
@MBNRS www.mobilebroadband.ir 19



3GPP

* 3rd Generation Partnership Project

 Established in 1998

A GLOBAL

3GPP Organizational Partners
Organization

"
S
e

™

INITIATIVE

Base region

Association of Radio Industries and Businesses (ARIB) Japan
Alliance for Telecommunications Industry Solutions (ATIS) USA

China Communications Standards Association (CCSA) China
European Telecommunications Standards Institute (ETSI) Europe
Telecommunications Technology Association (TTA) Korea
Telecommunication Technology Committee (TTC) Japan
Telecommunications Standards Development Society India (TSDSI) India

QMBNRSD www.mobilebroadband.ir
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3G Standardization Process

| |

| ‘
i

I
;

Paired SPW‘NSP%tmm

IMT-DS

W-CDMA (UTRAN
FDD)

Direct
Spread

IMT-MC

cdma2000

Multi
Carrier

IMT-TC

UTRAN TDD
TD-SCDMA

Time
Code

IMT-SC

UWC-136
(EDGE)

Single
Carrier

IMT-FT
DECT

Frequency
Time

QMBNRED

www.mobilebroadband.ir
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3GPP Realeases

Rel. 12
2015

www.mobilebroadband.ir 22



Rel. 99 (UMTS) 3G

Universal Mobile Telecommunication System

Wideband CDMA Veoodle @
Higher order modulations
Variable spreading factors

2Mbps b Sl 03l 5

FDD - TDD 5MHz &b cle *
Fast Power Control (1500 Hz)

* in GSM 2Hz g;l}’;'\iﬁb\':’“)‘ .
Rake Receiver
Radio Resource Manag. for QoS syllolyys b o
Transmit Diversity .
Soft Handover LY

uMmTS " *

@MBNRSD www.mobilebroadband.ir
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Rel. 5-6-7 (HSDPA)

HSDPA Y. .Y ,sRel.5 *

High Speed Downlink Packet Access —
456 1 c®a VF U DL ey 35 590 —

HSUPA Y. .5 ,5Rel.6

High Speed Uplink Packet Access —

4l o 8 G UL ey 35 590 —

HSPA HSPA+Y..V ,sRel.7 -

lllH Evolved HSPA —

A0 g o Fo W 0sls 55 Sl 381 —

QMBNRED

www.mobilebroadband.ir
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HSPA

 AMC: Adaptive Modulation and Coding

* Higher order Modulation 64 QAM

* H-ARQ: Hybrid Automatic Repeat Request
* MIMO: Multiple Input Multiple Output

Tx

e Soft Handover Tansmiter

 DC-HSDPA: Dual Carrier-HSDPA (rel. 8 for HSPA+)

&

Receiver

QMBNRSD www.mobilebroadband.ir
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4G

Rel. 8 (LTE)

Yooh Jle s Ll

Long Term Evolution s, skd 3 s

Rel.7 ,33GPP Ly s ¢ 5,4
LTE Glasiin pun 5 v OKsl —

Rel.8 3o )L«A‘j lesie Ew y

First launch by TeliaSonera in Oslo

and Stockholm on Dec. 14, 2009 ‘i ' ‘ ' }‘ ‘S}"U‘ O‘)

Shew o a3 Wi

3.9G L.

QMBNRSD

www.mobilebroadband.ir
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Rel. 8 (LTE)

4G

OFDM ;| 63liz!

DL ,OFDMA —

UL ,>SC-FDMA —

@x4 ) MIMO
HARQ
’/ﬂ\b AMC 5 (64QAM U) 5YL ad o sla O sVl

Ite (5 1 5t

FDD ; TDD claws

QMBNRSD www.mobilebroadband.ir



LTE o U ¥ slowsil

LTEHands  Uplink [Miz]  Dewnlink (MHz) ip.:ru.;l?"um; {::l} Heple X Duplaymant in the wodd
Band 1 1920 1030 2110 -Z1T0 150 ED FDO China, Japan, EUF, Asia, Ausiralis
Band 2 1B50 101D 1930 10490 a0 Ed FDO Marth'Saisth Amarica
Band 3 1710 -1T8S 1805 1880 a5 T5 FDO EW, China, Asxia, Ausiralis, Africa
Band 4 1710 1TSS 2910 -Z155 S0 45 FDO MasrthQauth Amariea
Band 5 B2 249 BLO -0 as a5 EDO :msouth.ﬁm:lri:a,.ﬁ.ullurlmh:ln,
Band & B30 -BA0 875 .E85 45 10 FDO A
Band 7 2500 2570 2620 - 2690 120 10 pog  [(Rd= temiAmedchs A Aok
Band 8 280 015 525 800 as Sl R e e e
Band 9 1749.9 -1784.9 | 1844918799 95 35 FOD | Japan
Band 10 AT10 1770 2410 -2170 400 a0 FOD | MorthSouth America
Band 11 | 14279 -1447.9 | 14750 14959 a8 15 FOO | Japan
Band 12 E98 «T16 TZB «T45 30 18 FDxO Marth Amerien
Band 13 177 787 746 756 T 10 FOD | North Amarica
Band 14 TEE -T93 TEE -TGE 3a 10 FDO Harmh Americn
Band 17 T04 716 T34 -T46 30 12 FOD | North Amarica
Bnnd 18 B15 -B30 BED -ETS a5 15 FOO ::'r'.:”_a““‘""""“"‘“’“““““"""‘""'
Band 19 830 845 875 -800 as 15 17T ek bt e e
Band 20 8332 -062 701 -821 a1 10 0 | £
Band 21 1447.9 14629 | 14359 -1510.5 48 15 FDO PET- TS
Band 22 3310 = 3500 3514 « 3600 1E} ‘T FEO
Band 24 | 16265 -1660.5 | 15251350 101.5 14 FOD
Band 33 1600 -1920 Nk 20 oD
Band 34 2010 2025 A 15 TDD China
Band I5 1854 1910 WA 1] TDOD
Band 3G 1930 1950 MR G TOD
Band 37 1910 -1930 NA 20 0D
Band 36 2570 2620 HA 50 oD | EU
BEnnd 39 1880 « 1920 NA g DD Chifn
Bnnd 40 23400 2400 | . 100 DD ChlAn, Asin
Band &1 2406 2600 Nk 194 | ToD
: Band 42 3400 -3600 ik 200 [ TOD
@w)) Band 43 IE00 <3300 | a0k TDO
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4G and IMT-Advanced

ITU-R Working Party 5D L. 52008 5 Olasine Cy a5 ®
4G L slo &Kt s bl I 0

1 Gbps in relatively fixed positions

Nominal data rate of 100 Mbps at high speeds

Peak link spectral efficiency of 15 bit/s/Hz in the DL and 6.75 bit/s/Hz in the
UL (1 Gbit/s over less than 67 MHz bandwidth)

All-IP packet switched network

Interoperability with existing wireless standards

Dynamically share and use network resources to support more capacity

Scalable channel bandwidth 5—20 MHz

Seamless connectivity and global roaming

www.mobilebroadband.ir
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4G and IMT-Advanced

* In October 2010, two technologies were approved

e LTE Advanced

e WiMAX Release 2 (IEEE 802.16m)

'. I[EE .- @4DVANCED
WirelessMAN° l .,.
* 80216 - e

QMBNRSD www.mobilebroadband.ir
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Active WiMax
connections

Numbers in thousand
SOURCE: BTRC

O
= =]

112.96

48.26
B 75.39

I S
-||||||.| 1

— "— p—
& o e o o - (
| ~ ~~ ~ (| ~ ~

In 2015 Sprint Corporation began closing its WiMAX network

20
2018

QMBNRSD www.mobilebroadband.ir
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Rel.10 (LTE-A)

te

Yoo 4 Rel.9 3 <l Uas &jﬂ

A Z Z . . .
@U’Jq%&ﬁf\b&lbcj —

2010 e )Lw.d‘

VoAT 3l eslnlely 69 0

LTE Slasis JalSS

b Oldily iuljdl —
Rel. 8LTE LTE-Advanced
DL 300 Mbps 1 Gbps
Peak data rate
UL 75 Mbps 500 Mbps
Peak spectrum efficiency DL 15 30
[bps/Hz] 15

UL

3.75

32



LTE-Advanced

Contiguaus intra-band carrier angregation of 5 = 20 MHz component carricrs

MIMO

| | (I | ¥ | f

3 DL 5 ;5TAL —

.I — g m II » | UL); U:"Tf v —

Nen-contiguous inter-band carrier aggregation of 3 2 20 MHz component carricrs Ca r ri e r Agg regat i 0 n

= Cognitive radio
SONs, Self Organizing Networks methodologies

Interference management and suppression

QMBNRED

www.mobilebroadband.ir
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LTE-Advanced

aaaaaa

Data

1 Processing

Relay -
Femtocell -

CoMP -

www.mobilebroadband.ir
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Standard | Full Name Maximum Download Maximum Upload

Speed (Theoretical) Speed (Theoretical)

2G GSM Global System for Mobile  : 14.4 Kbits/s ' 14.4 Kbits/s
: Communications : :

G GPRS : General Packet Radio 53.6 Kbits/s  26.8 Kbits/s
: Service :

E EDGE Enhanced Data rates for 217.6 Kbits/s 108.8 Kbits/s
: GSM Evolution : '

3G UMTS  : Universal Mobile : 384 Kbits/s : 128 Kbits/s
: Telecommunications System : :

H HSPA ' High-Speed Packet Access : 7.2 Mbits/s 3.6 Mbits/s

H+ HSPA+ : Evolved High-Speed Packet : 14.4 Mbits/s  5.76 Mbits/s
: Access - Release 6 : :

H+ HSPA+ : Evolved High-Speed Packet : 21.1 Mbits/s or 28.0 Mbits/s : 11.5 Mbits/s
: Access - Release 7 : :

H+ HSPA+  Evolved High-Speed Packet : 42.2 Mbits/s ' 11.5 Mbits/s
: Access - Release 8 : :

H+ HSPA+ : Evolved High-Speed Packet : 84.4 Mbits/s ' 11.5 Mbits/s
: Access - Release 9 : :

™ HSPA+ : Evolved High-Speed Packet : 168.8 Mbits/s | 23.0 Mbits/s
: Access - Release 10 : :

4G LTE : Long Term Evolution 100 Mbits/s : 50 Mbits/s

4G LTE-A | Long Term Evolution - 1 Gbits/s 500 Mbits/s

Advanced



Jlge b g5 JolsS

Evolution of the
Mobile Phone

Motorola MNokia Mokia HNokia Encsson .l.h::lz-ls.unm ﬁ.ppﬂ BlackBerry Samsung Samsung Sony Xperia
B900X-2 2145 210 E210 LE oT511 E250 iPhone Curve B900 Galaxy 52 Galaxy 54 Z Uktra

QMBNRSD www.mobilebroadband.ir
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The foundation of
mobile telephony

~1980

15' GENERATION

wireless network

Basic Voice
service
Analog Based
Protocols

2.4 Kbps

Mobile telephony

for everyone

~1990

2" GENERATION

wireless network

* Designed for
voice

= First digital
standards
(GSM,CDMA)

The foundation of

mobile broadband

~2000

3@ GENERATION

wireless network

* Designed for voice
and data

* First mobile
broadband

* Voice through
circuit & Data-
Packet Switching

2 Mbps

Mobile broadband

enhanced

~2010

4™ GENERATION

wireless network

Designed Primarily
for Data

IP based protocol
True Mobile
broadband.

100 Mbps

Embracing a
Networked Society

~2020

5™ GENERATION

wireless network

10 Gbps

QUBNRS

www.mobilebroadband.ir
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GLOBAL DATA

Mobile connections, including Unique mobile subscribers
licensed cellular loT Apr 2019 Apr 2019

8,819,518,379 5,108,180,194

- 6.20% . - 3.72%

Source: GSMA Intelligence 2019, current year-end data except interpolated subscribers and connections

April 15, 2019

QMBNRSD www.mobilebroadband.ir
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Mobile subscriptions by technology (billion)

18

2814 2815 2814 2817
Ericsson Maobility Report Movember 2818

8
billion

2818

2019 2820 2821 2822 2823

8.9
billian

2824

M 56

B LTE

B WCDMA/HSPA
B GSM/EDGE-only
Il TD-SCDMA

B CDMA-only

B Other

Mote: IoT connections and
FWA subscriptions are not
included in this graph

QUBNRS

www.mobilebroadband.ir
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Enhanced Mobile Broadband

ENEE

Indoor — outdoor —

Enhanced connectivity adb 3 s Jlai! ®

X Z
byl i o g bS8 53 g e SEAS —

Sp S w0

S Al fles —

QMBNRED
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Gigabytes

6.8

Gigabytes

Enhanced mobile

broadband > 7 5 %

Source: Cisco Visual Networking Index: Global Mobile Data Traffic Forecast (Feb’'17)

Monthly global mobile data traffic
in 2021; >100x growth since 2011

Average smartphone traffic per month;
up from 1.6GB in 2016

Of global mobile data traffic will
be video by 2021

QMBNRED

www.mobilebroadband.ir
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Global Mobile Data Traffic Growth

46% CAGR
2017-2022

Exabytes
per Month

90
80
70
60
50
40
30
20
10

12

2017

2018 2019 2020

Source: Cisco VNI Mobile, 2019

2021

2022

QMBNRSD
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Mobile Data Traffic Growth in 2017

Middle East and Africa
Asia Pacific 86%

Latin America 68%

Central and Eastern Europe 66%

Western Europe 60%

North America

1l

0% 20% 40% 60% 80% 100%

Source: Cisco VNI Mobile, 2019

QMBNRSD www.mobilebroadband.ir 47
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Average Mobile Traffic per
Capita per Month

9.7 GB
1.5 GB
iy ﬁ@
AN 2022

Source: Cisco VNI Mobile, 2019

QMBNRED
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Estimations of global mobile traffic per subscriptions per month from 2020 to 2030

(M2M not included)
traffic/month
300.0
257.1
250.0
200.0 1770
&g 150.0 1213
100.0
=5 57.5
50.0 s > = 180 268
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Rep. ITU-R M.2370-0

QMBNRSD

www.mobilebroadband.ir
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Mobile traffic by application category per month (ExaBytes)

@ video @ software download
Audio @ Other
. Web browsing . Fila sharing
. Social networking I
2016 “ 50% _ 2022
0 H H
In 2022, video will 69 ExaBytes

account for around
75% of mobile
data traffic

8.5 ExaBytes ivideo

'Video is likely to form a major part of file sharing traffic in addition to the identified application type ‘video'
2 Ericsson Consumerlab, TV and Media (2016)

QMBNRSD www.mobilebroadband.ir
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Connected devices (billions)

30

25

20

15

10

2016

2022

CAGR

&3 Wide-area loT

@ Short-range loT

PC/laptop/tablet

E Mobile phones

@ Fixed phones

5.2

1.6

7.3

1.4

15.5

L7

8.6

1.3

2014 2015 2016 2017 2018 2019 2020 2021 2022

16
billion

29
billion

@MBNRSD www.mobilebroadband.ir
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Remote Healthcare )9° 0‘) }' &2

www.mobilebroadband.ir




Intelligent Transportation Systems

et TN\

QMBNRSD www.mobilebroadband.ir
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Real Time Gaming

QMBNRED

www.mobilebroadband.ir
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Latency Requirements

use case Latency ata rate emarks

— Road safety of ITS requires latency on the order of 10 ms.
10-100 ms 10-700 Mbps — Applications such as virtual mirrors require data rates on the order of 700
Mbps.

Intelligent Transport
Systems (ITS)

Virtual Reality (VR) 1 Gbps - Hi-r_esolution 360- VR requires high rates on the order of 1 Gbps while

— Immersive entertainment and human’s interaction with the high-quality
Serious Gaming visualization may require latency of 1 ms and data rates of 1 Gbps for high
erformance

— Tactile Internet enabled multi modal human-machine interface may

Education and Culture | 5-10 ms 1 Gbps require latency as low as 5 ms.
— Hi-resolution 360- and haptic VR may require data rates as high as 1 Gbps.

@MBNRED www.mobilebroadband.ir 56



Latency and Reliability

Need for speed and latency for use of applications and
services by a single user

Latency

Augmented Tactile
1ms reality internet
Virtual
Person to
person
— Person to
machine
Machine to

machine

100 ms

<1 Mbps 1 Mbps 10 Mbps 100 Mbps 1Gbps

Source: Commission analysis based on GSMA and EIB

@MBNRG www.mobilebroadband.ir
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Big Data
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The foundation of
mobile telephony

~1980

15' GENERATION

wireless network

Basic Voice
service
Analog Based
Protocols

2.4 Kbps

Mobile telephony

for everyone

~1990

2" GENERATION

wireless network

* Designed for
voice

= First digital
standards
(GSM,CDMA)

The foundation of

mobile broadband

~2000

3@ GENERATION

wireless network

* Designed for voice
and data

* First mobile
broadband

* Voice through
circuit & Data-
Packet Switching

2 Mbps

Mobile broadband

enhanced

~2010

4™ GENERATION

wireless network

Designed Primarily
for Data

IP based protocol
True Mobile
broadband.

100 Mbps

Embracing a
Networked Society

~2020

5™ GENERATION

wireless network

10 Gbps

QUBNRS

www.mobilebroadband.ir




5G &
)Lﬁﬁ)\ﬁ\ﬁu&\b@.\a}&d *
STl 0939035, slajls 4 o Kol cbls @
Ol Sl g o ela )1l Slkad ey & syl o
 "5G moves us to a truly connected society with very high

data rates, low latency, and massively interconnected

devices," Douglas Sicker, Carnegie Mellon University

QMBNRED
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5G <ol )

10Gbps peak data rate
100 Mbps always
1M devices per km~"2
o 50 GB/month/user
o <1 ms latency
o 10% of todays energy consump.- 10 years battery life
o Ultra reliability < 10~-5 E2E outage

o Zero mobility interruption

@MBNRSD www.mobilebroadband.ir




Abge)o Ql.o'}"95G 5'& W § gw

e 100 Mbps always
e 10Gbps peak data rate

e 1M devices per km~"2

e 10000x more traffic

e 50 GB/month/user

e 10% of todays energy consump.- 10 years battery life

e <1 ms latency
e Ultra reliability < 107-5 E2E outage
e Zero mobility interruption

QMBNRGED www.mobilebroadband.ir
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Pea .
data rate A\ data rate

k g\"\ importan Ce User experienced
A_

Enhanced Mobile

Broadband
Area traffic Spectrum
capacity \ efficiency
Network

energy efficiency Mobility

Ultra-reliable
and Low Latency
Communications

Massive Machine
Type Communications

Connection density Latency

Ref: ETSI

QMBNRSD

www.mobilebroadband.ir 66



Differences between 5G and LTE Key Metrics
Where mmWave system are positioned to meet the 5G requirements * 10Gbps
* Tms RAN

»  5G will first happen <6 GHz Data VDlumE * Smsele
= Mainstream global band will be 3.5 GHz
= mm Wave will follow later to improve: 1 OO O}( « 90 §ggo4,

2 8ot 170 M D THEb/sfm 3I0Th/s/Am’ *« TM/km?

3. Radio interface latency < 1 ms l

Latency Peak Rates

-80% 100x
iabili 25>5ms 100Mbps—>10Gb
RE"i‘;gﬁ} TP Mobility
o 500km/h
Service Intro loT Density
-93% 1000x
90 days = 90 min Ll

Energy
-90% NOKIA

10% of current

QMBNRSD www.mobilebroadband.ir




5G Applications

Enhanced
Mobile broadband
eMBB

1000 100030000100
(00C J00CI000C _100C]
OO0 1000CI0000 100
0 N O

e o
a

Improved consumer experience
More connected devices
Faster connection speeds

Virtual and Augmented Reality

Ultra-reliable
and low latency
communications

Massive
Machine type
communications
mMTC

\ '
- =
' -~

0 g

e-health

Transport & logistics
Environmental monitoring

Smart energy networks
Smart agriculture, smart retail

Vehicle-to-everything communication
Drone delivery
Autonomous monitoring
Smart manufacturing

QMBNRED
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5G Services and Applications

Enhanced mobile broadband

\ 3D video, UHD screens

Gigabytesina second

Smart home/building \ Workand play in the cloud
@ Augmented reality
\oice [] \

@ %@ Industry automation

Smartcity FUELEE IHEL \ . . L
4{:).‘, \ Mission critical application
romres) N Self driving car

Massive machine Ultra-reliable and low
type communications latency communications M. 2083-02
ITU
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Home broadband

(red) B Ok pomy Wil By @
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Tactile Internet

Real time communication -

M\wgﬁj&oﬁdu)\ ¢

Tactile Internet

QMBNRSD

www.mobilebroadband.ir

71



Intelligent Transportation Systems

* Smart Cities , Autonomous Vehicles, Traffic Management

Systems , Emergency Services

QMBNRSD www.mobilebroadband.ir
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Autonomous Vehicles

O\)D}?gﬁ\b&}o}s\ °

QMBNRED
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Autonomous Vehicles

THE COMING INAUTONOMOUS VEHICLES

SONAR
RADAR | GPS

PER SECOND
PER SECOND PER SECOND

/" AUTONOMOUS VEHICLES

CAMERAS . O oA

J\ :
PERSECOND N | PER SECOND

PERDAY... EACH DAY
(inteD) -

QMBNRSD www.mobilebroadband.ir
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03981/ 5 ylxo iy
AR/VR .

augmented reality / virtual reality -

QMBNRSD
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039 1/ 5 jlxo Cudlg

Gaming consoles

Ultimately, this becomes
an imperceptible device that
replaces nearly all others

@MBNRG))
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Lo gy

2 Mbps 5 to 25 Mbps 50 to 200 Mbps

Video conferencing Two-way telepresence Next-gen 360° video (8K, 90+
FPS, HDR, stereoscopic)

Bandwidth

1 Mbps 2 to 20 Mbps 10 to 50 Mbps 200 to 5000 Mbps

Image and workflow 3D model and data  Current-gen 360° 6 DoF video

downloading visualization video (4K) or free-viewpoint
—

Critical for immersive experiences

QMBNRSD www.mobilebroadband.ir
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Real Time AR
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Cloud Gaming on smartphones

QMBNRSD www.mobilebroadband.ir
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5G Core Network

Network Function Software Defined

Virtualization (NFV) Network (SDN) RERRS e

Multi-Access Edge

Computing (MEC) Cloud computing Heterogeneous network

@
I E T F A GLOBAL INITIATIVE World Class Standards

QMBNRSD www.mobilebroadband.ir



5G o Jgly sl 5,5l

Network Spectrum
Spectrum Utilization

WESIIE
MIMO FBMC
3DBF NOMA

Densification Extension

Super

Small Cell
TSI EES Wideband

In-band
N ES Full

Duplex

QMBNRSD
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5G 49 @.f.é‘) Ql.o‘)"

Area SE (bps/Km~2) = spectrum (Hz) X
Spectral Efficiency(bps/Hz/cell) X
Cell Density (cell/km~2)

| / Network densification

—_—

Spectrum extension

QMBNRS www.mobilebroadband.ir 87



5G Radio Access Technologies

Company Spectral | Base Station | Total
Efficiency | Densification | capacity
increase
Nokia 10 10 10 1000
Huawei 4 16-30 10 640-1200
NTTDoCoMo 2.8 24 15 1000
Ericsson 4 2.5 100 1000
RWTH Aachen 3 5 66 1000

QMBNRSD www.mobilebroadband.ir



1000x Improvement

Spectrum efficiency | !
I
I

|4

1

1

-7

‘ / Network densification

e

Spectrum extension

QMBNRED
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Network Densification

i BS dldas 31 eoldiw!l
small cell ;! esliut
3370 S1513 SlguilS 8 45 oS Ol b i b —

Sl el 4l sbwl 3 Sy el beS 5 o

www.mobilebroadband.ir
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Base Station Types

Cell Type

Femtocell
Pico Cell
Micro Cell

QOrvo Macro Cell

Small Cells

Output Power (W)
0001 to0.25
0.25t01
11010
10 to =50

Suburban

Cell Radius (km)
0,010t 01
0.1t00.2
0.2t020
8to 30

Urban

1to 30
30 to 100
100 to 2000
=2000

In-Building

Pico Cell

Locations
Indoor
Indoor/Qutdoor
Indoor/Outdoor

Outdoor ®©2017 Qorvo, Inc.

QMBNRED
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Heterogeneous 5ol b 4w

Y Rﬂﬂm’
Low Latency with Short TTI with.

1 " i oo
M =2

vav e

Vehicle to Vehidle -~
Safety Comm. -~
" Unlicensed Band Uitra-Dense
(LAA) Tx/Rx Points
Capacity Enhancement
6 GHz
Cellular Celflular  Unlicensed cmWave/ ave

Source: ETRI
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Samll Cells

1%

AL b Okl - alg o b s Jl)

JENTOIR>

Frrogbl - 5wl i e - 5 55 sl

:%\.u

FoS gy
Jo K5

handoff § & v <y o

JFIN o e

.
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1000x Improvement

Spectrum efficiency | !
I
I

|4

1

1

-7

‘ / Network densification

e

Spectrum extension

QMBNRED
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Spectrum Extension

* BW requirements?

AMPS, 30 kHz (1978)

. GSM, 200 kHz (1991)

CDMAZ2000 1x (2.5G), 1.25 MHz (2000)

Technology

UMTS (3G), 5 MHz (2001)

802.11g, 20 MHz (2003)

802 11n, 40 MHz (2007)

LTE-A (4G), 100 MHz (2012)

802.11ac, 160 MHz (2014)

5G, 2 GHz? (Fulure)

0 1 MHz 10 MHz 100 MHz 1 GHz 10 GHz
Bandwidth
QMBNRSD www.mobilebroadband.ir 95



Spectrum Extension

* BW requirements?

* Solutions
— Higher frequencies = millimeter waves
— Unlicensed bands
— Spectrum Aggregation
— Spectrum Sharing

— Cognitive radio

QMBNRSD www.mobilebroadband.ir
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5G o Wl p b

Spectrum
N
100 GHz |- 5 G
60 GHz = mmWave
(30-300GHz2)
Low Rank MIMO, BF
30 GHz
20 GHz |- 5G is not a replacement > G

Current Focus

39 US

32 Europe
28 Korea Olympics, US Fixed

technology. LTE cmWave Access, Japan, EU
10 GHz longevity is expected. | ) (3R_3?<Gh:||ﬂo o ’ ’
Lower Rank MIMO, BF |
4.5 Japan Olympics, China
6 GHz 3.5 China, Europe, Korea, Japan
""""""""""" 2.5 Europe, US
5G 1.7,1.8,1.9, 2.1 China, US
2 6Hz I~ <6GHz 900 China
16z HighRankMiMO,BF 700, 800 Europe
"""""""""""" 600 US
NOKIA Bell Labs
QMBNRED www.mobilebroadband.ir 97
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Frequemcy (GHz)

Atmospheric and molecular absorption

30to 300 GHz -
23, 29, 38, 40, 46, 47, 49GHz, and E-band —
Already used in LAN, PAN, and VANET -

backhaul in cellular networks —

Frequency 6-20 GHz 20-40 GHz 40-60 GHz 60-100 GHz
range
Specific bands | 10 GHz band 32 GHz band 40 GHz band 66 GHz band
identified 10.125-10.225 GHz / | 31.8-33.4 GHz 40.5-43.5 GHz 66-71 GHz
10.475-10.575 GHz
‘45 GHz’ band
45.5-48.9 GHz
Potential 2 x100 MHz 1.6 GHz 5.8 GHz total 5 GHz
bandwidth
OfFcom
T

QMBNRSD
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1 GHz
6 GHz

- High-bands -

100 GHz -

Large bandwidth

S

Lise
b Sh sl —
S 55 bl =
oS JH -

byl —
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9G 0 b ol MY awaxd

Coverage and Capacity Layer -
210 6 GHz o3 9uw j5 —
Cd b g S e @57 adlas
Super Data Layer -
>6GHz -
e.g. 24.25-29.5 and 37-43.5 GHz —

Coverage Layer -

<2GH -
e.g. 700 MHz -

deep indoor , 5 S o

@MBNRED www.mobilebroadband.ir 100




eMBB, URLLC, mMTC
(wide-area but no

deep coverage)

mMTC, eMBB, URLLC

Source: Huawei
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5G 10 wilS il

TP QA

3300-4200 and 4400-5000 MHz - C Wb 5 ]
S Wbl —

37-43.5 GHz ,24.25-29.5 GHz <lWb 1 e
FAEENV G 5 A& frr Wil by —

3GPP HITU ;5 i 3 Gladil s

QMBNRSD
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s 3

BYC

7 9

s

5.0

41 42 43 44 45 46 47 48 4.9

4.0

3.7 3.8 3.9

3.6

3.5

3.4

3.3

]
USA E

N
oL
O]
(]
(]
()
]
el cccannmnslicomeelle Tl o ..“ ==
()
1!
1!
(B ]
e = o i = = = = -9 r- -
()
1
(B ]
(B ]
— - - s - - - — - F-- -
1
1!
(B ]
(]
- - - - - - - - - bk=- -
1!
(B ]
(B ]
(]
|||||||||||||||||||||| —dal
©
©
£

Africa (ATU)
China

LATAM (CITEL)

Status and plans for the 3300-4200 and 4400-5000 MHz ranges
in some regions and countries as well as the Huawei expecta-
tions for the future, based on publicly available information.

Already available for IMT/offical plans
Considered for IMT by regulators

|

|

Different LATAM countries have identifed different blocks within the range

Potential for future IMT use

-
-t

Source: Huawei
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PRI 7 YU slewils

Group 30 Group 40 Group 50 Group 70/80
(GHz) (GHz) (GHz) (GHz)

24.25-27.5
31.8-33.4

37-40.5
40.5-42.5
42.5-43.5

45.5-47
47-47.2
47.2-50.2
50.4-52.6

66-71
F1-¢6
81-86

Candidate frequency bands of WRC-19 Agenda Item 1.13

QUBNRS

www.mobilebroadband.ir
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PRI 7 YU slewils

B Inscopeof WRC-19, already allocated to Mobile Service ——+ -
N |Inscope of WRC-19, require allocation to Mobile Service - SN E -ﬁ.GHf

11 Notinscope of WRC-18, but allocated to Mobile Service  94!95 27'5  20'531.8 334 37 405 425435
B Confirmed

m Likely

= TBD Europe’s 5G pioneer band and

Pioneer band
USA has the bands 27.5-28.35,37-38.6,38.6-40 GHz |

for licensed use, the band 64-71GHz for unlicensed use .
China has consulted on 24.75-27.5and 37-42.5 GHz *,
for 5G and decided these two bands for bG trial
Japan has identified 5G candidate bands including up
to 2 GHzfrom 27.5-29.5 GHz

other bands considered for 5G

Korea plans to allocate 26.5-29.5 GHz by 2018 when 5G [ 4, g .
systems are available, at the latest by 2021 %‘4" -

Frequency bands for early deployment of 5G millimetre wave systems

Source: Huawei
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5G 10 wilS il

NSA 3 Shas da p3 LTE b Kiabon 3l @

MR
Freq.
Range

3.3 GH=z-
4.2 GHz

4.4 G Hz-
4.99 GHz

24.26 GHz-
29.56 GHz

31.8 GHz-
33.4 GHz

37 GHz-
40 GHz

Band 7

Band 28
Band 41

YES

YES

YES

YES | YES

YES

YES

YES

YES

YES

YES
YES

YES

YES

YES

YES

YES

YES

YES

YES

LTE Band

8

YES

YES

YES

YES

19

YES

YES

YES

20

YES

YES

YES

YES
YES

21

YES

YES

YES

25 26
YES
YES
YES

YES | YES

28

YES

YES

YES

YES

38

YES

YES

YES

4

YES

YES

YES

YES

B6

YES

YES

QMBNRED
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5G L ss‘dé") 6“}‘5 O‘)

Spectrum Utilization

Massive MIMO FBMC
3DBF NOMA
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Multiple Input Multiple Output

e e
) 1

o

o E

‘o

b 4

'
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MIMO

Top
T2.5mm

1. Main Antenna (Tx/Rx)
- COMA/EVDO BCO/1/10
= B50/1900 MHz GSM/GPRS/EDGE
= UMTS Band 2/5
- LTE Band 25/26
2. LTE B41 Main Antenna (Tx/Rx)
Right 3 G1/WLAN Antenna if (Tx/Rx)
1421 mm « 2.4 GHz BT/WIFI
- 5 GHz WIFI
Front of Device 4. WLAN Antenna #2 (Tu/Rx)
- 2.4 GHz WIFI
- 5 GHz WIFI
MRD Antenna (Rx Only)
GPS Antenna (Rx Only)
LTE B41 Sub Antenna (Rx Only)

Mpw

QMBNRS www.mobilebroadband.ir 110



MIMO Advantages and Techniques

Spectral Diversity and :
efficiency link reliability LN e RX

Space-Time Spatial Beamforming a
Coding Multiplexing (Precoding) [ Y ?

vy

I MIMO
i Multiple Input Multiple Output

Diversity Multiplexing Array
Gain Gain Gain

QMBNRS www.mobilebroadband.ir 111



MIMO Categories

Point —to-Point MIMO -

t
v
2
v
S
v
oc
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Single user MIMO

Inter-antenna interference

@MBNRED www.mobilebroadband.ir 113



MIMO Categories

e Point to Mutil-Point MIMO (BC)
e Mutil-Point to Point MIMO (MAC)

Y <
L

QMBNRSD www.mobilebroadband.ir 114



Multiuser MIMO

multiple data streams to multiple single antenna users

Inter-User interference

Expensive BS
Precoding — DPC
Combining —SIC- MRC

. Simple Terminals

QMBNRSD www.mobilebroadband.ir

115



Multi-cell MIMO (Network MIMO)

Inter-cell interference (ICl)

Coordinated MultiPoint (CoOMP)

QMBNRS www.mobilebroadband.ir 116



3GPP )é 9.0.?.‘.0

. 4x4MIMO .« 8TX TM8 . 8TX TM9 « Downlink
. 4x2MIMO CoMP (TM10)

« 8RX uplink
« Uplink CRAN

Release 12 Release 13 Release 14 Release 15+

* Downlink » Massive « Massive « 5G massive
eCoMP MIMO 16TX MIMO 32TX MIMO 64TX+

* New 4TX
codebook

NOKIA
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Massive MIMO

Hundreds of BS antennas ]

Multi-user MIMO

LT

- Is

Tens of users

‘\;AVAVA\V
N
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MaMIMO U

Massive
MIMO
Physica\

Layer
Security

QMBNRED
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MaMIMO vs. Classic MuMIMO

Classic multi-user MIMO Massive MIMO (Canonical)

Antennas M, users K M=K M > K

Signal processing Non-linear is preferred Linear is near optimal

Duplexing mode Designed for TDD and FDD Designed for TDD w. reciprocity

Instantaneous channel Known at BS and user Only needed at BS (hardening)

Channel quality Affected by frequency- Almost no channel quality
selective and fast fading variations (hardening)

Variations in user load  Scheduling needed if K > M Scheduling seldom needed
Resource allocation Rapid due to fading Only on a slow time scale
Cell-edge performance Only good if BSs cooperate Improved by array gain of M

BS cooperation Highly beneficial if rapid Only long-term coordination

@MBNRS www.mobilebroadband.ir 120



3590

L 2 *
Lot
ol O J
IEEE TRANSACTIONS ON WIRELESS COMMUNICATIONS, VOL. 9, NO. 11, NOVEMBER 2010

Noncooperative Cellular Wireless with

Unlimited Numbers of Base Station Antennas

Thomas L. Marzetta

 Example:

MF, non-cooperative

40 users, 20 MHz BW

17 Mbps each (both UL and DL)
730 Mbps total

Spectral efficiency : 26.5 bps/Hz

QMBNRSD
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b (ol y S 9ee

140 . ' ' '
120 - Total Spectral Efficiency
[bit/s/Hz/cell]
100
80 |

Number of Users: K

60 \ .
40 __‘_,,_--""""'_-'—'
20 .
% 100 200 300 400 500

Number of BS Antennas

QMBNRS www.mobilebroadband.ir 122



350 %
300 %
250 %
200 %
150 %
100 %
20 %
0%

Average spectral efficiency evolution

22

b Glowi! y O gags

a2 1632

299 %
I

B2

QUBNRS
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0 g 909 lo

Median user Cell edge user
perceived throughput perceived throughput
195 Mbps

T

3.8x

79 Mbps

52 Mbps | 2.9x
27 Mbps

4x4 MIMO y 5_G NI\?IM 4x4 MIMO 5G NR
assive O Massive MIMO
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5dBi ant element gain, 7dBm AP Pout per element, 1dBm UE Pout per element, shown to scale

73 GHz
1024 elements (16x32x2)

39 GHz
512 elements (16x16x2)

28 GHz
256 elements (8x16x2)

32
Max EIRP = 72.2 dBm
59% area relative to 28GHz
Room to grow...normalized array

size is ~4.5dBm more than above

16

60.2 dBm

Max EIRP

16

Max EIRP = 66.2 dBm

103% area relative to 28GHz
39 GHz, 32 elements, (4x4x2) 73 GHz,

, (4x4x2)
NOKIA

32 elements

IS
Max EIRP% 36.1 dBm

15% area relative to 28GHz

4
Max EIRP = 36.1 dBm

52% area relative to 28GHz

2 TXRUs

=X

4

28 GHz, 32 elements, (4x4x2)
4

© Nokia 2017

17

UE

125
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* mmWave for Massive MIMO
— Wavelength and coherence time 30GHz

— Velocity

EEEEERER
EEEEERRER
EEEEEEER
EEEEEREREER
EEEEREEREER
EEEEEREER
»

60mm

— Array size

* Massive MIMO for mmWave Fujitsu
— Path loss
— Blockage

* mmW is not necessary for MaMIMO
— f=2GHz (15cm)

— 400 dual-polarized antennas

— 1.5x 1.5 m array

@MBNRSD www.mobilebroadband.ir 126



3DBF v 4w o5 9 (B0 JSw
* Three dimensional Beamforming (elevation & azimuth)

* Full dimensional array

« 3GPPRelease 13 for LTE |88 | Massive MIMO BS

N T 77

QMBNRS www.mobilebroadband.ir 127



3DBF v 4w o5 9 (B0 JSw
* Mechanical tilting

baoresight direction
* Electrical tilting 0 TlE" ...................
F ! d ;_-' b Lo S

j’ direction of beam with
_| _ downtilt

@
P
t

- antenna elements

RF transmission
2 signal
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3D Beamforming

 Higher order Sectorization

129



3DBF v aw o5 99 (DO JSw

Normal Buildings Wide Buildings High Rise Buildings

with need for capacity with horizontal user distribution with vertical user distribution

Source: Samsung

QMBNRSD www.mobilebroadband.ir
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FDMA

OFDMA

AMFS, TACS, NMT

'rtqu'“ty

LTE, Rev-C, WIMAX

{Frﬁq uency

Time

TOMA, FDC
GSM > GPRS/EDGE

' o
¥
-

Time

CDMA

UMTS » HSDPA
TD-SCDMA,

Z
8w Slews ¢

OMA wolais 48 iz  gliwd

OMA sies sla il °

-Uhxaeknbhhfﬁ{ﬁbjAzw —

COMA + EVXDO 3‘-)‘) J-:,-"b} GSJ‘)K ‘_;“J"'\'c@ -

JBG’ﬁ‘JQUCJyykihﬁ‘)JAﬁhfgﬁjéﬁ'—
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NOMA

O\ﬁ)\fgs\ﬁu\.o\a.ux.é@uﬁ.ﬁ.”é’ .
dolais b Oy g0 4 iz Oyl o Jolb 3 0 Oy S| il 18155 0) s> —

ﬁ)KﬁQUo}m&d.\fsum):A{o}y —

-_— > -

- . SIC of User 2 User 1 signal
> ' signal detection
& User 2 User |
User 1 e . User 2 signal
kEbquzns detection
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5G ;0 93y s 559l plw
 Enhanced Carrier aggregation

* FBMC

* Coordinated Multipoint O O
* Cognitive Radio @! h
* In-band full duplex

e Alin5G
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5G New Radio (SGNR)




Release 9

Release 10

Release 11

Release 12

Release 13

Release 14

Release 15

3GPP Releases

2009 Q4

2011 Q1

2012 Q3

2015 Q1

2016 Q1

2017 Q2

2018 Q2

SAES Enhancements, WiMAX and LTE/UMTS Interoperability.
Dual-Cell HSDPA with MIMO, Dual-Cell HSUPA. LTE HeNB.

LTE Advanced fulfilling IMT Advanced 4G requirements.
Backwards compatible with release 8 (LTE). Multi-Cell HSDPA (4
carriers).

Advanced IP Interconnection of Services. Service layer
interconnection between national operators/carriers as well as third
party application providers. Heterogeneous networks (HetNet)
improvements, Coordinated Multi-Point operation (CoMP). In-
device Co-existence (IDC).

Enhanced Small Cells (higher order modulation, dual connectivity,
cell discovery, self configuration), Carrier Aggregation (2 uplink
carriers, 3 downlink carriers, FDD/TDD carrier aggregation), MIMO
(3D channel modeling, elevation beamforming, massive MIMO),
New and Enhanced Services (cost and range of MTC, D2D
communication, eMBMS enhancements)!'4]

LTE in unlicensed, LTE enhancements for Machine-Type
Communication. Elevation Beamforming / Full-Dimension MIMO,

Indoor positioning.['%] LTE-Advanced Pro.

Energy Efficiency, Location Services (LCS), Mission Critical Data
over LTE, Mission Critical Video over LTE, Flexible Mobile Service
Steering (FMSS), Multimedia Broadcast Supplement for Public
Warning System (MBSP), enhancement for TV service, massive

Internet of Things, Cell Broadcast Service (CBS)!]

First NR ("New Radio") release. Support for 5G Vehicle-to-x
service, IP Multimedia Core Network Subsystem (IMS), Future

Railway Mobile Communication System!'”]

QMBNRSD
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3GPP o jlwlivl wuo b 4w su (b

| wre1s
> 2016 > 2017 > 2018 > 2019 > 2020 > 2021 > 2022
Technical Performance Reqmremenls I
Submission of Proposals IMT-2020 2
: 7 Evaluation ITU N O
ot S Milestones
d IMT-2020 Specifications
s .
¥4 3
pec completion - non- g I g
standalone NR (Dec 2017) 2> I E
| -4 s
= 1=
’ 1 £
W
© 3GPP
Releases

Completion (Sep 2016)
Rel 16 freeze - Phase 2
(Dec 2019)

| 5G NR Requirements TR
Rel 15 freeze for Phase 1
(Jun 2018)
Release 13 Release 14 Release 15 Release 16 Release 17+

5G: Enhanced Mobile Broadband

4.5G: LTE-Advanced Pro
2018 Winter
()%yn\[

External events impacting 5G timelines

www.mobilebroadband.ir
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5G New Radio (NR)

3GPP ;5 5G wur s 3, bl o

L sl gy 9ld g 35 po sl 9 p e

LTE Pro s 557 50 o 931y Ll oo 2T 5l ddr asud b 4l ol asd @
ITU & Jlo,l CBua by @

Y5 ysRel.14 53 oWlas g5

Yo\A ,sRel.15 :J5 56

(ITU & Jloyl cgz) Yo ¥ 4 Rel.16 1p 93 Jo e
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5G New Radio (NR)

4d 9! Cldles (June 2017 ;5 oLsl) Release 14 s

Release 15 ;3 5G 3 Ikl Glasin 48 sz oyl gl (3 a0 : U
March ;> Non-standalone (NSA) 5G NR as.s oJ ol jLis! sad!
2018

eMBB 123 1,5 12 5G s jlus ksl 13 g pud Bula by —

bﬁyLTE@Mgwﬁub@}‘ébW\ —
Sep. 2018 ,s> Standalone (SA) mode s lwtl Lis!
control plane juser plane s )5 oS clgahld

5G ¢! 3GPP Wi ana 6 lenns j1 ool

QMBNRSD www.mobilebroadband.ir
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5G NR ! %3l

S i Feo3 e March 2017 aslidl g b
Qualcomm L 5 codlad o iy 5 Sy e
Ericsson, Nokia &g o> 4o

AT&T, NTT DoCoMo, SK Telecom, Vodafone &, 4! ! ixv 3

QMBNRSD
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5G NR 49 Mb‘)tg’“ ‘Slb 6)9“

* 1) new modulation and coding algorithms including multiuser
superposition and shared access, enhanced waveform generation

and advanced error =correction coding

* 2) new system and network architectures including network
slicing, device to device (D2D) communications, cloud radio access

network (C RAN), and ultra dense network (UDN)

* 3) new spatial-domain processing such as massive MIMO,

adaptive 3D beamforming and multi antenna diversity

e 4) new spectrum opportunities including millimeter- wave band

and license assisted access (LAA)
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5G 344G yu Jliw 5 5

A GLOBAL INITIATIVE
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RAN-level interworking —
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RAN-level Interworking

LTE ¢4, (RRC) J,u8 oWt Jluyl
LTE Luw g &S o0 €y pho  ®
5G NB 4 LTE eNB 3 b 31 S8l clgi&Kew Jloyl @
NSA o5 Shas wo 3 Ly 0 S °
At A f g5 93 ®
5G Core —

LTE Core —
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RAN-level Interworking

EPC 5GC
PGW
SGW SMF UPF
MME AMF -
s 7
s \ 5 \
g - 4
7, F
eNB 5G NB eNB 5G NB
(LTE) (NR) (LTE) (NR)
| |
) )
4 2

e et R el

4G/5G Capable 4G/5G Capable
NSA UE NSA UE
(a) 4G-5G RAN-level Interworking (b) 4G-5G RAN-level Interworking
connected to EPC connected to 5GC

— === Control plane
User plane
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RAN-level Interworking

EPC acr
EPC 2 (aes o (g o —
5G NR S b 81,0, & s s 9 s> o 9 &1 —
5G NB & Jlail cg> eNB sl )l & 3l —
gateway <.d b &l 4 b0 —
5G au
network slicing L5k 5G ¢l g w —

5G core & Jlail <y LTEeNB sl & 3L —
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CN-level Interworking

5GC 4 EPC Jlas! o

L NB ;o peies DLl 4 5li pae @

SA 5 St W )3 y9 0 S

dual registration ,single registration :JLo! SR
MME-AMF interface (Nx) .o ! °

S-GW-UPF .y bl *
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CN-level Interworking

5GC

UPF

B

EPC

5GC

PGW

SGW

UPF

SMF
-
Y
Y
Y

>

| 4G or 5G
Context

e

4G/5G Capable
SA UE

(a) 4G-5G CN-level Interworking

with Single Registration

@)

E

4G & 5G
Context

[ mm——

4G/5G Capable

SA UE

(b) 4G-5G CN-level Interworking
with Dual Registration

= === (Control plane

User plane

QMBNRSD www.mobilebroadband.ir

146



www.mobilebroadband.ir




9G 09> o1 5% 3l

& b @l
o sholg
7Y 3 33' ﬁ‘ . s
“ S )lwé )‘N‘ﬂd‘
balgs
W o151 Sl ¢ .
Ss9Y¥ 5
9 b olKiits
(Sl 351 p0

QMBNRSD www.mobilebroadband.ir 148



leidlas

IS 8 ol ®

National Broadband Plans —
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* >100 Mb/s (up to 1 Gb/s) access for all EU households -5G Action Plan for Europe (5GAP)
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2012-2015 2016-2017 2018-2019 2019-2020

\ J\ J
! |
Setting the stage for the future: Defining the
vision, spectrum, and technologies

technology views
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3GPP

Jun. 2018 ,sRel. 15 3 4Jsl 36

March 2020 ;5 Re. 16 ;5 4SS 5p5 36

—
—

N

- IMT-2020 « Jl !l ey —

A GLOBAL INITIATIVE

Mar-17 Jun-18 Dec-19/ Mar-20
N /N

Ite ife ILte’ 56
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Peak data rate * 20Gbps DL 10Gbps UL

* 30bps/Hz - 15bps/Hz

Peak Spectral efficiency

Control plane latency * 10ms

User plane latency * URLLC: 0.5ms UL&DL

Mobility interruption time *0ms

Inter-system mobility * With other IMT systems

Reliability e URLLC: P=10-5in 1ms

* mMTC 164dB

* 100-400 km voice/low
data

* mMTC 15 years

Coverage
Extreme Coverage
UE battery life

e mMMTC 1M device/km2

Connection density

* 500 km/h

Mobility
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VNYU

WIRELESS

Pioneering Research in Wireless Communications

www.nyuwireless.com
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D1 wladsy

Experimental Results for Massive MIMO

Lund University - Sweden
128 antennas freq. 1.2 ~ 6 GHz

10 users -
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i 9o cario

Jan - 2017

WORLD'S FIRST -
\ 5G'MODEM.

| M

*: Intel’5G ::
** Modem?* :*

X ] LR
L B L N A AN R RN NENDN DN
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South Korea

e April, 2019

e SK Telecom claimed 38,000 base stations

KT 30,000

e
+ LG U Plus 18,000 SK telecom
e 3.5 GHz (sub-6) spectrum
* tested speeds : from 193 to 430 Mbps DI @ LGUT
* All use Samsung base stations and -

equipment
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10'\% -
V> EE in UK

W
* EE was the first in the UK to launch 4G in 2012
* Planning to launch 5G in 16 different UK cities in 2019
 Upgrade 1,500 sites
* 10 per cent of sites
* Busiest sites in the busiest cities
e Will serve 25 percent of all EE customers

e One site (Waterloo station) carries more than 100TB of data per

day
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o AT&T in US

o
 AT&T’s 5G network goes live in 12 cities
* First operator to launch 5G standard
 Mobile hot spot (not available at stores !)
* $70 per month for 15GB
* Modem $499

* Theoretical speeds of 1.2 Gbps

— actual speeds ~ 140 Mbps

* 39GHz
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(19 . |

~ Sprint in US

* Currently being tested in downtown Chicago

* To launch its 5G network in May 2019 in 9 cities

 Millimeter wave coverage

e Massive MIMO

* First 5G phones : LG V50 ThinQ 5G & Samsung’s Galaxy S10 5G

* Hotspot from HTC
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i Verizon in US \—

verizon

 5G will be launched in 30 cities by the end of 2019

Phone: Samsung’s Galaxy $10 5G

Using 400 MHz of 28 GHz millimeter wave spectrum
Download speeds : from 80 to 634 Mbps

Upload speeds : from 12 to 57 Mbps

Latency : 25 ms

QMBNRED
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S

&P T-Mobile in US

 T-Mobile’s 5G network won’t launch in full until the second

half of 2019 because phones aren’t ready yet

* Last year announced it would have 30 cities with 5G by the

end of 2018

* The problem is, there aren’t any phones yet that fully

support T-Mobile’s 5G network

| - -Mobile-
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\O

<" Sunrise in Switzerland

 |Initial coverage of 150 towns, villages and cities

e 700MHz and 2.4GHz-2.5GHz bands

* NO mmWave
* High-bandwidth internet

* Jointly with Huawei

QMBNRSD www.mobilebroadband.ir
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5G Devices

Smartphones
Home broadband devices (CPE)
Vehicle-mounted devices (Mobile CPE)

5G modules (usb adapters)




Qualcomm Snapdragon X50 5G modem

o // - [
S Sacken 7 38 mzead 9 55 RS S )

Y19 jlodes ud gy ®

Qualcomm’
snapdragon

‘SG MODEM

Snapdragon 653
Snapdragon 626

Snapdragon 427
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Qualcomm Snapdragon X55

Announcing ...

Clualcomm Technologies

2" generation 5G modem

S ||| Multimode 5G Modem

Inteqgrated 5G to 2G
Qualcommn (R
snupdragnn ANy kKey spectrum banc
X55 5@ modem ANy region

World's first announced
5G modem
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Qualcomm Snapdragon X55

AAA
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Qualcomm Snapdragon X55

e supports 5G NSA and SA modes

* 5G/4G spectrum sharing

e full-dimension MIMO (FD-MIMO)
* 4x4 MIMO

* 1024-QAM.
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Huawei Balong 5000
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174



Huawei Balong 5000
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Huawei Balong 5000

Huawei

QMBNRED
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Huawei Balong 5000

* Supports 2G, 3G, 4G, and 5G on a single chip

* At Sub-6 can achieve download speeds up to 4.6 Gbps

* On mmWave spectrum can achieve download speeds up to

6.5 Gbps

— 10times faster than top 4G LTE speeds on the market today

e Supports both standalone (SA) and non-standalone (NSA)

network architectures

QMBNRSD www.mobilebroadband.ir
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Intel XMM 8160

Intel® 5G Modem
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Samsung Exynos Modem 5100

g

SAMSUNG

EXynos Modem

SAMSUNG
Exynos RF

single-chip radio frequency transceiver,Exynos RF 5500
modulator solution,Exynos SM 5800

QMBNRSD www.mobilebroadband.ir
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Samsung Exynos Modem 5100

e Sub-6-gigahertz (GHz) spectrum
4,007
* mmWave spectrums 7907
9

 up to 100MHz bandwidth
* 5G-NR
e 2G GSM/CDMA, 3G WCDMA, TD-SCDMA, HSPA and 4G LTE

networks in a single chip

* supports 4x4 MIMO

* higher-order 256 QAM
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5G Devices

Phones

Huawei Mate X Foldable \
LG V50 ThinQ

Motorola Moto Mod (an accessory for Moto Z3 phone)
OnePlus 5G

Oppo Find X 5G (prototype)

Samsung SM-G977 Galaxy S10 5G

Samsung Galaxy Fold 5G

TCL Alcatel 7 ,19'\9
Xiaomi Mi Mix 3 5G Q&
ZTE Axon 10 Pro 5G
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5G Devices

CPEs

D-Link DWR-2010 5G NR Enhanced Router/Gateway
HTC 5G Hub (mobile hotspot) = Hadden
Huawei 5G CPE Pro mmWave

Huawei 5G CPE Pro sub 6GHz

Huawei 5G Outdoor CPE

Huawei 5G Mobile WiFi (mobile hotspot)

Inseego R1000 5G Home Router

Netgear Nighthawk M2 5G (mobile hotspot)

Netgear Nighthawk M5 Fusion MR5000 5G (mobile hotspot)

Nokia FastMile 5G home gateway &
Samsung SFG-D0100 5G ¢
TCL 5G USB data terminal
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5G Phones

ko Sla Camikia o3

P Cundlg U Ol L

Prototype vs. Completed phone

Cd g 98 7, 53 plgl

Feb. j> MWC 2019 j5la &S ;51 b
4 95 45 CES 2019 51,48 45 —

by ¢l gl w3 Sy
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5G Phones

W sl
(mmwave, MIMO, advanced coding, low power) & Olasis —

Processor —

swsdayy 9 plw— Screen —

Camera —

4K-8K video —

Gaming —
POl
!w i
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$999

Samsung Galaxy $10 5G

Samsung Releasing First 5G Smartphone on April 5, 2019.
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Huawei Mate X

$2,600
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Huawei Mate X

$2,600
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Huawei Mate 20 X

N
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Balong 5000 chipset
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Huawei Mate 20 X

189

www.mobilebroadband.ir

)

@



Huawei Mate 20 X
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OnePlus

$200 -$300
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Google Pixel 4
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LG V50 ThinQ

www.mobilebroadband.ir



Apple iPhone 12
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Motorola Moto Z3
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Xiaomi Mi Mix 3 5G

$680
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ZTE Axon 10 Pro 5G

LTE Axon 10

Pro 5G

www.mobilebroadband.ir
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Vivo

@MBNRED www.mobilebroadband.ir 199



Royole FlexPai
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Sony Xperia 5G

& 0%

154 P

Qualcomm

snapdragon
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Sony Xperia 5G

www.mobilebroadband.ir
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HMD Global (Nokia)

ANDROID UL IR

www.mobilebroadband.ir 203



ALCATEL 7 5G
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e 4G and 5G dual-modes

* 3.2 Gbps speeds

Other devices

HUAWEI 5G CPE Pro

Huawei 5G CPE Pro: Fastest, Ever

Z Ghps

e Network Test

QMBNRSD
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Inseego R1000 Router

Inseego R1000 for
Verizon 5G Home

#Making5GReal = INseego
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Nokia's FastMile 5G Gateway
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Annual Global Technology Growth w=w

P
4Q 2017 - 4Q 2018 ool 0

Subscriptions
4B

358
3B
25B
2B
1.5B

1B

500 M

2017 2018 2017 2018 2017 2018 2017 2018
CDMA, GSM LTE HSPA

Souroa D'-'Ul"l'lb December X8

T it o
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Global LTE Connections by Quarter wo=v

ascericol B
December 2017 — December 2018 st ot

Connections 2.8E 3.3B 35B

Dec 2017 Mar 2018 Jun 2018 Sep 2018 Dec 2018
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LTE Penetration by World Region mﬁ}i

Wi SameTicas. ong
December 2018
52% Global LTE Penetration n ﬂ

Africa Central & Eastern Latin Middle East Morth DOceania, Western
Southern Europe America & America Eastern & Europe

Asia the South

Caribbean Eastern
Asia

Pansalration rale is delermined by comparig number af cansestions 1o 1okl poauiation

Saurcs U'-ﬂ-lrnb December 2018

B A
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Global Mobile Connections and Market Share L W&
asercal P

by Technology Sy
8.5 Billion Connections Worldwide

GSM 2.1 B Comreclions

25% Market Share

HSPA 2 2 B Canmraciions
5% Market Share

LTE 4 B Connesiions
44% Market Share

C.DMA 131 M Connactions

1.5% Market Share

Sourpe: 'j'-'lJl'l'lb Decamber 2018

T T —
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Annual Global Technology Subscriptions Forecast yoa

2019-2023 ool
22B 228 21B 2B
sc W
HSPA
tte W
csm B

2019 2020 2021 2022 2023

Sounce I_'I'.'urnb Dascamber 2018 Forecast inchades M2W
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Global 5G Subscription Forecast R i 8
2019 - 2023

—
=

5G

2019 2020 2021 2022 BRGNS N

Connections 720 K 3T M 159 M 512 M 13B

Source: I?-um& September 2018 Forecast includes M2ZM
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Mobile subscriptions by technology (billion)

18
89 W 56
billion BLE
9 B WCDMA/HSPA
B GSM/EDGE-only
8 B TO-5COMA
B COMA-only
7 B Other
b
5
4
3
2
1 Mote: [al connections and
FWa subsciptions are not
8 inchuded in this graph

2814 2015 2016 2817 2al18 2019 2020 2021 2022 2023 2024
Ericsson Mobility Report November 2918
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Global 5G Connections and Market Share
2019 Forecast

i Conaections Market Sharg
Connections &
Market Share = Africa 0.00 0.00%
® Central & South Asia 0.00 0. 00%
= Eastern Europe 5K 0. 70%
® Latin America & the Caribbean IgK 2.54%
= hiddle East 135K 15 69%
= Marth America A6 K 46.7%
Oceania, Eastern & South-Eastern 20K 281%
Azia
= Western Europe 206 K ZEEE%
Saures "_,1:'_":955& Septafmber 2018
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Estimation of global mobile subscriptions

Billion
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Estimation of global M2M subscriptions
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Estimation of mobile traffic by
different service types globally

EB

traffic/month
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Global mobile traffic growth

F]

Amount of Global Traffic, in ZB/year
3.5 9
3 .
20 8
2 .
15 4
;.
0.5 +
0 T )
2020 2025 2030
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Global Mobile Data Trafic

Table 4. Global Mobile Data Traffic, 2017-2022

CAGR
2017 2018 2019 2020 2021 2022 2017-2022

By Application Category (PB per Month)

Video 6,821 12,051 19,279 29,149 42,734 60,889 55%
Non-Video 4,691 6,959 9,281 11,621 14,064 16,604 29%
Smartphones 10,132 17,172 26,122 37,548 52,560 71,975 48%
Tablets and PCs 1,021 1L 1,675 2,140 2,744 3,525 28%
M2M 211 346 549 840 1,234 1,725 52%
Nonsmartphones 147 180 214 242 260 268 13%
Other portable devices 0.43 0.36 0.31 0.29 0.33 0.38 -3%
By Region (PB per Month)

Asia Pacific 5,877 10,351 15,908 22,815 31,807 43,166 49%
Middle East and Africa 1,222 2,052 3,251 5,009 7,564 11,171 56%
Central and Eastern Europe 1,379 24153 3,119 4,317 5,834 7,752 41%
North America 1,261 1,804 2,500 3,405 4,485 5,846 36%
Western Europe 1,022 1,471 2,062 2,807 3,801 5,120 38%
Latin America 752 1,178 1,720 2,418 3,308 4,439 43%

Total (PB per Month)
Total Mobile Data Traffic 11,512 19,009 28,560 40,770 56,799 77,493 46%

Source: Cisco Mobile VNI, 2019
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Beyond 5G

-
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Beyond 5G

* More advanced terahertz speeds
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