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What 1s 5G?

5G is the 5t generation of mobile networks
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This is the future of 5G _
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Mobile internet Low latency applications
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1G: purely analog system.

2G: voice and SMS.

3G: packet switching communication.

4G: enhanced mobile broadband with rich content.

5G: not only mobile broadband, but also practice in various scope.
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5G Technical Specification

Peak Data 1-20 Gbps Connection 10k — 1M [b Reliability 99.999%
Rate Density devices / km? (of packets)
User Network Position
Experienced 10-100 Mbps Energy x1 - x100 S eUrac 10m-<1Im
Data Rate Efficiency Y
s bscrib
Spectral x1 - x3 Area Traffic 0.1-10 Mbps : auimizﬁfnrf eer
Efficiency Capacity / m?2 Security privacy and network
security
R v 99.999%
350-500 OOl Availability 770
km/h son (of time)
1-10ms ] 10 years™

*For low-power loT devices

Source: ITU-R, NGMN, 3GPP
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5G General Use Cases

ENHANCED MOBILE BROADBAND

Gigabytes in a second

3D video, UHD screens
Smart home/building

Voice

v— /!\
((-)) ﬁ 0;0
- L]

Smart cit
y Mission critical application

Self driving car

MASSIVE MACHINE TYPE ULTRA-RELIABLE AND LOW
COMMUNICATIONS LATENCY COMMUNICATIONS

ot
Source: ITU-R, NGMN, 3GPP TEI-I:;



5G Standardization Process

Non-Standalone . _ Standalone [5G product supports either ‘NG NR'
Uses LTE core and LTE radio anchor with 3 SG small cell
| Mobile BroadBand capacity boost
\-\,

Uses 5G core and 5G radio anchor or ‘access via a 5G CN'
5G over| %
lay or both. Erk Gutiman, 3GPP SA Charman |

/| Expansion of the wireless ecosystem J L
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5G architecture options in 3GPP Release 15/16

Non-standalone

Standalone to EPC
5G-CN EPC
® ® ) ——®
A A A A

@ 5G LTE @ 5G

EPC = Evolved packet core (LTE)
5G-CN = 5G core network

Non-standalone
to 5G-CN

5G-CN

-1

N

LTE @ 5G

U 5G can be deployed as a standalone solution

without LTE. It can also use a non-standalone
solution with dual connectivity to LTE where the
device has two parallel radio connections: one to
5G and one to LTE.

The first dual connectivity solution is based on
the existing Evolved Packet Core (EPC). Both
5G base stations (gNodeB) and LTE base
stations (eNodeB) are connected to the EPC.
The control plane goes via LTE.

It is also possible to subsequently have non-
standalone architecture with both 5G and LTE
nodes connected to the new 5G core network
(5G-CN). The control plane can go via LTE or
via 5G.
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Key 5G Technology Components

#1 New spectrum #2 Massive MIMO #4 Multi-connectivity
90 GHZ  _ .E;i?li‘_
3 mm N
30 GHz _ N | ANIN
Tcm Vo
10 GHz - ==
o #3 Network slicing #5 Cloud and distributed
3; gHz — ) architecture
cm

e Service slices p—

|
frequ w«yo—l
]
LJ
o

300 MHz . FIex.l radio o
Usar#d  |Usdr# 8 des'gn and
1 " *‘Q‘e"ECﬂﬂﬁswﬂdsbieial&s!useralbcamn QOS @
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#1 New Spectrum

Main 5G spectrum options in different markets globally
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600MHz (2x35MHz)
<+“—>

600MHz (2x35MHz)
<+—>

700MHz
<+

—

* Full coverage
*loT

» Critical communications

(" 2.5GHz| 3.5GHz (150MHz)
(LTE B41) P
>

3.5GHz (150MHz)
>

3.4-3.8GHz
+“—>
3.4-3.8GHz
+“—>
3.4-3.7GHz
+“—>
3.46-3.8GHz
<+—>
3.6-3.8GHz

<+

3.3 -3.6GHz
+“—>

3.4-3.7GHz
<+

3.6-4.2GHz

3.4-3.7GHz
<+

4.8 -5GHz

444 9GHz
+“—>

_J

* 10x capacity boost
* High capacity macros

5.9-7.1GHz

5.9-7.1GHz

5.9-6.4GHz

24-28GHz

64-71GHz

37-40GHz

(27.5-28.356Hz
>

27.5-28.35GHz
+—>

24.5-27.5GHz
<+——>

26GHz, 28GHz
+“—>

26GHz, 28GHz
>

26GHz
<“—>
24.5-27.5GHz
<>
26.5-29.5GHz
+—>

27.5-29.5GHz
<>

37-37.6GHz \

37.6-40GHz b4-71GHz
>

37-37.6GHz

37.6-40GHz G2
>

37.5-42.5GHz
“—>

28GHz 39GHz
\_ <+ <>
20 Gbps New 5G band

* 100x capacity boost

* Hot spot
* Fixed wireless

<+ Licensed
Unlicensed/shared
<—»Existing band

Source: Nokia White Paper ,5G Technology Components. Building blocks of 5G networks*

5G is the first radio system
designed to support any
spectrum between 400 MHz
and 90 GHz. This wide range of
spectrum options is needed to
provide the combination of high
capacity, high data rates,
ubiquitous coverage and ultra-
high reliability.

Low bands below 6 GHz are
useful for wide area coverage
and data rates up to a few
Gbps. Reliable coverage is an
important factor in providing
connectivity for IoT devices and
for critical communication such
as remote control or automotive
communication.
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Example early phase 5G deployment in a European city.
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Source: Nokia White Paper ,5G deployment below 6 GHz. Ubiquitous coverage for critical communication and massive loT*

700 MHz layer
» Wide coverage with indoor penetration

Massive loT and ultra reliable low latency
Reusing existing sites for 800/900 MHz

3.5 GHz layer
Dense urban coverage

Supports enhanced mobile broadband
Reusing existing sites for 2 GHz

25 GHz layer
Hot spots like airports and stadiums

Supports full enhanced mobile broadband
Data rates exceed 10 Gbps
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700 MHz + 3.5 GHz + 26 GHz
in one device?

Millimeter Wave UE Millimeter wave base station Beamforming and scanning

Handover Outdoor

Handheld and ir rve cle"UES with Multiple gNodeBs with

four selectable sub-arrays 128 antenna elemernits

—

Utilizing adaptive beamforming and beam tracking techniques

Source: Qualcomm and Nokia White Paper ,Making 5G a reality: Addressing the strong mobile broadband demand in 2019 & beyond*

Indoor mobility with penetration
and dynamic blockage

Outdaogr, vehicular mobility up to 30 mph
with seamless handover
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#2 Massive MIMO + Beamforming

Massive MIMO
antenna 4

Vertical
beamforming

Horizontal
beamforming

Massive MIMO beamforming is an attractive solution for
boosting mobile network capacity and coverage.

Massive MIMO has become an important technology
because higher spectral efficiency is required, active
antenna implementation has become practical, the latest
3GPP specifications support beamforming and higher
frequencies allow massive MIMO antennas in a small
enough form factor.

Massive MIMO can increase coverage by 6-9 dB with higher
antenna gain. It can also increase spectral efficiency fourfold
beyond 10 bps/Hz/cell with beamforming and peak cell
throughput even up to 80 bps/ Hz.

The exact gain depends on the antenna configuration: the
number of antenna elements, number of transceivers and
output power.

TELE2

Source: Nokia White Paper ,5G Technology Components. Building blocks of 5G networks*



#3 Network slicing

o Blank resources Integrated framework Mission-critical transmissions
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Scalable transmission time interval (TTl)  Self-contained integrated subframe  Dynamic uplink/downlink

Scalable number of TTls per subframe ) . ) )
) . A 5G network is designed to support diverse and extreme requirements
B for latency, throughput, capacity and availability. Network slicing offers a
- Shorter TT'dfzr'gW 'ﬁtzqf:v solution to meet the requirements of all use cases in a common network

an | reliaoil - .

. ’ v infrastructure. The same network infrastructure can support, for example,
- Longer TT! for higher smartphones, tablets, virtual reality connections, personal health devices,
By SPecta efficiency critical remote control or automotive connectivity.

B TELE2

Source: Qualcomm report ,Making 5G NR a reality. Leading the technology inventions for a unified, more capable 5G air interface”



#4 Multi-connectivity

Licensed Spectrum

Unlicensed Spectrum

Exclusive use

Shared use

anchor

Aggregation with
licensed anchor
channel

———

LTE-U / LAA (Licensed-Assisted Access)

Targeting mobile operators using LTE in unlicensed
spectrum for new small cell deployments

LWA (LTE Wi-Fi Link Aggregation)
Targeting mobile operators leveraging existing
carrier Wi-Fi deployments

MulteFire

Broadens LTE ecosystem to enhanced and new
deployment opportunities

Wi-Fi (11ac/11ad/11ax/11ay)

Evolving for enhanced performance and expanding
to new usage models

Licensed Assisted Access (LAA) is a key milestone on the road to 5G, delivering speeds of above 1 Gbps. LAAis an LTE
feature that leverages the free 5 GHz unlicensed band in combination with licensed spectrum to deliver a performance boost

for mobile users.

Source: Qualcomm report ,Making 5G NR a reality. Leading the technology inventions for a unified, more capable 5G air interface”
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#4 Multi-connectivity

~2X coverage improvement outdoors
Downlink throughput in unlicensed spectrum for each location on test route’

Coverage’ in unlicensed

Mbps Wi-Fi LAA

>10 24% of route = 60% of route

o, o,
T >1 39% of route = 71% of route

>=10000.00 %0 < 2000000(17) 3 1% ‘
2000000 to < 30000 00 (9) 4 8%
30000.00 to < 40000 00 (3) 1 6%

o @ >=4000000 % < 5000000 (3)16%
>=50000.00 to < 50000.00 (3) 1 6%
> §0000.00 to < 70000.00 (4] 2 2%
>=70000.00 to < 80000 00 (4) 22%

o
00t ¢ 60000.00(3) 1 5%

I-mw-umw«uf >0 47% of route = 82% of route

>=80000.00 to < 30000.00 (0) 0.0%

@ Above 30000 00 (0) 0.0% Above 30000 00 (0) 0.0%

SR ST

©2009 GeoBasis-DE/BKG, ©2016 Google

Single small cell, LAA based on 3GPP release 13; LWA using 802.11ac; LTE on 10 MHz channel in 26

MIMO, same 20 MHz channel in 5 GHz unlicensed spectrum with 1W transmit power.

Source: Qualcomm report ,Progress on LAA and its relationship to LTE-U and MulteFire*
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#5 Cloud and distributed architecture

Coverage and capacity Radio network performance Application-specific packet core

Centralized BBUs @
—||:
g E c) Edge clou
=l=

d : Core cloud Q)

/\
Higher frequencies, massive MIMO, Multi-cell interference management Service-specific core applications with
smaller cells and higher cell densities and coordinated transmission cloud-native architecture deliver optimized

QoE and operational agility

At the center of every mobile and wireless service is spectrum, and there are only three ways to get more of it:
add more, get more out of it, and re-use it more effectively.

An issue with denser, smaller cells is an increase in cell edge interference. This must be managed or it will
detract from the spectrum’s abilities. This is a big driver for C-RAN architectures where baseband processing is
centralized. The concept of pooling processing functions in hubs is an effective way to improve multi-cell
interference management, thereby ensuring the most spectrum is available for payable traffic.

ot
Source: Nokia White Paper ,Mobile anyhaul* o o B



5G Challenges for
Engineers to Overcome
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1- IoT and number of connections

Cellular IoT connections per region (billion)

4.0
[0 India

35 B South East Asia and Oceania
[ North East Asia

30 I Western Europe

55 [ Central and Eastern Europe

’ Middle East and Africa

>0 I North America
I Latin America

1.5

1.0

Q2.5

0.0 -_—_________-

2017 2018 2019 2020 2021 2022 2023

The 10T is predicted to create a massive increase in the number of devices and connections across wireless
networks. Some are predicting that billions of devices will be connected to the networks.

Although many of these will only be sending and receiving relatively small amounts of data, they will create new
demands in the total volume of data and managing the physical number of connections.

Hence new scheduling and access control mechanisms will be required, as well as reducing the amount of control
plane signaling for 10T users.

ot 4
Source: Ericsson report ,Ericsson Mobility Report “ o o o



2 - Data volumes

Mobile data traffic per active smartphone Global mobile data traffic
(gigabytes per month) (exabytes per month)
. ) 126
Middle East 2017 5G data traffic
and Africa 2023 4G/3G/2G
data traffic
. 2017
North East Asia 2023 _ 1096
South East Asia 2017
and Oceania 2023 |G
80
. - 2017
Latin America 5023 _
2017 oe
India 5023
Centraland 2817
Eastern Europe 2023 40
Western 2017
Europe 2023 (NN
20
- 2017
North America 5023
2} 10 20 30 40 50 0
2013 2018 2023

Source: Ericsson report ,Ericsson Mobility Report “

Monthly mobile data traffic per
smartphone continues to increase
in all regions.

North America has the highest
usage, reaching 7.2 gigabytes
(GB) at the end of 2017. This
figure is expected to rise to 49GB
by the end of 2023.

Western Europe has the second
highest mobile data usage. At the
end of 2017, 4GB per month per
smartphone was consumed, and
this figure is forecast to reach
25GB by the end of 2023.
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3 - Fast and flexible deployment architecture.
Increasing capacity without increasing cost

Re-use radios

Keep the radios according to frequency
availability.

(('E')) L (('El)) Re-use baseband

Reconfigure existing baseband for 4G

and 5G mixed-mode configuration.*

4G 4G + 5G

4G functions 5G or
mixed-mode

Rrctiche Re-use site and transport

Same mast, rack and power supply.
Upgrade transport.

ot
Source: Ericsson report ,5G deployment considerations” o B o



4 - Real-time information for critical services

Public Safety

— Energy active grid

Mission critical utilities
— Water active grid

CRITICAL SERVICES
m AND INFRASTRUCTURE
CONTROL

Manage massive number of
connections

Benefits

Energy and water utilities
connecting to millions of
networked devices, enabling
real-time intelligent and
autonomous decisions

Source: Ericsson report ,5G Use Cases"

Mission critical utilities

5G technology brings

Security

Enable real-time, intelligent
and autonomous decisions

Robust coverage
Reliability
Sustainability

Target Users

Police and security services
Health care

Agriculture

Energy utilities

Water utilities

TELE2



5 - Coping w1th augmented reality

‘ mm =

k S 1

As augmented reality becomes deployed on portable and personal devices, so the demand on network
performance is dramatically increased. A key aspect is that the latency or delay must be very small to
enable true interaction between the real and virtual environments. The human brain is very sensitive

to time delays when processing visual data thus, unless the delay is small enough, true virtual reality
services cannot be delivered.

n m
Source: http://fortune.com/2016/09/20/t-mobile-5g-vr-rock-concert/ TI-I-I--



6 - M2M and automotive

90% of fatal car accidents are caused by Display unit with V2X application and
in-car application f

geo-service built on

human error. Connected cars and top of MEC platform

automated driving can increase driving
comfort and reduce accidents
significantly.

Reliable and secure vehicle-to-everything (V2X)
communication over the network enables vehicles

to interact with other vehicles, infrastructure,
pedestrians and the network with low investments.

Low latency

< 20ms
(o> 5 (6 57—

V2X example use cases - steps « Intersection collision warning » Co-operative merging assistance
towards automated driving « Traffic condition warning * Overtaking vehicle warning

Emergency electronic Vulnerable road user Overtaking assistant Enhanced electronic horizon
brake lights warning

B ;78 —ofl

D % sLow y O] ACCIDENT AHEAD,
A [+ Down -0- SLOW DOWN SLOW DOWN

DOw BRAKE KEEP LANE b 5

TELE2
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Source: https://networks.nokia.com/products/vehicle-to-everything i o o —




7 - Device-to-device

Device-to-device communications have traditionally
been outside the realm of cellular networks.

These are direct links that do not relay information
through the base station or over the network.

Such walkie-talkie type devices have been available
for a long time but with only narrow spectrum
bandwidth and hence limited capacity to transmit
data.

TELE2

Source: https://www.indiegogo.com/projects/linc-the-smart-walkie-talkie#/



8 - Air interface

Outdoor and

macro coverage
FDD/TDD <3 GHz

Outdoor and

small cell
TDD > 3 GHz

Indoor

wideband
TDD e.g. 5 GHz (Unlicensed)

mmWave
TDD e.g. 28 GHz

Subcarrier spacing
-—= .15 kHz

e.g. 1 5,10 and 20 MHz

SRR RRAAARD
""" e.g. 30 kHz

e.g. 80/100 MHz

Subcarrier spacing

........... —————————— e.g. 60 kHz

e.g. 160MHz

| Subcarrier spacing, e.g. 120 kHz

e.g. 500MHz

One thing that is clear is that a new air interface will be needed. Current research even suggests that several
types of air interface will coexist in the same network. From a theoretical perspective, this is ideal but from an
operational and economical viewpoint, this would mean significant development costs and deployment effort.

As MIMO has been successfully deployed into 4G networks, it is expected that 5G will continue to support
5G and also expand further the MIMO capabilities using higher order MIMO and advanced beam-forming. In
addition, the current static time/frequency resource allocation blocks must be revised, as more flexible

methods of allocating and controlling resource allocations are required.

TELE2
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O - Network densification
The biggest gain—re-use Shannon’s Law everywhere!

With 5G, the networks are likely to
consist of several layers of
connectivity from a wide area macro
layer for lower data speed
connectivity, through various other
layers, to a localized layer for very
high data speeds. Network

E.g. Mitigate
interference

‘ fiw | e o
deployment and coordination are
1 |
| |||llh I'l‘ I l m UMIF

AM
| I ‘ \‘:} . major challenges here that need to
: 1[4- 1"| | ‘;?‘" "l m ll"‘r"! {'rl ik llk,' ; A A .

i be addressed as they increase

| ‘ Lo exponentially with the number of

Pl ) oy

network layers.

ot
TELE
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More sites, frequencies, power?
What about the maximum exposure limits of electromagnetic fields?

37 ' m

5G site

3.5 GHz, three sectors
28 GHz, one sector
Actual maximum power

1 W/m?

Exclusion zone

1/10 of ICNIRP limit

900 MHz | 1800 MHz |2100 MHz
Equivalent [ Equivalent |Equivalent
Countries plain wave | plain wave [plain wave
power power power Comment
density density density
(W/m2) (W/m2) (W/m2)
ICNRP 4.5 9 10
1999/519/EC
Estonia 4.5 9 10
Electric field
strength (V/m)
and Magnetic
Latvia — — — flux density(pT)
according to
ICNRP
1999/519/EC
Lithuania 0.45 0.9 1
Poland 0.1 0.1 0.1
Influence to health?
TELE2

Source: Ericsson report ,Impact of EMF limits on 5G network roll-out*




Maximum exposure limits of electromagnetic fields
Rationale for actual maximum power use

179m

3.5 GHz 5G base station compliance
boundary determined using theoretical
maximum transmitted power (200 W)

Source:

: Eric:

Not all power will be focused
in the same direction for several
minutes

100% utilization is very unlikely

TDD will limit transmit time

3.5 GHz 5G base station compliance
boundary determined using actual
maximum transmitted power (44 W)

TELE2

sson report ,Impact of EMF limits on 5G network roll-out*



Actual maximum power of 5G massive

MIMO antennas

Statistical model developed that takes into
account base station utilization, scheduling

time, distribution of user equipment, and time-
division duplexing to determine actual power

IEEE oo

Tim ged Realistic Power Levels
for the Assessment of Radio Frequency Exposure
for 5G Radio Base Stations Using Massive MIMO

Source: Ericsson report ,Impact of EMF limits on 5G network roll-out*

0.8

0.6

0.4

0.2

Fraction of total power contributing to the EMF exposure
as function of antenna array size (95" percentile)

75% downlink (TDD)

22% for 8x8
array antenna

8 10 12 14
Array size
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