Q) o

Wireless Broadband - Network Migration
Strategies

ITU ASP COE TRAINING ON “WIRELESS BROADBAND
ROADMAP DEVELOPMENT”

06-09 August 2016
Tehran, Islamic Republic of Iran




Digital Mobile
Telephony Overview

2G

- TDMA (GSM), CDMA ...

- Circuit-switched voice, SMS

2.5G

- GPRS (General Packet Radio Service)

- EDGE (Enhanced Data rates for GSM Evolution)
3G

- W-CDMA, CDMA2000 .....

- Circuit-switched voice

4G (LTE & SAE)

- All packet

- Packet voice (e.g. IMS)

5G

- High bandwidth & extremely low latency (<1ms)
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IMT-2020 Usage scenarios

Enhanced mobile broadband
Gigabytes in a second —‘—.

3D video, UHD screens
2 Work and play in the cloud
Smart home/building
Augmented reality
: Industry automation
Voice . ‘

Mission critical application
Smartcity —— Self driving car
Future IMT |
Massive machine type Ultra-reliable and low latency
communications communications

Source: ITU-R Recommendation M.2083




Internet of Things

Any TIME communication

- on the move

- night

- daytime

- outdoor
- indoor (away from the computer)

- at the computer o
Any PLACE communication
- between computers

- human to human, not using a computer
- human to thing, using generic equipment

- thing to thing
@G cn@
¥.2060(12)_F01
Source: ITU-T Recommendation Y.2060 @
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Capabilities required per application

High

Low

Latency

Low

User throughput

7 High

"Mobile Communications Systems for 2020 and beyond", ARIB 2020 and Beyond Ad Hoc Group White Paper, October 2014.

= Video Streaming
= Virtual Reality
=—"M2M Communication

(eg. sensors)
Autonomous driving

(eg. Collision avoidance)

Mobility
Low ~ High

Source: ITU-T Focus Group on IMT-2020 @



5G Issues

Can 1ms latency be achieved?
Interconnection

Roaming

Single network infrastructure
Spectrum




5G

High-level Requirement

- Spectrum

Potential Spectrum-Related Implications

Ultra-high speed radio links

Ultra-wide carrier bandwidths, e.g. 500 MHz
Multi-gigabit fronthaul/backhaul

High speed radio links

Wide carrier bandwidths, e.g. 100 MHz
Gigabit fronthaul/backhaul

Support for low to high-Doppler
environment

Depends on the throughput requirement

Ultra-low latency

Short range implications

Low latency

Mid-short range implications

Ultra-high reliability radio links

Severe impact of rain and other atmospheric effects on link availability
in higher frequencies, e.g. mm-wave, for outdoor operations

High reliability radio links

Impact of rain and other atmospheric effects on link availability in higher
frequencies, e.g. mm-wave, for outdoor operations

Short range

Higher frequencies, e.g. mm-wave

Long range

Lower frequencies, e.g. sub-3 GHz

Ground/obstacle penetration

Lower frequencies, e.g. sub-1 GHz

Operation in cluttered environment

Diffraction dominated environment in lower frequencies
Reflection dominated environment in higher frequencies

Operation near fast moving obstacles

Frequency-selective fading channels

Mesh networking

High-speed distributed wireless backhaul operating in-band or out-of-
band

Source: “5G Spectrum Recommendations” 4G Americas August 2015




Impacts on the fixed network

Architecture
— Flat

* Enormous capacity required at edge
* Mesh rather than hub-and-spoke

— Flexible
e Highly variable traffic volumes

— Slicing (one slice per use case)
Technologies

— Network Function Virtualisation (NFV)

— Software Defined Networking (SDN)

— Content distribution

— Optical transmission

— Machine Type Communication (MTC)




Network architecture for IMT-
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Network “softwarization”

[ Applications & Services with various requirements (M2M/loT, Content delivery, Tactile) J

APl App-Driven AP

[ Slice Control }(n sessssens
. - - r ‘ . ] 5 -\,‘ = = . o
UE/ . ) ) Cloud
Device Radio access network (RAN) Mobile packet core o
M L]

Network
management
and
orchestration

Slice A" A
] Slice B
[ Slice C
v s v v

UE / Device | Computation and storage resources ‘

Network resources
RAT(s) MFH | MBEH Transport

Source: ITU-T Focus Group on IMT-2020 @@
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C-RAN Virtualization & Slicing under Software control

C-RAN
INTER C-RAN/DC (to CORE/VEPC) CONTROLLER

C-RANSs - runs RAT, CORE and, MEC
Anyserver/core, any function

Example of Slices:

"Red Slice — Ultra
Reliable, Low B/W, long
range, higher mobility

Analogor
Digital or *Yellow Slice — Highest
PacketRadio = R B/W, short range
Qe IEE *Blue Slice — Lowest
% ldle/off Delay, Low signaling

=Any resource can be part of any slice.
sldle resources can be moved from Slice to Slice.

z!:,: :}ES :::! nna, EE:FI:;:;:;UI =Dynamic ai.jjustme nt of resources.

05/Antennas S —— w .'RESD'II.I rces include VM servers, . . .

etc. intra/inter C-RAN B/W, C-RAN to Radio configurations
onDWDM of BS and UE devices.

Source: ITU-T Focus Group on IMT-2020




Migration strategy — technology
aspects

e Infrastructure
— Radio frequency spectrum
— Network components & architecture
— Protocols

* Services

— Protocols




Migration strategy — regulatory
aspects

Spectrum allocation

Licensing

Competition

Resource sharing

Access & Interconnection

Technical standards

Equipment approval & market surveillance
International coordination




Thank You
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