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1. Introduction

While voice service was the centre of mobile telecommunications until the third
generation, innovative technology and evolution of services in 4G has led a
significant paradigm shift towards data-centric mobile telecommunications. Recent
mobile data traffic trends show that the types of services such as multimedia and the
internet-based services which were used to be available only with wired networks
have now become major contents in the wireless network environment as well. This
change in mobile content usage patterns is attributable to, in the process of the
technological evolution from 3G to 4G, a rapid improvement of data transmission
speeds and development of a range of new services by mobile service providers for
differentiated customer experience. The technological evolution is moving beyond 4G
and now discussions on 5G are already under way at home and abroad with an aim
to commercialize it by 2020.

Currently, ITU-R is preparing to define vision for 5G-based convergence services
and the Korean government has also set up the Creative 5G Mobile Strategy, under
which it presented SNS, mobile stereoscopic image, intelligent service, ultra-high-
speed service and UHD/hologram as the five core services. In addition, some
countries including Korea, EU, China and Japan have started to establish a special
organization to define the 5G concept and share views on 5G network and services
around it. And initial discussions are ongoing focused on innovation of mobile
telecommunication technology to deliver Giga-bit data rate and the potential 5G
services that can reflect people’s life styles in 2020, the year the industry is aiming to
commercialize the technology.

In an effort to meet the requirement of evolution to 5G from in and out of the
country, SK Telecom has also conducted research on 5G network from 2013 and is
actively participating in global 5G discussions.

This document will outline how SK Telecom views and conceives 5G in general,
which includes background behind the technological evolution to 5G and
requirements, vision, architecture, major enabling technologies, potential frequencies

and services and future direction of the telecommunications network development.
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2. Direction and Key Requirements of 5G

2.1 The Direction of Evolution

Mobile communications service operates by a different combination of diverse
network component technologies, and it has developed over time with emergence of
new technologies throughout the generations. Evolution of telecommunications
technology can be classified by two criteria, architecture and component technology,
as described in Figure 1 below. Until 4G, it was individual or gradual development of
architecture and component technology that has led the evolution while, in 5G,
innovation in network architecture, combined with component technologies, will
become a catalyst for new value creation and another leap in mobile
communications. In other words, a true evolution to 5G can be achieved by pursuing
both continued technological evolution build upon the existing LTE/LTE-A and a
completely new revolution of technology.

A development curve in Figure 2 is showing this pattern of technology evolution. If
we consider the life cycle of one generation of network technology as 10 years, it is
expected that the 5G evolution will arrive roughly in 2020 through innovation of
architecture and overall component technologies. Besides, introduction of
revolutionary technologies will further accelerate the drastic improvement of network
performance by the time when 5G takes hold.

In view of the two dimensional development of 5G, evolution and revolution, the
evolution can be achieved by a continued advancement of the existing LTE-A.
Meanwhile, 5G standards are highly likely to be developed by 3GPP, which also
published specifications for the current LTE/LTE-A, the development timeline is
anticipated to be as Figure 3.
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[Figure 3] Direction and expected timeline of evolution to 5G
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2.2 Key Requirements

Although no requirements or technical specifications of 5G have been agreed upon
yet, 5G is widely conceived by its global ecosystem to be a set of
telecommunications technologies and services that support a 1000 times more data
capacity as LTE and 1Gbps per user through super-dense networking.

Requirements for 5G should be defined in multiple dimensions encompassing

perspectives of user, network and service. This document suggests the below five

conditions as key requirements for 5G.

@ User Perspective: “Ultra High Speed & Low Latency”
- Achieve 1000x fast data transfer speeds as LTE, ultra-low latency response

time of less than a few milliseconds and realistic contents

@ Performance Perspective: “Massive Connectivity”
- Accommodate 1000x more devices and traffic and secure seamless
connectivity (4A Connectivity — Anytime, Anywhere, Anyone, Anything)
(@ Architecture Perspective: “Flexible/Intelligent Network”
- Provide S/W-based structure, analyse data in real time and provide
intelligent/personalized services
@ Operation Perspective: “Reliable/Secure Operation”
- Secure more than 99% of network availability and reliability as well as
self-healing/reconfiguration
(® Management Perspective: “Energy/Cost-Efficient Infra”
- Achieve a 50-100x higher energy efficiency as LTE and low-cost

infrastructure/devices

Figure 4 describes the key requirements with a diagram. In order to satisfy the five
requirements, quantitative KPIs (Key Performance Indicator) as well as more detailed
requirements for such indicators have to be defined and, currently, discussions with
such goals are taking place around the globe. As a reference, this paper adds
detailed quantitative requirements that have been agreed in the 5G Forum, which SK
Telecom is participating as a chair company, in Table 1. Looking into major
requirements, 5G networks should provide a capacity of more than 50Gbps per cell

and guarantee more than 1Gbps speed per user anywhere while supporting ultra-low
Page 7/48
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latency response of less than 1ms in data plane. Such technical requirements are
subject to change according to an evolutionary direction of the technology and are
to be amended reflecting radio frequency status or technological maturity in the

process of standardization.

* ms Latency & Seamless Service
* Anywhere 1Gbps/User

* New Contents & U/l Experience
* Managed QoS

* Low Battery Consumption

Management Perspective

* Ultra High Capacity (x1000)
(Peak Data Rate>50Gbps/cell)
* Massive Connectivity (loT)
* 4A Connectivity
(Anytime, Anywhere, Anyone, Anything)
Architecture Perspective Operation Perspective

* Energy-efficient Infrastructure
* TCO Reduction

* Flexible Configuration/Mgmt.
(Load/Resource Balancing)

* Flat Structure/High Scalability

* S/W-based Flexibility & Agility
(Ease of Innavation)

* Analytics-based NI/BI

* Network-as-a-Service

* High Reliability & Security
* Automatic Optimization

& Recovery
* E2E QoE Control

[Figure 4] 5G key requirements

[Table 1] Technical requirements (5G Forum)

Area Requirements

DL : 10 bit/Hz/cell (@10/30 Km/h)
UL : 5 bit/Hz/cell (@10/30 Km/h)

DL : 50 Gbps

Peak Data Rate
UL : 25 Gbps
DL : 1 Gbps (@10/30 Km/h)
CE" Edge Dﬂt_a Rate et it dm s me e L e ms s e i dms e ans tmd fms AL Sme s SR mE Sms mE SmA § a8 R amEaA s Ems imE Sms n R R L Sms AmE Sms s SR dms e Rl tme S s sme b i rms b
UL : 0.5 Gbps (@10/30 Km/h)

Control Plane : 50 ms

Latency -
User Data Plane : 1 ms

Handover Interruption Time 10 ms

Areal Capacity FFS

Energy Efficiency FFS
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3. Vision

Before diving to details of 5G technology, vision and values of the 5G mobile
networks need to be defined. Based on the five key requirements for the technology
evolution mentioned in chapter 2, SK Telecom drew values and presents 5 Great
Values of 5G. This paper suggests User Experience, Connectivity, Intelligence,
Reliability and Efficiency as five differentiated values of 5G in Figure 5. Each value can
be mapped back to individual requirement, and each of the five components should
add value from both end user and MNO's perspectives. These 5G requirements and 5
Great Values well define SK Telecom'’s vision for 5G, which is 5G systems should
become value-creating networks that always guarantee 5 Great Values while bringing
innovation to mobile life in our society and creating value with ICT by achieving “5G
Connected Society".

Figure 6 in the below explains 5 Great Values more in detail and analyses status
quo of each value. Among the great values, according to the diagram, the gap
between the current status and a level required for 5G is noticeably wide in User
Experience, Connectivity and Efficiency, which means these areas need substantial

improvement through both continuous evolution over 4G and new revolution in

parallel.
“5G Always Promises 5 Great Values”
Key Requirements 5 Great Values
Ultra High Speed User Experience
& Low Latency
Connectivity Efficiency
Massive/Seamless Energy/Cost-Efficient 3\
Connectivity Infrastructure
i/
Intelli iabili
Intelligent/Flexible Reliable/Secure nielligence Reliability
Network Operation

[Figure 5] 5G Key requirements and 5 Great Values
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= Giga Experience (Anywhere 1Gbps/User)
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Intelligence Reliability
= Ambient/Context Awareness « Availability/Stability, Self-Check/Recovery
= Analytics-based real-time NI/BI = Security, Encryption
= Service TTM Reduction = User Privacy Protection

Network as a Service

[Figure 6] Description and gap analysis of 5 Great Values

4. Concept and Architecture

In order to achieve 5 Great Values, the ultimate goal of 5G, 5G system needs; 1)
innovative 5G services, 2) a software platform to implement the innovative services
and 3) ultra-high speed infrastructure. Based on this analysis, 5G system will consist
of three layers of Innovative Service, Enabling Platform and Hyper-connected
Infrastructure in high level architecture as in Figure 7.

On the top layer is service, namely Innovative Service, which accommodates 5G
requirements and provides new user experience. Beneath that is Enabling Platform, a
software platform, on which a range of complex telecommunications network
functions can be efficiently implemented and an intelligent engine can be mounted.
On the bottom is Hyper-Connected Infrastructure, a hardware infrastructure of
telecommunications networks, that act as a data pipe supporting the massive and
ultra-high speed connectivity over densely connected network coverage. (Refer to

appendix for detailed 5G system architecture with network topology.)
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for Great User Experience
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Hyper-Connected Infrastructure
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Connectivity 5Q Con&tlvﬁy
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; : X 4 Speed Connectivity
* AR : Augmented Reality, VR : Virtual Reality

[Figure 7] 5G system structure

4.1 Innovative Service

In terms of network service, 5G sets itself apart from the previous generations of
telecommunications technology most noticeably for its immersive customer
experience available beyond limitation of time and place, which will be enabled by

ultra-high speed data transfer and innovative UL For example, as Giga-bit data rates

Mobile UHD Service AR/VR Remote Healthcare

N/W-Enabled Immersive Comm. IoT, Connected Car
Mobile Hyper-Cloud Real-time Remote Ctrl.
ok
e =
< o
[ 5
- -
(" —
L ‘ | a
B m B
[Figure 8] Examples of 5G services
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will be available anytime and anywhere on high-definition multimedia including UHD
and 4K, 5G technology will allow the users to enjoy realistic services, such as
augmented/virtual reality and holograms, and hyper-connected network services

including Tele-presence and IoT (Internet of Things).

4.2 Enabling Platform

5G Enabling Platform provides the software-oriented framework and Telco asset-
based interface to create differentiated value through a range of innovative services.
A core function of 5G Enabling Platform is to provide Network-as-a-Service platform,
which allows configuration and change of all telecommunications and service
functions, with virtualized software on the programmable hardware. Also, the
platform provides API for service utilization and enables implementation of various
analytics-based services. The platform is efficiently operated through intelligently

integrated control and orchestration.

Service Layer
Telco API
Network-as-a-Service )

4 gz
~ @8 9
= o Virtualized Telco Functions §§ g
) g o
( & Network Functions IT Functions L a
> = (DU, EPC, IMS, ...) (Billing, ERP,...) — 8
] & . o =3
< E'K' )
-3 ( 1 ||2§ =

@ Abstraction and Middleware 3°

Hardware Resources
* NI : Network Intelligence . S W Network H/W
BI : BusinessIntelligence Cunpacas e — -
Distributed Centralized
Telco Functions Telco Functions
: Edge . Transport _______ Centralized
Eﬁ/ S Cloud Network Cloud Internet

[Figure 9] Software-based 5G Enabling Platform
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4.3 Hyper-Connected Infrastructure

In order to accommodate a 1000x more data traffic and support massive
connectivity, new network technologies that are currently under discussion as
potential 5G technologies should be combined to configure hyper-connected
infrastructure. This needs development of a range of 5G component technologies to
enhance cell split, improve spectral efficiency, expand frequency bandwidth and
increase the efficiency of network operation. Enhancement of cell split, in particular, is
to maximize areal capacity through different types of cell configuration including
ultra-dense small cell, moving cell, personalized cell and D2D, which is the core
technology area to meet the requirement of a 1000x increase in data capacity. Also,
capacity of 5G systems can be increased by applying various technologies to enhance
spectral efficiency such as new modulation/multiple access, massive MIMO and
interference coordination while expanding bandwidth in higher frequency bands
(cm/mm wave, for example). Lastly, diverse technologies to improve efficiency of
network operation including advanced SON and cellular-based IoT will help the
system reliability of 5G networks and save TCO and energy.

(Higher Spectral Efficiency CMore Frequency Bands
- Ultra Wideband - cm/mmWave Transmission
- New Waveform(NOMA,FBMC) - Unlicensed Spectrum
- Massive MIMO, Full Duplex - Integration with Wi-Fi

- Ultra-dense Small Cell (Beamforming) Ultra Wideband. - Advanced SON

- Moving & Personal Cell | New ( " ve) - Analytics-based Control
- D2D & Multi-RAT Wa"em - IoT and Public Safety

& i =
a \ a o ij IoT
D2D &

Public Safety

( Cell Densification aa ﬂ :"'fm\‘\: (Operational Efficiency
Massive MIMO SEL.C o,

------- 4 - scoam
gs

Moving Cell Multi-RAT

[Figure 10] 5G Infrastructure to support ultra-high data rate and massive connectivity
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5. Enabling Technologies

5.1 5G Technology Classification

As explained in Chapter 4, Innovative Service, Enabling Platform and Hyper-
Connected Infrastructure are the three layers that constitute high-level architecture of
5G technology and will become the ground to achieve 5 Great Values. Looking into
technical details of the concepts, a total of eleven major technologies can be drawn
from the high-level architecture and each category is linked to 5 Great Values

respectively as in Figure 11.

[ 5G Architecture ] [ 5G Technologies ] [ 5G Values ]

Realistic UX and 5G Contents Processing t
Innovative Service : — : e User Experience
Processing & Transmission of Tactile Multimedia

Cloud-based AlI-IT Network and Service Platform

Connectivity
Analytics-based Network Intelligence/Optimization
Enabling Platform
Fast, Flexible Transport Network
Beyond-Cellular Network Architecture Intelligence
Enhanced Operation for Multi-cell/HetNet
Reliability
Ultra-Dense Small Cell
Hyper-Connected Wi d High Frequency RF & 3D forming
Infrastructure Besm o
iciency

MIMO Enhancement induding Massive MIMO

Advanced IoT 8 New Waveform,/Duplex

[Figure 11] Major technology categories from 5G architecture/values

For User Experience, the core technologies include content processing and
multimedia transmission for immersive service, analytics-based optimization and CE
enhancement technologies and they are usually concentrated on Enabling Platform
and Innovative Service, the upper layers of the architecture. Major technologies linked
to Connectivity including ultra-dense small cell, wideband high frequency/MIMO and
enhanced schemes for the spectral efficiency are mostly placed on the Infrastructure
layer. Core technologies for Intelligence and Reliability are mostly on Enabling
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Platform Layer and include technologies that are intelligently operated and controlled
on AlI-IT, flat and flexible platform by virtualized S/W and analytics. Lastly, diverse
technologies to enhance operation efficiency on Enabling Platform and Infrastructure
Layer are linked to Efficiency. Details on each of the eleven core technologies are
described in 5.2.

5.2 Enabling Technologies

5.2.1 Realistic UX and 5G Contents Processing

O Object/space recognition: Advanced technologies to fast recognize a range of
surrounding objects and spaces inputted by a camera/sensor of the user’s
device

O Real-time rendering and display technology: Rendering technology to display
quality information related to an object recognized in real time and
immersive display technologies including glass and HMD

O Real-time hologram processing: Technologies to reconstruct a real image of
an object with 360 degree field of view in 3D space

To provide differentiated user experience with 5G services, realistic contents
processing technologies including AR/VR and holograms are greatly important. The
existing AR technology is not sufficiently advanced to provide differentiated
immersive experience with realistic contents to users in terms of network speeds,
data processing performance of devices, recognition/tracking technologies and etc. In
particular, to make immersive experience available in diverse user environment, an
object the user views should be recognized without limitation of time and place, and
related AR content should be processed and provided in real time. In this aspect,
real-time response and sufficient bandwidth of 5G are expected to provide the
technological basis for this large-volume AR/VR service and, in parallel, technologies
of recognition/tracking and rendering need to be further enhanced as well.

Processing of large-scale AR requires a highly advanced recognition technology to
recognize all objects and information including 2D image, 3D objects in different
forms, 3D space, the user's face, expression and voice inputted from a sensor without
limitation. The existing technology recognizes different objects through different

algorithms due to unique features of each object, which is bound to fall behind the
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level of recognition by human senses. However, for certain objects(face, in particular),
recognition technology is exceptionally performing as accurately as human senses,
based on deep-learning technology for example, and development of the relevant
technologies is expected to continue.

In addition, such service requires a technology that enables distributed/parallel
processing of recognized large-volume data in a cloud environment and GPU cloud
system and large-volume DB optimization technologies to run a range of recognition

algorithms, feature extraction for example, at high speeds.

While a camera on a device is now the main tool of image input, devices mounted
with other sensors such as Lytro camera and 3D depth sensor, which will enable easy
acquisition of 3D depth information from an object and space, are expected to
prevail in the next generation technology. In fact, companies including Google, Intel
and Apple are already in development of 3D depth sensors and supportive devices,
and therefore once the number of such devices increases, so will the AR/VR-based
services. Continued improvement of computing power will lead to more sophisticated
functions including pre-processing of high-volume data contents, real-time tracking
of an object, image processing and rendering, beyond simple transmission of image
information to a server and display of information coming from a server.

Real-time responsiveness in 5G will also change rendering technology, an
important factor for AR service, in many aspects. Already being applied in certain
areas including games, the cloud-based rendering technology enables rendering of
all necessary information from a cloud environment and then transfers it to a device
as a video stream. In particular, it is critical to have a technology to accurately render
high quality media and information such as (U)HD Audio/Video and 3D to video
stream according to the device tracking results and sensor information and converts
and transfers the video in real time in a format suitable to display on each device, for
instance glass, HMD or smartphone.

Holography, another much-expected technology to provide new user experience,
requires ultra-high volume data transmission. Therefore, 5G needs a ultra-high-speed
real-time data processing technology on its infrastructure and a user-friendly
hologram-based I/O equipment technology to efficiently create and naturally display
hologram contents.
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based on GPU-Cloud
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Media Streaming Servers

[Figure 12] Realistic UX and 5G contents processing technologies

5.2.2 Efficient Processing & Transmission of Tactile Multimedia

O MMT (MPEG Media Transport) technology: A standard digital image container
processing technology defined by MPEG to minimize latency in media
transmission on All-IP network

O High efficiency multimedia coding: Multimedia coding technologies, MVC
(Multi-view Video Encoding) for example, for efficient creation/transmission of
realistic 3-dimensional multimedia content including multi-view video

O Cloud-based computing, caching and orchestration: A technology for dynamic
allocation and orchestration of cloud resource and caching to process realistic
high-volume multimedia

While the current multimedia transport technologies generate a longer latency of a
few or even tens of seconds compared to terrestrial broadcasting, the network
technology in the era of 5G should be able to deliver True Real-time UHD Streaming
Service (TRSS), which means such content as UHD (Ultra High Definition) can be
transferred in true real time without latency. To achieve seamless streaming service of
realistic/high volume multimedia, development of a new media streaming protocol
and optimization of wired/wireless data transfer technology should come first.

To this end, latency in multimedia content transfer should be minimized while
data transfer speeds within network and resource utilization efficiency need to be

maximized, with the support of sophisticated MMT(MPEG Media Transport) streaming
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protocol and Edge Multicast technology for efficient group communications. Network
operation efficiency needs improvement as well through CDN virtualization and
optimized service distribution.

Super multi-view display service, much mentioned as an example of 5G realistic
service, enables a user to view the video from the angle the person wants. The
service requires technologies such as; 1) an encoding method to integrate multiple
high-resolution images recorded from different angles into a single stream, 2) a
technology to transfer and store high-volume data into a cloud server in real time,
and lastly 3) a technology to dynamically create a streaming image using information
from a view point the user wants. The multi-view display service, in fact, can be
implemented in a limited manner even with the current 4G systems and wired
networks, but, with 5G network systems, high-quality realistic image will be available
in real time based on the 5G infrastructure that supports high-speed and high-
volume data transfer.

Here, encoding techniques including MVC (Multiview Video Coding) and MPEG 3D
Video Coding are important to minimize duplicated information by binding multi-
view image streams into a single stream. Examples of such techniques will be 1) an
image data processing technology to efficiently create 3D images using multiple 2D
images, depth-information and metadata, 2) a technology to process bulk image data
(e.g, creation of a 360 degree view image from image streams recorded from
multiple views) that usually is not supported by devices for reasons like discharged
batteries, and 3) technologies including NFV, SDN and integrated orchestration to
support network operation on the cloud in a dynamic, flexible and scalable way.
Latency generated by communications between a device and a network has to be
unnoticeable and, therefore, to deliver the service through optimized network path,
development of high-speed network communications technologies and diverse

intelligent analytics-based service optimization technologies is much needed.
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5.2.3 Cloud-based All-IT Network and Service Platform

O NFV-based virtualized core network operation: A technology to build the
cloud by virtualizing a standard hardware and operate a range of
network/service functions on the software-based network

O Virtualized RAN: A technology to centralize and virtualize DU(Digital Unit) of
a base station into a standard H/W-based cloud and process RAN signals in
real time

O SDN and integrated orchestration: Effective control and lifecycle management
of the software-based network services from a centralized & unified network
service orchestrator

In order to efficiently process a massive traffic and meet the requirement of low
latency in the era of 5G, infrastructure should evolve to become a cloud-based All-IT
infrastructure with flat architecture optimized to accommodate 5G services. A range
of H/W-based network functions needed for 5G are to be distributed and operated
by S/W and the properly allocated functions should be efficiently linked and
managed through intelligent and automated control and orchestration.

This can be enabled by NFV (Network Functions Virtualization)/SDN (Software
Defined Networking). Alongside the technologies, network analytics-based
orchestration is another important technology to support dynamic link and LCM (Life
Cycle Management to support steps of creation, update, scaling, restoring and
closing) of different IT S/W functions required for 5G services together with network
functions.

Also, the 5G network architecture is expected to become flat to satisfy the
requirements of flexibility, scalability, efficient traffic processing and millisecond level
latency and etc. Such architecture will need Edge Cloud in the form of Micro Data
Center and the network functions and services distributed to the Edge Cloud are to
be efficiently managed by an end-to-end integrated orchestration method. In
convergence with big data and analytics technologies, orchestration will provide a
basis for NI (Network Intelligence)/BI (Business Intelligence) services.

Page 19/48

SK ‘telecom Partner for



Legacy Network Software-based Network
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[Figure 13] Evolution of software-based network by NFV/SDN

5.2.4 Analytics-based Network Intelligence & Optimization

O Big data analysis: A technology to provide insight on a specific phenomenon
or data by swiftly comparing in multi-dimensional space, analyzing and
inferring large volume of multi-dimensional/unstructured data

O Network intelligence & analytics: A technology to optimize operation and
performance of networks using information on performance, log, traffic and
etc. collected from different network equipment

O Analytics-based SON (Self Organizing Network): A network operation
technology to automatically detect abnormality, optimize and take necessary
measures by analyzing big data generated from wireless network in real time

Recently telecommunications networks have become intelligent and converged
with other IT technologies such as analytics/big data at a faster speed, and such
trends are expected to continue in 5G network systems. Thus, it will be possible to
optimize the overall network management including operation, performance and
security with real-time analysis of data gathered from networks, users and objects.

From the previous OAM (Operation and Management)-based data analysis where
statistics and failures were analysed afterwards, the data analysis method has evolved
to “Big Data Analysis” which uses system log and data gathered from the device
together to diagnose an exact cause, and, converged with other IT technologies, now

the technology is moving onto a new paradigm of fast data analysis for real-time
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analysis. In addition, beyond simple descriptive results, the platform will support
prescriptive results based on an automated process.

Analytics-based SON and ITM (Intelligent Traffic Management) would be prime
examples. Such technologies will evolve to enable automatic fault recovery and
prediction as well as examination and optimization of 5G systems, and provide users
with optimized service in a complex network environment through traffic
management and path optimization.

With the increased need for Telco asset-based personalized/customized services,
real-time intellectual recognition technology became ever more important as it will
provide customized information by recognizing surroundings including face, object,
conversation, sound with Context-Aware technology (Deep Learning, for example)
and accurately inferring the user's needs. In addition, technologies such as service
orchestration and open API will open the door to a new kind of platforms and
ecosystem that allow open/cooperative service development and an end-to-end

automation.

Predictive

Descriptive Prescriptive

Analysis Analysis Analysis

Description of Occurred Prediction for Proactive Prescription for Anomaly

Problem Operation Prevention Process

® Understanding of past ® Insight about Expected ® Recommendation for
Alarm/Fault/Status Problem and Main Causes Detail Action and Process
Information ;

‘ ® End to End Big Data ® Automatic Platform with

® Root Cause Analysis for Analytics (Knowledge DB) Expert's Knowledge and
Occurred Problem ® Analytics of Inter- Knowhow

® Repetition Test for Analysis problem/event Pattern and ® Exact Estimation of Future
and Resolution ' Relationship Action’s Result

[Figure 14] Evolution of data analysis for telecommunications network
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5.2.5 Fast, Flexible Transport Network

O POTN (Packet Optical Transport Network): All-IP/All-Optical transport
technology that converges multiple layers to increase simplicity and efficiency
of network

O Transport SDN: Integrated networking technology to efficiently use and
automatically control network resources in multi-layer, multi-vendor, multi-
domain networking environments

To process large-volume data traffic in 5G, transport network needs significant
improvement in its capacity through “the next generation technology of optical
transmission at beyond 100Gbps" and the 5G transport network can be built by
enhancing such technologies as coherent optical OFDM and flexible grid

While the 100Gbps optical transmission uses a single carrier, coherent optical
OFDM or Nyquist-WDM will employ multiple sub-carriers, enabling the optical
transmission beyond 100Gbps. Based on such technologies, standardization for
optical transmission signal interface is underway in ITU-T to raise the speeds beyond
100Gbps. Also, IEEE 802.3bs, a task force, was formed in March, 2014 with an aim to
standardize 400Gbps Ethernet by March, 2017.

Depending on the technology used to aggregate sub-carriers, a bandwidth of
optical transmission signals differs and, to efficiently use and switch such variable
bandwidths, flexible spectrum switching is necessary.

To maximize efficiency of transport network on top of such physical transmission
technologies, Lambda switching-based flexible optical and packet integration
technologies including optimized path and dynamic wavelength allocation are
required. Furthermore, applying these technologies, transport network technology has
to evolve into POTN-centric transport technology that can integrate multiple layers.
Also, transport SDN is essential to comprehensively control the network in a multi-
layer and multi-vendor environment. And at the same time it enables smooth
migration to the new infrastructure while accommodating the legacy.

By establishing 5G uCTN (Unified Converged Transport Network) based on POTN
and transport SDN platform, low latency and flexibility of network, the key

requirements for 5G, can be achieved.
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[Figure 15] Next generation transport network uCTN architecture

5.2.6 Beyond-Cellular Network Architecture

O Direct D2D (Device-to-Device) communications: A technology to directly share
diverse types of contents information and data between devices

O Contents Centric Networking (CCN): A network architecture that stores
content in a transport equipment on the network path and provides it by a
mapped name of content

The cellular communications method (a single cell-to-device network) of the
current cellular systems is expected to evolve into a multi-link network. In the
evolution, direct device-to-device communications will emerge as a key factor and
underlying technologies including discovery/direct transmission and PTT/proximity
technologies will enable a variety of services.

Plus, with the support of ICN (Information-Centric Network) and CCN that store
content on network nodes and deliver data on the shortest path based on the
content’s name rather than the previous IP address. And also, network operation will
be optimized for contents and information delivery rather than acting as a simple

data pipe.
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[Figure 16] Device-to-Device communication and content centric networking

5.2.7 Enhanced Operation for Multi-cell/HetNet

O Elastic cell: A technology to dynamically select and communicate with a cell
best for the user’s current channel environment in real time

O Aggregation of heterogeneous networks: A technology to improve data rate
by combining cellular network with different networks such as WiFi or with
LTE leveraging unlicensed band

In 5G network systems, different networks, that were separately used for different
purposes in 4G networks, will be combined or selectively utilized when necessary
thereby increasing data rate of a device and minimizing impact of nearby networks.
For small cells, as a single device becomes able to communicate with multiple cells
based on strengthened coordination of cells, it can work as if each device has its own
cell. Here, dynamic cell association/clustering and coordinated interference control
technigues suitable for the environment of the user and the network operation are
critical. Also, it is important to secure a technology to receive feedback on channel

quality of the multiple cells from the user’s device.

In 5G networks, as shown in Figure 17 below, different cells can be selected each
time to provide the most optimal speeds for the device in that particular transmission
thereby creating a user-centric environment, , compared to the current cell-centric
one where each handset communicates with only one specific cell. This mechanism
will deliver improved user experience of 5G services for each user’s environment.

Also, data rates can be raised through technologies for aggregation and
interoperation among different networks including WiFi. In an area where both WiFi
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and cellular network are serviced, data will be divided and transferred by the two
networks and therefore the data will be transmitted at a faster speed. Plus, if the
current techniques to aggregate or split data at IP or TCP level continues to develop,
it may be possible to aggregate or split data at RLC level by interfacing cellular
network with WiFi after assessing WiFi environment.

Meanwhile, network bandwidth is also set to expand in 5G by deploying cellular
network technology on unlicensed band just as in Licensed-Assisted LTE (LA-LTE)

where the unlicensed band of WiFi is utilized for LTE.

<Current Network> <Next Generation Network >

Elastic Cell #1

\ y——ee— () Y ()
£ B ¢

\ (¢ :);>>T\—:_'_:/ () =
e & t
Elastic Cell #2
Communicate Communicate
with a dedicated cell with multiple nearby cells
(Cell-Centric) (User-Centric)

[Figure 17] User-centric cell association and network operation

5.2.8 Ultra-Dense Small Cell

O Dynamic interference control and coordination: A technology to improve
signal quality at cell edges by enabling nearby cells to cooperate in real time

O HetNet SON: A technology to automatically optimize wireless network
operation in diverse cell environment thereby improving QoS

In order to support a 1000 times more traffic than LTE, it is essential to increase
network capacity through significantly improved cell spilt as expansion of the current
limited frequency resources will not be sufficient. This means 5G systems need ultra-
dense small cell network of which the cell density is more than the level discussed in
LTE-A HetNet.

Enhanced interference coordination and resource management technologies such
as cell breathing, dynamic clustering/selecting/blanking will be the central part of
such networks, and interference coordination performance and application of the
technologies on the commercial network will determine the network capacity in the
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ultra-density small cell environment. Accordingly, 5G network needs to secure
differentiated small cell O&M technologies and expand relevant ecosystem with high-
performance/low-cost small cell, cost-effective backhaul/relay technologies.

In an ultra-dense small cell environment, different combinations of different
potential 5G technologies of NOMA, D2D, hybrid duplex and ultra wideband will
result in different performances of cell throughput, and thus, establishment of 5G
network needs exhaustive scenario-based assessment to seek the most optimal
combination.

Therefore, it is expected that there will be active performance analysis of diverse
potential 5G technologies under ultra-dense small cell networks, and development of
relevant technologies is likely to start with concept validation through end-to-end
simulator and tool-based proof-of-concept and eventually lead to establishment of a

prototype commercial network.

Macro deployment (Gangnam )

Ultra Dense Small Cell

+ New Waveform -+ Ultra Wideband.

(NOMA) j/_r‘f%a‘ jﬂ-% 1,

"f D, —¥ Tms

— - Freq.
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[Figure 18] Ultra-dense small cell-based 5G network scenario and simulation snapshot

5.2.9 Wideband High Frequency RF & 3D Beamforming

O 3D beamforming: A technique that provides RF environment for high-speed
transmission by controlling electromagnetic waves or forming multiple beams
in the vertical and horizontal directions

O Beam switching/tracking: A technique that provides an optimal link by
selecting an optimal beam out of many or changing the direction of the
antenna beam according to the location of the user

The traditional cellular frequency bands below 6 Gz, for mobile cellular

communications, are close to saturation owning to the mobile communications as
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well as other uses, and their varied and fragmented uses make it especially difficult to
secure continuous wideband of over at least 500 Mt required for high-capacity
transmission. Hence higher frequency bands above 6 Gz whereby securing continuous
wideband spectrum is relatively easy is emerging as a potentially viable solution for
high capacity communication in 5G. In particular, the higher frequency bands have an
advantage from the RF system implementation standpoint as the higher the center
frequency, the wider the operating bandwidth.

Also, densification of antenna is possible in high-frequency spectrum. In higher
frequency bands, more radiators can be integrated in array antenna of the same
physical aperture size. Those can serve as the H/W basis for implementing 3D
beamforming and Massive MIMO, which provides a variety of antenna beam patterns
by controlling RF amplitude and phase on each radiator. Figure 19 shows distribution
of electromagnetic radiation within coverage area by 3D beamforming method
including: electrical steering, which steers antenna beam according to the subscriber
distribution; dynamic sectorization, which increases capacity through multi-beam
transmission/reception; and adaptive beamforming, which minimizes interference to

the direction of terminal belonging to other cells by antenna nulling.

While millimeter band has a big advantage over current cellular band in that it can
use wideband frequency, overcoming increased path loss and the relatively higher
straightness and low diffraction resulting from using the high frequency band
remains a huge challenge. To address this, high-gain pencil beams are formed (since

the gain of an antenna increases with frequency) to overcome the increased path loss.

In high frequency band, beam width narrows considerably and straightness of
radio wave becomes stronger while diffraction effect is weakened. Therefore,
communication fails unless base station/terminal each selects appropriate
transmission/reception beam according to the terminal’s movement. As such, beam
switching technique whereby base station/terminal selects a suitable beam from
many pre-designed candidate beams for optimal link or beam tracking technique
which enables to estimation of reflection path between base station and terminal or

track user's movement needs to be developed.

The 3D beamforming enables multiple beams to be transmitted or received in the

horizontal and vertical directions to increase network capacity by SDMA (Spatial
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