€ Innowireless QUCELL

5G RAN Technology Trends and Commercialization

Qucell Networks Oct. 26,2021



C Innowireless Accuver

Contents

OPEN, CONNECT, PLAY

Confidential

QUCELL

1. 5G Services :3 Use Cases

2. Generations and Data Rate

3. How to Achieve Higher Data Rate

4. latency and Data Rate for Applications
5. How to Reduce Latency

6. RAN (Radio Access Network)

7. 5G C-RAN Function Split

8. Open RAN

9. Role of Small Cells with Generations

10. Small Cell Use Cases

11. QUCELL Small Cells

12. Company Overview




5G RAN Technology Trends and Commerecialization Q U c E L L

1. 5G Services : 3 Use Cases

eMBB : enhanced Mobile Broadband

eMBB is evolution of mobile networks (MBB is aninitial use case for LTE). 5G should push further network
throughput and enhance user experience. (target DL throughputis up to 20 Gbps)

- More bandwidth and new frequency bands (mmWave) High data rate and
- More antenna and beamforming high traffic volumes

URLLC : Ultra-Reliable and Low-Latency Communication

eMVBB

Partially (or mostly) about machine-to-machine communication and also about ultra low latency (<1 msinone
direction) and extremely high reliability. Use cases: Factory automation, Traffic safety, Vehical to Everything (V2X),
Robots control and remote medicine, etc.

- Mini-slot that allows to transmit data within a part of slot (TTl in LTE)
- Allowedtime to process data is much shorter (comparing to LTE)

mMTC : massive Machine-Type Communication

mMTC is about a massive number of devices such as various sensors and meters, remote

equipment monitoring and so on. Need to support devices which is low cost with very low energy Massive number of low Ultra reliability and

consumption requiring relatively small amount of transmitted data cost devices, low very low latency
energy consumption

- Full coverage / High capacity (number of devices) / Low cost (CAPEX and OPEX)
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2. Generations and Data Rate

QUCELL
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3. How to Achieve Higher Data Rate?

More Spectral Efficiency

2G ﬂ
- MIMO /Beamforming
- Higher Rate Modulation

3G lI
More Frequency Bands u
- Higher Frequency/ More Bands
3.5GHz 28GHz

- Reuse 2G/3G/4G frequency 4G

7.125GHz 24.25GHz 52.6GHz

5G

Reducing the number of users per cell

- Small Cells / Heterogeneous Network

CellRadius Number of Users

Enterprise Small Cell 250mW~1W 50m~100m 32764 Indoor / Outdoor
Macrocell 10W~50W 8km~30km 2,000 Outdoor
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4. Latency and Data Rate for Applications
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5. How to Reduce Latency

Core Network
UE RAN

Air Latency (User Equipment) ®
- . N Y >« W . : HSS | |........
- Mini-slot that allows to transmit data within a part of -7 e

slot (TTI in LTE) /
5|1>t 5-GW P-GW
{ Mini-Slot | \_ )

|
URLLC Data Air Latency
Y \ Y J
\ End-to-End Mobile Latency |
[
) . End-to-End Internet Latency
Data using Cloud Service
PDCCH for eMBB UE PDCCH for URLLC UE ——
RAN

UE @
End-to-End Mobile Latency 3:—. %
- Enhancement / Re-architect Network
®
End-to-End Internet Latency 3 féf

- MEC (Mobile Edge Computing)
- (TSC) Time-Sensitive Communication

Data using MEC
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6. RAN (Radio Access Network)

_ . Core Network Core Network
RAN provides connection between user

equipment (such asa mobile phone) and i
core network through radio connections. MM HSS MM HSS

C-RAN stands for Core Network
- “Centralized” RAN 5-GW P-GW 5-GW P-GW

- “Cloud-based” RAN HSS
ool Backhaul Backhaul
1. BBU at cell-site

iy - GW Cloud
2. Multiple BBUs at remote location — S RAN
using high capacity fiber fronthaul

COTS servers Backhaul s Fronthaul Fronthaul "

i

3. Cloud-based RAN

h :. n "‘.‘ I n .,
- some network functions start being “ & RAN— RRH ® &
virtualizedin “the cloud.” E— ® é

- Simplify network management
- Enableresource pooling/scaling o

4G(LTE) RAN and Core Network Centralized RAN C-RAN with NFV
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7.5G C-RAN Function Split

3GPP 5G C-RAN Architecture

CU (Central Unit)
DU (Distributed Unit)
RU (RU)

Function Split

Fronthaul

*

*

8 Split Options offer a different trade-off between centralization

benefits and fronthaul network requirements.

RU

Downlink

3GPP Functional $plit,_

<

RRH

.
e

.
..."

DU

RU

Midhaul

Fronthaul

5G C-RAN Architecture

Backhaul
Core
P
Core CuU
Backhaul
DU

H  ow- :
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8. Open RAN

Open RAN Concept

Interoperability and Standardization of RAN elements Orchestration & Automation (e.g. ONAP): MANO, NMS

* Interconnection standard for (white-box) hardware L il L L4 Ll e L G S
and (open source) software elements from different
vendors.

* Modular base station software stack on off-the-shelf
hardware

* Allows baseband and radio unit components from
discrete suppliers to operate seamlessly together.

Applications Layer RAN Intelligent Controller (RIC) near-RT

Radio-Metwork Information Base

E2: btw RIC near-RT and CU/ DL

O-RAN ALLIANCE CU Protocol Stack

PDCP-C PDCPR-U

NFVI Platform: Virtualization layer and COTS platform

O-DU: RLC f MAC / PHY-high
Open Fronthaul
O-RU: PHY-low / RF

The O-RAN ALLIANCE was established in 2018 by a global
consortium of network operators with the stated goal of
evolving radio access networksaround the world.

|
|
|
|
|
|
| Multi-RAT
|
|
|
|
|
|
|
|

O-RAN Architecture
- RICnon-Real-Timelayer, near Real-Time layer ) -RAN
- Multi-RAT CU protocol stack O-RAN Architecture From 9

- O-RU, O-DU through an O RAN fronthaul interface
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9. Role of Small Cells with Generations ‘ H‘n /l/ ( ( r—
o =
3G Ite 56

Coverage
Capex Optimization & Densification
Performance & Capacity
Residential
Enterprise, Urban
Rural Outdoor
In-Building, Distributed (C-RAN) / O-RAN

Hotspot, eMBB , Massive loT
Licensed Spectrum

Shared Spectrum, Private LTE

Fixed Wireless Access

Local Licensed 5G
Industry Digitalization

Replacement of Cables
Femtocell Residential / Enterprise / Outdoor All-In-One / Distributed (C-RAN)
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10. Small Cell Use Cases

Nationwide Mobile Network Service

Residential

SOHO

Enterprise

Hotspot

Rural Outdoor

In-Building Distributed

Shared Freguency

—

e

Local Licensed Frequency

Coverage Hole
Keeping/Increasing Subscriber
Macro Offload

User Experience

High Performance Service
Cost-Effective Deployment

Replacement of Repeater

Additional Frequency

Neutral Host

QUCELL

Local / Private Wireless Network Service

T

Enterprise

In-Building Distributed

Unlicensed Frequency

Shared Freqguency

Local Licensed Frequency

Fixed Wireless Access

Private / Internal Calls

Secured Network

Local loT Network

High Performance / Low Latency
Smart Factory

Vertical Application
Replacement Cables

Internet Service Provider



5G RAN Technology Trends and Commercialization

QUCELL

11. QUCELL® Small Cells (1/2)

t¢ Offering a variety of Small Cells for major operators around the world 7’

= |
Indoor Indoor High Power Small Cell + Indoor Enterprise
Cost-Effective High Performance CBRS Low Power UE (Modem) for Backhaul ~ Sub-6 GHz / mmWave CU/DU/RU/Hub
2021 + 5GAll-In-One Small Cells
* CBRSSmall Cell deployment
*  World 15t CA /256QAM TD-LTE Small Cell Live Demo ¥ €= |[+a*
» Starts Providing Small Cells to Global Mobile Operators % 1&] E‘"' @ .
*  One of World 15t Massive LTE Small Cell Deployment in Korea o = =1
* LTE Small Cell R&D Starts &

* LTE Test Set with Base Station Emulator => Agilent(Keysight)
*  World 15t WiMAX Test set with Base Station Emulator => Agilent(Keysight), R&S
* Base Station Technology — WiMAX Base Station/Mobile Station Emulator

OPEN, CONNECT, PLAY Confidential
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11. QUCELL® Small Cells (2/2)

5G Sub-6 GHz Indoor Enterprise Small Cell 5G mmWave Indoor Enterprise Small Cell

- Integrated Small Cell forIndoor Enterprise Usage - Integrated Small Cell forIndoor Enterprise Usage
- All-In-One (RU+DU+CU. CU is optional) - All-In-One (RU+DU+CU. CU is optional)
- 5G NR Sub-6 GHz (LTE is optional) - 5G NRmmWave (LTE is optional)
Frequency Band 5G NR (n77/n78/n79/n48) + LTE (optional) Frequency Band 5G NR (n257) + LTE (optional)
Antenna Internal. NR: 2 Antennas, LTE: 2 Antennas Antenna Internal. NR: 128 Tx / 128 Rx, LTE : 2 Antennas
TX Power NR: 30dBm (EIRP), LTE: 23dBm (EIRP) TX Power NR: < 48dBm (EIRP), LTE : 23dBm (EIRP)
Backhaul Ethernet2.5G Base-T/ SFP+ Backhaul Ethernet 10G Base-T /SFP+
Mount Type Bracket for Ceiling Mount / Wall Mount Mount Type Bracket for Wall Mount
Indoor / Outdoor Indoor Enterprise Indoor / Outdoor Indoor Enterprise
Synchronization IEEE1588v2, GPS (optional) Synchronization IEEE1588v2, GPS (optional)
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12. Company Overview (1/3)

Innowireless

Founding Date September 2000

IPO Date February 2005

- Innowireless / QUCELL Networks :

: Seongnam-si, Gyeonggi-do, Korea

Location

- Accuver:Dallas, London, Warsaw, Tokyo,

Shanghai, Hongkong
460 employees (As of 2021)

- Innowireless : 315 employees

Employee

- QUCELL Networks : 83 employees

- Accuver: 62 employees

- Wireless Network Optimization Products
- Big Data Products (Probing & Analytics)
- Test & Measurement Products

- Small Cell Products

Business Area

- www.innowireless.com
- WWW.accuver.com / www.accuver.jp
- www.qucell.com

Home Page

OPEN, CONNECT, PLAY
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South Korea | |

South Korea
Global Branches

QUCELL
NETWORKS ARCINGS

C Innowireless

Founded : September2000 [IPO (KOSDAQ)]: February2005
Business areas
R&D for Optimization and T&M products

Korea salesfor Small Cell, Optimization and Test & Measurement
products

I

C Innowireless

Founded : June 2017 as a subsidiary of Innowireless

QUCELL .
NETWORKS

Small Cell R&D
Small Cell Manufacturing management & QA

Founded : September 2009 as asubsidiary of Innowireless

Business areas

|

Accuver

Worldwide Sales for Small Cell, Optimization and Test & Measurement products
5 Worldwide Branches : US, Japan, UK, Poland, India
Regional Technical Support
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12. Company Overview (2/3)

Accuver London (UK) C Innowireless seoul (KOR)
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12. Company Overview (3/3)

A - (@AY : E N
‘ A;_ 12N =

Core Network

Wireless Network Optimization Test & Measurement Small Cell Big Data Analytics
* An air-interface test tool for * A portable solution for monitoring « A small cellular RAN, which extends + A solution for collect and analyze
benchmarking, monitoring and and maintenance for RAN quality service coverage as well as limited data from core network
analyzing the wireless network + A solution for development and or shaded areas
performance and quality manufacturing Small Cell
= 2 | e
. ~
((ZK)) H

frh

(E(K
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Thank You

4G and 5G Small Cell Solutions
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