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Status of current RAN and Rakuten in 2018

Current RAN Status in the world

Many operators want to change to a low-
cost, high-quality RAN. However, current
market is oligopolistic, making it difficult to
change from their existing products to
another vendor’s.

Rakuten Status in 2018

We needed to start up completely new
telecommunications facilities as soon as possible,
and to consider not only 4G but also the
transition to 5G at the same time. New method
needed to be taken into consideration.

<Challenges for telecom company>

QDe endence on dedicated hardware from major

vendors (see right)

L High costs and risks due to wars

@ctnormous capital investment/operating costs for
base station construction

© Transition to 5G/6G will take time
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World’s First Fully Virtualized Cloud-Native Mobile Network

In October 2019, Rakuten Mobile became one of the first to commercialize
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Fully Virtualized * Cloud-Native
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R ¢World’s First : As a large commercial mobile network (as of October 1, 2019) / stella associa research



Advantages of a fully virtualized cloud

A mechanism which is running software on genetic hardware through virtualization technology

Conventional Vertically Integrated Telecom Network

Ex)

SW and HW
integrated

dedicated dedicated dedicated

HW HW HW
Internet

 Dependence on dedicated HW (fixed vendor)

* Transition to next-generation can take time

* Enormous capital investment/operating costs for base
station construction
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Fully Virtualized Cloud-Native Network

Separated
HW and SW

genetic HW

* Genetic HW is available (multiple vendor)
* Speedy transition to next-generation
* Significantly reduced capital investment/operating costs
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Advantages of Open RAN
Enables to build RAN with multiple vendors

Conventional RAN configuration 5G Open RAN Configuration

@ Proprietary Open @ Multiple Vendors

Based on Open

Open Interface
O-RAN

Proprietary

Base Band [e_<e] Proprietary Open vDU Multiple Vendors

Inefficient Kubernetes O
Optimization COTS HW on Cloud
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Cost Advantages of Fully Virtualized Cloud-Native Network

Advantages

v’ Avoiding specific vendor lock-in

v' Additional services for network

operation

v Network optimization by Al

v’ Secure network

Mobile Company’s Network Cost
(Percentage of revenue)

~32%
Cost saving by Rakuten

OPEX ~23% Symphony

OPEX 30-40%

Total revenue  Conventional  New Cost by Rakuten
Cost Symphony



Simple Configuration of Base Station

Virtualization technology enables "simple" and "compact" base station configuration

Conventional Rakuten Mobile’s

| Virtualizaed
BBU Radio-integrated _ I '

(Base Band Unit) Antenna Antenna

Rectifier & Battery

Rectifier &
Battery

Server (Edge)

High-cost,/ Long term Low-cost,/ Short term
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Virtualized Open RAN allows for early deployment
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Shortest distance to base station : 130m (Shinjyuku)

Open RAN products for a variety of deployment use cases
Avoid supply chain risks

AN

Airspan &
Airspan Airspan Symphony Sercomm Sercomm Qualpcomm

Space Mobile Mini Macro Small cell VRAN SW Enterpcrles”e small 5G mmW DRU 5G Sub6 RU

Planning

Number of installed products 85 246 31,343 1,412 2,642 61,294 66,630 13,352 8,148
4G Outdoor 4G Indoor 5G Outdoor

Symcloud

Symworld (Autocomissioning)




Operational Reduction through Automation

Developed world-leading "Automation Framework”

Intelligent Whole
@ Company
Execute based on
Al/ML

Cognitive Process Approximately 200 RMOPs handle
Automation more than 25,000 routines per day

Business Impact
2N
‘ Virtual Argent
F & Analysis

Process
Automation

Intelligent level

RMOP 1.0 RMOP 2.0 Automated Network

Our System

RNOS Symworld

P¢RMOP: Proprietary business automation platform »¢RNOS: Proprietary E2E network operation and management system




96% population coverage with Open RAN

Feb. 2022

4G Coverage Percentage A1 96'0%
Mar. 2021

80.1%

Rakuten Line Partner Line

R
4 as of 2/4/2022

Achieved "96% population
coverage" of the opening plan 4
years ahead of schedule.

- asof4/9/2020

Mar. 2020
23.4«%

Mar. 2020 Mar. 2021 Feb. 2022

2 1:Population coverage as a percentage of nighttime population




Rakuten Symphony

Global Interest in Open RAN

Overseas offices established in 8 countries, conducting business negotiations with
telecommunications carriers, governments, etc.

Existing Potential

Customer customer Russia & CIS

Europe
Total 123 29 P 3

North&South 6
33 America

4 19 16

3

<Ex. Existing Customer> Asia-Pac

(T 1) L.
M AT&T gTeIefonlca
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2 : Open RAN Challenges
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What Customers Are Saying About Open RAN

v'Are the quality of existing RANs and ORANSs really equivalent?
Issues v'Concerns about security because of Open Interface
(C‘::f,:"v;r's v'Unsure of integration in multi-vendor configurations
v'Unsure how to deploy multi-vendor commercial network

Gap

v'Quality of existing RANs and ORANSs are equivalent.
Op:'::t':r,s v'Security standards with O-RAN Alliance SFG(Security Focus Group)
review v'Integration in multi-vendor configurations has already been streamlined
v'Streamlined multi-vendor commercial deployment methods




About Open RAN

v" Even if it is ORAN, it is basically 3GPP compliant except for RIC and Cloud

v Technically, there is no difference between conventional RAN and ORAN, only that they are "open".

Service Management and Orchestration Framework

Non-Real Time RIC Legend

|— 3GPP interfaces |
0O-RAN interfaces
For future study

RIC
(Radio Intelligent control)

Virtualized

Open RAN

Reference:0-RAN.WG1.0-RAN-Architecture-Description-v05.00.docx




Open RAN Integration Complexity and Support

High quality and low cost, but integration has become more complex
Integration support programs are important to reassure customers

Conventional integ
Same vendor = Open RAN integ

RRH BBU Core NW

Convetional

Integration previously not

considered by operators
Open RAN Multivendor =

F---@-- 3-8 €

4G/5G RU

Non-experienced operator cannot
handle the quality assurance, which
requires various types of simulators

simulator (RF)

IRAN

5G RAN / gNB 5G Core / EPC
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