|Parallel

eimagine Your Network. Reimagine Your Economics.

PARALLEL WIRELESS CLOUD NATIVE

OPEN RAN




OPEN RAN AND PARALLEL WIRELESS

Technology Mix “Traditional Solutions Not for

Many Business Use Cases

»  Define and build flexible RAN
solutions: software-defined,
general purpose hardware

* Accelerate path to commercial

deployments 2G/3G/4G
technologies to bring more New Business
people online” Models

Why PW

5G 4G 3G 2G Open RAN // 5G Core and Edge // Analytics and Network Intelligence

®@ @ O O O

OPEN UNIFIED CLOUD-NATIVE SECURED TRUSTED
* No Vendor Lock-In * Coverage and Capacity
* Cloud-Native 5G 4G 3G 2G * Deployed on 6 Continents

* Easy to Deploy, Manage & Upgrade
uParallel 2
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CLOUD NATIVE
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TRADITIONAL RAN

- -
-

Vendor
Lock-in

Remote Radio

uitrryy  —— Proprietary Hardware

DAC/ADC 4
RF Equipment

Difficult

to Scale Proprietary

Fiber Cabling Interfaces

Baseband
Unit (BBU)

Proprietary Hardware
and Software

—

Slow
to Deploy
& Change A

Not 5G

Upgradable

-
-
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Proprietary

interfaces
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OPENRAN: DISAGGREGATING HARDWARE AND SOFTWARE

Reduced

Avoids

Vendor
Lock-in

K Remote Radio COTS-Based Hardware (SDR)
,’I Unit (RRU) Can be purchased from any ODM/OEM/RAN \
! DAC/ADC hardware vendor \

RF Equipment A

Scalable

Open Interface Open

Fiber Cabling Any vendor software can Interfaces
work on this hardware

: | COTS Server and
E=— <_ Proprietary Software
Unit (BBU) with Virtualized
. Functions /

Agile/

5G
Flexible

Upgradable

Reduced

-
-

Opex
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EVOLUTION OF VIRTUALIZATION FOR OPEN RAN

RIC

RIC

CuU

Guest OS Guest OS Guest OS

Container Container

< (-

Container

Container Engine

Hypervisor

Host OS Host OS

Host O - -

Bare metal
Purpose Built Hardware

COTS x86 Server COTS x86 Server
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KEY TENETS OF CLOUD-NATIVE APPLICATIONS

\ Microservices:

» Loosely coupled components
- State separated

* Independently deployable

@\@ * Organized around business capabilities
Containers:

« Light weight, standalone
« Executable package

Cloud-Native App

DevOps Continuous Delivery * OS level virtualization
Continuous Delivery:
« Continuous integration of changes
« Build, Test, Release rapidly and frequently
* Reduce Cost, time and risk
DevOps:
« Agile Practices
Micro services Containers * Bring Dev and Ops together
/ « Shorten Dev lifecycle

Parallel Wireless, Inc. Proprietary I||Para"e|
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CLOUD-NATIVE OPENRAN

@\@

DevOps

Micro services

Cloud-Native App

Continuous Delivery

Containers

~

/

Parallel Wireless, Inc. Proprietary

Microservices:

Modularize OpenRAN functions CU/DU/RIC
Share common microservices

Independent in-service upgrade/downgrade
microservices

Containers:

Instantiate/Scale/Heal Open RAN functions
faster
Increase Resource Utilization Efficiency

Continuous Delivery:

Deliver Open RAN features, bugs and
functions iteratively
Faster time to market

DevOps:

Build once deploy anywhere Open RAN
solution
Better collaboration between Dev and Ops teams

iParallel
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PW CLOUD NATIVE
OPENRAN SOLUTION
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PARALLEL WIRELESS OPEN RAN SOLUTION

—_—
2G Devices
3G Devices

=)
4G Devices

\_©° /
5G Devices

Parallel Wireless, Inc. Proprietary
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Open RAN
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2G Circuit Core
2G MSC/VLR

2G Packet Core
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3G Packet Core
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3G Circuit Core
3G MSC/VLR

4G Packet Core
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5G Circuit Core
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PW CLOUD NATIVE OPEN RAN SOLUTION

* Any G Open RAN solution
* Cloud Native Software based
* Provides Operators

PW CNFS — ~ Agility

CU/DU/RIC - Flexibility
- Elasticity

Bare Metal VM Based Infra

Parallel Wireless, Inc. Proprietary I||Para"e| 11
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CLOUD NATIVE OPEN RAN SOLUTION

* Technical Features:
- Automated orchestration and management
- Distributed network functions
DevOps to improve customer satisfaction
Utilize open-source components
Public/Private/Hybrid cloud hosted solution

 Technical Benefits:

- Provides operators
- Agility
- Flexibility
- Elasticity

* Business Benefits:
- Cloud Native and Open RAN are need of the hour for operators
- Increases profitability
- Reduces cost

Parallel Wireless, Inc. Proprietary I||Para"e| 12
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PARALLEL WIRELESS OPEN RAN SOLUTION

ORAN

ALLYNNGCE

RAN Intelligent Controller (RIC) NON- RT

Orchestration & Automation (e.g. ONAP); MANO, NMS
Al

RAN Intelligent Controller (RIC) near - RT

CU-CP Cu-CP
Multi-RAT El i
cuProtocol Stack | | RRC ~osbap

R I

: Open Front Haul

- J
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PARALLEL WIRELESS OPEN RAN SOLUTION

O-RAN

ALLYNNGCE

~
J

RAN Intelligent Controller (RIC) NON- RT

Orchestration & Automation (e.g. ONAP); MANO, NMS
Al

RAN Intelligent Controller (RIC) near - RT

DU, CU
(2G, 3G, 4G, 5G)

Multi-RAT El
CU Protocol Stack _
. Lardest hardware ecosystém
- Software defined radios for 2G 3G 4G 5G

« Software upgradeable to any G
« Easy to install and easy to maintain

Open interfaces
Fronthaul

: Open Front Haul

g J ecosystem

B B Bxc Bsc [ wiri @ common

Parallel Wireless, Inc. Proprietary I||Para"e|

WIRELESS

14



PARALLEL WIRELESS OPEN RAN SOLUTION

ORAN
I-RAN iParallel

RAN Intelligent Controller (RIC) NON- RT WIRELESS

( 1\
Unified Non-Real-Time OpenRAN Controller (2G,3G,4G,5G,WiFi) Uniﬁed Real time OpenRAN controller

Automation Orchestration
Network Sharing Network Slicing

~
J

(2G,3G,4G,5G, WiFi)

Orchestration & Automation (e.g. ONAP); MANO, NMS )

- :
Al Unified Real time OpenRAN Controller (2G,3G,4G,5G,WiFi)
f —> Radio Resource Mgmt(RRM)

RAN Intelligent Controller (RIC) near - RT
~

Security

Tunn
Security DDOS 509
blhation
& ‘
NFVI, Cloud Native

* Unified across ALL G: 2G, 3G and Wi-Fi in addition to 4G and 5G

* Automation for hands free maintenance

« Enables largest RAN hardware ecosystem

« Unified improved user experience across technologies

* Support of various coverage, capacity, densification and neutral hosting use cases

DDos NAT 9

Mitigation Certificate

DU, CU
(2G, 3G, 4G, 5G)

Multi-RAT E1l
CU Protocol Stack _

- PDCP-C NFVI, Cloud Native » Largest hardware ecosystem

‘ » Software defined radios for 2G 3G 4G 5G
Open interfaces « Software upgradeable to any G
Fronthaul + Easy to install and easy to maintain

e o s s s
.

: Open Front Haul

- J

ecosystem

B B Bxc Bsc [ wiri @ common
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E2E ARCHITECTURE

DC

Dual-Band
Antenna

<+— H\N Partners

RRH

RRH to Junction box
optical cable

Junction
Box

I"[ RIC ]
PW Software '

vBBU to backhaul

Cabinet

Junction Box to

- switch 1Gig
-+ vBBU optical cable ) .
: ! pY ] Sisiss asssssEE | electrical/10 Gig
. Backhaul switch optical cable
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DEPLOYMENT MODEL: RU-CU-DU

COLLOCATED AT CELL SITE

| End-to-End Service Orchestration and Management

A I=xm

Open RAN RU
Ecosystem

Virtual

Infrastructure

Cell Site Cloud

Parallel Wireless, Inc. Proprietary

i
i

Virtual Infrastructure

Edge Cloud

Packet Core

Virtual

Infrastructure

Central Cloud

Use Case:

* Areas with limited FH capacity
+ Latency needs of DU are met

iParallel 17
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DEPLOYMENT SCENARIOS

E2 Open
Fronthaul

Near-RT
RIC

UPF

Scenario A O-Cloud

Edge Cloud

Proprietary

Cell Site

Scenario B O-Cloud

O-Cloud Proprietary

Regional Cloud Edge Cloud Cell Site
F1 E2

Scenario C O-Cloud

Regional Cloud

Edge Cloud Cell Site

Scenario C1 & C2 O-Cloud O-Cloud Proprietary

Regional Cloud Edge Cloud Cell Site

1

1

1

1

|

1

1

1

1

1

|

1

:

O-Cloud : Proprietary

|

1

1

1

1

1

|

1

:

: Proprietary
|
1

Regional Cloud Edge Location Cell Site

Scenario E O-Cloud O-Cloud

Cell Site

Regional Cloud

I
I
1
1
1
I
I
I
1
1
:
Scenario D O-Cloud : Proprietary
1
1
1
I
I
I
1
1
1
I
1

Scenario F O-Cloud O-Cloud O-Cloud

Regional Cloud Edge Cloud Cell Site

Parallel Wireless, Inc. Proprietary

Factors Influencing Deployment model.

* Environment

« Space availability

« Transport capacity

* Acceleration hardware
* Indoor vs outdoor

* Frequency bands

Macro vs small cells
* Application needs

Cost to install

Cost to maintain

Source: ORAN

mParallel 18
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DEPLOYMENT MODEL SCENARIO B:
CU-DU COLLOCATED AS VBBU

| End-to-End Service Orchestration and Management |

Use Case:
* Areas with limited FH capacity

| B P nNonrTRIC B
| | ! +  Spread out RUs
| |||P vBBU i | Packet Core + Latency needs of DU are met
| ! ! |IP Near-RT RIC E - Mix of Small and Macro cell
| l ] |

Open RAN RU 1
Ecosystem
1

: Virtual : . Virtual
! ! Virtual Infrastructure
| Infrastructure | Infrastructure
Cell Site Edge Cloud E Regional Cloud | Central Cloud
Cloud

Parallel Wireless, Inc. Proprietary I||Para"e| 19
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DEPLOYMENT MODEL SCENARIO A:
CU-DU (VBBU) COLLOCATED WITH RIC

| End-to-End Service Orchestration and Management

lIP  NonRTRIC
.

Open RAN RU
Ecosystem

Cell Site
Cloud

Parallel Wireless, Inc. Proprietary

illP  Near-RTRIC

Virtual Infrastructure

Edge Cloud

Packet Core

Virtual
Infrastructure

Central Cloud

Use Case:

+ Suited for Dense Urban Areas
* Excellent FH capacity
+ Latency needs of DU are met

iParallel 20
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CONTINUOUS DELIVERY & DEPLOYMENT

\ Push Software Upgrades
| CI/CD Platform

! !

iIP nonrTrc [
. — |||P vBBU Packet Core
open vy M P nNearrRTRIC [
cosystem X :

Lt Virtual Infrastructure Virual
Infrastructure Infrastructure

Cell Site Cloud

Edge Cloud E Central Cloud

Parallel Wireless, Inc. Proprietary I||Para"e| 21
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FUNCTION LIFECYCLE MANAGEMENT EVOLUTION

CU/DU/RIC

.

» Microservices get added as needed « Instances get deleted as load decreases
* Instances get added as load increases - Self healing on failure

Monolithic Traditional RAN

Parallel Wireless, Inc. Proprietary I||Para"e|
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DEPLOYMENT STRATEGIES
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Business
—> Aligned
Operations

Competitive
Advantage 4 )

GAINS WITH
CLOUD-NATIVE Cloud Native
APPLICATIONS Appleatons

N ) Developers
Flexibility <-—— — > focus on

adding value
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DEPLOYMENT CHECKLIST

With Parallel Wireless OpenRAN, deploying or
expanding networks is much simpler

Lowest TCO

Site High cost to build new 3 \/ Does not require expensive
Acquisition @ X towers ‘ towers, OpenRAN can be installed
ANYWHERE
* Higher cost, longer Interoperable OpenRAN approach
Equipment ‘ X deployment times with '*‘ \/ enables vendor diversity and cost
legacy RAN reduction

Self-configuration and self-

Installation ~ |El X Special installers on site 4 v/ Optimization with OpenRAN
Controller and Business Intelligence

(SON) module

: Requires site visits which
Automated for lower OPEX
Maintenance a X nereases OPEYX 'a v

Flexible and future proof backhaul
Backhaul % X Demands on transport % v including satellite and microwave

removes the expense and

complexity of fiber backhaul

Increases the cost to the Enable coverage fast and
end-user, takes longer to deploy cost-effectively!

Parallel Wireless, Inc. Proprietary




UPGRADE/DOWNGRADE OPEN RAN WITH CLOUD NATIVE

Canary release is a technique to
reduce the risk of introducing a new
software version in production by
slowly rolling out the change to a
small subset of users before rolling it
out to the entire infrastructure and
making it available to everybody.

Parallel Wireless, Inc. Proprietary

o Old version
A N\ DU/CU
iIP OpenRAN Controller
AE=E=EEE

e Users

oS \ Old version
A W 96' DU/CU (( )))
iIP OpenRAN Controller
AE=E=EE
Som New version /
DU/CU

iIP OpenRAN Controller
_>

All Userg

))
—
DU/CU
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SUMMARY

« Technical Features:
- Automated orchestration and management
- Distributed network functions
DevOps to improve customer satisfaction
Utilize open-source components
Public/Private/Hybrid cloud hosted solution

 Technical Benefits:

- Provides operators
- Agility
Flexibility
Elasticity

- Business Benefits:
- Cloud Native and Open RAN are need of the hour for operators
- Increases profitability
- Reduces cost

Parallel Wireless, Inc. Proprietary I||Para"e| 27
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Reimagine Your Network. Reimagine Your Economics.



