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4G /5G Wireless



Why Wireless Extensione

TIME TO MARKET

INTERIM SOLUTION TO WIRED

FUNDING SOURCES GREAT PERFORMANCE

« Throughput
 Latency
« UL/DL

STAFFING
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Customers Talk

» Latest NPS scores for various broadband services

Selected Subcomponent NPS Scores

I -
Web Browsing  |Streaming Audio Cur.mﬂ.tlriﬂ . -ﬂ-dd.-ng e Eq-spng e Streaming video |Tech support Billing Support
E ACE E CE S . i S pErhEnc over the phone  |owver the e
‘ NP Npenen WiF e nat ENPen L r r proan
Fixed Wireless 30. 215 42| 22.5) 20.1 268 11.6) 13.5(
EFub-er 22. 20 1-!.4[ 131 13.9‘ 11.‘5I 5.4 -4.3[
|
I L
|cable 6.1 26 01 05 -13[
!
|bst 9 143 88| 135 204

Source: Recon Analytics Data from 4/29/22 through 6/24/22 n=11,999
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Wireless Options

» Microwave » Point-2-Multipoint
» Long-haul/mid-haul » Fixed end user
> Back-haul » i.e. WISP, telephony, telematics

> Point-2-point » Proprietary or Wi-Fi

» Proprietary/IP
» Cellular (-like)
» Fixed/nomadic/mobile end users
» i.e. WISP, mobile cellular, loT

» i.e. Non-proprietary Wi-Fi or
4G/5G
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Generational Evolution of Cellular

1G 2G 3G 4G 5G

1980s 1990s 2000s 2010s 2020s

Technology/ N X &
Speed ¢ ] (o)___((o) O/ 0O" (0) (0)
Spectrum

Data
Capacity

Applications
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4G vs 5G Considerations

Today 2020-25
Users 10M people
Speed 100 Mbps
Latency >>10 ms
NW service level Eoerszﬁffort
Logical networks 1

Smart home

ay

iobile gaming

lo—>

Connected cars

©

loT wearables

NOKIA
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Spectrum Considerations

Spectrum is important for 4G success and critical for 5G success
Using all spectrum types and bands

@ |icensed Spectrum
Exclusive use
$339

(@ Shared Specirum
New shared spectrum paradigms

$-3%

@ Unlicensed Spectrum
Shared Use
$
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Low, Mid, or High Band?e

High bands High capacity
24— 48 GHz Hotspot/Dense urban
Line-of-Site Coverage
A
Mid bands Il
3.5-7 GHz
Mid bands |
1-3.5GHz
y

Low bands

Sub 1 GHz 20 mi ] O msec

Moderate capacity
Wide area
Outside in Coverage

Coverage Bandwidth Latency
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CBRS Is New Spectrum Option

Citizen’s Broadband Radio Service

New shared specirum paradigm

(Both licensed and unlicensed)

3700 MHz

Satellite Service, US
Navy, Military Radar

ISPs, Private Networks
licensed

3550 36|OO 36|50
Tier 1 INCUMBENTS
Tier 2 Priority Access (PAL)
Tier 3 General Authorized Access (GAA)

Special services, loT
devices, efc
unlicensed
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4G /5G CBRS Architecture

Public/Private Network

On-Premise or Cloud
Packet Core

Radio Access Network

(Node B/AP) -
\—/
S > S — —— ., gg Satellite Service, US
o 2 Y Navy, Military Radar
End User Devi %z D 2
nd User Devices Q{ Y [ ((;(é))) b AL
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Network Ecosystem Opfions

D End User Devices

Self-funded
((T)) Radio Access Network Naas$
(Network as OPEX
= a Service)
Packet Core
Finance
X sAs Hire
78? Pesign CAPEX
(E) B ~. Grants
Gov't Programs
o, Self-perform
Q Operate
Cf" Maintain
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Vendor Ecosystem
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D End User Devices
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Service Vendors
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Technology Considerations

O

TIME

TIME TO MARKET

FUNDING SOURCES
« Capital vs
Expense
« Matching Grants

PERFORMANCE
« Probability of Service
« Throughput

 Low Interest  Latency
Loans « UL/DL

* |s Wireless « Applications
Allowed?
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3DS Proven Process

S O °

DISCOVERY DESIGN DEPLOYMENT SUPPORT

The discovery step determines the The design step generates your The deployment step consists of the The support step offers
real-world viability of your network. comprehensive wireless network physical build-out and provisioning customizable maintenance and
 Feasibilty studies design. of your network. support packages.
* Budget estimates * Site surveys * Hardware purchase » Lifecycle services (PDF
* Desktop designs * Fiber backhaul defined * Project management * Management software
= Coverage maps  RFplanning « Training = Customer service
* Equipment selection ¢ FCC coordination e |SP set-up services
» Network design * Equipmentinstallation e Network operations
* Final RF design e Tower construction/ services e Training
* Drawings and SOW « Configuration/ optimization « Staff augmentation
» Documentation » Preventative maintenance

e Break/fix

« Updates
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Dan McVaugh

dan@castlerockmicrowave.com
720-560-9001
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