fontech™

Harvesting
Unlicensed &
Shared
Spectrum with
5G: Opportunities
and Challenges

Narayan Menon, CTO & EVP
Engineering




=
-—
Fonte(:h v Harvesting Unlicensed & Shared Spectrum With 5G | 2

Demand for Wireless Capacity Ever Increasing
Supply Struggles to Keep Pace with Demand

: MORE SERVICES AND :
BETTER EXPERIENCE APPLICATIONS MORE DEVICES

Augmented Reality
edical  Sensor Fusion
Social and Gaming 4K Video | @
Social Media Context Aware
3D Imaging  Advertising
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Traditional Capacity Improvement Strategies

CapaCitYSUpp’y
Capacity Den'Iand
Spectrum allocations A Highest overall

struggle to keep pace contributor to wireless
with demand growth capacity growth

o

MORE SPECTRUM

INCREASED SPECTRUM REUSE
SPECTRAL

EFFICIENCY

T

e Higher-order modulation, MIMO,
use of higher bandwidths
¢ Increases with each “G”,
but has physical limits
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Capacity Drivers in a 5G World

Higher-order modulation, MIMO,
use of higher bandwidths

New spectrum bands — Increased reuse via
licensed, unlicensed and operation in mmwave
shared bands

o l

©

SPECTRUM REUSE

INCREASED
SPECTRAL
EFFICIENCY

MORE SPECTRUM

Harvest lightly used or unused
spectrum owned by Government,

SPECTRUM : _
SHARING satellite / TV providers
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Spectrum Sharing Regimes

LICENSED BANDS
(Cellular)

LICENSED
(Cellular)

UNLICENSED BANDS

(Wi-Fi & Others)

SHARING IN
UNLICENSED BAND

INCUMBENT (Radar
on DFS Channels)

MulteFire

I
LTE — Wi-Fi
| Aggregation

LTE-LAA
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SHARED BANDS

LICENSED SHARED
ACCESS

INCUMBENT
(Mmilitary, Video
Cameras etc.)

LICENSED SHARED

Use by Cellular

CITIZENS BROADBAND
RADIO (CBRS)

INCUMBENT
(Mmilitary Radar,
Fixed Satellite)

LICENSED
SHARED

OPPORTUNISTIC
Use by Wi-Fi/
Cellular / loT
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Opportunities for Holistic Capacity Management Using Multiple Systems

ASSIGN USERS TO DIFFERENT SYSTEMS
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Unlicensed / Shared

Offload / Onload Traffic Steering Capacity Augmentation
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Example of Multi-Tier Spectrum Sharing Framework
Citizens Broadband Radio Service (CBRS)

© &

Designed to Encourage Innovation,
Competition, Smaller Players

Protected Tier 1 player (Incumbent)

Lightly licensed Tier 2 uses spectrum when
incumbent isn’t using

Unlicensed Tier 3 players use spectrum
opportunistically when Tiers 1 and 2 are not
using the band

Affordable Tier 2 licenses, allocated per census
tract for 3-year periods

’#B 0 =
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Macro Cell
(Tier 1 Operator)

|||||||||||||||||||||||||||||IE|

Small Cell Wi-Fi User
(Tier 2 Operator) (Tier 3)

—

Multi-Tier Model, Enabling Spectrum
Sharing Across Incumbent, Licensed and
Opportunistic Layers of Users
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CBRS: Spectrum Sharing Use Cases

Cable Operator (Tier 2)

5G

Spectrum Access System (SAS) Neutral Host (Tier 2)

¥ T "3 ]]-[f* ' @
1 2 { ﬁ

—_—
=
Private 5G loT Network
(Tier 3)

Public Safety/

Government (Tier 1) Shared Spectrum
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Strategies for Leveraging Unlicensed & Shared Spectrum with 5G

II 5G
WiFi
[: 5G
5G
5G

5G
Wi-Fi,
Others

Licensed

o0
o0

Unlicensed

Licensed
.—.
ol

Unlicensed

/ Shared

Unlicensed
/ Shared

i

Unlicensed
/ Shared

i
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Bandwidth Augmentation or Offload: 5G + WiFi
e 5G in licensed spectrum, Wi-Fi in unlicensed spectrum
e Aggregation or Offload scenarios

Bandwidth Augmentation — 5G in Licensed + Unlicensed / Shared
e 5G operates in unlicensed band
e Carrier Aggregation — licensed + unlicensed bands

New Entrants — Cable MVNO, IoT:

e 5G operates solely in unlicensed or shared band

¢ Usable by cable operators with no licensed spectrum
¢ Industrial IoT deployments

Private 5G Networks & Neutral Host Models:
e 5G operates solely in unlicensed or shared spectrum
¢ Neutral Host provides access to enterprises, venues, high-rise buildings

Bandwidth Augmentation, Offload, Private Networks
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5G New Radio (NR) Designed for Spectrum Sharing

Designed from the Outset for Unlicensed & Shared Spectrum Operation

Supports Diverse Bands Works in All Spectrum Types

New Sharing to Innavate

athe riztion of, and access 10,

Highly Band-Agile
Licensed  Shared Unlicensed

‘ .
spectrum  spectrum  spectrum

Mid bands (1 — 6GHz): Gridmme s o St o Highly band-flexible
Wider bandwidths

L] ] [}
& | | 0 Can switch bands nimbly

0 Can operate simultaneously in
multiple bands

Bands above 24GHz

(mmWave):
Extreme bandwidths,
short range
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5G Radio — Optimizable for Different Bands, Deployments, Services
Flexible Numerology Enables Optimal Operation in Diverse Scenarios

Flexible, Dynamically Variable Physical Layer Configurations — Optimizable for Different Scenarios

Band-Optimized Deployment-Optimized Service-Optimized
+ Optimizable for every * Optimal indoor operation * Latency-critical
band + Optimal outdoor operation « High throughput

* Simultaneous operation in
multiple bands

Aggregation across
multiple bands

Multiplexing across time,
frequency

* Short vs. long range » Mission-critical / high
reliability

Can be multiplexed within
one carrier
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802.11ax & ay — WiFi's Own 5G...

Incorporates Cellular-Like Capabilities & Band Flexibility

MULTI-USER

. . . . MIMO (UPLINK

* Offering Gigabit Bandwidths - at least 4x & DOWNLINK)
current WiFi speeds loasoam

* Bandwidth usage efficiency — larger # of

simultaneous users, increased capacity _ ——
- . Robustness
* Optimizable for multiple deployment types — AST SESSION SCHEDULING
dense, outdoor, indoor TRANSFER Eficient Use of daor & D(g‘FI’VLI'“NLfN?()
SREHE Operation
* Knobs for bandwidth management, QoS T
iriime o
* Mobility between bands, power ORERATION

management POWER

* Multiple bands — 2.4GHz, 5GHz, mmWave

MILLIMETER

WAVE BEAMFORMING

MANAGEMENT
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Supporting an Increasingly Diverse Array of WiFi Use Cases

Single-Room
(802.11ay)

Whole House () Om
Broadband = aeeeeeiad o E‘E
(802.11ax) (o) (o)

Single Family Home Community WiFi & Neutral Host

Enterprise
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Coexistence Challenge in Unlicensed & Shared Bands
Diverse Technologies Sharing the Same Bands

CELLULAR MEDIUM-RANGE/ LAN SHORT-RANGE/ PAN
¥ ZigBe:
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shutterstock - 122087413

5G

shutterstock - 434806825

f WAVE"’

Short-range, battery-
operated, power-
sensitive, low-speed

Longer-range, high- Medium-range,
speed, mobility high-speed, indoor
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Creates Congestion & Interference — Compromising Performance

* Dense Deployments — large
numbers of devices, access
points contending for bandwidth

Multiple technologies coexisting

Multiple service providers

Resulting congestion,
Interference issues affect
performance — latency,
throughput, QoS
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Solutions Must Address the Problem at Two Levels

Coordination
Band Coverage
Management Optimization /

Channel
Management

Listen Before
Talk

Discontinuous Dynamic
Transmission Frequency
Selection

Coexistence

Capacity &
Traffic
Management

Discovery

Fontech’s Radio Optimization Solutions
v" RF environment and Policy driven

v Context, Application, Service Level —
Aware

v Support multiple radio air interfaces

v" Proven for Wi-Fi, applicable to LTE-LAA
and future Wi-Fi generations

Signals

Access Control Schemes
v" Standards-driven

v" Core components of Wi-Fi
today, LTE-LAA tomorrow
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Fontech’s Suite of Unli d Spectrum Soluti e |
ontecns suite o niicense pectrum sSolutions | Carrier grade WiFi pillars |
|
i i ' Provid istent i '
The path from best effort to carrier grade service ! @ Fruiecoetentuseceyperibnce !
; ‘ Offer a fully integrated end-to-end network |
|
i ) Enable adequate network management :
Pl BB vty s, g s ey . A g s, v s, e = e — ) |
e <
il & iEi Conn. Experience o ey - Advanced
Cnmmunlty WiFi ? P L Optimize your residential R .
Tumn your residential access Seamless connectivity, access points and deliver oam!ng
points into residential AEVUPS—BESI—CGHF.'_E_C;?q carrier grade user Enable Pasqumt at your
hotspots ond performance visibility experience to your CJ_Dl:js and _pmwde a better
=3 for the operator ALY WiFi roaming experience to
- - i Py End - user perspective j Network perspective ) your subscribers )
oaming
Interconnect to other WiFi ' @ T @-0-0+ (_ g i @
networks and to WRIX- WiFi Cellular é SUbscr'Ptlor;: SI'I;'Ith:t mi:fmtorlng
compliant WiFi roaming . . managemen nables periormance
hubs y 'nterwork_'ng Enable seamless network maonitoring by
Extend SUhSUIPEE onboarding, extend WiFi processing and merging
e SR ! maﬂ_ﬁlgfm(;“t- DDIIICIV Lgm?m policy types and provide different sources of data
@l Solution ! EXPESIIL REQITE LCihar subscriber self care tools {smartphones_, AAA &
i @ Froduct component ! WiFi domain ) (digitalization) J Access Points). _)

Best Effort Carrier Grade
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