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Overview

* 5G wireless development activities
* Recent Testbed Experiences
* 5G and Beyond Wireless Testbed Keys

* Summary
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InterDigital
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Development

* Founded in 1972

~ 180 engineers
* 80% hold advanced degrees
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InterDigital — Wireless Technology Development

Look to collaborate with other companies, research centers, universities and
public authorities.

Has been a top-4 standards contributor for successive
generations of wireless technology, including
3G and LTE (as per PA Consulting)

Are impartial advocates for what we think improves the entire industry.

The mobile industry has cycles of hype and over exuberance. Our research,
opinions, and the market research we commission is focused on injecting realism.
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The Time to Engage in 5G is Now!
We are active participants and contributors to 5G wireless, network, and video standards

3GPP - 5G New Radio (NR) Machine Type and High Reliability

* All radio network layers, core network, Enhanced Broadband 3GPPNR - mMTC & URLLC

interfaces, non-access stratum, ... 3GPP NR — eMBB and URLLC
RAN 1/2/3/4 (Physical Layer)

* SA/CT (CN Architecture, Interfaces, NAS) Expected
Wi-Fi Deployment

* High throughput, millimeter wave,
wake up receiver, ...

. 802.11ax, xy, ba 2017 2018 2019 2020 2021

Video 3GPP NR LTE Release 15 LTE Release 16 LTE Release 17

* Future video coding standards (“H.266”) cMBB URLLC Other use cases/deplc?yments (e.g. Unlincesed operations,
* MPEG immersive standards suite: Satellite, V2X, mMTC, etc)

coding, packaging, 360 deg, Wi-Fi 802.11ax and 802.11ay
virtual reality, augmented reality,
point cloud, ... Video Future video coding (“H.266"”)
IETF, ETSI, ITU
.

Extended
use cases for
loT & V2X

Non-
Standalone

Standalone

© 2017 InterDigital, Inc. All rights reserved. INTERDIGITAL_




5G — Emerging Architecture and Enabling Technologies

* 5G New Radio

— Fiber-like performance
— However, 5G is Multi-RAT

5G Architecture Themes:
Flexibility, Scalability

Service |

Level E2E Secure Service Orchestrator | * Network Function Virtualization

===
Level / Slice #2: loT @ i

Network Operating System

— Network realized in software: Core and RAN

— Cloud resources throughout the network

* Programmable Network

— Flexible orchestration of network resources
and infrastructure: RAN, core, transport, etc.

[rosrammabiecri ] | rogrammaecit | [ rogrramasie i |
(SDN-C)

Secure Network and Service Management

Resources & P g....;ba., - _ 9 o .
Fanciona %{E - 5'%@\ '@5@15 * Network Slicing
] ?f; 8 . .
.“.;;,.,,.,..,,.,,.,,,,cc,,!‘ el :;.:,a,.,w CoraiCenirt H — Self-contained, independent network
loud cloue partition including all segments: radio, core,
Source: 5G-PPP Architecture WG transport, and edge.
View on 5G Architecture (Version 2.0) — Multi-domain, multi-tenant
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Extensive Simulation Activity

Extensive link and system level simulations support 3GPP and Wi-Fi contributions
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At the Forefront of Emerging Technolog

History of being an early player in emerging technology development

* Early prototypes for 5G Millimeter Wave INTERDIGITAL

February 27, 2015
InterDigital, imec and

g-Based Millimeter Wave Mesh

* Early contributor to launch of today’s loT peraso Demonstrate World's First WIGH

standards Backhaul Sylslﬂ“ o ot Phasad Ay, Wi Baseband and Mesh Software Into
i : laboration e whaul Sob
* Diverse approaches to Spectrum Sharing o Digital's EdgeHaul(TM) Small Cell Backnat
* TVWS INTERDIGITAL
July 29, 2015

* Dyn amic S peCt rum M an age ment World's First IP-over-ICN-over-SDN Demonstration

INTERDIGITAL

* Cellular Unlicensed October 27, 2011
. . . Ii
* Innovative solutions for network routing Machine.1o-achioe Gommymatt-Vendor Domonstaton o New ETSI Standard for Wraese

using SDN Newly pubished standard enabies con _
deployment of mew & M2 v mmv,;":', ::f, :d;km' f s to e

* Active member in key organizations
INTERDIGITAL

)C; E ) ngmn October 22, 2012 i
@ IE E E ¥ 5 GAA @ g._n;'.:m::::m..,. rDigital Showcases World's First Demo of Wi-Fi Access over Dyna ly
i White Space Spectrum At DySPAN 2012 A —
B SOy ta Easily Adaptable to Multiple
K ciay ===DASH
A . 1 ETF e mm mm |ndustry Forum

Company's Dynamic Spec - '-s,,..'gsmeAccm"PP“ﬂm
InterDigital Confidential and Proprietary — Subject to Thales-

-Selected TV
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Wireless Platforms, Demonstrations and Testbeds

InterDigital 5G Access
Edgetink™ for 56 5G 70 GHz Low- pual 32 Elsment 60
60GHz Fixed Wireless latency Dema GHz Phased Array
Arcess
-
:'., ¥ .

From 5G Prototypes to 5G Standards
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EdgeHaul™ Demonstration and Field Trials

Mablis Warkd Congesms 2215 Fall 2015 Cundecr Rarge Tatieg

e

INTERDIGITAL. (&3
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Advanced Waveforms: InterDigital’s Proof of Concept
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FLIPS Trial at UK's Bristol is Open

* Multi-cast technalogy for Mohile Edge
Computing that improves netwark
efficiency and user experienced latency

* Tachnology degloyed in 6 fibre-enabled
SDN-connected lamp posts

* Farliel FLIPS & legacy IF deploymient

= Open trial from July 10 -23, 2017

* Web-based mobile game

= Sahar st riddelie Lereugh upbeating 24
conbiond e uslock parts of thie riddli

= Uphead 10 certyal wle

= Fgs barly risplicatind 1o bocal repeilonies uaing
HITTP mdtitait of Ped e

= Centiond. covnumglion thicush local repeitong
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Bristol is Open
Open Programmable City

- City wide initiative utilizing deployed fiber connectivity
= Mix of technologies and experiments — from sensors to smart phones

.wé University of
BRI BRISTOL
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InterDigital — MEC R&D Activities...a shapshot...
ﬂLIPS - An Edge IP Proposition :2‘3'”1- - \ ﬁG Virtualized T

Access Network
Living at the

::s/ﬁ‘ = Edge

Orchestration and Control System
(0cs)

TM : topalagy manager
RV7: reendervus puinl

Multi-RAT Access

= [ e | enabled via an
..(D
0
iy e

B sostcheckany
. IDCE Ciige 1P blacks:

e ol ETS| MEC PoC + integrated and
D @ T ; ; virtualized edge, fog
uﬂm on-going Trial @

»
&
e—— Bristol-Is-Open *‘/ K system

/ MEC Resource Management - Sponsored research \ ETS17 S Active ISG Member

— Distributed orchestration - U ing Pl Meeting at InterDigital
=t pcoming Plenary Meeting gital,
across the heterogenous, & // Melville Office in October
constrained edge

- OasinareSion IEEE —  First International Workshop on Edge and
I: ML m Fog Systems for 5G & Beyond (IWEF)
i ) ‘“:_:;m — Barcelona, Spain on April 15, 2018
: =R http://wcnc2018.ieee-wenc.org/workshop/first-international-workshop-edge-and-
R T / fog-systems-5g-beyond-iwef/first-international

© 2017 InterDigital, Inc. All Rights Reserved. INTERDIGITAL




Join efforts Interact across
disciplinary borders

Test hard- and sofware Test applications
based system components

and protocols

Berlin S
- .. . .l n

Test |atest technologies
Test air interfaces

Remote Connection
Direct Connection
5G Berlin | © Fraunhofer Institute

© 2017 InterDigital, Inc. All rights reserved. INTERDIGITAL




EdgeLink at 5G Berlin Testbed 5®(Crosshaul

Sept 2016
i i : '\

a

Phase 1 Berlin Trial -

R

* InterDigital EdgeLink System deployed into the 5G BilingZ(HHI =B .. L
Berlin Testbed, hosted by Fraunhofer HHI — under A VA
the 5G Crosshaul project 0 Ay - : S (HH! Video) 8

* 3 EdgelLink mmW Nodes — outdoor installation on
buildings within the Fraunhofer and Berlin Technical
University campuses:

* Ranging from 95 to 185 meters distances
* 1GW + 2 non-GW Nodes

* Multiplexing of Fronthaul and Backhaul traffic over
the InterDigital mmW EdgeLink Mesh transport
network:

* Backhaul == Commercial LTE Small Cell

* Fronthaul == Cloud-RAN (remote radio units and centralized
baseband) provided by a Crosshaul Partner.

* Execute a range of experiments considering traffic loading
profiles under real-world conditions.
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US-Ignite PAWR Benefits

Industry Benefits

Addressing significant pre-
competitive research challenges not
easily feasible for individual
companies

Creating city scale real-time testing
environments to accelerate wireless
and networking technologies

Enhance Industry-academic
partnerships

Help to sustain US leadership by
shaping and securing funding for
fundamental wireless research

© 2017 InterDigital, Inc. All Rights Reserved.

InterDigital Benefits

To continue our heritage as a
thought leader in 5G by
collaborating with world class
Universities and Industry in the US.

Promote and expand the US as a
leader in mmW and 5G technology

Bring our leadership and experience
to PAWR having worked with EU
funded H2020 projects

Opportunity to deploy and test our
technlogy in real-world
environments.
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DSM Wi-Fi Platform
3.5 GHz and TVWS Operation

200 MHz coverage in 3.5 GHz or
TV White Space frequency bands

Dynamic allocation &
aggregation of up to 4 non-
contiguous channels

Wi-Fi based physical layer for
coexistence

Integrated sensing for channel
selection & interference
management

Compatible with certified geo-
location database

Aggregated data rates up to 72
Mbps

[
DSM PLATFORM DSM PLATFORM - CLIE T IS

802.11n

MAC/PHY
development
board (ARM)

WLAN IP [ Bar—

MAC

Sensing toolbox

running on a Tl
OMAP3530

Channel
Management
Function

!
!
!
!
!
!
PHY :
!

INTERDIGITAL

Wideband
digital radio
development

board

TVWS Radio

DSNI GUI, Media Server,
Programmable Interferer
Sw

DSM Client
Programmable
Interferer
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5G Testbed Key Attributes
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5G Testbed — Addresses Multiple Technologies

* Broad range of topics
* Spectrum access
* Advanced Waveforms
* mmW
* Advanced MIMO
* Flexible/Full Duplex
* internet of things
* Security
* RF Fingerprints
* wide-area wireless backhaul
* Measurements
* MEC
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5G Testbed Usability

* Reasonable learning curve

* ‘Hello World!"+ examples

* Operable by entry level technical talent
* Clear Interfaces and Documentation
 Utilize current user interface approaches
* Remote Access Capabilities

* Reprogrammable when necessary

* Extensible

* End to End System

* Ability to test HW and SW

* More than adequate Processing Horsepower
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5G Testbed Reproducibility

* Platforms setup, maintained, logged/documented
* Follow rigorous scientific standards
* Repeatable Results and Accuracy
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5G Testbed Interoperable

* Prevent silos within research

* ecosystem

* Well-defined interfaces

* Interconnection with other Testbeds

e Reuse of other Testbed interfaces
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5G Testbed Programmability

* Programmable at multiple levels
* Such as radio, resource allocation, backbone, etc.

* Clearly defined interfaces and APIs.
* Well documented
e Coding Examples Provided
» Simulation Platforms available for pre-deployment testing and debug
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5G Testbed Open Access

* Accessible by the research Teams
 Community Involvement and buy-in

e Fairness in access
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Summary

* InterDigital is actively engaged in the development of 5G technology and
welcomes the opportunity to collaborate on the advancement and
improvement of 5G

* InterDigital has been involved in various wireless testbeds.

 recently Bristol is Open and 5G Berlin.
* Looking forward to working with PAWR testbeds and other future testbeds.

John.Kaewell@interdigital.com
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