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The views and opinions expressed in this presentation are those of the author 
and do not necessarily reflect the official  policy or position of any agency of the 
U.S. government. Any resemblance to actual policies, living or dead, or actual 
events is purely coincidental.
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Design for 20 years
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Generations are distinct
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IoT requirements
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relay(traffic(generated(or(consumed(by(humans.(While(the(network(in(general(consists(of(wired(
and(wireless(devices,(the(trend(is(for(devices(to(be(wirelessly(connected(to(the(network(edge(to(
enable(lower%cost(installation,(easier(physical(reconfiguration,(and(mobile(applications.(((

(
IoT( applications( using( wireless( communications( are( highly( varied( and( differ( in( their(
requirements.( From( a( networking( perspective,( classical( IoT( applications( can( be( categorized(
along( two(dimensions( of( range( and(mobility.( Range( refers( to( the( geographic( spread(of( the(
devices.(It(describes(whether(the(devices(are(deployed(in(a(small(area,(say(within(a(couple(of(

hundred(feet(of(each(other,(or(are(dispersed(over(a(wider(area.(Mobility(refers(to(whether(the(
devices(move(and(if(so,(whether(they(need(to(communicate(while(on(the(move.(Table(1(shows(
the(five(categories(of(applications(spanning(several(orders(of(magnitude(differences(in(range.((
For(each(category,(it(shows(the(basic(device(characteristics,(services(and(suitable(networks.(
(

(
!

Table!1:!M2M!application!categories.!We!focus!on!applications!in!the!top!two!rows!which!have!a!
required!range!of!!about!1000m!for!wide?area!coverage.!Applications!in!other!rows!have!more!

established!ecosystems.!!

(

For(localized(IoT(applications,(a(short%range(network(is(most(appropriate,(allowing(the(use(of(
unlicensed( spectrum( and(maximizing( battery( life( while( meeting( the( networking( needs.( For(
example,(many(smart(home(applications(for(environment(control(and(monitoring(would(be(well(
served( using( an( 802.11%based( network.( Shorter%range( applications( can( be( enabled( using(
Bluetooth(or(NFC.(The(smartphone(can(be(used(as(hub(to(enable(personal(IoT(applications(such(

as(health(monitoring(and(local(object(tracking.(Bluetooth(is(often(used(to(connect(to(IoT(devices,(
and(an(802.11(or(cellular(connection(provides(network(access.((

For(wide%area(IoT(applications(such(as(the(connected(car(or(fleet(tracking,(a(mobile(broadband(
network( is(more( suitable(because(devices(move(over( a(wide(area.( For( applications( such(as(
metering(where(the(devices(are(widespread(but(there(is(little(need(for(mobility,(a(wide(area(
network( is( required( but( does( not( have( to( support( seamless(mobility.( Although( the(mobile(

network(meets(the(requirements(for(this(category(of(applications,(a(dedicated(network(that(is(

Wide-area Wireless Communication Challenges for the Internet of Things
Harpreet S. Dhillon, Howard Huang, Harish Viswanathan



5G low latency
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Niche networks persist
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What’s the economic case for 
5G?
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avg. about 2.1 GB/month
T-Mobile: 10 GB tethering



Cord-cutting for broadband?
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Network economics, 
(over)simplified
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How can 5G be cheaper by 
GB?
Backhaul is major cost factor

◦ “Backhaul costs represent almost 6% … of a wireless carrier total operating 
expenses (OPEX) and 30% of total network costs.”

Re-use existing fiber to residential users
◦ Requires cooperation of cable/FTTH provider

Reduce license cost for spectrum  unlicensed, mmWave
◦ first step: LTE-U
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Network 
architecture

IMS 5G SUMMIT 12



Networks 1G through 4Gish
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national carrier

one subscriber,
one phone,
one provider



Complexity kills
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IMS /VoLTE
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IMS = It Mostly Speaks
VoLTE = Voice-Only Later than Expected



LTE-U
802.11n
LTE

5G – what exactly is a carrier?
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LTE – one carrier, plus roaming
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5G: Carriers as consumer 
brand
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Outside Inside



What are carriers good at?
Research?

Software development?
◦ Who is going to develop those 5G SDN applications?

OTT applications?

API-based services?
◦ Why did Twilio and Tropo offer voice service APIs and not the ILECs?
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The law of new networks
“Any new network technology will be justified 
on (finally) providing QoS”

To succeed, they have to provide good-enough 
QoS for best effort

◦ at least with competition

The business model for QoS is difficult
◦ see bypass toll roads

QoS is usually not accessible to applications
◦ or not end-to-end
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5G prototype: Eduroam
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5G opportunities beyond hype
Applications surprise

Low cost per GB carried (capex & opex) may beat QoS
◦ fixed wireless and predictable motion (trains!) may be initial opportunity

Complexity kills
◦ layering (1984) and information hiding is still a good engineering principle

5G: 4G++ or opportunity for re-thinking design assumptions
◦ complexity vs. modularity
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