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Design for 20 years

Mobile Network Technology Lifecycles
(North America)

© Chetan Sharma Consulting, 2014
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Generations are distinct

Talking a different language

Formative ‘Maturists : Baby boomers Generation X ‘ Generation Y GenerationZ
experiences  :(pre-1945) : (1945-1960) (1961-1980) : (1981-1995) (Born after 1995)

i Wartime rationing : Cold War Fall of Berlin Wall : 9/M terrorists Economic

i Rock'n'roll : ‘Swinging Sixties’ Reagan/Gorbachev/ : attacks downturn

i Nuclear families : Moon landings Thatcherism : Social media Global warming

: Defined gender ‘ Youth culture Live Aid : Invasion of Iraq Mobile devices

i roles - particularly | Woodstock Early mobile : Reality TV ﬁ?&‘.“.’ ct::lwtlng

: for women : Family-orientated technology : Google Earth gee
_________________________ i "% i Divorce rate rises :
Percentagein o o 0, 0 Employed in either part-time
UK workforce 3 A’ 33 A’ 3 5 A’ : 29 A’ jobs or apprenticeships
Attitude Jobs for life Organisational - “Portfolio” careers - Digital entrepreneurs - Multitaskers - will move
toward career careers are defined loyal to profession, work “with” seamlessly between

i Q : by employees not to employer organisations organisations and

i “pop-up” businesses

Signature Automobile Television Personal computer Tablet/smartphone Google glass,
product l:l D 3-D printing
R = 5 '
Communication Formal letter Telephone E-mail and text message Text or social media Hand-held
media 3 ) S 1 <=z communication

E ﬂ 2= N i devices
Preference when Face-to-face meetings Face-to-face ideally but Online - would prefer Face-to-face : Solutions will be
making financial i increasingly will go online face-to-face if time digitally crowd-sourced
decisions permitting :

land ¢ 36 TTaG
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Generations overlap




Generational surprises

Generation Expectation Surprise

underestimated cost and fixed-equivalence as drivers
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Lessons, in brief

Experience Lessons

VoLTE, IMS avoid complexity
avoid entanglement
plan intercarrier interfaces

Wi-Fi don’t trust the RAN/AP

disaggregation of clear & simple interfaces
functions don’t assume trust between elements

app stores keep it application-neutral

FTTH, backhaul cost re-use backhaul where you can find it

IMS 2017



2G 2 3G 2 4G > 5G = increasing number of technology componen

5@G is a systems standard

Technology
component

Proposed application

Less exciting, but likely

mmWave

edge
computing

M2M

1 ms latency

slicing

10 Gb/s user rates

loT

billions & billions of devices!
autonomous vehicles!

autonomous vehicles!

QoS

capacity in stadiums
fixed wireless?

video caching

electric meters

keep it application-neutral

test networks, VPNs
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Changing spectrum
environment

Except at highest frequencies, all new spectrum likely to be shared
° e.g., 3.5 GHz

° in time & space

- need frequency-agile systems that can shift capacity to different
bands, quickly

- few common bands for consulting spectrum database
° NOW: scan, pray & wait
> 5G: shared band - database
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Spectrum sharing

How much politeness &
fairness is required?
= LTE-U & LTE-LAA (license-

assisted, listen-before-talk)

Secondary Overlay sharing
markets
Command .
and Exclusive use Hybrid models Open access
control R

| Auctions | Underlay sharing
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|[deal spectrum

nused or cheap

AWlable globall

N

tant for consy 4

No
Propa}
Not affecta
Wide bands (=5 MHz, pr}
Is paired (uplink §

' )
ey
Allows small antennas&ad

Can be processed ch

onics ( 5t GaAs)



Spectrum Mmanagement

UNTIL THE 2000S “MODERN”




Challenges for spectrum
sharing

Unlicensed ~2000 Unlicensed now Unlicensed emerging

e indoor home e secondary public SSID e L TE-U, LAA
e indoor enterprise e e.g., CableWiFi e what are the
e campus e re-use HFC/FTTH backhaul “kindergarten” rules?

e --> natural separation ® One band, one channel

e only power rules (no
listen-before-talk (CS)
required)
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Spectrum co-existence

-

-

R
“high tower, high power” * cellular uplink
(TV, cellular downlink, radar transmitter) * radar receiver

* GPS receiver
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Spectrum roles

base-level coverage urban capacity indoor & capacity direct.ional
(particularly rural) capacity
Digital dividend AWS-3 3.5 GHz o Wave R&O

TV incentive auction
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The filter problem

guard band
(wasted)

filter
(input or output)

licensed
band
user 2

licensed band

user 1

Power imbalance:
e cell downlink: 100 W ERP
* cell uplink: 0.05-2 W
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TV Incentive auction

1. go off-air (6 MHz)
2. multiplex (share)
descending clock auction 3. VHF
- reduce until clearing target met

April 2017

initial forward TV station
clearing auction participated
goal (carriers) & got bid?

144 MHz
(May 2016)

forward bids
insufficient > repack
reduce clearing goal (39 months)
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600 MHz incentive auction

FirstNet
Paisad Auction Aiation spectrum
Blocks (MHz}  (MHz}
12 144 120 |21 [22]23 24 [25]028
1 138 1o [21 [22]2a 24 Jas [oe [7
0 128 w0 [21 [22]23 24 25|28 ]or [ ]2e
9 114 50
] 108 0
?[ 84 70
& 78 &0
5 72 50
4 80 50
2 a8 20 _ :
2 4z 20 |21 |22 |23 [2e [2s [2e [ [ 25 |29 |20 |21 [22 [2e [2e |25 [2e [a7 [ 2a [2a [a0 [ o1 |2 [a2 [2a PN 700 1z U |
TV Channek |21 |22 |23 |24 [25 |28 |27 |28 |20 [20 [ 21 [ 22 |22 [ 34 |25 [28 [27 |28 [ 2o [0 [ a1 [a2 [a2 |44 [a5 |8 [47 |28 [ 3 |50 |51 [amioa |

[ | =Tvstatien [ = Gusrd Banss anfADuplex Gaps [ = Feired

Source: FCC and BTIG Research

: 5 MHz uplink
radio astronomy, blocks

medical monitoring

5 MHz downlink
blocks
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Incentive auction facts




Spectrum Needs And Values Are Ch

anging

Prior to 2013, low-band routinely fetched 2X the amou
band started to shift after VZ deployed LTE on 700MHz

2x the last significant low-band transaction. The incentiVv
the most valuable spectrum, and executed in an era whef

ived value of mid-band vs low-

nt of mid-band. The perce
ld for more than

. BY the AWS-3 auction in 2015, mid-band so
le auction was conceived in an era when low-band was

focus had shifted to higher bands.

Mid-Band Vs. Low-Band Values - Sfelected Transactions '

$ / MHz-POP
Period of iow-band dominance Period of mid-band ascendancy
s300 ([~ Y \
| Auction 97
L $250 | /
$200
$150 TVZ VZ-TMUS
Auction 73(2068) F=acom // TMYSAZ
T-LEAP
$1.00
Atretion 1001
. Auction 66 (20 -SpecirumCo
$0.00
Prior Aucti
on 2010 2011 2012 2013 2014 2015
1 2016 2017
1) Indexes : e |Vid-Ban
Source: Corl:::nr;? ;/ah::es to national auction prices tor all transactions, s Low-Band
— 2 a y Sa -
3, FCC, New Street Research estimates ve VZ-SpectrumCo}and auctions themselves,
e
gie \/\//S treet

Jonathan Chaplin | 212 921 9876 | jon

athan.chaplin@newstreetresearch.com

https://law.duke.edu/innovationpolicy/spectrum-incentive-auction/
-]
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Forward auction: T-Mobile &
others

T-Mobile

Mosaik &

600 MHz Incentive Auction Results: Aggregate MHz Won
Lo [120 30 M40 M50

AS a strategic partner ¢ rk-gependent so widers, Mosak enables its
clients to deliver a sup buid wor id-clas ) and moblle applications
backed by comprehen: e,

() mosaik.com () @mosaikglobal ) mosaikgiobal () mosaik-solutions
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COMCAST

e

atat

S6.2B
486 licenses

$1.7B
145M POPS

S1B

18 PEAs

(has 700 MHz spectrum)
FirstNet spectrum




TV white spaces (US)

First large-scale spectrum database

But limited use in the US
> number of channels

Leonia, NJ

o

power levels

Channel Frequency Allowable TX

Number Range Power (mW)

5 . (MHz)
equipme nt 42 638-644 40

o}

available mostly in rural areas, not urban

o

change after incentive auction Amherst, MA

Channel Frequency Allowable TX
Number I(zleln ? Power (mW)
F4

524-530
530-536

Channel Frequency LUGVELI
Ran Antenna Hel?-ht
(MHz) (meters AGL)

2 54-60
g 174-180

Number

536-542
542-548

180-186
186-192
210-216
494-500
530-536
536-542 50 686-692 40

542-548
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3.5 GHz band

FSS: C Band (3.625-4.200)
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3.5 GHz user classes

must not interfere

Federal users
Fixed satellite users (FCC)

census tract

Priority licenses (PAL) <70 MHz
10 MHz channels in 3550-3650 3_year licenses

assigned via SAS

ESC (environmental sensing capability) allows
commercial use in coastal and Great Lakes region
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30-40 GHz mmW overview

Source : Samsung Communications Research Team

EESS MS MS MS
ITU FSS FS FS FS
RL FSS FSS FSS

h . —"‘“‘
7 .5 31.3 33.8 38. 40 41 2.5

42.
2.5

26.5 !L 31.3 334 40.2 4
PR
o 1B ——
13.4 14 18.1 186 27 . 29.5 38 O 5
Current Usage Current Usage
US :LMDS, FSS Na
EU : Fixed P-P link , FSS earth station R T MOBILE Primary.
China : Mobile, FSS % AOHG Toe
A 4 Korea : None
Korea : Marine time use -
EESS (Earth Exploration-Satellite Serivce) FSS (Fixed Satellite Service) RL (RadioLocation service),

I rvi FS (Fix v P-P (P to Point M | Multipoin )

=  Note: The Commission’s Fixed Microwave (Part 101) and Satellite Communications (Part 25)
service rules govern most of US mobile allocations shown above
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MMW: Spectrum Frontiers R&O

Core Principles
° |dentify substantial spectrum in MMW bands for new services
> Protect incumbent services against interference
Flexible use: enable market to determine highest valued use
Overlay auctions where no existing assignments
Provide spectrum for both licensed and unlicensed use

[e]

[e]

[e]

R&0O — 10.85 GHz added for mobile service (July 2016)
o Licensed bands (3.85 GHz): 27.5-28.35 GHz; 37-38.6 GHz; 38.6-40 GHz
> Unlicensed bands (7 GHz): 64-71 GHz

FNPRM — seeks comment on another 18 GHz & above 95 GHz

o 24.25-24.45 GHz; 24.75-25.25 GHz; 31.8-33.4 GHz; 42-42.5 GHz; 47.2-50.2 GHz; 50.4-52.6
GHz; 71-76 GHz; 81-86 GHz; bands above 95 GHz

Licensing, operating and regulatory rules
o Part 30: Upper Microwave Flexible Use Service (UMFUS)

o Geographic area licensing, area size, band plan, license term
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Conclusions

5G is no one thing
> and some of the “things” may be secondary

° but reducing the cost per
New spectrum is one key differentiator for 5G

New bands may take 10+ years: policy negotiation + clearing/sharing +
deployment

Each band has unique challenges, but some tools emerging
° reverse auctions for clearing
o spectrum databases, enabled by multiple radios and GPS
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