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Why Wireless

e |LEC already built out
* Settlements made the difference

e Grow or Die

e CLEC not entitled to Settlements
* Density necessary for FTTH to pay
* How do you meet demand on your
boarders?

* Customersin 10/1 Mb/s areas would be
ecstatic with 25/3 Mb/s
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What is fixed wireless broadband?

* High speed broadband services utilizing radio waves
instead of copper or fiber optic connections.

* Not mobile or satellite
e 2 major architectures types
e Point-to-Point (PTP)
e Point-to-Multipoint (PTMP)
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Technological Improvements in Wireless

* Movement towards standards based tech such
as LTE and WiFi.

* Lower prices, faster improvements

* Not locked into one manufacturer
* Interference Mitigation = Better Spectral Efficiency

e Software !
e Beamforming (al
- MIMO P~ |

*  Multiple In Multiple Out

MULTIPLE INDEPENDENT STREAMS
OF DATA
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Technological Improvements in Wireless

e 11lax Fourfold increase in capacity @
* 8x8 MU MIMO Downstream 4x increase q @E lt Y
*  8x8 MU MIMO Upstream 8x increase e
e Backward compatible with 11ac 1 1 d
* Orthogonal Frequency Multiple Access (OFDMA) a X a n a y
. Aggregation of overhead on both time and frequency for
multiple users

. Downstream only due to power consumption
e 1lay Extension of 11ad
* Gives access to the 60GHz band

* Initially speeds of 20-30Gbps up to 100’
* Goalis speeds up to 200Gbps at distances of 3-

500M
. Channel Aggregation
*  Through walls, around urban obstacles Google and Facebook Terragraph Base Station
https://www.engadget.com/2018/05/21/facebook-qualcomm-terragraph-urban-wireless-internet/
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Technological Improvements in Wireless

e 5Gis an evolution of the Radio Access Network
(RAN) through the application of software and

hardware developments to create the next
generation fixed and mobile wireless network

e Key performance targets:

High Speed - 20Gbps downlink / 10Gbps uplink
High Density - 1 million devices / km?

Mobile

Energy Efficient

56

Low Latency - <1ms
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Technological Improvements in Wireless

. K clny
* Specified by the yet to be released ITU
2. TSG-SA#74, Dec/2016:
Standa rd, IMT'ZOZO NexGen TR completion

Approval of SA2 WID

* We define 5G by a combination of:

—  Draft specifications

— Use case scenarios driving innovation
5G NR Requirements

— Technologies behind the new networks | TR completion

* 5G networks will include:
— Enhanced network architectures

— New antenna capabilities

7. TSG#8

0, June 2018: Release 15 stage 3

freeze for

Standalone.

NR and NexGen, including

AN
RAI

free;é for Non—Standal.é

layers (including components
common with standalone).

| Completion target TBD.

. Stage-3

ne higher

4. TSG-SAH77 or TSG-SAH#78:

NexGen stage-2 freeze.

— New licensed and unlicensed spectrums for 5G (3. cHECKPOINT: TsG#75: March 2017: R e
_ H|gher speeds and capacity —agsr:gr:i:g?;f NR S| with corresponding performance evaluation ;ZZZC;SQ;N::I\(‘ECUSM Giilicansai
— Low Latency :li\e?nlzr:t\ﬁ:a?; ﬁmgﬁﬁgf@m/mmﬁm on fwd compatibility | | égr:’;ﬂﬁf:tz_gr%dfO{SA'Spe“iﬁ“w L2
of NSA and SANR; )
* Release 15 RAN Approved 12/20/2017 “rocionsizneion
* Release 16 due yet this summer \ 5o for Nk er avercomponama boxE) Hots; Sk Standslone
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Keys to a Successful Wireless Network

* Cell Density

e Subscriber Density
* Line of Sight

e Spectrum Selection
e Spectral Efficiency
* Backhaul
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Selecting a Frequency Band

Channel Capacity Cis a function of the channel bandwidth and noise
WAVES C=B-log2(1+S/N) bits/sec

WEI'I.I'I'.'].L"‘I'LHI'h Shannon-Hartley Theorem

= Lomg Wavelenglh

= Low Frequency
= Lovwe Energy

Potential Distance
Frequency Throughput & LOS

. Ill;h Frrqlmr}'
- High Energy
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Selecting a Frequency Band

* Decide if a licensed or unlicensed
spectrum will be used.
* Cost
* Noise
* Level of Service
* Time to Deploy
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Selecting a Frequency Band

* Unlicensed Bands

Unlicensed Frequency Bands

Short Wave Radio FM Broadcast

o 470_608 MHz AM Broadcast Television Infrared wireless LAN
) Cellular (840MHz)
- 614-698 MHz I&I NPCS (1.9GHz)
> 900Mhz (small band) T ) .
remely| Ve : - Jve isible| Ultra-
o 2.4 GHz Low | Low | Low [Medium [righf b & Infrared | iant | violet | X-R8Ys
o 5.8GHz

- Additional Millimeter
Wavelengths

° Licensed Bands 470-698 MHz 2.4 -2.4835 GHz
198 MHz 83.5 MHz

o 2.5GHz (IEEE 802.11)

o 3.65.(-5HZ N NLOS L0S

- Additional Millimeter Low Throughput < »High Throughput

Wavelengths Long Range Short Range
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TV White Space (TVWS)

e 2010 FCC Order 10-174
e 470-608 MHz (TV channels 14-36)
* 614-698 MHz (TV channels 38-51)
e 2 Channes in every area designated
for wireless microphones
* 6 MHz Channels
e Channel Bonding is allowed
* Non-Line of Site
* Vegitation
e Small Hills

http://www.instructables.com/id/How-to-install-a-TV-antenna-or-aerial/
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TV White Space (TVWS) e

~

e Must verify that channel is \
available in your area by checking g

Spectrum Database
e Several Database Providers have

gotten and subsequently gotten 5 Py ,
out of the business {Green Bay
* https://www.google.com/get/s Rochester \
pectrumdatabase/channel/ G
* Antenna hight limited to 90 Feet vagen MiWARESE Gn nagles
AGL |
* Lower is better W Cecar Rapic 9 \
* Need to check Noise Floor e Oty R
Map data 82018 Google
e en  mischia@hnlerusacom FINEY:
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TV White Space (TVWS)

Available Spectrum: 31 Channels (186 MHz)

Channel Details

Channel Number 2 2 4 5 6 7 & 9 10111212314 151617 18192021 2223242526 27 282930231 3233 3435 36 37 38 30 40 41 42 43 44 45 46 4T 48 49 50 51
Power [dBm] 363636363616 163636363616 1626363636363636363616 1636 36 36 36 36 36 36
WKET-DT:1308580 000

WQOW: 1220790 000
WHWC-TV: 1008286 000

Radio astronarmy

000
o o
000
Q0000000000000
000

Wiireless mic
WEAL1481428
800 MHz band
WBOO-LP: 1028202

WEUX-1304263

000

\_Y_} \_Y_; \ . J \_Y_}
18MHz 12MHz 42MHz 30MHz
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TV White Space (TVWS)

* Real World Application — Mixed Results
* Good
* NLOS reaches customers other systems cannot
* Channel bonding may see speeds up to 150Mb/s per sector
e 2x2 MIMO is now available (see Bad)
* Bad

* Small market has limited development compared to other wireless offerings
* Low frequency limits spectral efficiency 3b/s compared to LTE ‘s 16b/s today

with goals to reach 30b/s
* Interference a major issue
* Large Antenna
* MIMO requires 2 large antenna
* Will cost more than other solutions
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CBRS — Citizens Broadband Radio System

LTE Based
. 3.55-3.70 GHz, 150Mhz of new
3550 MHz 3650 MHz 3700 MHz >
spectrum | | | | 0
. Spectrum Allocation Service (SAS) will ! ! H
dictate spectrum usage for all Tier-1 Federal RLS and ARNS use é
*  3levels of access FCC 15-47 3
- C
—  Incumbent — Military, Tier-2 TR VT E—— - 8 £
Government, protected by for secondary use by PAL - g
Priority Access License (PAL) ! E 2
—  Priority — Spectrum Blocks % g_
awarded by auction to 1 awo
highest bidder per census
g p Hwang, Y (2017, June 9) What is CBRS? Retrieved from www.leverage.com
tract
— General — No license
required, some regulation
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www.FinleyUSA.com d.mischke@finleyusa.com ‘ ‘:IQNlT_EEmN
715'930'7255 INTEGRITY INT?EVER‘(THINCG;




CBRS — Citizens Broadband Radio System

» Citizens Broadband Radio Service (CBRS): Continued
* Everyone is interested
* Good Propagation Characteristics, but still subject to GHz issues
* Large Cellular are looking for any extra licensed frequencies
* Works as a radio on a chip
* Manufacturers believe there will be a large volume
* Has issues:

e Uncertainty if manufacturers will develop longer range point-to-multipoint,
or if equipment will concentrate in the shorter range LTE augmentation

* Will licensed PAL blocks reduce available space for the non-licensed General
Access users

e  Must build or lose
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WiFi

* Not the same product of old

* Unlicensed Licensed Radio Systems
* Most Common technology is WiFi

e Originally 2.5 GHz WiFi Band

* Today, development appears to be focused on
e 5.170 to 5.8350 GHz WiFi
 180MHz in 20 to 80 MHz Channels

* Line of Site

* Shorter range 6 miles for 25/3 Mbps
e 4x4 MIMO is now available
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WiFi

* Radios available today are
capable of 450Mbps + and
improving AC Chipsets
expect up to a Gig

e Requires External Receiver

* Supports VolP

e Can stream video

* |PTV is not recommended
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WiFi
e 5GHz Band Continued

* Approximately $25,000 for Base Station
Radios with 4 sectors

* 30 Subs/Sector, no more than 40

e Add $10,000 for wireless back haul if no
fiber is available

* |deal Tower Height is 200-250’

e Can work on shorter structures as long as
there is line of site

e S$200-S400 Per Customer for Cutover
e 18 to 30 month payback
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Ways to Deploy

e Towers
* \Water Towers

* @Grain
Elevators

 Small Cells

* Rooftops

e Suburban
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Challenges to implementing wireless networks

* Line of sight or near line of sight
required (LOS, NLOS).

* Terrain/Topography

* |nterference Levels

e Subscriber Density

* Antenna locations, build v. lease?

* Training

* Reliability, has improved but not as
good as fiber in most cases

e Aesthetics
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What to expect

e A fiber fed wireless network can
be 3-5x cheaper than a fiber
network in rural areas.

* Speeds of 25Mbps and beyond can
be achieved within a 6 mile radius.

* Weather generally does not affect
operation.

* Equipment Lifespan 5-7 years
* Backhaul Options

* Fiber
* Licensed Wireless

* Unlicensed Wireless
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Case Study

Rural carrier has dark fiber at existing cell tower
outside of their existing service territory. They
want to acquire new customers that don’t have
access to broadband speeds above 10/1Mbps.

=1 STUDY

e Lease space is available on the tower for
S700/yr.

* Low population density

e 5Ghz unlicensed network

* Terrain suitable for wireless network
propagation study looks promising
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Case Study
| JYerl  |Year2 |Year3 _|Yeard ___|Year5 |

Install $24,000
Antennas &
Equipment
Tower Lease $700 $700 S700 $700 $700
Customer S400/customer S400/customer $400/customer S$400/customer $400/customer
Equipment and (assume 1/wk, (36 new subs) (12 new subs) (6 new subs) (6 new subs)
Turn-up 26 subs)
Annual Costs $35,100 $15,100 S5,500 $3,100 $3,100
Total Project Cost $58,800
www.FinleyUSA.com Dean Mischke [:Iﬂl_:
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Case Study

Cost v. Expense

$160,000
$140,000
$120,000
$100,000
$80,000
$60,000
$40,000
$20,000
$-
Year 1 Ye Year 3 Yeard Year 5
$(20,000)
$(40,000)
Assumes average revenue of
$60/customer/month —Expense —=Revenue =—Project Net
www.FinleyUSA.com _ Dean M'SChke [:Inl —
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Questions??

Thank you!
Finley Engineering Company

Dean Mischke, P.E.
Finley Engineering Company, Inc.
d.mischke@FinleyUSA.com
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