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1. Purpose
This report evaluates the increase in cell site coverage and performance when a consumer

booster is used with a cell phone vs. a cell phone alone.

2. Executive Summary

A cell phone with a Wilson ‘Sleek’ mobile consumer booster installed in a vehicle is shown
to provides a 3 times increase in the overall coverage area of a single cell site for both voice
and data service vs. a cell phone without a booster. A booster increases connectivity to
distant cell sites that would normally be inaccessible without a booster. In consideration of
the improved connectivity to distant cell sites, the overall coverage area with a consumer
booster may be significantly greater than that shown in this report which focuses upon the
increased coverage of only one cell site. This shows that using a consumer booster would
extend coverage into uncovered areas that are targeted by the Commission for
enhancement, i.e. in the USF Order for Wireless Broadband Service (FCC 11-161).

In most cases, the booster enabled vastly improved data throughput that was better

than the minimum required for mobile broadband data communications while without the
booster there was no data throughput or very low throughput. In some cases where

there were no data coverage with the cell phone alone, using the booster enabled data
coverage with a lower throughput rate than the established criteria, but still allowing
adequate data throughput for smart phones and computers.

Fixed indoor consumer booster applications are expected to show similar or better
performance improvements than those shown for consumer mobile boosters. This is
because fixed consumer boosters will have increased gain, will overcome higher in-building
signal penetration losses (relative to a vehicle’s penetration losses), have higher antenna
elevations with roof mounted antennas, and have the advantage of directional antennas
(with, as permissible, higher gain) pointing at base stations.

These results show significant improvements and extensions of coverage for mobile voice
and broadband data service with the use of consumer boosters.

3. Test Method

The signal strength of the cell site signal (RSSI) received by two cell phones used in the same
location within the vehicle was simultaneously evaluated at different locations. One cell
phone was positioned at the center console of a vehicle without a booster or outside
antenna. The other cell phone was connected to a signal booster with an external antenna
on the roof of the vehicle. Testing was in the 800 MHz cellular band, with separate
evaluations for voice (CDMA) and for 3G data (EVDO). The data presented in figures 1, 2, &
3 was taken at static test point locations with the vehicle stationary.
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This study was developed and this report was prepared by Wilson Electronics. In addition,
Sean Haynberg, Director of RF Technologies at V-COMM, provided technical input on the
study.

4. Test Location

All measurements were performed using signals received from a single Verizon Wireless cell
site located on Big Mountain (37°30°30.00”N, 113°39’41.76"” W) approximately five miles
south of Enterprise, Utah. Terrain maps are shown in figure 4 (for voice coverage) and figure
5 (for data coverage).

5. Equipment and Vehicle Details

Cell phones: Motorola Droid Razr

Signal Booster: Wilson ‘Sleek’, FCC ID: PW02B5225
The booster is contained within the cradle that holds the cell phone.
12 to 16 dB gain less 7 dB coupling loss of cradle = 5 to 9 dB net gain
Uplink power output is limited by AGC to 28.5 dBm.

Antenna: Wilson Magnet-Mount, 11 inch overall length, Part Number: 301103
5.1 dBi antenna gain — 3.7 dB cable loss = 1.4 dBi net gain

Note: The above booster and antenna parameters comply with the currently proposed
requirements for consumer boosters (submitted jointly by Verizon Wireless and
Wilson Electronics).

Vehicle: Toyota RAV4

6. Explanation of Data

The coverage areas (see addendum) represent contiguous coverage, which are derived
from the measurements collected. Standard CMRS base station equipment and

operations and mobile devices were utilized in these tests. Voice service was provided

by a CDMA network, and data service by a 3G EVDO network. Approximately 4,000 RSSI
measurements were obtained during driving tests over roads in Southern Utah and
showed that the average increase in RSSI due to the booster was 20 dB. The increase in
received signal strength at the mobile station is enhanced by the booster's improved link
budget using a vehicle rooftop antenna that avoids the vehicle penetration losses
associated with mobile use without boosters. Figure 1 shows the locations of the data
collection points, throughput, and RSSI measurements made at 37 locations. At each data
point in the map inset, there are two sets of numbers and the distance to the cell site. “W”
is with the signal booster, and “WQ” is without the signal booster. “VC” means that COMA
voice coverage was tested and found to be acceptable. “NVC” indicates No Voice
Communication, i.e. voice communication was not possible. “NDC” means No Data
Connection, i.e. there was no data throughput. The numbers, in order, are: RSSI, uplink data
throughput rate, and downlink data throughput rate. The units are dBm for RSSI, and
kilobits per second for the data throughput rates.
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7. Coverage Criteria

For broadband data coverage, the minimum data throughput rates of 200 kilobits per
second in the uplink, and 768 kilobits per second in the downlink are the minimum coverage
criteria that meet the requirements for 3G and 4G mobile data service (see USF Order for
Wireless Broadband Service).

For voice coverage, the criteria is the ability to make and hold a conversation with
acceptable voice quality.

8. Results and Conclusions

Figures 2 and 3 show that there is significant improvement in cell site coverage when a
signal booster is used with a cell phone vs. a cell phone alone. Figure 2 shows that voice
coverage area with the booster is 3 times the coverage area without the booster. Figure 3
shows that broadband data coverage area with the booster is 3.2 times the coverage area
without the booster.

The data presented in Figure 1 shows that in most cases, the booster enables vastly
improved data throughput that exceeds the established Coverage Criteria (see section 7),
while without the booster, there is no data throughput or very low throughput. In some
cases where there were no data communications with the cell phone alone, using the
booster enabled data communications with a lower throughput rate than the established
criteria mentioned in section 7, but still allowing adequate data throughput for smart
phones and computers (e.g. see Figure 1, data collection points 4, 5, 15, 25, 26, 27, 34, 35, &
37).

The results are for a device operating in the 800 MHz cellular band. Based upon
experience, other bands (i.e., PCS & AWS bands) can be expected to give similar
improvements on a percentage basis, or increases in performance, i.e. three times the
coverage area, while the actual distances would be considerably less for both cases for
the PCS & AWS bands. For example, for PCS & AWS bands, the signal strength is
expected to be approximately 7 to 10 dB lower than in the cellular band due to
frequency propagation differences which would result in approximately half the
distance ranges observed as compared to the cellular band case in this study. But,
relative performance improvements (with and without a booster) can be expected to be
similar to those shown in this report.

The coverage ranges (15 to 25 miles without a booster) are greater than expected due
to two factors. With the vehicle stationary, the required fade margins for motion are
decreased. In addition, this study shows coverage improvement and extension into
areas with no coverage. For such cases, the coverage range extends further because
there are no transmissions from other base stations that increase spectrum noise levels

1 USF Order, FCC 11-161, Pg 130, "Recipients that commit to provide supported services over a
network that represents the latest generation of mobile technologies, or 4G, must offer mobile
transmissions to and from the network meeting or exceeding the following minimum standards:
outdoor minimum of 768 kbps downstream and 200 kbps upstream to handheld mobile devices."
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that reduce the range, thereby extending coverage into these uncovered areas that are
targeted by the Commission for enhancement, i.e. in the USF Order for Wireless
Broadband Service (FCC 11-161). Nevertheless, for moving vehicles, the area and
distance ratios of improvement with and without a booster would be similar to the
results for a non-moving vehicle as presented in this report.

Coverage and performance improvements for voice and data services are expected in
rural and suburban commercial wireless markets. In urban markets, the consumer
booster would usually be turned off to protect nearby cell sites which would be the
expected result from meeting the proposed specifications.

It's expected that consumer boosters will also provide significant improvements in rural
markets for LTE broadband service. It is our view that because of increased power and
bandwidth for LTE and less path loss in the 700 MHz band relative to the 800 MHz band,
that the LTE data rates would be approximately five times the 3G data rates for the same
coverage areas shown in figures 2 and 3.

Consumer boosters will significantly improve and extend wireless broadband data service.
The performance improvement in uplink and downlink throughput will occur throughout
the cell coverage area and not just at the fringe of service. This improves and enhances the
user experience, capacity of the network, and spectrum efficiency.

The consumer booster data throughputs (relative to the cell phone alone) increase on
average by approximately 250% in the extended data coverage area (i.e. the yellow area in
figure 3). For locations that are generally closer to the cell site (i.e. the red area in figure 3),
the average increase in data throughput is approximately 150%.

In areas with no data coverage without the booster, by accepting reduced throughput rates
of 300 kbps in the downlink and 100 kbps in the uplink, using the booster enables data
coverage throughout approximately 80% of the extended voice area for 3G (shown as the
yellow area in figure 2). With LTE, throughput rates in the same area will be significantly
greater.

Consumer boosters will significantly improve and extend wireless voice service. The
coverage improvement will extend voice service into areas with no coverage at all —
including areas that may have no landline voice service available and areas that would not
otherwise connect to 911 and other emergency services.

The consumer booster improves and extends wireless service both indoors and in vehicles
that would otherwise not have service, and for which it would not be practical
to provide service in many rural markets from traditional base station deployments.

It is expected that 4G technology networks will provide increased data speeds in
comparison to 3G technology networks that were evaluated in this report.
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Addendum

Figure 1 — Data Collection Points

Figure 2 — Extended Voice Coverage with a Cell Phone Booster
Figure 3 — Extended Data Coverage with a Cell Phone Booster
Figure 4 — Voice Coverage Terrain Map

Figure 5 — Data Coverage Terrain Map

Consumer Booster Improvement of Cell Site Coverage Page 6



JUS 119D WOLS SHIW SLTT
DA 0TS 10 08T 1N "68- ISSY dWV OM
DA N0L6T 10 059 1N ‘0L~ 1SSY dWV M (61

AUS 119D WOl SN 9T°91 QUS 19D WO SHIK 19'8
DAN DON 10 20N N ‘OTT- ‘dHY OM DANTET 10 APZ N "86- ISSY ‘dNV OM
DA X0Z 10 40T N L6~ ISSY ‘WY M (LE DA X00ZZ 10 Y00¥ 1N 'SL- ISSY dWV M (8T

AUS 19O WOL4 SN 9T°L S 119D Wolj SHIK §9°9
DAN00P 10 HSZE IN ‘€6~ :dWV OM DA DAN 10 D0N 1N ‘00T~ ISSYH ‘dNY OM
DA 0611 10 4008 1N ‘€9- ISSY :dWY M (9€ DA NTOZT 10 HT0S N ‘8L~ ISSY ‘dMV 24 (LT

QUS 9D WO SoN 2€°9E IS 119D WIS SHIN 68°ZT
DAN DQN 10 “D0N 1N “$OT- 1SSY ‘dHV OM DA AZT AT IN ‘ZOT- ISSY ‘WY OM
DA X0ZE 10 H0ZT N 'S8- ISSY dWV M (SE DA X009 H06Z IN ‘P8~ ISSY dWV M (91

FUS IO WO SMW b2 ¥E QUS 19D WO SHIW £€°2T
AN OGN 10 ‘20N W ‘OTT- ISSY :dHY OM  DAN DON 10 'D0N 1N "0TT- ISSY dHV OM
DA XO06T 10 408 1N €6~ ISSY ‘dWY M (¥E DA X6¥T 10 NP8 TN “16- ISSY dHV M (ST

BUS 119D WOLJ SN SEEE AUS 19D Woi4 SM 1°ZT
AN OGN 10 “JON N ‘OTT- ISSY :dWV OM  DAN 20N 10 D0N 1N ‘0T T- ISSY ‘dNY OM
DA %069 10 A00€ 1N ‘€8~ ISSY :dWY M (EE DA YOET 10 HET IN ‘$6- ISSY ‘dWV M (¥T

BUS |10 WIS SN 8¥'6Z IS 119D WOIS SHIW ZZ'TT
AN DON 10 “DON 1N ‘SOT- ISSY ‘dHV OM DA %08 10 AET N "L6- ISSY dHV OM
DA X00ZT 10 400¥ 1N '6£- ISSY ‘dWV M (ZE DA %008 10 06E 1N ‘62~ 1SSY ‘dWV M (€1

2US 19D WOl SN £0°6Z QYIS 19D WO SHIW 9£°0T
DAN OGN 10 “2ON 1N ‘E0T- ISSY :dWY OM DA XOET 10 AET 1N 'Z0T- ISSY :dNY OM
DA %05 10 406% N ‘SL- ISSY (dWY M (TE DA X0T8 10 0SE N ‘¥8- ISSY ‘dHV M (2T

AUS 1RO WOLJ SN $9'9T IS 119D WOl SN $5°0T
DA X00Z 10 A6 N ‘L6~ I1SSY :dHV OM DA X081 10 H0E 1N '$6- ISSY ‘dWY OM
DA X009 10 HOTL W ‘L~ 1SSY ‘dWY M (0F DA NOF6 10 HOTE IN “£L- ISSY dMWV M (1T

BUS 119D WOl SHIN 1292 AUS 119D WOLS SHIW £9°6
DANEPT 10 AZ W ‘S6- ISSY (dHV OM DANOPY 10 HTE IN "E6- ISSY ‘dWV OM
DA XEYPT 10 H08L 1N ‘9L~ ISSY (dWV M (6Z DA 0091 10 1089 1N ‘0L~ 1SSY ‘dWV M (0T

WS RO WOl MW 1212 BUS 19D WOl SHIW 8¥'S
DA NIRT 10 HESZ W ‘6 1SSY ‘dHY OM DA X008 10 H0¥S N ‘28~ 1SSYH dHY OM
DA XSL6 10 %099 1N €L I1SSY ‘dWY M (82 DA N00ST 10 HOEY 1N '99- ISSY dHV M

AUS 117D WL SN v6'VT IS IRD WO SHIK £'9

i AN OGN 10 20N 1N ‘OTT- ISSY (dWV OM DA %0081 10 A4£96 1N ‘SL- ISSY (dNV OM

DA X0ZT 10 02T N ‘¥8- ISSY (WY M (£Z DA 20061 10 4068 1N ‘85~ ISSH ‘dWV M
QUS 9D WO SO SS'6T AUS 119D WO SIHIK TE'9

AN DON 10 “D0N N ‘OTT- ISSY ‘dHV OM DA X0P6 10 1088 IN ‘$8- ISSY dWV OM
DA XOET 10 ASZT 1N 'S8~ ISSY (dWV M (9Z DA %0051 10 HOT8 1N ‘£9- ISSY dHV M

SUS D WO SWK 1S°LT QUS 19D WO SHIK 2'9

B OAN OGN 10 20N 1N ‘01T~ ISSY ‘dWV OM DA X097 10 A9TT IN 'S6- ISSY ‘dHV OM

DA X9SZ 10 ASZ 1N 'S8~ ISSYH (dWY M (SZ DA N00PT 10 H00L N 'SL- ISSY ANV M

FUS 9D WO SAH $I°9T PUS 19D WOl SN §9°S
DAN DON 10 “J0N 1N “OTT- ISSY ‘dHV OM DA 20N 10 “20N N ‘66- 1SSY WY OM
DA X001 10 H0ET 1N ‘Z8- ISSY :dWV M ($Z DA X09E 10 HOLT 1N 'S8~ ISSY dNV M

BUS 19D WOl Souk Z0'ST BUS 119D WOLJ SN 6£°S
DA X00L 10 H00Z W ‘L8~ ISSY dHY OM DAN DON 10 “20N N ‘E0T- ISSY dWV OM
DA %0087 10 08 1N '£9- ISSY ‘dWV M (EZ DA XB9E 10 HSHT 1N 8L ISSY ‘dNV M

FUS IO WO SMH LP'ST DUS |90 WOL4 SN £0°S
DA %00ZT 10 400L W ‘S8~ ISSY ‘WY OM DA NOSET 10 AP9Z IN 'S8~ ISSY ‘dHV OM
DA X00£T 10 4008 1N ‘£9- ISSY ‘dWY M (ZZ DA XSBEZ 10 H00L 1N '65- ISSY ANV M

FUS RO WOL SHH YO'¥T FUS 119D WOl SN $1°Z
DA %006 10 H0ZZ N ‘98- 1SSY dHV OM DA X0L 10 H0Z N ‘96- 1SSY “dHV OM
DA %0091 10 %4009 1N ‘69- ISSY :dWV M (IZ DA ¥000T 10 4005 1N "8~ ISSY ‘dNV M

DUS 119D WLy SV P6'ET BUS 19D WOLJ SHIN S9°T

DA O8L 10 NOEZ W 'S8~ ISSY dWV OM DAN DON 10 “20N 1N ‘0T T- ISSY ‘dWV OM
DAXOL6T 10 4059 1 ‘29~ ISSY ‘dWV M (0Z DA X00TT 10 A9LL I "L8- ISSY ‘dWv M (1
*2|q1ss0d SeM UOREIUNWWOD
e3eq ON 243ym si DAN '3|qIssod 30U sem uoned) D 3210
3J3YM SI DAN PUR 3|qISSOd SeM LORRIIUNWIWOD 3JI0A 3J3YM SI DA
“@aJR IS |30 AY3 JAAC PBPI0dBI 1AM SIUI0d 1SSY 000Y JIA0
4935008 UOS|IM © INOYIIM PUR L3IM ‘S23J B3RP HUII-dN PUR HUl|-UMOp
430q pue [2A3| [eubis Indu| ISSY SIPNPU| PaIa0) LIeg 4AIS00T
UOS]IM © IN0YIIM PUB L3IM S3Ujod UORII||0D BIBP LE MOYS SUIJ MOJ[PA

SJUI0d U0I323(|0D) eled

abew
i~

038% SOtvY 23S |12
) ZYW 008 ZA

Page 7

b,

g

Consumer Booster Improvement of Cell Site Coverage




SOPY =231S 112D
ZYW 008 ZA

O'gsidiajuy

‘lw bs 9'seE

S| 4935009 B InoyIM
eaJe abeaA0d |BJ0) Ay L
1935009 B InoyjIm
auoje auoyd |22

B Y3IM 26BI9A0D 3D10A
U3 SMOYS ety pay

s
3 &5

0 3 2
- -
£U3 PO ORI

‘auoje auoyd |90 e AQ pa4aA0d jey) sawn € Aq ease
9b6e13A0D UOEDIUNWWOD 3D10A 3y} dAosdwil ||IM ‘B)IS
1192 Y3 03 AJIAI3D3UUO0D Ul JuswaAo.dwl S,183500g Byl
1S3J0N

191500g auoyd ||2D e
U3Im 26BI3A0D) 3210/ PapuaIXd

Consumer Booster Improvement of Cell Site Coverage




9915009

v

a||Ineneuey O

*sajes Indybnoayy N
ejep 193ealb sawiy 0T 03 § UM Bwes ay) aq p|noys
a6esaA00 317 ‘ease ab6esan0d uaAlb ay) uo paseg ‘v

‘3uo|e auoyd |32 e AQ paIan0d jey)y sawn
€ 03 dn eaJe 36eIBA0D ||RIBA0 BY] dA0IWI ||IM SBYIS |2
Jueysip 03 AJIAID3UL0D Ul JudwaAosdw S,493500Q Ay ‘€ N
“juijumop sdgy 00SZ pue ulidn sdgx 006 |
Sem IS |13 SIY) WO PIAIISO SR BIeP WNWIXeW ‘7
*OQA3 OE UO S0P S ||93 UOZIIBA WOy 3bed U010 |
ejeQ 3Y) ul umoys se yuljumop sdg) 892 pue yuidn bat
sdqy 00z uey) J23ea.b 1o 03 |enba sajes Jndybnosyy ym L

SOvv 9S

9D ZyW 008 ZA

omnpa_oﬁ,uog..

bs 1ZT s! 4235009 @ N0
eaJe a6eIaA0D B30 Ayl
1915008 B In0oym 3uoje
auoyd |22 @ yum abeianod
B)EP BY3 SMOYS ealy pay

Page 9

Consumer Booster Improvement of Cell Site Coverage



<., . T oy N
A ’ e 25> o, o Nt N

,‘ 3 mx_m,_ﬁf d A

Page 10

sspdoua__

SlUdIEauotdi 29
B LM S0P 1SA0) 30104
SURSMOUS PIIE DO
dioungpy 7 . Lt -t
O < 3 3 2 o wrey g rpaaitt

NP

P ad ~

s »

APPIN SHEId Aedd
.. i

PSTYEIT f adojojuy "
¢ A0
1503 $yead
29dyy -

sjods peap snoulejunow

40} pa12Npap ualaq sey

1%p “Jw "bs 900T S1 421500g ©

L, UM ease abeianod |e303 3yl

\ 5 1935009 € Y3Im

N ,,/ » 96RIDA0D) IDIOA pPapudIX]

\ ; 9} SMOYS B3JR MO||DA

czamo_nn»

-

|

‘pale |eanynoube r 8IS 12D 03 "lw m.m.ma\
ue ul Ajuewnd s abeaanod Sobt 23S 12D
'000°0€ S! eale dew ul uonendod
ajewixolddy 'Y 00S8 03 dn aue sueIuNoW
'Y 00SS AlPjewixoadde aue suoneasls A3jen

dej uielis]
2bBI3A0D) 2D10/\

Vs
=3

—
S
B

SR )

¥ ‘!:.:.
—
< >
A

A
X

M

%)
)
S
.i‘ —— P
NS
=

QWS 2D 03 "lw g2 '/
Yoot &

\, i VS

Consumer Booster Improvement of Cell Site Coverage



‘eale |einymolbe

ue ul Ajuewnd s| abelanod GOt 33IS (18D

'000°0€ s! eaJe dew u; uonye|ndod
@jew)xoiddy '} 00S8 031 dn sujejunop

‘M 00SS A|2jewixoidde ale suoljeA3|a A3||eA

de uledia]
abelaA0) ele(

-
M.u.ﬂn/\.

XTARN 75 i 7|
& e § [ maeg

12 Bshia)s00d
rem eteieres (s o
SESERNL: SR e
YT (=% ‘M‘. reres
2l = quslea \f Do
’
o

et

n

£ 1w *bs zgg s1 Jas00g

R yum M!a 26I2A0 0303 YL
z 1915009 € YyIm
26e4aA0D) BIRQ PapUIXT
3Y) SMOYS B3 MO||PA

Wiog

IS 119D 03 ‘1w 0F

\\ﬂ.:a..i, 7 r

LIRS R - vy i
Dol LI N S - R

o T

Page 11

Consumer Booster Improvement of Cell Site Coverage



