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Broadcast Signal Lab

Memorandum
On Clearwire Coverage Issues

To Acton Planning Board
From David Maxson
Re Clearwire Coverage Issues

1. Summary

Clearwire makes two arguments for the height of the proposed tower. One, the 140-foot
height is said to be necessary to provide the desired coverage. This is the typical
category of argument for a given facility height. Two, Clearwire states that the height is
also necessary to obtain a clear line of sight between the Site and Emerson Hospital; this
would provide a signal path for a closed circuit back haul radio link between wireless
facilities at the Site and Emerson Hospital. We address these two questions in separate
sections below.

2. Wireless Coverage

Clearwire submitted information regarding its minimum required antenna height at 5-7
Craig Road. Broadcast Signal Lab inquired at each of the two previous meetings
regarding the rationale for the signal levels it utilized to represent coverage on its maps.
Clearwire responded that it was complicated and declined to give details, instead only
generalizing that the represented coverage was similar to a -72 to -74 dBm signal level
threshold.

Broadcast Signal Lab, lacking any rationale for the chosen signal level, modeled the
Clearwire facilities, existing and proposed, at -80 dBm (a lower signal level) based on the
premise that this is a generous signal level for modeling typical wireless communications.
Our analysis, submitted in our April 30 report, prompted Clearwire to provide Broadcast
Signal Lab with some of the details we needed.

Clearwire states that the baseline signal level (called receiver sensitivity) for WiMAX
receivers is -89 dBm. This means that these WIMAX devices are significantly less
sensitive than traditional wireless devices on GSM or CDMA technology, which tend to
work at signal levels as low as -105 to -113 dBm. Other “margins” are added to the
baseline signal level to account for other factors that affect reliable operation. This kind
of analysis is called a “link budget.” Based on the newly reported receiver sensitivity and
link budget assumptions provided by Clearwire, we have revised our signal level
modeling from -80 dBm received signal strength to -73 dBm.

Broadcast Signal Lab, LLP
505 Main Street
Medfield, MA 02052
508 359 8833



Craig Road Wireless Coverage

Broadcast Signal Lab

Revised Broadcast Signal Lab coverage plots for Clearwire service are appended below.

woosdey4x

WoD sdowsy

L - [4] ) €0
] il
STUN

sayg Bupsg Uy
S3ON

PEPSIZ ‘UPD TOVYU 9 WORH |

OldOHLOS) #diy - suusy Xy
MWEP 0 01 RAR MOYSAIY) Aeidsig

MWEPOEL >

MWBPOEL <

FROWDS J¢ JIAMO 4 PINBIY

ZHA 0000 0082 .0 0LZABIIBA-BY 681 | JBPOW
MBP S2'82 3 MRl UD#§ 1OVIHXL EEbeY
ZHIA 0000°'008Z (0 GSLABORRA-OY @8N 1 jopony
PABP G282 .dH3 BOL YD +S 1IOVIHXL  ZE¥2L
ZHN 0000°0097 .0 0EABORIOA-S 98N | I BROK
MEP S2'97.dt3 ML U0 S, - 1DVIHXL  b-EbEs
YOSIT W40 8Z5% LM B0 CTHZTPN |
€r2L508 WS

ZHIA 0000'008Z .0 COZABIRA-0K 98N L 13popy
MEP 00°LZ" i3 BRL U 0'PG “IOVIHEL  T-08€S
ZHWA 0000'008Z (O CSLARORRA-SL 96N | 19pop
MEP 00'LZ"dH3 ML Y 0'FG IDOVIHXL  7-08€S
ZHW 0000'0032 .0 DABIRIRA-3L 26N | 11900
MBP 00'LZ 3 MOL YOG TOVIHXL 1-08¢5
U EVSE 2 S1LZLM £0908Z.ZPN
08¢5S08 ‘WS

SIS

QAT UOIIY 1y TYNDIS

Acton Existing Clearwire Sites



Craig Road Wireless Coverage

Broadcast Signal Lab

F

pEpcLz-iuee Tovuge wbeH | L .

OHdOHLOS!-8dAL - BUUBIUY X .
MWEP 0 DZL - |ave proysaing Aexdsiq 3

MU OEL >

MW gL <

ZHW 0000'0082 J0°022ABIRIMA-YL 081} | “[3pofy
MEP 52°0Z ‘i3 BIOL YOPSE TOVIH XL E-E¥2L
21 0000°0092 J0°0GIABIRIM-D0} 681 | * 19PORY

MEP ST'0T ‘3 BI0L YOS IOVIHAL  Z-evel i
ZHIN O000'0082 0" ORABIRIA-DY 981 | * PROW -

MEP STO7 'dtiI BIOL YOPSETOVIH XL  1-BK2L

UYOSIZ LOBZST. LM HOELETLIIN

€¥2L508 WS

ZH18 0000'0082 .0°00ZABIMM-24) 38N | - PO
MEP 00'LZ i3 0L B0'BSL TOVIH XL  £-218
ZHIN 00000082 ,0'0ZIABRIMA-DY; 851 | ' PR
MEP 00'LZ ‘i3 IBI0L YORSL OVIH XL Z-L18S
THIN 0000°000Z L0'OSCNBIRIM-BY 03N | ' BPOYY
MEP 0042 '3 FOL YOS IOVINXL  1-L185
YT LS BY b LZ.L LM BEBRST.IIN
4185508 oS fepcsosl

ZHI 0000/ 0082 .0 SELAEIMA-SN 8311 | 1OPOR v
MEP 00'(Z .cR43 BW0L Y060} TOVIN X £-0655 |8
ZHIN 0000 008Z .0 SELABIMIM-DI, 31 1 PPN
MEP 00'(Z ‘i3 BIOL ¥ 0'DOL OVIH XL  2-96ES
ZHW 0000 C0BZ .0 SLAESIM-BY 31 1 PpONY
MEP 00'L2 ‘chi3 0L Y OEOL TOVIHAL  b-06CS
USBOL S0 LETZuL LM FTO0LEIIN

9665508 WS

2+ 0000'008Z 0'00ZABIMIM-BY) DS | ([PPOYY
MBP 0022 ‘A 1IN0, I 0'08 TOVIHXL  £-5665
ZHI 0000°0092 J0°Q0LABIIM-IY 980 | PPOW 3
MBPOOLT NI @O, Y008 OVIHYL 26685 |
ZHPd C000'006T JO'ARSIIA-BY, B3N | ‘PPOIY
MEPO0'LZ NI MO_ B 008 TOVIHXL  1-68ES

U EOHE PEEEEZT.HLM 00 6EBT.IIN

Sees508 s

ZHIN 0000°0082 .0'0BZARONIM-BH 5N | “19POKY
MEP 00°LZ ‘3 BIOL YO'PSL TIOVIHNL  £-08ES
ZHI 0000'008Z O'OSLARORIM-2Y 361 | “IIPOY
MEPO0'LZ 'du3 BI0L YOPGL TOVIH AL Z-08CS
ZHW 0000'000Z JO'0ABIIM-DY B8N | - PPOW
MEPOO'LZ ‘I MIOL YOPSL IOV IH L 0885 |-
V1 5E JLTG..2T.1LM .00 900T.Z0N |

0CESSOB -WIS

SIS

RUABS URDY |, TYNODIS

Clearwire Coverage from Wireless Facility Sites in and around Acton
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/ o ([ |Nez280803 wr12715.27 354 110
N ; 5380-1 Tx HLAGL. 154,0 R Tolal ERP: 27.00 dBW
3y \ Mode!:1 Use fleverticald 0° 2600 0000 MHz
o / 53802 TXHLAGL:154.0ft Tolal ERP: 27.00 dBW
\ Modet 1 Use fle-verticai150.0° 2600.0000 MHz

A 5380-3 Tx.HtAGL.154 0ft Tolal ERP: 27.00 dBW
\ LS Model: 1 Use fle-vertical/260 0° 2600 0000 MHz

/] site: BOS5395
N42°28'39.00" W71°23'38 84" 3489 ft
53851 TxHLAGL.B0.0R Total ERP, 27 00 dBW
ModsL 1 Use fle-vertical/0.0° 2600.0000 MHz
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? 'ﬁ Model. 1 Use fle-verticali270.0° 2600.0000 MHz
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Craig Road Wireless Coverage
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Clearwire Coverage from Existing Sites and Proposed at 100 ft AGL.



Broadcast Signal Lab Craig Road Wireless Coverage

3. Back Haul
3.1. Craig Road to Emerson Hospital Line of Sight

Clearwire also explains that it requires the revised proposed height of 140 feet to achieve
a line of sight path to Emerson Hospital, where another Clearwire facility exists. This is
to support the closed-circuit radio back haul link between the two facilities. Clearwire
will submit documentation that shows how this 140 ft height achieves the desired line of
sight path.

We suggest that it is not necessary to back haul between the proposed Site and Emerson
Hospital directly. Both the proposed Site and Emerson Hospital have a line of sight to
the tower on Great Hill, as shown by the figures below. These figures are called “path
analysis”. They show the height of the antennas at each end of the path (red line). They
show the intervening terrain (green line). They also approximate the height of buildings
and vegetation between the two ends of the path (black, gray, and pink vertical bars).
The blue ellipse below the red line indicates a “fresnel zone™' around the signal path,
which ideally should not intersect with terrain or vegetation.

Elevation (ft)

0 0.5 1 15 2 .5 3 3.5 4
Tx distance (mi)

Direct Link Line of Sight from Emerson Hospital at 110 ft AGL to Great Hill
150 ft AGL

(Emerson Hospital height is taken from Broadcast Signal Lab archives —a 1999
application for wireless facilities on Emerson Hospital filed with the Town of Concord)

The line of sight path from the proposed Site to Great Hill is also clear.

' We selected a relatively low frequency for the radio link to show a worst case Fresnel zone (2500 MHz).
Higher link frequencies will have even narrower Fresnel zones.
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Direct Link Line ofSightfrom Proposed Craig Road Site (90 ft AGL) to
Great Hill (150 ft AGL)

The foregoing images illustrate that for a single-link-per-site design, there is no need to
provide a direct link from Craig Road to Emerson Hospital, because both sites “see”
Great Hill.

3.2. Ring of Back Hauls

Clearwire explains that their back haul links operate in “rings.” This means that if any
single link in a ring of interconnected wireless facilities fails, the ring can carry the data
in the other direction to reach its destination. The ring that includes Craig Road would
hop from Great Hill, to Craig Road, to Emerson Hospital, to some other points, until the
ring wraps back around to Great Hill. Each site would have at least two back haul links.

Clearwire cautions that disconnecting the Craig Road to Emerson Hospital link breaks the
planned ring.

3.3. Alternative Ring Design

We suggest, if it is highly desirable to maintain a lower tower height at Craig Road, there
may be a way to modify the ring to address Clearwire’s objectives. For instance, a
facility at Annursnac Hill can “see” Emerson Hospital, Great Hill and Craig Road at 100
feet. If there is antenna space at Annursnac, there may well be a way to maintain
redundancy of links without requiring the proposed Craig Road tower to be 140 feet tall.
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3.4. If a Lesser Height is Not
a Significant Improvement...
On the other hand, if the Board is inclined to require a new tower to be capable of being
extended to greater heights later on, it would only be equitable to start the tower at a
height that is optimal for the first carrier (Clearwire), because future increases in tower
height will provide later carriers with greater coverage.

3.5. Is Back Haul Antenna Height Protected under
the Telecommunications Act re an “effective
prohibition of the provision of personal wireless
services”?

The back haul objective presents an interesting challenge for the Board to decide.
Historically, the provision of wireless service is determined by the ability of a personal
wireless service facility to communicate with subscriber devices (from the base station to
the mobile unit). Typically, the height of a wireless facility has not been determined by
the height necessary to back haul communications to a central point, at least with respect
to numerous court cases focused on the provision of wireless coverage to subscribers. If
there is any case law that supports protection for the height of back haul antennas as part
of the provision of personal wireless services under the Telecommunications Act of 1996,
it would be helpful to have it put on the record. The Board might also be inclined to seek
advice of counsel on this question.

4 May 2010
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