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Bachelor of Science Degree in Electrical Engineering, The Pennsylvania State
University, 1968

Licensed Professional Engineer, New York State, 1974, License # 050547

Licensed by Federal Communications Commission with First Class (General
Radiotelephone)

Past Member, Association of Federal Communications Commission Consulting
Engineers

Recipient of CTIA "Industry Service Award" for Advancement of Cellular Industry, 1989
Member, Institute of Electrical and Electronics Engineers

Current: Independent Radio Frequency consulting engineer engaged in evaluation,
application and construction of radio, television, cellular and emerging technologies
based communications systems. Providing expert guidance and advice to municipalities
and companies in communication tower location, radio frequency propagation, evaluation
of radio frequency radiation compliance and guidelines, and environmental impact
statements for communication facilities. (A partial list of municipalities and companies
arc noted at the end of this document). Testified before hundreds of Zoning, Planning
and Boards of Adjustment as well as the Federal Communications Commission in matters
dealing with cellular, enhanced specialized mobile radio service, personal
communications service and broadcast. Performed hundreds of FCC OET-65 analyses
for single and complex multi emitter sites. Perform RF environmental measurements at
single and multi user sites in accordance with ANSV/IEEE (C95.3-1992 and NCRP Report
119.

Prior: 1975-1990, Vice President, Engineering, LIN Broadcasting Corporation. Public
company engaged in radio, television, common carrier and cellular telephone. Personally
responsible for the design, construction and implementation of numerous broadcasting
projects ranging from 5,000 watts to 5,000,000 watts. Responsible for the specification
and implementation of both guyed and self supporting towers from 250 feet tall to 2,000
feet tall. Applied for and designed cellular telephone systems in New York, Los Angeles,
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before the Federal Communications Commission with respect to the design of cellular
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same. Co-Chairman of the FCC/Industry interconnect committee, responsible for
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Telecommunications Industry Association (CTIA) Advanced Technology Committee,
responsible for evaluating and recommending the second generation TDMA digital
systems. Chairman of the Engineering Committee of the Association of Maximum
Service Telecasters and presented reports and testimony to the Federal Communications
Commission on equivalent protection of television allocations and RF propagation.



Extensive experience in the measurement and evaluation of Radio Frequency (RF) fields
from both a design and biological point.

1970-1975 RF(Radio Frequency) Systems and Allocations Engineer, The American
Broadcasting Company. General responsibility for all facets of the RF operations of
ABC's 5 television stations and 14 radio stations as well as the specialized needs of ABC
news and sports in their communication requirements. Designed and implemented the
radio communication systems for ABC news at the 1972 political conventions in Miami
as well as the radio communication system for ABC sports at the 1976 Winter Olympics
in Innsbruck, Austria. Designed specialized RF systems from 26 MHz to 13 GHz utilized
in ABC's entry into Electronic News Gathering in the early 70's.

Prior to 1970 employed by Philco-Ford Corporation as a field engineer working on
classified military communication systems projects in many areas of south-cast Asia and
Europe.

Partial list of companies and municipalities for which work has been performed:

AT&T Wireless (CT, NJ, NY) Celtular One (NJ, NY,PA); Cingular Wireless(CT);
Independent Wireless One; metroPCS (NY); Nextel (CT,NJ,NY); Nextel Partners
(MA,NY); Sprint Spectrum (NY); T-Mobile (NY); Verizon Wireless

(CT.NJNY MA,VT)

Andover Township, NI; Township of Bedminister, NJ; Bernardsville, NJ; Danbury CT;
Fairfield Township, NJ; Frankford Township, NJ; Morris Township, NJ; Town of
Harrison, NY; Township of Hazlet, NJ; Township of Jefferson, NJ; Town of Kent, NY;
Kinnelon, NJ; Lenox, MA; Township of Livingston, NJ; Morris Township, NJ; New
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PREFILED TESTIMONY OF RONALD E. GRAIFF FOR CSC DOCKET 412

March 28, 2011

My name is Ronald E. Graiff and I am an independent radio frequency consulting
engineer. | have been retained by The Town of Bridgewater, CT to review and provide
testimony on the application of SBA Towers 11, LLC and New Cingular Wireless PCS,
LLC (“Applicant™) to construct a proposed cellular tower facility at 48&89 Wewaka
Brook Road in Bridgewater, CT, Connecticut Siting Council (“CSC”) Docket 412 and the
application of New Cingular Wireless PCS, (“AT&T”) to construct a proposed cellular

tower facility at 111 Second Hill Road, Bridgewater, CT, no CSE docket assigned.

By way of background, I have been engaged in radio frequency engineering system
design and construction for over 40 years. Thave a Bachelor of Science degree in
electrical engineering from The Pennsylvania State University and I am a Licensed
Professional Engineer in the State of New York. During my career I have designed and
~ constructed radio frequency communications systems for military and commercial
entities. In addition I participated in the rule making before the FCC, applied for,
designed and built the very first non-wireline cellular radio telephone systems in New

York, Philadelphia, Dallas, Houston and Los Angeles. I received the industry service



award from the Cellular Telecommunications Industry Association (“CTIA”) for acting
as Co-Chairman of CTIA Advanced Technology Committee, responsible for evaluating
and recommending the second generation (2G) TDMA digital systems. I currently have
been retained and qualified as an expert witness by zoning, planning and adjustment
boards in numerous municipalities in New York and New Jersey in their evaluation of
wireless telecommunications facilities. A CV is attached to this document for

convenience.

My review in this matter will deal with the radio frequency technical aspects of the
above-mentioned application. Specifically I will critically review the accuracy of the
technical aspects, the need for the facility, the location of the facility, the height of the

facility and the physical aspects of the proposed construction of the antenna systems.

DOCKET 412 APPLICATION

RADIO FREQUENCY COVERAGE DEPICTION ANALYSIS

The Applicant claims that the proposed facility will provide wireless communications
service along State Route 133 and other roads in the surrounding areas of the Town of
Bridgewater so as to provide service to the public. To support that claim the Applicant
has submitted two coverage plots indicating “Existing & Future Coveragé,” and
“Existing, Future & Proposed Coverage.” These two submissions depict radio frequency

coverage at two signal level “bins” of (1) greater than or equal to —74 dBm and (2) less



than —74 dBm and greater or equal to —82 dBm. There is no description or
documentation as to how these calculated propagation studies were prepared, specifically
the propagation model utilized, the frequency depicted, the technical transmission
parameters, and the assumptions utilized in the propagation model’s algorithm.
Furthermore, the signal level bins depicted are inappropriate for a rural area such as

exists in the Town of Bridgewater.

Because of this lack of information it is impossible to determine the accuracy of the plots
and their applicability to the area. It is well documented (see ETSI Technical Report
ETR 364, November, 1996, as one example) that there are different signal level
requirements for urban, suburban and rural areas. ETSI does not specify either maxﬁnum
or minimum signal strengths, but only “link budgets.” Cingular Wireless has presented
papers at numerous hearings where it notes that its design requirements in the NY/NJ
Metropolitan Area (emphasis added) is —75 dBm. Areas such as rural Bridgewater with
only single story wood frame homes and a very low residual base noise floor (hardly
metropolitan areas) require radio frequency signal strength levels of significantly less
amplitude. Even if they were, the signal level shown here is 1 dB stronger than
Cingular’s own paper supports. Moreover, the depiction of —82 dBm is also overreaching
as; once again, it has been documented that in areas such as Bridgewater signal strengths
of —84 dBm and less are more than sufficient to provide reliable in vehicle and in

suburban building coverage.



The Applicant has provided no basis for these extremely strong signal levels. In fact, the
Federal Communications Commission (“FCC”} has no minimum or maximum
requirement for signal levels provided by carriers except for a requirement in the criteria
for comparative renewal proceedings, 47CFR, 22.940 et.al. that the “applicant has
provided ‘substantial’ service during its past license term. ‘Substantial® service is defined
as service which is sound, favorable and substantially above a level of mediocre service
(emphasis added) which might just minimally warrant renewal.” The Applicant has not
demonstrated that at signal levels of less than 82 dBm its level of service would not be

substantially above mediocre service.

The Applicant’s claims to these signal strength levels are unfounded, unjustified and
should not be considered in determining need for the proposed facility. White papers
distributed by both AT&T and T-Mobile (the other major carrier operating in the US with
the GSM modulation standard) discuss the minimum signal strength required for their
systems.. While both carriers attempt to justify the signal strengths (-82 dBm for AT&T
and —84 dBm for T-Mobile) a review of the assumptions, calculations and expectations
notes that the carriers assume a standard deviation of between 6 to 8 dB (an incredibly
large vaniation of nearly 10% of the minimum noted) and unrealistic building attenuation
needs (in this case 15 dB, which number is not justified in Bridgewater). One can only
wonder what the signal strength will be after the proposed merger of AT&T and T-
mobile is completed. If the AT&T level is utilized will all of the T-Mobile sites have to
be redesigned? In addition, in these justification papers, both carriers claim to need 95%

reliability! Such a reliability factor is nearly perfect and clearly above any expectation of



being substantially above mediocre. The Applicant has overstated its needs with a safety
factor that is not justified. Moreover as the Applicant hés proposed installing tower
mounted low noise amplifiers (“TMA”) these devices act to improve the receiver
sensitivity and noise floor of the system resulting in an even further reduction of signal
strength required to achieve reliable system performance. At a minimum the Applicant
should be directed to provide coverage plots (and even more information, as described
below) at a signal strength of -84 dBm and below. This requirement is very important in
considering the need and its justification. It is also important to note that a reduced signal
strength, i.e. one less than —84 dBm for example, will result in an area of greater coverage
with the resulting gaps “white areas” on the plots that are significantly smaller. This
inverse relationship between signal strength and coverage is intuitively obvious to even

the most casual observer.

As noted above, there is little if any information provided on the model utilized or the
assumptions made in preparing the propagation plots. There are numerous models in
existence today, all with limitations and shortcomings. See, for example, Spectrum
Planning Report, Radiofrequehcy Planning Group, Australian Communications
Authority, April 2001 where differences in various models are demonstrated. In light of
this lack of demonstrated accuracy in the depicted coverage plots, the Applicant should
be well directed to provide scan drive tests of the existing systém and a continuous wave

drive test of the proposed facility.



Drive testing may be considered, if performed correctly, the “Gold Standard’ in
determining existing and proposed coverage. Conducted with specially designed test
equipment, global positioning equipment and data recorders, real time signal strength
measurements are taken, recorded and depicted on maps of the area. Note, that no one
has ever made a telephone call from the calculated plots as supplied, but the drive test is,
in effect, a call placed on the system. Depiption of the results, however, is critical. As
can be noted on the provided calculated plots one of the signal bins depicted is less than —
74 dBm and greater or equal to —82 dBm. While I am not agreeing with this level as it is
too strong, what the map depicts are signal strengths of only greater than —82 dBm. What
if the calculated or measured signal strength was —82.1 dBm or —82.4 dBm? As depicted,
these signal levels would be deemed non acceptable. These broad signal bins should be
replaced with coverage plots depicting signal strengths in bins of 4 dBm. As presented,
the inaccuracy and lack of the precision in demonstrating the projected signal strengths is
not good engineering practice. Note that ETSI in ETR 364 notes that field strength
measurements of rms values can be performed with an uncertainty of 3.5 dB and

predictions can reasonably be done with an uncertainty of 10 db. (see below).

Assume, for example, that one Wés standing on the corner of 2™ Gtreet and Main in the
dark of night and needed to find a specific location. If given a map that had 2" and Main
on the extreme right hand side of the map, one would be able to determine where to go to
the west (assuming Main ran east and west), but would be unable to determine where to
go to the cast as there was no map for that direction. The ideal map would have 2" and

Main in the center of the map. The same is true for the bins of signal strength depicted.



A bin that ends at exactly —82 dBm is useless as there is no information on any signal
strength less than —82 dBm, no matter how much less. Bins should be designed to
“hracket” the desired level (whatever it is). For example, signal strengths on such
presentations as are evaluated herein should have bin brackets of =80 dBm to -84 dBm,
and —84.1 dBm to —88dBm. Such a bin size not only brackets the area of interest and
accounts for the inherent accuracy of the depiction, but also indicate the “roll off” of
signal strength, i.e. how it actually decays with distance. The same presentation should
alsorbe utilized in drive testing. Be warned, however, notwithstanding my comment that
drive testing is the Gold Standard, it, too, has limitations. The current test equipment that
is routinely utilized to perform drive tests is the JDSU W1314A (formerly Aligent
Technologies W1314A) This device has a stated accuracy of +or- 1.5dB. At the signal
strength depicted by the applicant of ~82 dBny, the actual measured signal strength could
vary between —80.5 dBm and -83.5 dBm, nearly a +or- change of 30% m strength.
Hardly the precision accuracy required to declare that “the system won’t work at depicted

levels of less than —82 dBm.”

For all of the above reasons, the evidence submitted with respect to existing

coverage is deficient and incapable of a critical evaluation of need.

Notwithstanding all of the shortcomings of the previously evaluated coverage map, now
one must turn to the map that depicts “Existing, Future, and proposed Coverage.” This
map appears to depict the coverage provided by the proposed facility. The same

inadequacies noted above continue, but the depiction of the proposed coverage is even



more clouded. It is impossible to determine the extent of the proposed coverage at the
height requested. Typically such presentations of proposed coverage are demonstrated
with an overlay (in a contrasting color) or a cross hatched depiction of the proposed
coverage. This allows the reviewer to determine the extent of new coverage, the amount
of overlap and if a site with slightly less coverage and the resultant reduction of tower
height would meet the applicant’s needs. Furthermore, depictions of coverage, in the
manner described should be presented at heights of 20 feet less and 40 feet less. Note
that no model, no matter how good, will show significant differences in coverage at 10
foot increments. This lack of proper presentation also does not allow a critical review of
the system as it exists today. Note, for example, that the Dinglebrook Lane site (SR1860)
was recently placed into service. As carriers routinely “tune” and adjust a new site after
it is placed in service, one has no idea of what the real world service provided by this new
site really is and if it has had an impact on the purported gap in coverage. For all of the
above reasons, the evidence submitted with respect to existing, future and proposed

coverage is deficient and incapable of a critical evaluation of need.

SYSTEM DESIGN

Good design practice in a cellular or PCS system, especially one operating with the GSM
standard that utilized “frequency reuse” is to have the cells spaced in a regular re-use grid
with inter site distances and bearings following the geometry of the transmitting antenna

azimuths. In addition, it is very important to have the proposed cell lnear the center of the

purported “white area” gap in coverage.



Examining the plot entitled Existing and Future Coverage one will note the locations of
existing sites (gold color); proposed sites (magenta color) and the proposed site. One can
only wonder why site CT5902 (Carmen Hill Road Site) is shown only as a one sector
1900 MHz site only, and not a full 800 MHz site. This plot also indicated the extent of
the purported gap that extends around the Housatonic River, south to Route 133 (east and
west) and north to Tappen Road. A casual observation of the existing. and proposed sites
indicates relatively uniform spacing and azimuthal separation. The proposed site,
however, appears to violate the existing and proposed geometry of the system. Besides
not bein;gr in the center of the gap, the site is too far east and too far south. Moreover as
there appears to be no engineering department “search ring” submitted with the
application, the reviewer has no idea if the site, as proposed meets the design goals of the
system engineer. Such search rings are routinely issued by the engineering tcam and
given to the site acquisition team so they know in what area to look. Such search rings
are usually a part of a complete application package. The Applicant should provide a
graphic representation of the search ring utilized for this site and if it did locate a site in
an area that was more in line with the regular reuse grid why it rejected that site or could
not utilize it with another site to result in a “two site” solution with structures that had
less visual impact on the community.

As noted above, there has been no demonstration on the minimum height hecessary to
achieve the relief the Applicant seeks to fill in its purported gap in coverage. That said,
there are issues associated with the antenna supporting structure and the antenna

configuration, number of antennas and separation of co-located antennas.



ANTENNA ARRAY CONFIGURATION

The Applicant proposes to construct a 170 foot monopole tower capable of supporting up
to 4 separate carriers (the Applicant’s antennas and 3 additional co-locators). It is notable
that T-Mobile Northeast LLC chose not to participate in this application. With the
pending acquisition of T-Mobile by AT&T Wireless and the combination of the two
networks may reduce or eliminate the need for a separate antenna array at the site. Note
that one of the “operating efficiencies” and “cost savings™ that AT&T touts about its
announced merger is the reduction of total number of tower sites required and a

consolidation of existing sites.

The description of the Applicant’s antenna system notes that it will consist of “up to
twelve (12) panel antennas on a platform at 167 feet AGL.” It goes on to note so as to
maximize co-location opportunities the monopole tower will accommodate at least three
additional carriers” antenna platforms. The vertical elevation drawing of the proposed
monopole entitled “Tower Elevation” tends to support four (4) platforms, each platform
containing 12 antennas, each platform separated by 10 feet. Such an antenna/platform is

un-necessary and visually obtrusive.

Modern antenna design has substantially evolved since the first cellular installations of 25

years ago. In addition carriers now have more access to additional spectrum than they



did 25 years ago. While it is not specified in the application materials (save an emissions
statement) it would be safe to assume that the Applicant is proposing to install both its
850 MHz cellular system and its 1900 MHZ PCS system. In addition it is general
knowledge that the Applicant has successfully acquired additional spectrum in the 700
MHz band. Notwithstanding its proposal to install up to 12 antennas on a platform at the

proposed facility, there is no technical reason to do so.

There exist today, off the shelf, antennas that can transmit both the 850 MHz and 1900
MHz signals from a single antenna structure. These antennas encompass both sets of
radiating elements in a single enclosure and in addition have the features of dual
polarization cross polarization (so as to improve receive diversity) and individually
adjustable beam tilt (beam steering) to fine tune system operation for each frequency
band. An example of such an antenna would be the Powerwave P90-14-XLH-RR. As
antennas such as the one noted have built in diversity, the need to space such antennas on
a structure (either horizontally as on a platform or vertically on the pole itself) is not
necessary. Interestingly enough, AT&T (the co-applicant here) has proposed the use of
this antenna [six (6) antennas total] close mounted on a 1 foot diameter (top) monopole
extension at 6 Mountain Road in Washington Ct. Furthermore each existing and proposed
carrier on the monopole at 6 Mountain Road is close mounted to the monopole (no
platforms or T-Arms). There is no evidence why such a less obtrusive installation

technique could not be used here (if this application were approved).



Should the Applicant claim that its needs in Bridgewater include the use of the 700 MHz
band and that fact would require more antennas, one need only to look at another antenna
type, the CCS antenna FLG-X7CAP-465. This antenna operates not only in the 850 and
1900 Bands, but the 700 Band as well. Furthermore this antenna is specifically designed
to operate within a fiberglass radome (such as is used in stealth concealment flag pole
structures). This alternative antenna array type is feasible and would further ameliorate

the visual impact of the monopole.

Notwithstanding that the Applicant has not demonstrated the minimum height necessary
so as to fill in its purported gap in coverage, it has also failed to demonstrate why the

_ proposed monopole has to be configured as shown in the Tower Elevation Drawing. The
concept of vertically spacing competing cartiers is one of convenience and not necessity.
So as to minimize the work and or cost in fabricating monopole sections, it was decided
that “ports” (areas where the transmission lines would exit the monopole to connect to the
antennas) would be spaced every 10 feet. Such a convention allowed for mass produced
sections without special order requirements. This decision was based on manufacturing
needs as opposed to radio frequency technical needs. It is well known that antennas of
competing carriers (either carriers operating on adjacent bands, i.e. 850 to 850 or other
bands, i.e. 850 to 1900) can be located extremely close to each other without interference
issues. In a paper published by Andrew Corporation, graphs representing the isolation
between 850/850, 1900/1900 and 850/1900 systems are displayed with the measurement
protocol. The results demonstrate that vertically separated antennas can achieve at least

53 dB of isolation with as little as 6 inch separation (head to tail) of antennas. Such an



arrangement or requirement on the proposed pole could result in a significantly shorter
structure, and be aware that the Applicant has not demonstrated the minimum height

necessary for this structure, while still allowing sufticient space for co-locators.

All of the issues noted above with respect to the number of antennas required, the
mounting of antennas, the separation of antennas, and the stealthing of antennas would

result in an antenna structure with significantly less visual impact.

111 SECOND HILL APPLICATION

RADIO FREQUENCY COVERAGE DEPICTION ANALYSIS

AT&T’s coverage analysis for the proposed site is essentially similar to that submitted
along with the Docket 412 application. Therefore most, if not all, of the deficiencies
noted with respect to that application apply here. As a result of those deficiencies, it is
once again impossible to determine the impact on the existing and proposed system that
this installation would have. The proposed supporting structure is planned to be a 160
foot above ground level monopole. AT&T had previously identified an existing 110 foot
above ground level Connecticut Department of Transportation tower at 96-110 Second
Hill Road and considered utilizing it (with structure modifications). After consultation
with local residents, the applicant proposed to place the monopole at the 111 Second Hill

Road location.

A taller 170 or 1801t structure like the one at Wewaka should have been

considered. AT&T has not supplied alternate propagation plots that would



demonstrate the coverage of the proposed facility and if such a taller structure might have
on the need for the Docket 412 site. Such a taller structure in

conjunction with tuning and optimizing the site at Dinglebrook Lane (SR 1860)

could result in a significantly reduced height at the Docket 412 site or, more importantly,
no site at all. AT&T should be directed to present such alternate coverage plots (along
with all of the coverage demonstration needs of the Docket 412 site previously noted).

Such a presentation would be invaluable in determining need for the Docket 412 site.
SYSTEM DESIGN

The issues raised with system design in the Docket 412 review appear to apply here
except the fact that this site appears to be proposed in a location that meets with the

regular reuse design criteria. This site location appears to be in an optimum location.

ANTENNA ARRAY CONFIGURATION
Once again, all of the issues raised with respect to antenna array configuration, spacing
and mounting in the Docket 412 review equally apply here and should be considered

before this application is approved.

FINAL CONSIDERATIONS OF BOTH APPLICTIONS

It is clear that both the applications affect one another. The facts that the sites are
neighbor sites and within the same town dictate that one can not be considered with out

consideration for the other.



An interesting aspect of the joint consideration of the applications is that the tower at
Second Hill configured properly may obviate the need for Wewaka (Docket 412) while
the opposite may not be true. A similar situation existed in Wesley Hills, New York,
where [ acted as an expert for the land use board. In that case, Verizon Wireless
proposed a new monopole in an area that met with strong opposition from the community
at large and the Village itself. Nearby the proposed site, but not a true alternate site
because of distance to it (about the same distance as exists between the Docket 412 site
and the 111 Second Hill Road site) an existing tower stood ready to support the Verizon
Wireless antennas. In fact, Verizon Wireless proposed to locate at that very site in the
“near”future, but wished to construct the Village site first. After a critical review of
properly prepared coverage plots, along with drive tests, it was determined that the
existing site just might meet the needs of Verizon Wireless. Interestingly, the engineer
preparing the plots and coverage analysis in that application is the same one who appears

to be doing such in these applications.

With the evidence of possible coverage from the existing site meeting the needs of
Verizon Wireless, the land use board directed Verizon Wireless to construct antennas on
the existing site first and then after drive or system test verification come back to the

board for consideration of its first choice.

The situation here may very well dictate the same action. Should the 111
Second Hill site be constructed first (at a height determined necessary to provide the
maximum coverage) the Applicant in the Docket 412 proceeding could then determine

by drive or system test verification if indeed the Wewaka Road were needed, and if it



were, at what reduced height to meet its needs. Such an order of approval would best
serve the public interest and meet the non-proliferation of towers policy of the Siting

Council.

Ronald E. Graiff, P.E.
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INTRODUCTION

The purpose of this paper is to review several modified Hata models. The different
modified Hata models are compared against the Okumura field strength curves from
which the original Hata model was derived. The models are compared for different
frequencies, distances and base transmitter heights. The mobile antenna height in all
cases was assumed to be 1.5m and the field strength values are calculated for a 1 kW
ERP transmitter. A recommendation is made on which model most closely
approximates the Okumura field strength curves.

BACKGROUND

The original Hata model was published in 1980 by Masaharu Hata [1]. Hata took the
information in the field strength curves produced by Yoshihisa Okumura [2] and
produced a set of equations for path loss. Okumura carried out a number of
propagation studies in and around Tokyo City and produced a set of curves of field
strength against distance.

Two of the limitations of the Hata model are that it has a limited path length and a
limited frequency range. A number of modified models have been produced to extend
the path length and frequency range. These modified models vary slightly from each

other and some of these models more closely match the Okumura curves than others
do. '

EMPIRICAL HATA MODEL

The Hata empirical model uses 2 propagation equation split up into two terms, a term
that has a logarithmic dependence on distance and a term that is independent of
distance. The Hata model also includes adjustments to the basic equation to account
for Urban, Suburban and Open area propagation losses. For more detail see reference
[1]. The variables are described in the attachments at the end of this report.

The Hata equation for propagation loss in an urban area is given by:

L, =69.55+26.161og(f)—13.82log(h, ) — a(h,)+(44.9-6.551og(h,)) * log(d)

Where, in the case of propagation loss in a medium to small city:
a(h,)=(1.1log(f)-0.7)*h, —(1.56log(f)—0.8)
The adjustment for propagation loss in a suburban area is: -

L, =L, (urban area)—2* (log(f/28))* 5.4
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The adjustment for propagation loss in an open area is:
L, = L, (urbanarea)— 4.78(log(/))* +18.33log( /) — 40.94

The model is suitable for use over the ranges:

Frequency range 150 — 1500 MHz
Base station height 30 — 200 m
Mobile height ! — 10 m

Distance range 1 — 20 km

Figure 1 in the Attachments compares the field strength curves generated by the Hata
model against the Okumura field strength curves for urban areas. At distances below
30 km the Hata curves compare very well, to within +1dB of the Okumura curves. At
distance above 30 km the Okumura curves drop below the Hata curves. At 100 km
the difference varies from 7 dB to 15 dB.

MODIFIED MODELS

The modified Hata models were produced to iraprove on the range limitation that the
original Hata model had. The first modified model appeared in a CCIR report [6] in
an attempt to extend the Hata model to cover greater distance.

An ambiguous equation in the CCIR report lead to an uncertain interpretation. In
particular as to how the distance term was raised. There was uncertainty about
whether the power term includes the whole log term or just the distance term. The
equation in the CCIR report was written as shown below.

F=69.82 — 6.16 log £+ 13.82 log by + a(h) — (44.9 — 6.55 Iog hy) * log d ®

Some later models included just the distance term raised to the power b and some
included the whole log distance term raised to the power b. In general the original
equation was kept with new terms added to extend the distance range. To aid
comparison with the eriginal Okumura curves all models have been converted to
calculate field strength from a 1 KW ERP transmitter. Some of the modified models
have been published in this form and there is some small variation in some of the
constants in the different models due to rounding errors.

Three models thét were compared are the ITU-R P.529-2 [4], ITU-R P.529-3 [5] and
the model used in the ERC Report 68 [3].
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ITU-R P.529-2

The equation in this model has the distance term only, raised to the power 5. The
equation is stated as:

E =65.55~6.16log(/) +13.82log(h, ) + alh, ) —(44.9—6.55log(h, ) * log(d®)
Where:
a(h,)=(1.1log(/)—-0.7)*h, —(1.56log(/)—0.8)

b=1for d<=20km
b=1+(0.14+1.87*107" * £ +1.07%107 * ) * (log(d / 20))** if d> 20 km

These equations are meant to be extensions of the original Hata equation, When the
distance is less than 20 km, which is in the useabie range of the original Hata
equation, the modified equation should equal the original equation. This equation
does not equal the original equation for a distance of less than 20 km. The first
constant 65.55 should have been 69.82.

This model claims to be suitable for use over the ranges:

Frequency range 150 — 1500 MHz

Base station height 30 — 200 m

Mobile height 1 — [0 m
Distance range 1 — 100 km

ITU-R P.529-3

The equation in this model has the whole log distance term raised to the power b. It
also includes a modification to the base height term. This equation does equate to the
original Hata equation for distances less than 20km. The equation is:

E =69.82-6.16log(f ) +13.82log(h, ) + a(h,) — (44.9 — 6.55 log(h, ) * (log(d))*
Where:
a(h,)=(1.1log(/)-0.7)*h,, —(1.56log(f) - 0.8)

b=1for d<=20km :
B=1+(0.14+1.87*107* £ +1.07*107° * k', ) * (log(d /20))°° if 4> 20 km

Where:

By=hy (1+T7%107° * 7 Y%
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This model is suitable for use over the ranges:

Frequency range 150 — 1500 MHz
Base station height 30 — 200 m
Mobile height 1 — 10 m

Distance rangel — 100 km

ERC REPORT 68

In this model, there are a number of equations for different frequency ranges. The
equation discussed here covers the same frequency range as the original Hata
equation. This equation has only the distance term raised to the power 4. This
equation equates approximately to the original Hata equation for distances less than
20km. The first constant is equal to 69.75 instead of 69.82. The equation is:

E =69.75-6.161log( /) +13.82log(h, ) + o * (44.9 — 6.55 log(h, ) * (log(d)) +
a(h_)+b(h,)
Where

a=1if d<=20km
a=1+(0.14+1.87*107** £ +1.07*107° *1_)* (log(d /20))"* if d > 20 km

a(h,)=(1.1log(f)~0.7)* minimum (10,%,)—(1.561og(f)~0.8) +
maximum (0,20log(A,, / 20))

b(h,) = minimum{0,20log(h, /30))

This model is suitable for use over the ranges:

Frequency range 150 — 1500 MHz
Base station height 1 — 200 m
Mobile height 1 - 200 m

Distance range | — IDQ km

COMPARISON OF MODIFIED MODELS

I_t_is obvious that the ITU-R P.529-2 model is incorrect and can be removed from 7
further consideration.

In the attachments, Figures 2 to 5 compare the results of the ITU-R P.529-3 and the
ERC68 models against the Okumura curves. These models give similar results at low”
frequencies but at high frequencies the ERC68 model starts to drop well below
Okumura's curves. At lower frequencies in some cases the ERC68 model comes
closer to the Okumura curve than the ITU-R P.529-3 model. Overall though, the ITU-
R P.529-3 model is a better match to the Okumura data than the ERC68 model.
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The field strength values for the model with the log(d®) term are very close to the

field strength values for the model with the (log(4))’ term even thought the two terms
are different. This is due to the » term only ranging from 1 to 1.5 approximately.

RECOMMENDATIONS

The comparison suggests that the ITU-R P.529-3 model is the most suitable for
general use. At frequencies up to about 500 MHz and for distances larger than 60 km
the ERC68 model more closely matches the Okumura curves and may be preferred.
The ERC68 model tends to predict field strength values below the Okumura curves
where as the ITU-R P.529-3 model tends to predict field strength values above the
Okumura curves. For frequencies above 500 MHz the ERC68 model predicts
emission levels well short of the Okumura curves so the ITU-R P.529-3 model would
be preferred in this case.
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Converting propagation loss to field strength at the receiver

The original Hata equation is given in terms of a loss in dB. The Okumura curve and
some modified Hata models are given in field strengths {(dB (uV/m)). We need to
convert the Hata equation into field strength so the different equations can be easily
compared.

Original Hata equation

L, =69.55+26.16log f ~13.82logh, —a(h,) +(44.9- 6.66logh,)logd (dB) (1)

The relationship between power received by an isotropic antenna and field strength at
the receiving site.

(AYE
prﬁ[%) = W (EIRP) .(2)

e Y E
P’_(czfg‘,,zJ 30 @

Converting from a linear equation to logarithmic and with f in MHz:

P =169.537-120-21.984-20 logf+E—14.771 dBW (EIRP) 4
Adding all the cénstants together:

P =E-20logf+12.782 (5)

The power received is also equal to the power transmitted F, minus the propagation

loss L, as shown:

B=P-L ©)

r I3

Using equation 5 and 6 we can calculate an equation that shows the relationship
between loss and field strength depending on the power transmitted.

E=P +20log f~12.782~ L, ' dB(V/m) )

All field strengths were measured with respect to a 1 kW ERP transmitter, which is
equal to a 1:637 kW EIRP transmitter. Setting F, equalto 32.15 dB equation 7

becomes:

E=1937+20log f - L, ' dB(V/m) (8)

Page 13

e



To convert dB(V/m) to dB(LV/m) 120 dB is added and equation 8 becomes:

E=1393

Replacing

7+20log /~ L, dB(V/m) )

L, by the Hata equation for propagation loss equation 9 becomes:

E=69.82—6.16log f +13.82logh, +a(h,) —(44.9-6.66logh,Ylogd  dB(uV/m)

Variables

t~

B~
~

B

b~

b
e ttj,g

=

3

a8

Propagation loss in an urban area in a small to medium city in dB
Propagation loss in a suburban area in dB

Propagation loss in an open area in dB

The field strength at a distance from a 1 kW ERP transmitter in dBUV/m

The frequency of the transmission in MHz

The height of the base station or fransmitter in metres

The height of the mobile or recetver in metres _

The distance between the receiver and transmitter in kilometres
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Foreword

This ETSI Technical Report (ETR) has been produced by the Special Mobile Group (SMG) Technical
Committee (TC) of the European Telecommunications Standards nstitute (ETSI).

This FTR Desctibes the radio network planning aspects within the digital cellular telecommunications
system.

This ETR is an informative document resulting from SMG studies which are related to the Digital cellular
telecommunications system (Phase 2). This ETR is used to publish material which is of an informative
nature, relating to the use or the application of ETSs and is not suitable for formal adoption as an ETS.

The specification from which this ETR has been derived was originally based on CEPT documentation,
hence the presentation of this ETR may not be entirely in accordance with the ETSI/PNE rules.

Reference is made within this ETR to GSM Technical Specifications (GSM-TS) (NOTE).

NOTE: TC-SMG has produced documents which give the technical specifications for the
implementation of the Digital celiular telecommunications system. Historically, these
documents have been identified as GSM Technical Specifications (GSM-TS). These
TSs may have subseguently become |-ETSs (Phase 1), or ETSs (Phase 2), whilst
others may become ETS| Technical Reports (ETRs). GSM-TSs are, for editorial
reasons, still referred to in current GSM ETSs.
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1 Scope

This ETSI Technical Report (ETR) is a descriptive recommendation to be heipful in cell ptanning.

1.1 References

This ETR incorporates by dated and undated reference, provisions from other publications. These
normative references are cited at the appropriate places in the text and the publications are listed
hereafter. For dated references, subsequent amendments to or revisions of any of these publications
apply to this ETR only when incorporated in it by amendment or revision. For undated references, the

latest edition of the publication referred to applies.

[1] GSM 01.04 (ETR 350): "Digital cellular telecommunications system (Phase 2+);
Abbreviations and acronyms".

[2] GSM 05.02 (ETS 300 908): "Digital cellular telecommunications system
{Phase 2+); Multiplexing and multiple access on the radio path®.

[3] GSM 05.05 (ETS 300910): "Digital cellular telecommunications system
{Phase 2+); Radio transmission and reception”.

(4 GSM 05.08 (ETS300911): "Digital cellular telecommunications sysiem
{Phase 2+); Radio subsystem link control",

[5] CCIR Recommendation 370-5: "VHF and UHF propagation curves for the
frequency range from 30 MHz to 1000 MHz",

[6] CCIR Report 567-3: "Methods and statistics for estimating field strength values
in the land mobile services using the frequency range 30 MHz to 1 GHz".

7] CCIR Report 842: "Spectrum-conserving terrestrial frequency assignments for
given frequency-distance seperations"”,

[8] CCIR Report 740: "General aspects of cellular systems”.
1.2 Abbreviations

Abbreviations used in this ETR are given clause 6 {Glossary) and in GSM 01.04 [1].

2 Traffic distributions
2.1 Uniform

A uniform traffic distribution can be considered to start with in large cells as an average over the cell area,
especially in the country side.

2.2 Non-uniform

A non-uniferm traffic distribution is the usual case, especially for urban areas. The traffic peak is usually in
the city centre with local peaks in the suburban centres and motorway junctions.

A bell-shaped area traffic distribution is a good traffic density macro model for cities like London and
Stockholm. The exponential decay constant is on average 15 km and 7,5 km respectively. However, the
exponent varies in different directions depending on how the city is built up. Increasing handheld traffic will
sharpen the peak.

Line coverage along communication routes as motorways and streets is a good micro model for car
mobile traffic. For a maturing system an efficient way to increase capacity and quality is to build cells
especially for covering these line concentrations with the old area covering cells working as umbrella cells.
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Point coverage of shopping centres and traffic terminals is a good micro model for personal handheld
traffic. For a maturing system an efficient way to increase capacity and quality is to build cells on these
points as a complement to the old umbrelid cells and the new line covering cells for car mobile traffic.

3 Cell coverage
34 Location probability

Location probability is a guality criterion for cell coverage. Due to shadowing and fading a cell edge is
defined by adding margins so that the minimum service quality is fulfilled with a cettain probability.

For car mohile traffic a usual measure is 90 % area coverage per cell, taking into account the minimum
signal-to-noise ratic E¢/No under multipath fading conditions. For lognormal shadowing an area coverage
can be translated into a location probability on cell edge (Jakes, 1974).

For the normal case of urban propagation with a standard deviation of 7 dB and a distance expenential of
3.5, 90 % area coverage corresponds to about 75 % location probability at the cell edge. Furthermore, the
lognormal shadow margin in this case will be 5 dB, as described in CEPT Recommendation T/R 25-0
and CCIR Report 740, :

3.2 Ec/No threshoid

The mobile radio channel is characterized by wideband multipath propagation effects such as delay
spread and Doppler shift as defined in GSM 05.05 annex C. The reference signal-to-noise ratio in the
modulating bit rate bandwidth (271 kHz) is Ec/No = 8 dB inciuding 2 dB implementation margin for the
GSM system at the minimum service quality without interference. The Ec/No quality threshold is different
for various logical channels and propagation conditions as described in GSM 05.05.

3.3 RF-budgets

The RF-link between a Base Transceiver Station (BTS) and a Mobile Station (MS) including handheld is
best described by an RF-budget as in annex A which consists of 4 such budgets; A.1 for GSM 900 MS
class 4; A.2 for GSM 900 MS class 2, A.3 for DCS 1800 MS classes 1 and 2, and A.4 for GSM 800
class 4 in small celis.

The antenna gain for the hand portable unit can be set to 0 dBi due to loss in the human body as
described in CCIR Report 567. An explicit body loss factor is incorporated in annex A.3

At 900 MHz, the indoor loss is the field strength decrease when moving into a house on the bottom ficor
on 1.5 m height from the street. The indoor loss near windows { < 1 m) is typically 12 dB. However, the
building loss has been measured by the Finnish PTT to vary between 37 dB and -8 dB with an average of
18 dB taken over all floors and buildings (Kajamaa, 1985). See also GCIR Report 567.

At 1800 MHz, the indoor loss for large concrete buildings was reported in COST 231 TD(90)117 and
values in the range 12 - 17 dB were measured. Since these buildings are typical of urban areas a value of
15 dB is assumed in annex A.3. In rural areas the buildings tend to be smaller and a 10 dB indoor loss is
assumed.

The isotropic power is defined as the RMS value at the terminal of an antenna with O dBi gain. A
quarter-wave monopole mounted on a suitable earth-plane (car roof) without losses has antenna gain
2 dBi. An isotropic power of -113 dBm corresponds to a field strength of 23.5 dBuV/m for 825 MHz and
29.3 dBuV/m at 1795 MHz, see CEPT Recommendation T/R 25-03 and GSM05.05 section5 for
formulas. GSM900 BTS can be connected to the same feeders and antennas as analog 900 MHz BTS by
diplexers with less than 0.5 dB loss.
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34 Cell ranges
3.4.1 Large celis

in large cells the base station antenna is installed above the maximum height of the surrounding roof tops;
the path loss is determined mainly by diffraction and scattering at roof tops in the vicinity of the mobile i.e.
the main rays propagate above the roof tops; the cell radius is minimally 1 km and normally exceeds 3 km.
Hata's model and its extension up to 2000 MHz (COST 231-Hata model) can be used to calculate the path
loss in such cells (see COST 231 TD (90) 119 Rev 2 and annex B).

The field strength on 1.5 m reference height outdoor for MS including handheld is a value which inserted
in the curves of CCIR Report 567-3 Figure 2 (Okumura) together with the BTS antenna height and
effective radiated power (ERP) yields the range and re-use distance for urban areas (section 5.2).

The cell range can alse be calculated by putting the maximum aliowed path loss between isotropic
antennas into the Figures 1 to 3 of annex C. The same path loss ¢an be found in the RF-budgets in
annex A. The figures 1 and 2 {GSM 900) in annex C are based on Hata's propagation model which fits
Okumura's experimental curves up to 1500 MHz and figure 3 (DCS 1800) is based on COST 231-Hata
model according to COST 231 TD (90) 119 Rev 2.

The example RF-budget shown in annex A.1 for a GSMS00 MS handheld output power 2 W yields about
double the range outdoors compared with indoors. This means that if the cells are dimensioned for
handhelds with indoor loss 10 dB, the outdoor coverage for MS will be interference limited, see
section 4.2. Still more extreme coverage can be found over open flat land of 12 km as compared with
3 km in urban areas outdoor to the same cell site,

For GSM 900 the Max EIRP of 50 W matches MS class 2 of max peak output power 8 W, see ahnex A2

An example RF budget for DCS 1800 is shown in annex A.3. Range predictions are given for 1 W and
250 mW DCS 1800 MS with BTS powers which balance the up- and down- links.

The propagation assumptions used in annex A1, A2, A3 are shown in the tables below :

For GSM 200 :
Rural Rural Urban
(Open Area) {Quasi-open}
Base station 100 100 50
height (m})
Mobile height (m) 1.5 1.5 1.5
Hata's loss 90.7+31.8log(d) 95.7+31.8log(d) 123.3+33.7log(d)
formula (d in km)
Indoor Loss (dB) 10 10 15
For DCS 1800 :
Rural Rural Urban (*}
{(Open Area) (Quasi-Open)
Base station 60 60 50
height (m) ,
Mobile hejght (m) 1.5 1.5 1.5
COST 231 100.1+33.3log(d) 105.1+33.3log(d) 133.2+33.8log (d)
Hata's loss
formula (d in krm)
Indoor Loss (dB) 10 10 15

{*) medium sized city and suburban centres (see COST 231 TD (90) 119 Rev2). For metropolitan
centres add 3 dB to the path loss.

NOTE 1:  The rural (Open Area) model is useful for desert areas and the rural {Quasi-Open} for
countryside.

NOTE 2.  The correction factors for Quasi-open and Open areas are applicable in the frequency
range 100-2000 MHz (Okumura, 1968).
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3.4.2 Smali cells

For small cefl coverage the antenna is sited above the median but below the maximum height of the
surrounding roof tops and so therefore the path loss is determined by the same mechanisms as stated in
section 3.4.1. However large and small cells differ in terms of maximum range and for small cells the
maximum range is typically less than 1-3 km. In the case of small cells with a radius of less than 1 km the
Hata model cannot be used.

The COST 231-Walfish-lkegami model (see annex B) gives the best approximation to the path loss
experienced when small cells with a radius of less than 5 km are implemented in urban environments. It
can therefore be used to estimate the BTS ERP required in order to provide a particular cell radius
{typically in the range 200 m - 3 km).

The cell radius can be calculated by putting the maximum allowed path loss between the isotropic
antennas into figure 4 of annex C.

The following parameters have been used to derive figure 4 :

Width of the road, w =20 m

Height of building roof tops, Hroof = 15 m
Height of base station antenna, Hb =17 m
Height of mobile station antenna, Hm=1.5m
Road orientation to direct radio path, Phi = 90°
Building separation, b=40m

For GSM 900 the corresponding propagation loss is given by :
Loss (dB) = 132.8 + 38log(d/km)
For DCS 1800 the corresponding propagation loss is given by :

Loss (dB) = 142,9 + 38log(d/km) for medium sized cities and suburban centres
Loss (dB) = 145,3 + 38log(d/km) for metropolitan centres

An example of RF budget for a GSM 900 Class 4 MS in a small cell is shown in annex A.4.
3.4.3 Microcells

COST 231 defines a microcell as being a cell in which the base station antenna is mounted generally
below roof top level. Wave propagation is determined by diffraction and scattering around buildings i.e. the
main rays propagate in street canyons. COST 231 proposes the following experimental model for
microcel] propagation when a free line of sight exists in a street canyon :

Path foss in dB (GSM 800) = 101,7 + 26log(d/km) d >20 m
Path loss in dB (DCS 1800) = 107,7 + 26log{d/km) d =20 m

The propagation loss in microcells increases sharply as the receiver moves out of line of sight, for
example, around a street comer. This can be taken into account by adding 20 dB to the propagation loss
per corner, up o two or three corners (the propagation being more of a guided type in this case). Beyond,
the complete COST231-Walfish-lkegami model as presented in annex B should be used.

Microcells have a radius in the region of 200 to 300 metres and therefore exhibit different usage patterns
from large and small cells. They can be supported by generally smaller and cheaper BTS's. Since there
will be many different microcell environments, a number of microcell BTS classes are defined in
GSM 05.05. This allows the most appropriate microcefll BTS to be chosen based upon the Minimum
Coupling Loss expected between MS and the microcell BTS. The MCL dictates the close proximity
working in a microcell environment and depends on the relative BTS/MS antenna heights, gains and the
posttioning of the BTS antenna.

In order to aid cell planning, the micro-BTS class for a particular installation should be chosen by matching
the measured or predicted MCL at the chosen site with the following table.
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The microcell specifications have been based on a frequency spacing of 6 MHz between the microcell
channels and the channels used by any cther cell in the vicinity. However, for smaller frequency spacings
(down to 1.8 MHz) a larger MCL must be maintained in order to guarantee successful close proximity
operation. This is due to an increase in wideband noise and a decrease in the MS blocking requirement
from mobiles closer to the carrier.

Micro-BTS class Recommended MCL {GSM 900) Recommended MCL (DCS 1800)
Normal Small freq. spacing Normal Small freq. spacing
M1 60 64 60 68
M2 55 59 55 63
M3 50 54 50 58

Operators shouid note that when using the smaller frequency spacing and hence larger MCL the blocking -
and wideband noise performance of the micro-BTS will be better than necessary.

Operators should exercise caution in choosing the microcell BTS class and transmit power. If they depart
from the recommended parameters in 05.05 they risk compromising the performance of the networks
operating in the same frequency band and same geographical area.

4 Channel re-use
4.1 C/le threshold

The C/lc threshold is the minimum co-channel carrier-to-interference ratio in the active part of the timeslot
at the minimum service quality when interference limited. The reference threshold C/lc = 9 dB includes
2 dB implementation margin on the simulated residual BER threshold The threshold guality varies with
logical channels and propagation conditions, see GEM 05.05.

42 Trade-off between Ec/No and C/lc

For planning large cells the service range ¢an be noise limited as defined by Ec/No plus a degradation
matrgin of 3 dB protected by 3 dB increase of C/lc, see annex A.

For planning small cells it can be more feasible ta increase Ec/No by 8 dB corresponding to an increase of
C/lc by 1 dB to cover shadowed areas better. C/(1+N) = 9 dB represents the GSM limit performance.

To permit handheld coverage with 10 dB indoor loss, the Ec/No has to be increased by 10 dB outdoors
corresponding o a negligible increase of C/lc outdoors permitting about the same interference limited
coverage for M5 including handhetds. The range outdoors can also be noise limited like the range indoors
as shown in section 3.4 and annex A.1.

4.3 Adjacent channel suppressions

Adjacent channel suppression {ACS) is the gain (la/lc) in C/l when wanted and unwanted GSM RF-signals
co-exist on adjacent RF channels whilst maintaining the same quality as in the co-channe! case, i.e.
ACS = Cllc - C/la. Taking into account frequency errors and fading conditions in the product of spectrum
and filter of wanted and unwanted GSM RF-gignals, ACS = 18 dB is typical as can be found in
GSM 05.05.

1st ACS >= 18 dB, i.e. C/tal <= -9 dB for Cfic = 9 dB in G8M 05.05, imposes constraints of excluding the
1st adjacent channel in the same cell. However, the 1st adjacent channel can be used in the 1st adjacent
cell, as Cllc <= 12 dB and ACS >= 18 dB gives an acceptable handover- margin of »= 6 dB for signalling
back to the old BTS as shown in GSM 05.08. An exception might be adjacent cells using the same site
due to uplink interference risks.

ond ACS >= 50 dB, i.e. C/la2 <= -41 dB for C/lc = 9 dB in GSM 05.05, implies that due to MS power
control in the uplink, as well as intra-cell handover, it is possible that the 2nd adjacent channel can be
used in the same cell. Switching transients are not interfering due to synchronized transmission and
reception of bursts at co-located BTS.
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4.4 Antenna patterns

Antenna patterns including surrounding masts, buildings, and terrain measured on ca 1 km distance will
always look directional, even if the original antenna was non-directional. In order to achieve a
front-to-back ratio F/B of greater than 20 dB from an antenna with an ideal F/B > 25 dB, backscattering
from the main lobe must be suppressed by using an antenna height of at ieast 10 m above forward
obstacles in ca 0.5 km. In order to achieve an omni-directional pattern with as few nulls as possible, the .
ideal non-directional antenna must be isclated from the mast by a suitable reflector. The nulls from mast
scattering are usually in different angles for the duplex freguencies and should be avoided because of
creating path loss imbalance.

The main lobe antenna gains are typically 12-18 dBi for BTS, and 2-5 dBi for MS. Note that a dipole has
the gain 0 dBd = 2 dBi.

45 Antenna heights

The height gain under Rayleigh fading conditions is approximately 6 dB by doubling the BTS antenna
height. The same height gain for MS and handheld from reference height 1.5 m to 10 m is about 9 dB,
which is the correction needed for using CCIR Recommendation 370.

4.6 Path loss balance

Path loss balance on uplink and downlink is important for two-way communication near the cell edge.
Speech as well as data transmission is dimensioned for equal quality in both directions. Balance is only
achieved for a certain power class (section 3.4).

Path loss imbalance is taken care of in celf selection in idle mode and in the handover dacision algorithms
as found in GSM 05.08. However, a cell dimensioned for 8 W MS (GSM 900 class 2) can more or less
gain balance for 2 W MS handheld {GSM 900 class 4) by implementing anienna diversity reception on the
BTS.

4.7 Cell dimensioning

Cell dimensioning for uniform traffic distribution is optimized by at any time using the same number of
channels and the same coverage area per cell.

Cell dimensioning for non-uniform traffic distribution is optimized by at any time using the same number of
channels but changing the cell coverage area so that the traffic carried per cell is kept constant with the
traffic density. Keeping the path loss balance by directional antennas pointing outwards from the traffic
peaks the effective radiated power (ERP) per BTS can be increased rapidly out-wards. In order to make
the inner cells really small the height gain can be decreased and the antenna gain can be made smalier or
even negative in dB by increasing the feeder loss but keeping the antenna front-to-back ratio constant
(section 4.4).

4.8 Channel allocation

Channel allocation is normally made on an FDMA basis. However, in synchronized networks channel
allocation can be made on a TDMA basis. Note that a BCCH RF channel must always be fully allocated to
one cell.

Channel allocation for uniform traffic distribution preferably follows one of the well known re-use clusters
depending on C/l-distribution, e.g. a 9-cell cluster (3-cell 3-site repeat pattern) using 8 RF channel groups
or cell aliocations (CAs), (Stjiernvall, 1985).

Channel allocation for non-uniform traffic distribution preferably follows a vortex from a BTS concentration
on the traffic centre, if a bell-shaped area traffic model holds. In real life the traffic distribution is more
complicated with also line and point traffic. In this case the cell areas will be rather different for various
BTS locations from city centre. The channel aliocation can be optimized by using graph colouring
heuristics as described in CCIR Report 842.

Base transceiver station identity code (BSIC) allocation is done so that maximum re-use distance per
carrier is achieved in order to exclude co-channel ambiguity.
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Frequency co-ordination between countries is a matter of negotiations between countries as described in
CEPT Recommendation T/R 25-04. Co-channel and 200 kHz adjacent channels need to be considered
between PLMNs and other services as stated in GSM 05.05.

Frequency sharing between GSM countries is regulated in CEPT Recommendation T/R 20-08 concerning
frequency planning and frequency co-ordination for the GSM service.

4.9 Frequency hopping

Frequency hopping (FH) can easily be implemented if the re-use is based on RF channel groups (CAs). It
is also possible to change allocation by demand as described in GSM 05.02.

in synchronized networks the synchronization bursts (SB) on the BCCH will occur at the same time on
different BTS. This will increase the time to decode the BSIC of adjacent BTS, see GSM 05.08. The
SACCH on the TCH or SDCCH will also occur at the same time on different BTS. This will decrease the
advantage of discontinuous transmission (DTX). In order to avoid this an offset in the time base (FN)
between BTS may be used.

If channel allocation is made on a TDMA basis and frequency hopping is used, the same hop sequence
must be used on all BTS. Therefore the same time base and the same hopping sequence number (HSN)
shall be used.

4.10 Cells with extra long propagation delay

Cells with anticipated traffic with ranges more than 35 km cotresponding to maximum MS timing advance
can work properly if the timeslot after the CCCH and the timeslot after the allocated timeslot are not used
by the BTS corresponding to a maximum total range of 120 km.

5 Propagation models
5.1 Terrain obstacles

Terrain obstacles introduce diffraction loss, which ¢an be estimated from the path profile between
transmitter and receiver antennas. The profile can preferably be derived from a digital topographic data
bank delivered from the national map survey or from a land resource satellite system, e.g. Spot. The
resolution is usually 500*500 m2 down to 50*50 m2 in side and 20 m down to 5 m in height. This
resolution is not sufficient to describe the situation in cities for microcells, where streets and buildings
must be recognized.

5.2 " Environment factors

Environment factors for the nearest 200 m radius from the mobile play an important role in both the
900 MHz and 1800 MHz bands. For the Nordic cellular planning for NMT there is taken into account
10 categories for land, urban and wood. Further studies are done within COST 231.

Coarse estimations of cell coverage can be dene on pocket computers with programs adding these
environment factors to propagation curves of CCIR Recommendation 370-5 figure 9 and CCIR Report
567-3 figure 2 (Okumura, 1968).

5.3 Field strength measurements

Field strength measurements of the local mean of the lognormal distribution are preferably done by digital
averaging over the typical Rayleigh fading. It can be shown that the local average power can be estimated
over 20 to 40 wavelengths with at least 36 uncorrelated samples within 1 dB error for 90 % confidence
(Lee, 1985).
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5.4 Cell adjustments

Cell adjustments from field strength measurements of coverage and re-use are recommended after
coarse predictions have been done. Field strength measurements of rms values can be performed with an
uncertainty of 3.5 dB due to sampling and different propagation between Rayleigh fading and fine-of-sight.
Predictions can reasonably be done with an uncertainty of about 10 dB. Therefore cell adjustments are
preferably done from field strength measurements by changing BTS output power, ERP, and antenna
pattern in direction and shape.

6 Glossary

ACS Adjacent Channel Suppression (section 4.3)

BCCH Broadecast Control Channel (section 4.8)

BTS Base Transceiver Station {section 3.3)

BSIC Base Transceiver Station ldentity Code (section 4.8)

CA Cell Allocation of radio frequency channels (section 4.8)

CCCH Common Control Channel (section 4,10)

COSsT European Cao-operation in the field of Scientific and Technical Research
DTX Discontinuous Transmission (section 4.9)

Ec/No Signal-fo-Noise ratio in modulating bit rate bandwidth (section3.2)
FH Frequency Hopping (section 4.9)

FN TDMA Frame Number (section 4.9)

F/B Front-to-Back ratio (section 4.4)

HSN Hopping Sequence Number {section 4.9)

MS Mobile Station (section 3.3)

PLMN Public Land Mobile Network

Ps l.ocation (site) Probability {section 3.1)

SACCH Siow Associated Control Channel (section 4.9)

SB Synchronization Burst (section 4.9)

SDCCH Stand-alone Dedicated Control Channel (section 4.9)

TCH Traffic Channel (section 4.9)
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Annex A.1: (class 4) Example of RF-budget for GSM MS handheid BF-output
peak power 2 W

Propagation over land in urban and rural areas

Receiving end: BiS MS Eq.

TX: MS BTS (dB)
Naise figure {multicoupl.input) dB 8 10 A
Muliipath profile TUS0 TU50 (no FH)
Ec/No min. fading 1) dB 8 8 B

RX RF-input sensitivity dBm -104 -102 C=A+B+W-174
Interfarence degrad. margin dB 3 3 D
RX-antenna cable type 1-5/8" 0

Specific cable loss dB/100m 2 0

Antenna cable length m 120 0

Cable ioss + connector dB 4 0 E
RX-antenna gain dBi 12 0 F
Isotropic power, 50 % Ps dBm -109 -89 G=C+D+E-F
Lognormal margin 50 % -> 75 % Ps  dB 5 5 H
Isotropic power, 75 % Ps dBm -104 -94 1=G+H
Field strength, 75 % Ps dBuV/m 33 43 J=1+137
C/ic min.fading, 50 % Ps 1y dB g 9

Cflc prot. at 3 dB degrad. dB 12 12

C/lc protection, 75 % Ps 2) dB 18 19

Transmitting end: MS BTS Eq.

RX: BTS MS (dB)

TX RF-output peak power W 2 6

(mean power over burst) dBm 33 38

Isolator + combiner + filier dB 0 3 L

RF peak power, combiner output dBm 33 35 M=K-L
TX-anienna cable type 1] 1-5/8"

Specific cable loss dB/100m 0 2

Antenna cable length m 0 120

Cable loss + connector dB 0 4 N
TX-antenna gain dBi 0 12 0

Peak EIRP W 2 20

(EIRP = ERP + 2 dB) dBm 33 43 P=M-N+0
Isotropic path ioss, 50 % Ps 3y dB 139 139 Q=P-G-3
Isotropic path ioss, 75 % Ps dB 134 134 R=P-I-3
Range, ouidoor, 75 % Ps 4y km 20 2.0

Range, indoor, 75 % Ps 4}  km 0.7 0.7

1) Ec/No and C/lc for residual BER = 0.4 %, TCH/FS (class Ib) and multi-path profiles as defined in
GSM 05.05 annex 3. Bandwidth W = 54 dBHz.

2)  Uncormrelated C and | with 75 % location probability (Ps). lognommal distribution of shadowing with
standard deviation 7 dB. Ps = 75% corresponds to ca 90 % area coverage, see Jakes,
pp.126-127.

3) 3 dB of path loss is assumed to be due to the antenna/body loss

Max. range based on Hata. Antenna heights for BTS = 50 m and MS = 1.5 m. Indoor loss = 15 dB.
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Annex A.2: (class 2) Example of RF-budget for GSM MS RF-output peak power

8w
Propagation over land in urban and rural areas
Receiving end: BTS MS Eq.
TX: MS BTS {dB)
Noise figure {(multicoupl.input) dB 8 8 A
Multipath profile 1) RA250 RA250 {nc FH)
Ec/No min. fading 1) dB 8 8 B
RX RF-input sensitivity dBm -104 -104 C=A+B+W-174
Interference degrad. margin dB 3 3 D
RX-antenna cabie type 1-5/8" RG&-58
Specific cable loss dB/100m 2 50
Antenna cable length m 120 4
Cable loss + connector dB 4 2 E
RX-antenna gain dBi 12 2 F
Isotropic power, 50 % Ps dBm -109 -101 G=C+D+E-F
Lognormal margin 50 % -> 75 % Ps  dB 5 5 H
Isotropic power, 75 % Ps dBm -104 -96 1=Gi+H
Field strength, 75 % Ps dBuv/m 33 41 J=1+137
C/lc min.fading, 50 % Ps 1) dB 9 9
Cllc prot. at 3 dB degrad. dB 12 12
C/le protection, 75 % Ps 2) dB 19 19
Transmitting end: MS BTS Eq.
BX: BTS MS (dB)
TX RF-output peak power W 8 16
{mean power over burst) dBm 39 42 K
Isolator + combiner + filter dB o 3 L
RF peak power, combiner output dBm 39 39 M=K-L
TX-antenna cable type RG-58 1-5/8"
Specific cable loss dB/100m 50 2
Antenna cable length m 4 120
Cable loss + connactor dB 2 4 N
TX-antenna gain dBi 2 12 0
Peak EIRP W 20 50
(EIRP = ERP + 2 dB} dBm 39 47 P=M-N+Q
Isotropic path loss, 50 % Ps dB 148 148 Q=P-G
Isctropic path loss, 75 % Ps dB 143 143 R=P-I
Range, cutdoor, 75 % Ps 3) km 30.7 30.7

1) E¢/No and Cfic for residual BER = 0.2 %, TCH/FS (class Ib) and multi-path profiles as defined in
GSM 05.05 annex 3. Bandwidth W = 54 dBHz.

2) Uncorrelated C and | with 75 % location probability {(Ps). Lognormal distribution of shadowing with
standard deviation 7 dB. Ps = 75 % corresponds to ca 90 % area coverage, see Jakes, pp.126-127.

3 Max. range in quasi-open areas based on Hata. Antenna heights for BTS = {00 mand MS =1.5m,
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Annex A.3: (DCS1800 classes 1&2): Example of RF-budget for DCS 1800 MS
RF-output peak power 1 W & 250 mW

Propagation over land in urban and rural areas

Receiving end: BTS MS Eq.

TX: MS BTS (dB)

Noise figure(muiticoupl.input) dB 8 12 A

Muttipath profile TUS0 or RA13C

Ec/No min. fading dB 8 8 B

RX RF-input sensitivity dBm -104 -100 C=A+B+W-174

Interferance degrad. margin dB 3 3 D (W=54.3
dBHz)

Cable loss + connegtor dB 2 0 E

RX-antenna gain dBi i8 0 F

Diversity gain dB 5 0 Fi

tsotrapic power, 50 % Ps dBm -122 -g97 G=C+D+E-F-F1

Lognormal margin 50 % >75 % Ps  dB 8 6 H

Isotropic power, 75 % Ps dBm -118 -21 [=G+H

Field Strength 75 % Ps 27 51 J=1+142.4
at 1.8 GHz

Transmitting end: MS BTS Eg.

RX: BTS MS (dR)

TX PA output peak power w - 15.8/3.98

(mean power over burst) dBm - 42/36 K

Isolator + combiner + filter dB “ 3 L

RF Peak power,{ant.connector) dBm 30/24 39/33 M=K-L

1) W 1.0/0.25 7.9/2.0

Cable loss + connector dB 0 2 N

TX-antenna gain dBi 0 18 0

Peak EIRP w 1.0/0.25 316/79.4

dBm 30/24 55/49 P=M-N+C

Isotropic path loss,50 % Ps 2) dB 149/143 149/143 Q=P-G-3

Isotropic path loss, 75 % Ps dB 143137 143/137 R=P-I-3

Range km - 75 % Ps

Urban, out of doors 1.911.27

Urban, indoors 0.69/0.46

Rural (Open area), out of doors 19.0/12.6

Rural (Open area), indoors 9.52/6.28

1) The MS peak power is defined as:

a} If the radio has an antenna connector, it shall be measured into a 50 Ohm resistive load.
b} If the radio has an integral antenna, a reference antenna with 0 dBi gain shall be assumed.

2) 3 dB of the path loss is assumed to be due to antenna/body loss.
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Annex A.4: Example of RF-budget for GSM 900 Class4 (peak power 2 W) in a
small ¢ell

Propagation over land in urban and rural areas

Receiving end: BTS MS Eqg.
TX: MS BTS {dB)
Noise figure(multicoupl.inpuf) dB 8 10 A
Multipath profile TU50 TU50
Ec/No min. fading dB 8 8 B
RX RF-input sensitivity dBm -104 -102 C=A+B+W-174
Interference degrad. margin dB 3 3 D (W=54.3
dBHz)
Cabie loss + connector dB 2 0 E
RX-antenna gain dBi 16 0 F
Diversity gain dB 3 0 F1
Isotropic power, 50 % Ps dBm -118 -99 G=C+D+E-F-F1
l.ognormal margin 50 % ->75 % Ps dB 5 5 H
Isotropic power, 75 % Ps dBm -113 -94 i=G+H
Field Strength 75 % Ps 24 43 J=I+137 at
800 MHz
Transmitting end: MS BTS Eq.
RX: BTS MS (dB)
TX PA output peak power W - 12.6
(mean power over burst) dBm - 41 K
Isolator + combiner + filter dB - 3 L
RF Peak power,(ant.connector) dBm 33 38 M=K-L.
1 W 2 6.3

Cable loss + connector dB 0 2 N
TX-antenna gain dBi 0 16 8]
Peak EIRP W 2 158

dBm 33 52 P=M-N+O
Isotropic path loss,50 % Ps 2y dB 148 148 Q=P-G-3
Isotropic path loss, 75 % Ps dB 143 143 R=P-1-3
Range km - 75 % Ps
Urban, out of doors 1.86
Urban, indoors 0.75

1) The MS peak power is defined as:

a) If the radio has an antenna connector, it shall be measured into a 50 Ohm resistive load.
b) If the radio has an integral antenna, a reference antenna with O dBi gain shall be assumed.

2) 3 dB of the path loss is assumed to be due to antenna/body loss.
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Annex B: Propagation loss formulas for mobile radiocommunications

1 Hata Model [4], [8]

Frequency f; 150 - 1000 MHz
Base station height Hb: 30 - 200m
Mobile height Hm: 1 -10m
Distance d: 1 - 20km

Large and small cells (i.e. base station antenna heights above roof-top levels of buildings adjacent to the
base siation)

1.1 Urban

Lu {dB) = 69.55 + 26.16%log(f) - 13.82%log(Hb} - a{Hm) + [44.9 - 6.55%lag{Hb)]*lag(d)
a(Hm) correction factor for vehicular station antenna height.

For a medium-small ity :
a (Hm) = [1.1"og(f) - 0.7]*Hm - [1.56%0g(f) - 0.8]

For a large city :

a (Hm) = 8.29*[log(1.54*HM)2 - 1.1 for { <= 200 MHz
a (Hm) = 3.2*[log(11.75*Hm)]2 - 4.97 for { >= 400 MHz

1.2 Suburban

Lsu (dB) = Lu - 2*[log(/28)]2 - 5.4

1.3 Rural (Quasi-open)

Lrgo (dB) = Lu - 4.78*Tlog(f)12 + 18.33%|og(f) - 35.94
14 Rural (Open Area)

Lro {dB) = Lu - 4.78*log(f)]2 + 18.33*0g(f) - 40.94

2 COST 231-Hata Model [7]

Frequency f: 1500 - 2000 MHz
Base station height Hb: 30 - 200m
Mobile height Mm: 1 - 10m
Distance d: 1 - 20 km

Large and small cells (i.e. base station antenna heights above rocf-top levels of buildings adjacent o the
base station).

Urban areas (for rural areas the correction factors given in subparagraph 1.3 and 1.4 can be used up to
2000 MHz).

Lu (dB) = 46.3 + 33.9%og(f) - 13.82*log(Hb} - a(Hm) + [44.9 - 6.55"|og{Hb}]*log(d} + Cm
with :
a(Hm) = [1.1%og(f) - 0.7]*"Hm - [1.56™log(f} - 0.8]

Cm = 0 dB for medium sized city and suburban centres with moderate tree density
Cm = 3 dB for metropolitan centres
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3 COST 231 Walfish-lkegami Model [7]

Frequency 800 - 2000 MHz
Base station height Mb: 4 - 50m
Mobile height Hm: it -3m
Distance d: 0.02- 5km

Height of buildings Hroof (m)

Width of road w {m}

Building separation b (m}

Road orientation with respect to the direct radio path Phi (%)
Urban areas

3.1 Without free line-of-sight between base and mobile (small cells)

Lb = Lo + Lrts + Lmsd (or Lb = Lo for Lris + Lmsd <= 0)

with :
3.1.1 Lo free-space loss
Lo = 32.4 + 20"log(d) + 20*log(f)
31.2 Lrts roof-top-to-street diffraction and scatter loss
Lrs =-16.9 - 10*log{w) + 10 log{f) + 20*log(Hr - Hm) + Leri
with Lecri = -10 + 0.354Phi for O<= Phi < 35°
Ler = 2.5 + 0.075*(Phi-35) for 35<= Phi < 55°
Leri = 4.0 - 0.114*(Phi-55) for 55<= Phi <90°
3.1.3 Lmsd multiscreen diffraction loss
Lmsd = Lbsh + ka + kd"log(d) + ki*log(f) - 9*log(b)
with Lbsh =-18"og(1 +Hb - Hroof) for Hb > Hroof
={ for Hb <= Hroof
ka =54 for Hb > Hroof
= 54 - 0.8*(Hb - Hroof) for d == 0.5 and Hb <=Hroof
= 54 - 0.8%(Hb - Hroof)*(d/0.5) for d<0.5 and Hb<=Hroof
kd =18 for Hb > Hroof
=18 - 15*(Hb - Hroof)y/Hroof for Hb <= Mroof
k§ =-4 +0.7%(f/925 - 1) for medium sized cities and
suburban centres with moederate
tree density
= -4 + 1.5%(f925 - 1) for metropolitan centres
3.2 With a free line-of-sight between base and mobile {(Street Canyon)

Microcells (Base station antennas below roof fop level)

Lb = 42.6 + 26*log(d) + 20*log(f) for d >= 0.020 km
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Annex D:  Planning Guidelines for Repeaters

D.1  Introduction

Repeaters can be used to enhance network coverage in certain locations. This annex provides guidelines
for the design and installation of repeaters as network infrastructure elements. It covers both in building
and outdoor applications. The principles within it may also form a basis for the design of repeaters for
other applications within the system.

D.2 Definition of Terms

The situation where two BTSs and two MSs are in the vicinity of a repeater is shown in figure 5 below.
BTSA and MSA belong to operator A and BTSB and MSB belong to a different operator, operator B.

When planning repeaters, operators should consider the effects of the installation on both co-ordinated
and unceerdinated operators. In the following sections, it is assumed that in the uncoordinated scenario,
the repeater is planned and installed only for the benefit of operator A. Operator A is therefore,
co-ordinated and operator B uncoordinated.

In cerain situations, operafors may agree to share repeaters. Under these conditions, the repeater is
planned and installed to provide benefit to all co-ordinated operators. If all operators within the GSM or
DCS bands share a repeater, only the co-ordinated scenatio exists.

BTS, [™. LA MA,

Repeater

BTSg -~ ~ MSg

Figure 5: Repeater Scenario for two BTSs and two MSs

The following abbreviations are used in this annex:

G Repeater Gain

PBTS BTS Output Power (in dBm)

PMS MS Qutput Power (in dBm)

PmaxDL Maximum Repeater Downfink Output Power (in dBm)

PmaxUL Maximum Repeater Uplink Quiput Power {in dBm)

NDL Repeater Downlink Noise Output in RX bandwidth (in dBm)

NUL Repeater Uplink Noise Output in RX bandwidth {in dBm)

SMS MS Reference Sensitivity {(in dBm)

SBTS BTS Reference Sensitivity (in dBm)

Cle Carrier to Interference ratio for cochannel interference

CL1 BTS to Repeater Coupling Loss (terminal to terminal)

cLz Repeater to MS Coupling Loss (terminal to tetminal)

CL3 The measured or estimated out of band coupling loss between a close coupled
communication system and the repeater (terminal to terminal)

M Number of carriers amplified by repeater

Gsys The out of band repeater gain plus the gain of the external repeater antenna
less the cable loss to that antenna. '

Gecom_3 The antenna gain of a close coupled communications system.

Ms A safety margin for equipment used inside public buildings which should include

the height gain of the external repeater antenna plus, if appropriate, the out of
band building penetration ioss.
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D.3 Gain Requirements

The uplink and downlink gains should be such as to maintain a balanced fink. The less of diversity gain in
the uplink direction may need to be considered.

The gain of the repeater within its operating band should be as flat as possible to ensure that calls set up
on a BCCH at one frequency can be maintained when the TCH is on a different frequency.

The gain should be at least 15 dB smaller than the isolation between the antenna directed towards the
BTS and the antenna directed towards the MSs, in order to prevent self oscillation. It is recommended to
measure the isolation before installation of the repeater.

Within the GSM/DCS1800 bands, but outside of the repeater operating range of frequencies, the
installation of the repeater should not significantly alter the cellular design of uncoocrdinated operators. In
the uncoordinated scenario, the repeater should not:

i) amplify downlink signals from ancther operator such that MSs of that operator within a reasonable
distance of the repeater select a remote cell amplified by the repeater as opposed to the local cell of
that operator.

ii) amplify uplink signals from other operators' MSs within a reasonable distance of that repeater and
transmit them in such a direction as to cause more interference fo other BTSs of that operator than
other MSs in the area.

For equipment used in public buildings where other communications systems could operate in very close
vicinity (less than [5]m) of the repeater antennas, special care must be taken such that out of band signals
are not re-radiated from within the building fo the outside via the repeater system and vice versa. When
using repeaters with an antenna mounted on the outside of the building, the effect of any additional height
should be considered. If the close coupled communication system is usually constrained within the
building, it may be necessary to consider the negation of building penetration loss when planning the
installation. It is the operators responsibility to ensure that the out of band gain of the repeater does not
cause disruption to other existing and future co-located radio communication equipment. This can be
done by careful choice of the repeater antennas and siting or if necessary, the inclusion of in-line filtets to
attenuate the out of band signals from other systems operating in the close vicinity of the repeater.

The following equation can be used to ensure an adequate safety margin in these cases:
Gsys < Geom_3 + CL3 -Ms (D.3.1)
Where Geom_3 is not known, a value of 2 dBi should be used.
Where Ms is not known a value of 15 dB shouid be used.
D.4 Spurious/intermodulation Products
When planning repeaters, operators should ensure that during opération, the spurious and
intermodulation products generated by the repeater at uncoordinated frequencies are less than the limits

specified in GSM 05.05.

At co-ordinated frequencies, the intermodulation attenuation of the repeater in the GSM/DCS bands
should be greater than the following limits:

IM3 attenuationDL »>= C/lc + BTS power control range  (D.4.1)

IM3 attenuationUL >= PmaxUL - SBTS + C/ic - CL1 (D.4.2)

These limits apply in all cases except for initial random access bursts amplified by a repeater.
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D.5 Output Power/Automatic Level Control {ALC)

The maximum repeater output power per carrier will be limited by the number of carriers to be enhanced
and the third order intermodulation performance of the repeater. Operators should ensure that the
requirements of section D.4 are met for the planned number of active carrers, the output power per
carrier, and the repeater implementation.

The number of simultaneously active carriers to be enhanced may be different in the uplink and downlink
directions.

When designing ALC systems, the following should be considered:

i) When the ALC is active because of the close proximity of a particular MS, the gain is reduced for all
MSs being served by the repeater, thereby leading to a possible loss of service for some of them.
The operating region of the ALC needs to be minimized to reduce the probability of this occurrence.

i) The response of the ALC loop needs careful design. The ALC should not result in a significant
distortion of the power/time profile of multiple bursts.

iy The ALC design should handle the TDMA nature of GSM signal so that it shall be effective for
SDCCH and TCH transmissions with and without DTX.

iv)  The ALC may not operate quickly enough to cover the initial random access bursts sent by MSs.
The intermodulation product requirement listed in section D.4 need not apply for these transient
bursts,

v) The ALC must have sufficient dynamic range o ensure that it maintains an undistorted output at the
specified maximum power level when a fully powered-up MS is at the CL2min coupfing loss.

vi)  In a non-channelized repeater the ALC will limit the total output power (i.e. peak of the sum of
powers in each cartier). In most cases, the maximum ALGC iimit should be 3 dB above the power per
carrier for two carriers whose third order intermodulation products just meet the requirements of
section 4. When more than two carriers are simultaneously amplified, a higher limit may be
employed provided the operator ensures that worst case intermodulation products meet the
requirements of section D.4.

D.6 Local oscillator sideband noise attenuation

A local oscitlator of a heterodyne type repeater with high sideband noise can cause a problem in
uncoordinated scenarios. If the receive level from an unceoordinated MS is significantly higher than the
receive level from the co-ordinated MS, both signals can be mixed with approximately the same level into
the same IF, degrading the performance of the wanted signal.

To avoid this, an IF type repeater equipped with a local oscillator should have a sideband noise
attenuation at an offset of 600 kHz from the local oscillator frequency given by the equation:

Sideband noise attenuation = CL2max - CL2min + C/ic  (D.6.1)
D.7 Delay Requirements
The ability of the MS tc handle step changes in the time of arrival of the wanted signal is specified in
GSM 05.05. When planning repeaters for contiguous coverage with other infrastructure elements, it is

recommended that the additional delay through the repeater does not exceed the perfermance of the MS.

The additional delay through the repeater should not cause a problem except in extreme multipath
propagation conditions.

The delay of the repeater will reduce the range of the cell in the area enhanced by the repeater. A delay of
8 microseconds is equivalent to a range reduction of 2.4 km.
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D.8 Wideband Noise

Wideband noise is a problem for uncoordinated scenarios. The noise level at the uncoordinated operators’
frequencies needs to be such that an uncoordinated MS or BTS in the vicinity of the repeater is not
desensitized as a result. The following equations provide the maximum noise output by the repeater in the
receiver bandwidth for the downlink and uplink:

NDL <= 8MS - C/lc + CL2Bmin (D.8.1)

NUL <= 8BTS - C/lc + CL1Bmin (D.B.2)

In co-ordinated scenarios, the maximum noise output by the repeater in the receiver bandwidth for the
downlink direction is;

NDL <= PmaxDL - BTS power control range - Cflc (D.8.3)
D.9 Outdoor Rural Repeater Example

D.9.1 Rural repeater example for GSM 900

Rural repeaters are used o enhance areas of poor coverage due to terrain limitations. The repeater is
located where a suitable signal strength can be received from the donor BTS. Typical signal levels
received from the BTS at the input port to the repeater are in the range -50 to -70 dBm. This figure
includes the height advantage and the gain of the antenna directed towards the BTS. The received signal
is amplified and retransmitted towards the area of poor coverage.

Figure 6 shows typical signal levels in the uplink and downlink directions. Two limiting cases for the MS to
repeater coupling loss are shown. A diversity gain of 3 dB is assumed at the BTS making the effective
reference sensitivity level -107 dBm.

+43 dBm -57 dBm +13 dBm 57 dBm  -103 dBm
100 dB
<—> 70 dBy v 116 dB
BTS j < )T )T
Repeater
70dB MS MS
-76 dBm +24 dBm -31 dBm +3%dBm  +39dBm
-107 dBm -7 dBm -77 dBm

Figure 6: Uplink and downlink signal levels for a rural repeater
The minimum coupling loss betwéen the MS and the repeater is assumed to be 70 dB.
D.9.1.1 Intermodulation products/ALC setting
in this example an amplifier with a third order intercept (P1q,) of +50 dBm is assumed.
The setting of the ALC for the two tone case is governad by the following equation (in dB):
PaLc = (2 Prg + IM3)/3 + 3 (D.91.1)
where IMj is the limit specified in GSM 05.05. The inclusion of factor of 3 dB is described in section D.5.
PaLc =24.3 dBm.

Dependent on manufacturer guide-lines, the ALC setting may need to be reduced if many carriers are
passing through the repeater.

in this example, the ALC is unlikely to be activated on the downlink. It could do so in applications with
smaller BTS to repeater coupling loss.
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On the uplink, the ALC is activated when the MS is transmitting at full power, at the minimum coupling
loss. The repeater gain is reduced so that the output power is limited to 24 dBm. This gain reduction may
degrade the service given to other MSs served by the repeater until the BTS power control algorithm has
reduced the MS output power.
D9.1.2 Wideband noise
Wideband noise needs to be considered for both the uplink and the downlink for uncoordinated scenarios.

A 70 dB coupling loss is assumed between the repeater and the uncoordinated MS and the repeater and
the uncoordinated BTS. Then, using equations D.8.1 and D.8.2, the maximum noise power output is given

by:
NDL= NUL =-104 -9 + 70 = -43 dBm

The maximum noise figure required to achieve this noise level in both the uplink and down link directions
is given by the following equation:

Fe=N-G-kKT-B
<= ~43 - 70 - (-174) -53
<=8dB

where F is the noise figure, N is the maximum noise level, G is the gain, kT is equal -174 dBm/Hz and B is
the bandwidth conversion factor equal to 53 dB.

D.10 Indoor Low Power Repeater Example

D.10.1 Indoor repeater example for DCS 1800

Indoor repeaters are used to compensate for the losses associated with building attenuation.

The signal level received from the BTS at the input port to the repeater is typically in the range -60 to
-80 dBm. This figure includes the height advantage of placing an antenna on the roof of the building and

the gain of the antenna directed towards the BTS.

Figure 7 shows typical signal ievels in the uplink and downlink directions. Two limiting cases for the MS to
repeater coupling losses are shown.

+39 dBm 8 -71 dBm -26 dBm .56 dBm  -98 dBm
110 d
L——> 0 dB 72 dB
BTS j <
Repeater
-1 dBm +19 dBm -10 dBm +30dBm  +30 dBm
-107 dBm -3 dBm -42 dBm

Figure 7: Uplink and downlink signal levels for indoor repeater
The minimum coupling loss between the MS and the repeater is assumed to be 40 dB.
D.10.1.1 Intermodulation products/ALC sefting.
Indoor repeaters are likely to be small low cost devices. Consequently, for indoor repeaters, the

intermoduiation performance is not as good as a rural repeater. In this example, an ampllfler with a third
order intercept (P1p) of +40 dBm is assumed.
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For Prg, equal to 40 dBm and IM, equal to -30 dBm, then using equation D.8.1.1;

PALC =18.7 dBm.
On the uplink, the ALC is activated when the MS is transmitting at full power, at the minimum coupling
loss. The repeater gain is reduced so that the output power is limited to 19 dBm. The received signal level
at the BTS of -91 dBm is likely to be below the desired level which the MS power control algorithm seeks
to maintain. Therefore, the MS is likely to remain powered up and the ALC will remain in operation
continuously. Since, there is likely to be only one simulianeous user of this type of repeater, this is
normally acceptable.
D.10.1.2 Wideband noise
Assuming a minimum coupling loss between the repeater and an unco-ordinated BTS of 65 dB, and
between the repeater and an uncoordinated MS of 40 dBm, the following maximum noise levels are
chtained using equations D.8.1 and D.8.2.
Np; =-100 - 9+ 40 = -69 dBm
NUL:-104 -9+ 65 =-48 dBm

The uplink noise level is easy to achieve in view of the low gain. The maximum noise figure required to
achieve this noise level in down link directions is given by the following equation:

F <=N-G-KT-B
<= -69 - 40 - (-174) -53
<=12dB

where F is the noise figure, N is the maximum noise level, G is the gain, KT is equal -174 dBm/Hz and B is
the bandwidth conversion factor equal o 53 dB.
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§22.939

(4) The terms of any oral agreement
related to the withdrawal or dismissal
of the application.

(b) In addition, within 5 days of the
filing date of the applicant or peti-
tioner’s request for approval, each re-
maining party to any written or oral
agreement must submit an affidavit
setting forth:

(1) A certification that mneither the
applicant nor its principals has paid or
will pay money or other consideration
in excess of the legitimate and prudent
expenses of the petitioner in exchange
for withdrawing or dismissing the ap-
plication; and

(2) The terms of any oral agreement
relating to the withdrawal or dismissal
of the application.

(¢} For the purposes of this section:

(1) Affidavits filed pursuant to this
section must be executed by the filing
party, if an individual, a partner hav-
ing personal knowledge of the facts, if
a partnership, or an officer having per-
sonal knowledge of the facts, if a cor-
poration or association.

(2} Applications are deemed to be
pending before the FCOC from the time
the application is filed with the FCC
until such time as an order of the FCC
granting, denying or disthissing the ap-
plication is no longer subject to recon-
gideration by the FCC or to review by
any court.

(3) “‘Legitimate and prudent ex-
penses’ are those expenses reasonably
incurred by a party in preparing to file,
fillng, prosecuting and/or settling its
application for which relmbursement is
sought. -7 .

(4) “Other consideration” consists of
financial concessions, including, but
not Hmited to, the transfer of assets or
the provision of tangible pecuniary
benefit, as well as non-financial con-
cessions that confer any type of benefit
on the recipient.

[59 FR 59507, Nov. 17, 19%, as amended at 63
FR 88951, Dec. 14, 1998]

§22.939 Site availability requirements
for applications competing with cel-
lular renewal applications.

In addition to the other requirements
set forth in this part for initial cellular
applications, any application com-
peting against a cellalar renewal appli-
cation must contain, when initially

47 CFR Ch. | (10-1-09 Edition)

filed, appropriate documentation dem-
onstrating that itz proposed antenna
gite(s) will be available. Competing ap-
plications that do not include such doc-
umentation will be dismissed. If the
competing applicant does not own a
particular site, it must, at & minimum
demonstrate that the site is available
to it by providing a letter from the
owner of the proposed antenna site ex-
pressing the owner's intent to sell or
lease the proposed site toc the appli-
cant. If any proposed antenna site is
under U.8. Government control, the ap-
plicant must submit written confirma-
tion of the site’s availability from the
appropriate Government agency. Appli-
cants which file competing applica-
tions against incumbent cellular li-
censees may not rely on the assump-
tion that an incumbent licensee’s an-
tenna sites are available for their use.

§22.940 Criteria for comparative cel-
lular renewal proceedings.

This section sets forth criteria to be
used in comparative cellular renewal
proceedings. 'The uwltimate issue in
comparative renewal proceedings will
be tc determine, in light of the evi-
dence adduced in the proceeding, what
disposition of the applications would
best serve the public interest, conven-
ience and necessity.

(a) Renewal ezpectancies. The most
important comparative factor to hbe
considered in a comparative cellular
renewal proceeding is a major pref-
erence, commonly referred to as a *‘re-
newal expectancy.”’

(1) The cellular renewal applicant in-
volved in a comparative renewal pro-
ceeding will receive a remewal expect-
ancy, if its past record for the relevant
license period demonstrates that:

(i} The renewal applicant has pro-
vided ‘‘substantial” service during its
past license term. ‘“‘Substantial” serv-
ice is defined as service which is sound,
favorable, and substantially above a
level of mediocre service which just
might minimally warrant renewal; and

(ii) The renewal applicant has sub-
stantially compiled with applicabie
FCC rules, policies and the Commu-
nications Act of 1934, as amended.

-{2) In order to establish its right to a
renewal expectancy, a cellular renewal

102
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E6474A Drive Test
W1314A Multi-band Wireless Measurement Receiver

. KeyFeatures - Perform sinnuftaneous multi-technology measurements
! during a single drive-test or indoor survey

+ Supports LTE, UMTS, GSM, Mobile WiMAX", IxEVDO,
cdmalPig, iIDEN, CW and Spectrum Analysis

+ All measurement collection and analysis performed within
the receiver hardware minbmizing laptop processing
requireinents

- Designed to last for years of daily drive testing
s Solid, RT shielded housing
s Integrated 12 channel GPS or 58 channel high-sensitivity GPS

with a USS 2.0 Tigh-Speed USB hub, reducing the need for
additional hardware cabling

Key Benafits The W1314A RF receiver is an integral part of the Drive Test system. With easy
configuration and robust connections, you can get quick and accurate measuremennts
from the receiver when it is combined with the E6474A Wireless Network
Optimization Platform.

s Add up to four handsets with
USB charging, without impacting
specified receiver measurement
performance Easy connections and configuration mean that you can analyze and optimize your

networks no matter where they are, or on what technology they are based. With the

e [mpr measurement . . ; . .
» Improve mea right receiver or receivers you get fast high-quality measurements.

performance, add new
technologies as they become
available by automatic software

RF Antenna
upgrades for extended product life Handsets

? GPS5 Antenna

» Low weight and power
consumption

Laptop

+ Drive test or indoor use W1314A Receiver

USB (2.0)

USB {with charging)

Up to three additional receivers
(Requires Option 050)

- ——— —— ——

| S Y . . |
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CENTEK Engineering, INC,

Structural Certification Letter

Equipment Clarification Letter ~ Wireless Equipment Instaliation
ATETISAI Site Ref ~ CTSR2245 Washingion

& Mountain Road, - ‘

Washington, CF 06777

s Verizon (Reserved):

Antennas: Three (3) 5-ft panel antennas flush mounted with a RAD center elevation
of 137-ft above grade level. , -

Coax Cables: Six (6} 1-5/8" & coax cables running on the inside of the existing
monopole.

» T-Mobile (Resarved): o _
Antennas: Three (3) RFS APX16DWV-18DWVS-E-ACU panel antennas and six {6}
TMAs flush mounted with a RAD center elevation of 127- above grade level.

Coax Cables: Twelve (12) 1-5/8" @ coax cables.running on the inslde of the existing
monepole. :

= Future Carrier {(Reserved):

* ‘Angennas; Three (3) 5.4 panel antennas flush mourted with a RAD center elavation
of 117-ft above grade Jevsl. . :
Coax Cables: Six (6) 1-5/8" & coax cables running on the inside of the sxisting
tower. )

»  Future Carrier (Reserved): _ .
Artennas; Thres (3) 5-ft panel antennas flush rmounted with & RAD center elavation
of 107-ft above grade fevel. .
Coay Cables: Six {6) 1-5/8" @ coax cables running on the inside of the existing
. fowet, . -
= ATS&T (proposed]: N -

. Antennas; Six (6) Powerwave P90-14-XLH-RR panel anfennas and six [6)
Powerwave TT08-18DB111-001 TMA's flush mounted on a proposed 10-ft
monopoie extension with a RAD center elevation of 167+ above grade level,
Coax Cables: Twelve {(12) 1-5/8" & coax cables running on the exterior of the
existing tower. : : S

¥ thefe are any quesfions regarding this matter, please feel free to call.

sy,
a,_‘!‘“ ey,
Vg SOk b,

Respach Submitted by “
S0

/

53-2 Morik Beoaford Poad, Bronford, CT 06405 2003 488.0580 Tax 202.488.8587  www,CentekEng.com




Dual Broadhand Antennas

H POLARIZATION: Dual Linear $45°
P90-14-XLH-RR ! Dual Broadband Antennas FREQUENGCY (MHz): 698-804, 1710-2170
: HORIZONTAL BEAM WIDTH [7): 85,85

GAIN (dBifdBd): 13.7/11.6 15.7/13.6

TILT: 013, 0-8
LENGTH: 48"
{[of P ATIO
Frequency range (MHz} 608-894 : 1710-2170
“Fregisiney tand (MFz) 2 UL D T L L geRe0e | 806-804: Cqrao-1eso i 18D-i9g0. |7 “HGOU-Z1T0 -
Gain (dBi/dBd) ’ 13 01'10 9 i 13. 7.'11 6 15.113.0 15.413.3 15.713.6
Pelarization: " £ gl Cinean - 457 77 Lo : " PuafLinear+-48 o
" Nominal lmpedance (ﬂ) 50 .
L VEWRY e S
Horizontal baam width, —3dEI O -54 ) 85
‘ ‘Vertical beam wdth- s B

Elecirical down tit (7}

" 11'Side iobe.suppressin: Marical 18t upper (@8] |
Isolation between |nputs (dB)

. infer.band Isciation: (8]
Tracklng. harizental plane 160“ (dB)

* Veérlicat beamvsquint (%) . :

~ Frontto back ratio (dB} 180“130“ oopolar
"Fromtq back Fatlo (dBY 1 180':30" {otal power:. |
Cross polar discrimination (XPD) 0° (dB)

}Cross polar: dlscnl’mnaﬁlun (XPB) +560° (dB) -
M3, 2XTx@43dEm (dBc)

- _‘_Power handimg, avarage- pannput (W) -
Power handling, average totai (W)

A A P ATIO
Connector 4x 7/16 DIN Female, IPG7 == =
" {Gondselor position” - "L T Bottom iy
Dimension HxWxD |n (mm) 48" x12"x 7. 3 (1219 x 305 x 186)
“Mounting' © L Pre-mounted TiE Brackets ;
Weight, with brackets Ibs (kg) 41 (19)
‘Weight without breickets tbsilkgl ™. - ]l a0aay v
Wnd |oad, fruntal.'\atemliraar side 42 mfs Cd"1 0 (N} 920
 Maximam operational wind speed; mph (mis): +|* 100i48)
Survival wind speed, mph (m.'s) 150 (67)
" Lightrirg-protection = - U | o Ground i <

] ‘Operatlng Temperature -40C to +60C
*“Radame material - ] PGPS
Packet size, HxWxD in (mm)
““Radomie colour. - ‘ ST
Shipping weight, Ibs {kg} ’ 52 (24}
SRETS el e r T L IREAISEVE, MET ang AISGY2
Brackets © 7 7256.00, 7454.00

E? iu

*All spedifications subject to change without natice. Please contact your Powerwave representative for complete performance data.

ANTENNA PATTERNS”

 * For detaiied pattems visit hitpaiwww, powerwave cormirpal.

® Gopyright 2011 Powerwave Technologies, Inc. All rights raserved.
Updatad: 2010-12-05 . At specifications ane subject to change withaut notice. Please contast
' yaur Powsrwave representative for compiefe parformance data.



BSA Technical Information
Electrical Isolation of Co-Located Horizontally and Vertically‘ Stacked Antennas

Introduction:

Service providers are facing rapidly increasing pressure from zoning boards to co-locate their base station antennas
on the same tower structure as other providers. Traditionally, these antenna installations have been vertically spaced
about 15 to 20 feet apart to ensure adequate antenna electrical isolation, intermodulation and harmonic signal
rejection, and resistance to receiver noise desensitization. This note addresses the electrical coupling between
horizontally and vertically spaced antennas. For in-band carriers (i.e. co-located A and B band 800 MHz carriers), a
minimum of 50 dB isolation between the stacked antennas is frequentiy required. Measurement data presented in this
note concludes that this required isolation can be achieved easily with just a few inches of vertical spacing. This is true
even for small, low gain antennas with wide beamwidths. This allows the antennas to be stacked more closely
together, thus conserving expensive tower space, reducing total tower count, and allowing higher center lines for
providers who are not located on the top position on the monopole. Also, horizontal antenna spacing is sometimes
used to achieve co-location as well as greater transmit channel capacity by installing additional antennas. Data
presented here concludes that >35 dB electrical isolation is easily achieved with horizontal spacings of just 12 inches
or less {for azimuth beamwidths <105 degrees). This allows packing the antennas quite tightly together, thus further
conserving expensive tower space.

Coupling Test Procedure and Results:

A.) In-Band Measurements: A variety of electrical isolation tests were run at both 800 and 1900 MHz. A pair of like
antennas was placed at various distances from each other, either end-{o-end, or side-to-side, to simulate co-located
antennas on a tower or monopole. A network analyzer was used to inject a signal into one antenna. Then,
transmission loss (521) at the other antenna port was swept and plotted for the appropriate band (806—896 MHz or
1850--1990 MHz). These tests were run mostly in an anechoic chamber to avoid extraneous reflections. When the
antenna spacing was too large to fit in the chamber, the antennas were placed on their backs, outdoors on the
ground, so the environment was essentially reflectionless.

Vertical antenna separation distance was defined as shown in Figure 1, and horizontal separation distance was defined
as shown in Figure 2. Then, for each frequency band, the antenna azimuth beamwidth and gain were varied to sample
typical coupling values. Also, during the vertical separation test, the top antenna was mechanically downtilted 10
degrees, and the coupling test was repeated.

The 800 MHz cellular tests and results are detailed in Table 1. These results are plotted in Figures 3, 4, and 5.

1900 MHz PCS tests and results are shown in Table 2. These results are plotted in Figures 6 and 7.

B.) Cross-Band Measurements: In these tests, an FV105-12-00DA2 800 MHz antenna and an RV20-17-00DP 1900
MHz antenna were stacked horizontally and vertically, as shown in Figures 8 and 9. Two network analyzer insertion
loss sweeps were performed: One at 806—896 MHz, and another at 1850—1990 MHz. Results were tabulated in Table

3, and plotted in Figures 10 and 11.

Only vertically polarized antennas were used in this experiment. It was expected that the worst case isolation results
would be found using vertically polarized antennas throughout so that the antenna pairs would be co-polarized relative



to each other. Slant 45 dual polarized models could also be tested, but the results should be similar to those
presented here.

Conclusions:

A.) In-Band Isolation of Horizontally Spaced Antennas:

In every measured case, isolation of horizontally spaced 90 or 65 degree antennas was greater than 30 dB with
as little as six inches spacing between the antennas.

In every measured case, isolation of 105 degree antennas was greater than 30 dB with as little as 18 inches of
spacing between the antennas. :

Isolation of horizontally spaced antennas was driven mest strongly by the antenna's azimuth beamwidth. Broad
beamwidth models (105 degrees) had the worst isolation.

B.) In-Band Isolation of Vertically Spaced Antennas:

In every measured case, isolation was greater than 50 dB with as little as six inches of spacing between the
antennas. Overall, isolation was excellent regardless of gain or frequency band.

A moderate amount of mechanical downtilt did not appreciably degrade the isolation.

Vertically spaced isolation was not driven by the antenna's gain {and, therefore, the antenna's elevation
beamwidth).

C.) Cross-Band Isolation:

1.

With Cellular and PCS antennas stacked vertically, isolation was typically 60~70 dB, and varied little with
spacing.

With Cellular and PCS antennas stacked horizontally, the isclation was quite different, depending on whether
the test was run at 800 or 1900 MHz. However, even a worst case result of 40 dB was easily achieved with only
18 inches spacing between the antennas.

It should be noted that these resuits may vary if the antennas are located behind architectural screening material for
“stealth™ applications. The scattering environment for these types of set-ups can be quite complex, and requires
analysis of the particular site layout to be confident with the results.

WERTHXAL SPADES, INCGHE=

Figure 1: Antenna Vertical Spacing Definition



HORIZOMTAL SPACING, IMCHES

Figure 2: Antenna horizontal spacing definition

Table 1: Cell Band Coupling Tests:

1) Broad beamwidth, Low gain antennas(d x FYH0-09-00DA420:

Terticd Dpagng H oriz ontsl
5 pacing
Spading 0 degdit 10 deg dit 0 degdit
0 -56.3 -60 R 383
] 2585 ~77 8 -41.0
12 A58 -TEn 4371
18| -HE.6 -81.3 452
24 -0 B8 -47 5
a0 -6EE| -0 420
36 -H9.0 -250 -8 6
1) Broad heamwidth High gein ardermas (2 x FY 105-12-00DA27:
¥ extical Bpacing Hor iz orital
o pacing.
Sparing U dagdit 10 deg it O degdi
0 0.7 ~36.8 BT
] 824 -Bdd -26:0
12 -A2.1 -8 -27 B
18 =637 -63.1 -30.0
24 -0 --66 3 el
30 651 -65.F =31z
36 673 -68.0 31T
33 Herrow beamwidth, Low gein antermas (2 x FV435.11.00DAZ):
’ W ertical Bparitg H orizottal
' S pacing
Spading Jdegdit. 10 deg dit B deg dit
i} -44.3 -45 3 305
6 =373 W50 -353
12 513 -528 Y
18 £1.8 -570 399
24 2.3 -60.0 a0
30 ~f4.6 -2 -490
36 -61.%2 -5 4 -7 3




g Vaptical Spacing B deg dit
: ~——dp Wartical Sparing 10 deg dit
RAHE wfli— Horizontal Spacing O deg dft

36
Separalion Disﬁ.m:e, Inches
Figure 3: Broad Azimuth Beamwidth, Low Gain Isolation Test 800 Mhz (2 x FV90-09-00DA2)

oo e s T Vetical Spaning 0 deg dit
IR e e [ Vertical Spacing 10 deg dit

12
Sepavation Distance, Inches
Figure 4: Broad Azimuth Beamwidth, High Gain Isolation Test 800 Mhz (2 x FV105-12-00DA2)

-20.0 Y IR R R R PR TS

=250

-300 -

350 =

wenpe eptinal Spacing 0 deg A
~—d-— Vertical Spacing 10 deg dit
—8— Honzontal Spacing § degz dit

asp b i

Izolaiion, 48

-500

-35.0

-&0.0

-850

Separation Diztance, Inches
Figure 5: Narrow Azimuth Beamwidth, Low Gain Isolation Test 800 Mhz (2 x FV65-11-00DA2)
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Table 2: PCS Band Coupling Tests

)i Broad beamwridth, High gain(2 x RV 00-17 40DF)

Y ertical Spacing Horizontal Spacig)|
Spacing, inches. 0 degdt 10 deg dit D-degdit .
0 -A4.0 635 -3T .2
& =TT ~T1.5 -30.2]
12 -71.9 733 358
18 -T4.1 74,5 23901
24 -73.9 L 59 2
30 S1e.d 758 3R
3 -76.8 A -Ag 3
20 Harrow heamwidth,'High gain {2 xRV 6 5-18-G0DF)
' ¥ ettical Bpacing 'Hotizontal Spacing
Spacing itwhes. A degdt 10 deg dit O degdit
0] 622 <62 nAal
é 711 ~f1l.6 -7 .1
12 746 NER 401
18 -T4.4 -F1.8 -40.1
24 STE.4 ~F7.0 425
30 TR -FT.5 42
36| 7ot -17.5 -39
2200 e e : R
W - Vertical Sparcing 0 deg dit

-40.10

=500

Isolation, 4B

-a0.0

-70.0

-80.0

18

Separation Distance, Inches
Figure 6: Broad Azimuth Beamwidth, High Gain Isolation Test 1900 Mhz (2 x Rv90-17-00DP)

—tp— Wartical Spacing 10 deg 4t
—8— Honzontal Spacmg 0 degz dit




Eohition, 4B

=200

-30.0

-40.0

L 0N : [N R SR T - Vertical Spa.ci.ngl:ldegd.ft
o e T e Vertical Spacing 10 deg &4t
crife iR il s | — s Hovieontal Spacing 0 deg dit

=500

-50.0

=100

-804

0 & 12 18 24 30 38
' Separation Distance, Inches
Figure 7: Narrow Azimuth Beamwidth, High Gain Isolation Test 1900 Mhz (2 x RVE5-18-00DP)

Centarl'ine

800 MHz Cell Antenna

Vertical Spacing, inches

1500 MHz PCS
Antenna

i

Figure 8: Cross-Band Isclation Test, Vertical Stacking



{00 MHz 1900 MHz
Cell Antenna PCS Antenna

Centerline

> ‘e

Figure 9: Cross-Band Isolation Test, Horizontal Stacking

Horizontal Spacing, inches

1) Bwept ot 200 WIHz.

Spacing  Vertical Spacing Horizenial Spacing
il 689 53.3

8 60,5 -56.5

12 710 573

18 -F2.0 <589

24 =730 A1.5

30 -73.5 624

36 -74.0 0.5

1) Swept at 1900 WMHz:
Sparing Vertical S§pacing Huorizontal Spacing
o

, 635 335
6 658 364
12 661 386
12 T8 403
24 654 416
30, 672 422
36 672 -42.4

Table 3: Cross-Band Coupling Tests
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a 12 15 24
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Figure 10: Cross Band Coupling Tests - 800 MHz Sweeps
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Figure 11: Cross Band Coupling Tests - 1900 MHz Sweeps




Cmgular Coverage Design Requirements for voice and data
communications in GSM networks

in the NY/NJ Metropolitan area, Cingular Wireless has established design criteria for
their subscribers that are consistent with industry standards. ‘A “Link Budget”, which is a
summary of the network gains and losses, defines the maximum allowable path loss and
establishes the design baseline. The link budget on the downlink path (from Base station
to mobile unit) consists of 4 main parameters,

Mobile handset receive parameters
Environmental Losses/Statistical Reliability
Propagation Losses

Base station transmit power

TOwe

Focusing on parameters A (Maobile Phone Specifications) and B (Environmental
Losses/Statistical Reliability), one can define a minimum design signal level that is
needed by the network to provide reliable communications, this minimum signal level
will be the design baseline for the network.

A)  Receiver sensitivity = -102 dBm:

Receiver sensitivity (Rx Sens) is the minimum signal level required at the mobile antenna
that will permit a mobile phone used by Cingular customers to operate. All manufacturers
of cellular phones have to meet minimum design specifications that are established by the
GSM standards committee in order to facilitate interoperability of equipment between
different wireless operators, and to insure product quality. Receiver sensitivity is a very
necessary design specification, and has been set by the GSM Standards committee to be -
102 dBm. This value is actually derived from the following calculation based on the
GSM standard 03.30.

Rx Sens for GSM = Noise Floor + Wb Noise + GSM Phone Noise Figure +Ec/lo
Rx Sens for GSM =-174' dBm + 33 dB + 10dB +8 dB=-102 dBm
Where: '
GSM Phone Noise Fig =10 dB
Ec/No (signal to noise) = 8 dB required for 2% BER.
Noise floor (Boltzman constant)=-174 dB in 1 Hz
Wb { Noise environment: KTB)= 54.3 dBhz for 200Khz GSM BW

* Rx Sens for TDMA is 104 dBm (Ec/No = 18, Wb = 42.3 for 30 Khz)



B)  Environmental Losses / Statistical Reliability — 27 dB

Since it has been established that the phone sensitivity is set at —102dBm, this is the
minimum signal level at the phone antenna that must be achieved to originate and
maintain a phone call. If this is not met, then the mobile subscriber will experience
degradation of the call and most likely a dropped call. The RF Design expert must
account for all environmental and statistical parameters that wil! affect the signal level
actually getting to the mobile phone, these factors include;

1. Building Attenuation Loss — 15 dB

Most of today’s wireless applications are geared towards in-building
usage, for residential home use and office environment applications.
Wireless frequencies are attenuated when passing though man-made or
natural obstructions such as concrete block, plaster, wood and corrugated
metal, and therefore the signal levels inside the building suffers
substantially. This phenomenon can be easily observed everyday by
‘watching someone with a cell phone walk into their office and drop their
call in the building, or attempt to stay near 2 window when making a call,
or dropping their call when they get into a conference room or elevator.

There are many independent studies that have been conducted by the
Institute for Industrial and Electronic Engineers (IEEE), ANSII, and other
independent consultants with respect to the attenuation of cellular signals
penetrating a building. All studies documented indicate average losses
between 12 dB and 24 dB at 1900 MHz, meaning that approximately 94%
to 99.6% of the signal is blocked from getting into the building.

2. Mobile Phone Antenna Body Loss - 3 dB
Since most people utilize hands free kits for their cell phones, the typical
antenna location is at the hip level. The human body blocks and attenuates
a small portion of the signal from getting to the mobile phone. This is
commonly referred to as “body loss”. This effect has been studied
expensively.

- 3. Statistical Fading - 9 dB '
—102dBm has been established as the minimum signal level for a GSM
phone, the cell phone actually needs to maintain a “reliable” ~102dBm in
order to make, receive or maintain a phone call. Being part of the
electromagnetic spectrum, radio waves exhibit the same characteristics as
light waves. There are three basic mechanisms that impact signal
propagation in mobile communication systems; reflection, diffraction and
scattering. Through a combination of these factors, RF can travel over
several different paths between the transmitter and the receiver. The effect
can cause fluctuations in the received signal’s amplitude, phase and angle
of arrival. When the signals coming from multiple paths overlap out of



phase, the net signal is severely attenuated. This phenomenon is termed as
Multi path Fading.

With no line-of-sight propagation path and multiple reflective paths, the
envelope of the received signal is statistically described as a Rayleigh
power distribution function. When there is a dominant non fading signal
component present, the envelope is described as Rician pdf. To account
for the fading effect of the signal, a Fade Margin is introduced in the Link
Budget of the system being designed. The Fade Margin also determines
the Area Reliability of the system. Theoretically, with the Rayleigh
distribution and no fade margin, the network will be just 50 % reliable.
The actual value of the Fade Margin to be used is determined by the
Contour Reliability targeted which also extrapolates to the Area
Reliability of the network. In practice, a 95 % area reliability is the target
objective of most wireless carrier providers.

Tt is very rare for a mobile phone to have direct line of sight to the nearest
cell tower, so the RF path between the cell phone and the tower are not
laser-beam line of sight links, but more a combination of indirect signals.
Local clutter, such as buildings, vehicles, trees, etc causes scattering of RF
signals which is commonly referred to as multi-path. Because of the
various multi path compornients being received, physics dictate that RF
signals are therefore dynamic in nature and foliow a Gaussian distribution.
In many circumstances, received signal levels can fluctuate by more than
6-10 dB without the cell phone even moving. If the average signal level is
—102 dBm, approximately 50% of the time it will be better and .
approximately 50% of the time it will be weaker. A fade margin of 9 dB is
introduced into the calculations to insure that the phone receives —102
dBm over 95% of the time. This insures a “quality” phone call.

References:

L

2

Rayleigh Fading Channels in Mobile Digital Communication Systems Part I :
Characterization by Bernard Skiar, IEEE Communications Magazine July 1997

The Post-Processing Resolution Required for Accurate Coverage Validation and
Prediction by Pete Bernadin and Kanagalu Manoj, [EEE Transactions on Vehicular
Technology, VOL 49, No. 3, Sept 2000 pp1516-1521 '

A Report on Technology Independent Methodology for the Modeling, Simulation and
Empirical Verification of Wireless Communications System Performance in Noise
and Interference Limited Systems Operating on Frequencies between 30 and 1500
Mhz, pepared by TIA TR8 Group 8.8 Technology Compatibility, May 1997



Given the above Engineering design guidelines, the “Resulting Design Requirement” for
Cingular becomes —75 dBm, this is the minimum design signal level that is needed to
insure quality customer service.

Parameter Components Description Value Units
Receiver Sensitivity  [Thermal Noise Floor (1 Hz) -174 |dBmfor 1 Hz
Wb Noise for 200 Khz(271Khz effective) | 54.3  |dBHz for 271 KHz
GSM Phone Noise Figure 10 |dB
Reguired Signal to Noise Ratio 8 dB
Resulting Mobile Sensitivityl -102  dBm
Environmental Losses |Body Loss (Phones worn at beit) 3 dB
Building Penetration Loss 15 dB
Statistical Losses Log-Normal Fade Margin 6 |dB
Raleigh Fade Margin 3 dB

Resulting Design Requirement -75 dBm



Building Attenuation: Building attenuation was studied for the 850 and 1900 Mhz
bands some years ago, and reports were published by ETSI, COST231, FCC, IEEE. ..

References:

1.H.E Walker, “Penetration of radio signals into buildings in the cellular radio
environment” 1983.

2 AM.D Turkmani, “ Radio propagation into buildings at 1.8 GHz" 1991, * Building
penetration Losses” Cost231 116 revl 1991 :

3 “Estimating Coverage of Radio Transmission into and within Building at 900, 1800
and 2300 MHz" 1070-9916/98 IEEE 1998.

4 “In building penetration Margin” presented at an IEE conference and published by
the FCC. -

FCC Form 601:

Within 5 years of being licensed the FCC requires licensees of PCS spectrum blocks to
serve with a signal level sufficient to provide adequate service to at least 25% of the
population in the service area or make a showing of substantial service. “Substantial
service” is defined by the FCC as service that sound, favorable, and substantially above a
level of mediocre service. '

In 1996, Cellular operator provided basic outdoor coverage for voice communication. As
today GSM customers want to be able to use their cellular phones for voice and data,
outside and inside buildings with a 95% reliability.



In the matter of

Affidavit
OMNIPOINT COMMUNICATIONS, INC.-
X
State of New Jersey )
") ss:
County of Morris )
MARK COSGROVE, being duly swor, does depose and say.
1. I'am a national Director of Radio Frequency Engineering for Omnipoint

Communications, Inc. (the “Applicant” or “Omnipoint™). I submit this affidavit in
support of the application by Omnipoint for approval for the installation of a wireless

communication public utility facility (“Facility™).

2. I am a qualified radio frequency engineer. I have been trained to identify
gaps in reliable service.in{ wireless communications systems and to assess the ability of
proposed antenna sites to remedy gaps in signal coverage. I have extensive training and
experience with respect to Omnipoint’s wireless system and technology, as detailed by

my curriculum vitae, a copy of which is attached hereto as Exhibit 1.

3. I have 15 years experience designing, implementing and operating
wireless networks, specifically Global S-ystem for Mobile communications technology
(*GSM?”) based networks. GSM technology is a second generation digital technology

originally developed for use in Europe and which is now used by more than seventy-one




percent (71%) of the world market. GSM technology is, therefore, a very common
mobile technology.

4. The purpose of this affidavit is to establish the technical and scientific

basis for Omnipoint’s design criteria as it relates to signal level.

Omnipoint’s Desion Criteria

5. By way of background, Omnipoint has established design criteria so that
its wireless network will provide reliable wireless service to its customers, whether those
customers are on the street, in a vehicle, orin a building. Providing reliabie service to
Omnipoint’s customers within vehicles and buildings is critical for Omnipoint to provide
the quality of wireless service that customers demand and successfully compete with
other wireless providers, such as Sprint Nextel, Cingular and Verizon Wireless. To meet
customer demands, there are three levels of coverage that Omnipoint strives to provide:
In-Vehicle coverage, In-Building Residential coverage, and In-Building Commercial
coverage. It is important to understand that the levels of coverage do not represent an
objective to achieve a higher level of call quality but to maintain a minirhum signal
strength and hence reliability of service at the mobile handset as the environment
changes. As firther detailed Bclow, the signal is, by its nature, subject to attenuation
depending upon the conciitions and characteristics of the area. The following is a brief

description of each level of coverage.

6. In-Vehicle 'Coverage:  To successfully provide reliable In-Vehicle

coverage, an Omnipoint customer should be able to place or receive a call within a
vehicle successfully across 95% of a site’s coverage area. In-Vehicle coverage is the
minimum level of acceptable coverage within the Omnipoint network in areas with low
population and along major highways covering rurat areas. One must bear in mind that
designing for or;ly the In-Vehicle coverage threshold will typically result in unreliable in-
building coverage, and hence customer dissatisfaction. However, since the signal level is
stronger closer to the antenna site than further away from the antenna site, there will be

some coverage within buildings close to the site. At this time, Omnipoint utilizes the In-
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Vehicle coverage design in low population density areas within Omnipoint’s licensed

coverage area.

7. In-Building Residential Coverage: To successfully provide reliable In-

Building Residential coverage, an Omnipoint customer should be able to place or receive
a call on the ground floor of 2 building that is three stories or less in height successfully
across 95% of the site’s coverage area. In-Building Residential coverage is the mid-level
of coverage within Omnipoint’s network. In-Building Residential coverage is targeted
for residential areas and low-rise commercial districts with building heights of three
stories or less. This type of coverage will typically provide reliable coverage over the
majority of the cell coverage area; however in some areas, and specifically at the outer
geographic boundaries of the cell sites’ coverage area, coverage will be restricted only to

rooms with windows and will likely lead to customer dissatisfaction if customers try to

place or receive a call inside a windowless room, cellar or emergency shelter.

8. In-Building Commercial Coverage: To sﬁccessfully provide reliable In-

Building Commercial coverage, an Omnipoint customer should be able to place or

recejve 2 call on the ground floor of a building that is greater than three stories in height

~ successfully across 95% of a site’s coverage area. In-Building Commercial coverage is

the top level of coverage within the Omnipoint network at this time. In-Building
Commercial coverage is targeted for urban residential centers (high-rise buildings), urban
business districts and suburban business centers, Coverage issues may still occur in hard

to serve locations such as within elevators and parking structures.

9. Signal Strength: To provide these levels of coverage, Omnipoint has

scientifically determined the strength of the wireless signal (“signal strength”) nécessary -
to provide In-Vehicle coverage, In-Building Residential coverage, or In-Building
Commercial coverage. Because wireless signals are attenuated (i.e. degraded or partially
blocked) by obstructions such as trees, automobile windows, aufomobile sheet metal, and
building materials such as wood, brick and metal, a wireless signal must be of sufficient
strength in the ambient environment (i.e. outside with no obstructions) to reliably

penetrate into automobiles and buildings,
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10. Assume for example that a homeowner placed a radio on the front lawn of
his house and played a song. The sound level would be louder closer tb the radio than
farther away because audio sound waves weaken as they travel farther away from their
source. The song will be clearly audible to a person with average hearing capacity sitting
on the front lawn next to the radio. Another persoﬁ may be able to hear the song within
her car parked in the driveway a short distance away from the radio, although she may
have difficulty deciphering the words. Still another person within the house may not be
able to hear the song at all. For the person within the house to hear the song, the radio
must be moved closer to the house. The song cannot sifnply be made louder w1thm the
house by tummg up the volmné, as there is a practical limit to how much sound (power)
the loudspeakers can produce without physically damaging the radio, or introducing
distortion into the sound. Similarly, a.cell site’s transmission power is limited by the
physical output power capabilities of the amplifiers and the legal restrictions of the
licenses Omnipoint operates under. It is also important to understand that unlike this
simple radio analogy, a wireless telecommunication system is a two-way system. The
signal is transmitted from the antenna site to the receiver in the wireless phone. The
wireless phone fransmits a signal back to a receiver at the antenna site. Each signal link
must work for reliable two-way communication. Therefore, Omnipoint cannot simply
turn up the power oﬁ its antenha sité to provide a stronger signal level because doing this
has no impact on the ability of the mobile phone to transmit a signal back to the receiver
at the antenna site. The radio frequency power output of mobile phones is far less than
the typical output power at the cell site. Although the cell Site has some techniques to
redress this power imbalémce, the link must remain balanced. Accordingly, the relevant
question is as follows: How close must the radio be to the house so that the radio waves
are strong enough for the person in the house to clearly hear the song? In like manner,
Omnipoint’s design criteria reflect the need to provide a wireless signal strong enough to

provide reliable service within a vehicle or building.

1. Required Signal Strength Levels: Wireless signal strength is measured on

a logarithmic power scale referenced to 1 milli-watt of power. Signal strength levels less

than 1milli-watt being regative. The smalier the negative dBm number, the stronger the
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signal. For ek-ample, ~76dBm is a stronger signal leve] than —84dBm. Omnipoint’s
system requires an ambizent signal level of -84dBm to provide reliable In-Vehicle
coverage, and an ambient signal level of ~76dBm to provide reliable In-Building
Residential coverage. An ambient signal level of .—7IdBm 1s required to provide reliable
In-Building Commercial coverage. These signal level requirements provide the basis for

Omnipoint’s design criteria,

The Technical Basis for Omnipoint’s Desien Criteria

12. At present Omnipoint’s design criteria for wireless fé.cilities serving an
area are based upon providing 95% reliable signal over a site’s coverage area to ensure
reliable service for customers. This standard refiects a business judgment' that 100%
reliability is an unrealistic goal at this time due to financial, technical andA environmental
constraints. A 95% level of reliability is consistent with the level of servics provided by
Omnipoint’s competitors. Providing service at this level allows Omnipoint to satisfy
customers’ demands and compete on an equal footing with competitors serving this

market,

13, To achieve the 95% reliable design goal, maximum path loss values are
denived based upon Omnipoint’s technology and the area served. Path loss means the
amount the Omnipoint signal is degraded from the point at,wllu'ch the signal leaves the
Omnipoint antenna site until it reaches the Omnipoint customer’s mobile device or
telephone. The equation is as follows: In-Building coverage = Receiver Sensitivity +
Body Loss + In Building Loss with Standard Deviation + Fade Margin. Each companent

of this equation is described below.

4. Retuming to our earlier example of the radio on the lawn, we must first
determine the minimum song volume for a typical person to hear the song, This is the
equivalent to the Receiver Sensitivity. We must then determine the degree to which the
vehicle, the building and other obstructions in the environment obstruct the song, which
is the equivalent to the path loss. Finally we need to introduce the concept of probability.

As we do not know the exact location or direction of the listener, we need to make some
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adjustments for known variances to provide us with a 95% success target, this is the Fade

Margin. These radio frequency engineering concepts are explained in more detail below.

15. Receiver Sensiﬁvitv: We start with the minimum signal level necessary
for a common Omnipoint telephone or wireless device to reliably operate. This minimum
signal level is known as the receiver sensitivity, or RX sensitivity. Using the prior
example, the minimum signal level is the minimum volume level the radio must be set to

enable a typical person to hear and understand the lyrics of the song.

16. Omnipoint’s technology is defined by the PCS 1500 Specification, “Radio
Transrmssmn and Reception”, J-STD 007 Air Interface: Volume 1, 1998, which is based
on the European Telecommunication Standards Institute (ETSI) GSM recommendations
(05.05: ETSI EN 300 910 V8.5.0 (iOdO—O?)). Both technical documents specify a
Receiver Sensitivity value of —102dBm for mobiles operaﬁng in the United States. In
these independent technical specifications the Receiver Sensitivity is referenced to
certain Bit Emror Rates (“BER”). The BER limits the speech quality of the call,
Receiver Sensxtmty refers to the practical limit at whxch spesch quahty ‘of a wireless
call starts to be severely impacted. TT:F c{r[:élzﬁﬂﬁ dftained” by a mobile device is
dependent on a number. of factors, 1nciud1ng the buﬂd qualﬂy of the mobile devzce the
environment the mobile device is operating in (whether in a City or rural area), the
speed the mobile user is traveling (slow moving mobile devices' suffer extreme
variations in performance), the type of radio carrier carrying the mobile call (GSM uses
different types of carriers, each havmg dlffenng performance charactenstlcs) and finally
the amount of interference present from other Omnipoint mobile users and other

extemal sources,

17. Real world Receiver Sensitivities (the true fimit of acceptable speech) can
vary between -93dBm and -108dBm depending on the above factors. ETSI Technical
Report 03.30 (GSM Planning Aspects) recommends Receiver Sensitivity of -102dBm. In
addition, this Technica! Report also recommends the use of an Interference Margin of
3dB. This is due to the manner in which Receiver Sensitivity is specified in GSM.

Receiver Sensitivity is specified as the performance limit in a pﬁrely noise limited




environment (2 single radio carrier). Mobile handset receivers in real world uses operate
in the presence of intérference as carrier frequencies are re-used. To account for this
additional signal degradation an additional allowance of 3dB is made at the receiver due
to the presence of these multiple interfering sources. This reduces the Recsiver
Sensitivity to -99dBm. GSM interference performance is only guaranteéﬂ at signal
strengths above Receiver Sensitivity. See GSM Rccomméndaﬁons 05.05.

18. Omnipoint has opted not to expressly highlight this Interference Margin in
~our design guideline calculation since our practical experience has been that the mobile
devices have achieved slightly better performance than that originally specified in the
GSM Recommendations. Omnipoint effectively uses a design level of the Receiver
Sensitivity of ~105dBm plus the 3dB Interference Margin. This desigﬁ level also
matches the oﬁtput pbwcr of 1W maximum available power from the mobile dévice, le.a
lower assumption on the Receiver Sensitivity would only make the link limited by the

mobile to cell site transmission path,

19. Next, we must factor in the signal path losses relative to the receiver
sensitivity, Such signal path losses include the body loss, vehicle or building loss, the
standard deviation and fade margin as explained below. To retum to the analogy by
considering these factors we aré addressing, to what extent does the car, building or other

variables in the environment obstruct the song?

20. Body Loss: Since the mobile device or phone is carried and used by a
person, the position of the'{ mobile device or phone with respect to the user’s body has an
effect on the received radio signal. ‘When the user’s body is situated between the mobile
telephone’s antenna and the antenna site, the user’s body will absorb some of the radio -
energy. Omnipoint customers do not ordinarily pdsition the telephone so that the antenna
on the mobile telephone directly faces the antenna site. Therefore, the customers’ bodies
often partially block the signal.- Additional factors can influence Body Less. For
example, in New York State it is illegal for a customer to use a mobile device while
driving, and hence customers use either wired or remote headsets. Customers now

eenerally keep the mobile devices clipped to a belt or in 2 breast pocket. Studies have
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prodliééd detdiled measurements of the effect of body shielding with respect to mobile
device position for different radio environmeﬁts. See Sakamoto M. et al: “Basic Study
on Portable Radio Telephone System Design™ [EEE VTC Conference 1982. For mobile
devices held vertically, the body loss varies from 1.5dB for the head to 4.9dB for the
- trunk (a mobile device clipped to a belt or placed in a jacket pocket for example). For a
mobile device held horizontally, the loss due to the head increases to 5.8dRB, with the loss
due to the trurik being 4.2dB. ETSI Technical Report 03.30 GSM Planning Aspects

recommends use of a body loss of 3dB. Based on the foregoing, Omnipoint uses an

average body loss of 3dB.
2L Building Loss: The concept of building attenuation, commonly réfcrred to

as building loss, has long been defined as the difference between the median field
strcngth Intensity at ;tré_et level aﬁeraged around the exterior of the building', and the -
median field strength intensity at a focation on the first fioor inside the butlding. This
difference is known as the building loss. See Rice LP: “Radio Transmission into
buildings on 35 and 150 MHz” Bell Systems Technical Journal 1959 Many
measurements have been performed to derive values of the mean building loss for
different types of buildings and environments. One researcher found mean losses of
approximately 27dB for downtown Tokyo. See Kozonmo et al: “Influence of
Environmental Buildings on UHF Land Mobile Radio Propagation™ IEEE Transactions
on communications October 1977. Another researcher has described losses of 15dB for
downtown Chicago. See Walker E H: “Penetration of radio signals in to buildings in a
Cellular Environment” Bell Systems Technical Journal 1983. Extensive measurements
were performed at 900MH’:2 in New York and determined that the median value of loss is
20dB. See Durante J: “Building Penetration loss at 900MEz” IEEE VTG Conference
1973, Researchers in Philadelphia, measured building losses averaging 16dB at -
1900Mhz and 19dB at 800MHz for a range of Buildings in urban, suburban and rural
areas. See Tanis W and Pilato G: “Building penetration characteristics of 880MHz and
1922MHz Radio Waves” IEEE Journal 1993, Measurements in Liverpooi, UK., showed
losses averaging 13.4dB for measurements made at the ground floor of buildirags. See
Turkmani A and Toledo A: Radio Transmission at 1800MHz in to and within multistory

buildings”, IEEE Proceedings-1, vol 138, No 6 December 1991. Further measurements
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within Liverpool showed losses of between 24dB and 9dB for buildings in the City center
and losses on the University campus of hetween 14 and 18dB. See ToIedo A, Turkmani
A and Parsons I, IEEE Personal Commumcatlons April 1998. The ETSI Technicai
Report 03.30 (GSM Planning Aspects) uses building losses of 15dB for urban and 10dR
for rural areas. Based on the foregoing, and as further described below, Omnipoint uses
an 11dB loss for Iu-Building Residential and a 16dB loss for In-Building Commercial,

22. “In addition to the “static” loss of 11 and 16dB, Omnipoint uses the
reported “Standard Deviation” of building loss of 6.5dB and 7.0dB as reported in the
references above. Durante and Rice compiled the largest set of measurement results j n
: ordcr to extract the standard deviation of the building loss. Rice guoted a dev1at10n of 12
to 14dB around the mean loss and Durante reported 5 to 7.5dB deviation for ground floor
.measurements. Turkmani ez. al. reported a standard deviation of 7.2dB for the buﬂdmgs
m the Liverpool measurement study. Standard Deviation is used to overcome the
statistical distributions of building losses in an area. For exaraple, the average loss for
Residential buildings may be 11dB. However, some buildings made of brick or with
aluminum siding, for example, may have much greater losses as high as 25dB or more.
The standard deviation of the building loss is used in a caloulation to ensure that 95% of
buildings are covered and not Just 50% of buildings if only the mean loss was taken into

account.

i

23. Vehicle Loss: With respect to vehicle loss, it is important to note that the
- majority of customers use hand portable devices without exterior antennas on the vehicle,
The signal strength Joss ciue to the need to penetrate the vehicle to reach the handset
must be taken into account'when'designing RF coverage for highways using the In-
Vehicle coverage criteria. Extensive measurements have been performed at 900 ‘MHZ in
three vehicle types; minivan, full sized car and small sports car. See Ivica Kostanic,
Chris Hall and John McCarthy, TEC CELLULAR, Inc., VTC IEEE Conference 1997,
Measurements were made with the mobile phone adjacent to the driver’s head, with the
mobile phone on the dashboard and with the mobile phone on the passenger seat. It was
determined that for a minivan, losses (including body losses) were between 8 and 9dB

with a standard deviation of 2 1o 3dB.'Losses for a full sized car were between 7.25 and



9dB (including bbdy losées) Due to size of the windows in the small sports car, ldsses
were found to be higher at between 9 and 14dB. ETSI Technical Report 03.30 (GSM
Plannmg Aspects) recommcnds a vehicle loss of 6dB. = Based on the foregoing,

“Omnipoint utilizes a ﬁgurf: of 6dB for vehicle lasses.

24, - Fade Margin and Standard Deviation: The standard deviation is a

mathematical expression of how a set of data samples varies from the mean value. For
example, if an observer was to measure the speeds of cars passing a point and plot the
' number of cars observed at each speed the graph would probably resembles a “Bell”
curve. One speed will be the mean or average speed and represent the top —of the Bell.
On either side of this mean, fewer and fewer cars will havé higher or lower speeds,
forming the sloping sides of the Bell. The Standard Deviation is a measure of the width
of the Bell. A low Standard Deviation would represent a narrow Bell. A large standard
deviation would represent a wide Bell. In a mobile radio environment the observed
signal strength varies at any point due to the radic waves taking numerous different paths
from the -transmit antenna to the receiver antenna and the minute variations in the
surroundings (moving objects, vibrations, temperature effects, and local obstructions such
as cars and trees). These effects produce “Fast” changing signal strengths at the mobile.
device. These effects are generally overcome by system features such as “Fréquency
Hopping”, where the radio frequency is changed mﬁny times a second. Terrain obstacles,
trees, and buildings, produce “Slow” changing effects, where. the signal strength at the
mobile device can change as the user moves a short distance. All of us will experience
these effects if we talk on a wireless handset while walking. The observed signal strength
will change as we move éiong. Slow fading effects result in a margin of error between the
propagation tools used to prepare the coverage maps, and the mean signal at the mobile
device. These Slow or Shadow fading effects must be compensated for in the design of -

the system.

25. Digital planning tools try to match a model of the propagation
environment to known measurements in an area. If the model is successful then the
accuracy of the model will approach the slow fading levels encountered in the field. A

good model will estimate the long-term average mean of the signal over the prediction
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- square or bin (generally a 100 meter or 25 meter square). The slow fading and any
additional model errors will be seen as a standard deviation of the tool when compared to
known measurements. The planning tool that Omnipoint employs uses industry leading
digital terrain and environmental databases and uses advanced calculations to produce an
accurate estimation of the signal strength on the ground. The accuracy of the tool is
better than 8 to 12dB Standard Deviation depending on environment as quoted by the
manufacturer Aircom and verified by field measurements. The tool uses the European
Cooperation in the Field of Scientific and Technical Research Subgroup on Propagation
(Cost 231) Model. This 1s an extended version of the industry standard Okurnura-Hata

modei.

26. Slow fading measurements in the field show a typical range of between 4
and 6 dB for non line of sight environments and between 6 and 9dB where 4 dominant
propagation path exists. See Turkmani A and Toledo A: Estimating Coverage of Radio
Transmission in to and within Buildings at 900, 1800 and 2300MHz, IEEE Personal
Communications, April 1998. Based on the accuracy of the tool in resolving shadowing
errors and the residual slow fading emor inherent in radio transmissions, Omnipoint
utilizes a slow/shadow fading standard deviation of 84B. It is Important to understand
that the published measurements of slow fading relate to measurements at a single point
whereas Omnipoint is sefting a compensation figure for the variance in predicied signal

over a wider 100m bin.

27. The building losses also include a measure of variance with the Standard
Deviation of the buildirig losses being between 6.5dB and 7.0dB. The slow fading
Standard Deviation and the in-building loss Standard Deviation are statistically
independent and hence can be combined in to a single distribution using the following
formula:

c ='\/(Uzsiowfading+ G *building loss)

28. The computer software-planning tool creates a propagation map by
predicting the average signal strength for a small area (e.g. a 100m by 100m square),

based on a digital terrain database and a computer model that predicts the mean signal for
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each small area. A margin of error due to the Standard Deviation of the slow fading and

buildiﬁg losses exists between the tool’s prediction and the expected mean signal level.

29. The expected signal strength forms a lognormal distribution (2 “bell”
curve) around the predicted local mean. In other words, due to the variation in the
environment across the predicted area, an additional margin is needed such that a certain

probability of coverage is attained. This margin is deemed the Fade Margin.

30. | Two methods may be used to calculate the Fade Margin. The first method
uses the probability of a detected signal strength exceeding a defined threshold aCross a
single prediction square (edge probability). The second method uses the probability
across many squares to provide a wide area probability (cell area probability). Both
probabilities are interlinked a'nd' depend on the variation in signal ‘strength across the
small prediction area, i.e. the standard deviation (“a”). '

31. Determination of the fade margin and associated arca cell reliability
figures are calculated using the lognormal fading equations and methodology. See W.C.
Jakes, Jr., "Microwave Mobile Communications," John Wiley & Sons, New York, 1974
(p- 126). This is the standard recommended methodology as described by the ETSI
Technical Report of GSM Planning Aspects. The appropriate fade margin for 95%

))]

X,~ X b= 10nlog(e)
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reliability employs the following equation:

Fu= —%[I —erf{a)+ e}iﬁ{l _;;zb ](1 - el:f(l —-bab

(Given that

.=

Where Fu represents the fraction of useful area for which the signal strength x exceeds a
given threshold Xo (the wanted fade margin). O is the combined standard deviation and n

represents the distance/power law relationship. “n’” is the rate at which radio waves
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decrease with the Log of distance. It has been shown to be between‘ 2 and 6, see
Turkmani A and Toledo A: Radio transmission at 1800MHz into and within multistory
- buildings, IEE Proceedings vol 138, No6 Dec 1991, The value of “n” depends on the
| environment and propagation conditions. Omnipoint uses a value of 3.5 as recommended

in ETSI Technical Report 03.30 (GSM Planning Aspects).

For example, in a suburban environment, design levels for In-Vehicle would be
calculated by the following:

o =8dB

Body Loss = 3dB

In vehicle loss = 6dB

Receiver Sensitivity = -102dBm

Path lossn=3.5.

Reliability = 95%
The required signal on the street outside the vehicle would be:

Xo = Receiver Sensitivity + body loss + In-Vehicle loss
-102dBm + 3dB + 6dB
= -93dBm

Setting Fu= 0.95, n=3.5 X0=-93dBm and ¢=8dB and solving for X in the equation above
gives X= -84.40Bm, i.e. a total fade margin of 17.6dB.

I

32. The appropriate signal strength planning levels for all area types are

shown in the table below’.

A MS (Rx Fade Margin Planning
ea

Sensitivity) | and losses Level
In-Vehicle - -102 dBm 17.6 -84.4 dBm
In-Building

-102 dBm . 260 -76.0 dBm
(residential)
In-Building

-102 dBm 314 -70.6 dBm
(commercial} :
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33. .~ Besed on the foregning, Ommpomt’s design criteria are factually and
stanstloally justified.

Conclugion

Based on the foregoing, I rcspccrﬁxlly request that the application by
Omrupo int be favorably considered und the requested approval be granted forthwith,

Respectfully submitted,

Mok (22 o,
MARK COSGROVE
Sworm to before me this

22 day of January, 2006
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. Notazy Public
2 \SSDATA\WI’DATA\SSS\RDG\vuic&mum‘Cosmve Affidavitdos

ROBERTA S. BORNSTEIN
tary Public of New Jerse
My Commtsnon Exmre., 7/03 0
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