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1 Executive Summary

The Advanced IBOC Coverage and Interference AraydiCCS) project was developed by NPR to
further examine compatibility of in-band on-chandajital audio broadcasting (IBOC DAB) with
analog FM broadcast services in the U.S., wheratddviBOC power was introduced. A previous
study of IBOC by NPR, completed in mid-2008, intichthat there was a “substantial” potential for
interference to mobile FM reception and some indiddreceptiort,and illustrated this potential with
computer-predicted maps and population studies s&raple group of 75 public radio stations.
Concurrently, iBiquity Digital Corporation, the ddaper of IBOC technology, released a study
indicating that “higher power can be implementethaut increasing the risk of impact to analog
broadcasts in a vast majority of casedhese contradictory findings were also refleatefilings by
NPR and iBiquity, as well as other parties, inB@&C’s inquiry in MM Docket 99-325 into a digital
power increase.

To help resolve conflicting reports on the poténiggative impact of high power IBOC impact on
analog FM, to understand the impact of mobile impants which was heretofore never studied, and
to involve a range of participants in the studycpss, NPR proposed the AICCS project to CPB.
Funding was approved in April 2009, although prelery planning and meetings with stakeholders
began in January. By the project’s official stiate, a Working Group had been established with
iBiquity Digital Corporation and CPB’s engineerirggpnsultant as initial members. Soon, the
Working Group included representatives from CBSi®a@lear Channel and Greater Media (the
commercial radio groups involved in the iBiquityudy), as well as the Consumer Electronics
Association and manufacturer Harris Broadcast.s ghoup had the primary role of developing and
approving the study procedures and test data. eA Review Group was established in parallel with
the Working Group to allow members of the greateaficast industry an opportunity to review and
comment on the study in process. This group eaéntoumbered 52 members, including public and
commercial radio stations, manufacturers, engingezonsultants, and research organizations from
three other countries.

Table 1 - Stations Used in the Over-the-Air Testing  of IBOC Interference

Interference Test Station st I—_|igh-Power IBOC Test Station .
(1™ -adjacent to Interference Test Station)
Call Sign Class Location Call Sign Class Location
WRNI-FM A Narragansett, RI WKLB-FM B Waltham, MA
KBPN C3 Brainerd, MN KCRB-FM C1 Bemidiji, MN
KLDN C1 Lufkin, TX KUHF C Houston, TX
KBWA A Brush, CO KUVO C1 Denver, CO

AICCS was led by project investigators John Keami@ Technologist for NPR Labs, and Dr. Ellyn
Sheffield, Towson University Assistant ProfessoPsychology specializing in cognitive testing. The
two project investigators developed and perfornegtdild listener tests under carefully selectdd fie

! DRCIA Final ReportDigital Radio Coverage and Interference Analyliiational Public Radio, June 2008, pg. 4

2 HD Radio System Test ReppiBiquity Digital Corporation, June 2008, pg. 20.




test conditions. The interference testing usecbdytction automotive receiver to receive over-tine-a
signals from an interference test FM station andsswociated first-adjacent station operating variou
levels of IBOC transmission power. In all, fouat&in pairs were used, as shown in Table 1.

Tests were performed by broadcasting carefullyesedeaudio samples over the Interference Test
Station and recording the FM reception of this@tarom the mobile receiver in a test vehicletres
power levels of the IBOC transmission were charfgad -20 dBc to -14 dBc, and to -10 dBc (1%,
4% and 10% of analog FM transmission power). Adatof the four interference field tests, analog-
only transmission was added, thereby providinglimesdata on analog-to-analog interference.

The audio quality was evaluated by a group of coress (listeners) who graded the reception quality
of audio samples and decided whether they woultirt@nto listen, based on the audible quality of
the test material. The over-the-air recordingmftbe four test stations were played back throbgh t
standard sound system of a vehicle being drivespaeds of 35 and 60 miles per hour. Audio
material was evaluated with measured D/U ratios f@odB to 26 dB, all located within the 60 dBp
contours of the Interference Test Stations.

Evaluation of the listener ratings of speech amddensity music material recorded over-the-air from
actual stations indicated a reduction of the memmian score from 4.0 (“good” on the 5-point MOS

scale) for analog-to-analog interference to 2.Tofhéfair”) at -20 dBc IBOC power. These ratings

were determined at a D/U ratio of 6 dB, as provifigdthe FCC imt7CFR73.21%nd47CFR73.509

for a first-adjacent analog station that is minisnébut legally) spaced to a hybrid FM station. r Fo

-10 dBc IBOC transmission at the same D/U ratio listener rating of this material dropped to

MOS 2.1 (close to a “poor” rating of 2.0).

Not surprisingly, the current data agrees with etthje testing (at -20 dBc) collected in 2000 by th
NRSC and the objective test data reported lastipghe DRCIA study. On the whole, the levels of
impairments suggest a need to protect FM statiams first-adjacent IBOC transmission at powers
above -20 dBc in closely spaced conditions. Detailthe RF protection criteria, as determined from
this study’s listener test data, are provided ictiSe 5.

The study included tests for impact on SCA receptwhich is commonly used by radio reading
services for the blind. Objective testing fortfiasljacent conditions indicated that IBOC intenfiee
was a minor issue, which was upheld in subjectgértg. However, host compatibility testing with
listeners indicated a significant impact when higB®©C power is combined with Extended Hybrid
mode transmission, especially with less-costly 3&zivers.

NPR wishes to thank the many engineers and manaterparticipated in AICCS, whose support
was essential to the success of the project! tAflisome of these heroes is included in Appendix Q



2 Introduction

2.1 Introduction

The main test goal of this study is to understasemers’ reactions to analog radio broadcasts in a
mobile environment when digital power is increasétis is significant since the IBOC subcarriers of
an adjacent channel hybrid FM station occupy tineesB&F spectrum used by a desired FM channel,
as shown in Figure 1. As a result, first-adjacdannel compatibility is one of the more significan
considerations for an increase in transmission ptwehe FM-band IBOC system.

Hybrid FM Signal Desired FM Channel
With OFDM Subcarriers (200 kHz)

6a8 J

-33dBc
-43 dBc

OFDM Subcarriers | OFDM Subcarriers
at-10 dBc H at-10 dBc

4
OFDM Subcarriers FM Carrier | OFDM Subcarriers
of Adj. Channel of Adj. Channel of Adj. Channel
at-20 dBc | ) at-20 dBc

Figure 1 - Simplified drawing of frequency relation ships between Desired FM Channel (right) and IBOC O FDM
subcarriers of adjacent channel station, which are transmitted in two frequency bands that extend (for mode P3:
Primary Main and two Extended Partitions) from 114 kHz to 198 kHz above and below the host FM channel  center
frequency. (The relationship is mirrored for an up per adjacent hybrid station). IBOC subcarrier leve  Is are shown in
a 1 kHz power bandwidth.

Although the undesired FM carrier does not ovelti@pdesired channel, practical receivers are linite
in their discrimination against adjacent-channeall@g interference. Thus, the FCC established a
minimum 6 dB desired-to-undesired (D/U) ratio toigvharmful interference at the service contour of
the protected station, as shown in the verticaledfih the FM carriers in Figure 1. These pratecti
standards are codified #¥CFR73.207%f the Commission’s rules for non-reserved chanaatl in
47CFR73.509for reserved (non-commercial educational) charindidie addition of IBOC
transmission to a first-adjacent station changesathount of interfering energy intercepted by the
desired channel receiver. The technical questiw@n, is: At what D/U ratio does a first-adjacent
hybrid FM signal produce harmful interference toegion?

The compatibility data that was collected for tiest program makes a basic distinction between FM
IBOC’s impact inside the protected contours ofexgsanalog stations versus its impact outsidesthes
protected contours, with the focus on the arealénsine protected contour. It is worth noting,

however, that FM IBOC will potentially have an ingpan analog listening beyond the protected

% The rules for non-reserved FM channels in §73r2@nire minimum separation distances accordinhed=CC
class of the pertinent stations, assuming stanaasdmum power and height for each class. Howeherdistances
are calculated using the same 6 dB contour protecttio contained in 873.509 for reserved-banddfsinnels.



contour, and for the broadcasters, receiver maturéas and listeners to whom this is important an
analysis of this impact is also provided.

2.2 Basis For A Power Increase Study

The need to increase IBOC transmission power impted by reports of inadequate coverage,
particularly for indoor service. The coverage akmobile FM service is substantially larger thiaa
area of indoor service, due to an absence of hgilgienetration loss and the typically higher
efficiency of antennas on vehicles, compared toageeindoor antennas. The size of predicted
mobile coverage, relative to indoor coverage, fasample station is illustrated in Figure 2 for
KBEM(FM), Minneapolis. The outer region of an Fktson’s coverage, where the signal strength is
still adequate, presents opportunities where thamtie to a first-adjacent channel station may be
reduced, thereby increasing the ratio of potegtiaterfering IBOC sidebands to desired signal.
Mobile service has also become the leading modecaiption by radio listeners in North America.
Consequently, mobile service was chosen for inamnte testing.

KBEM-FM - Analog - Mobile _ KBEM-FM - Analog - Indoor

0za B 2 . 024 8 1218
- Legend " Legend

s
| [ | R
[l roc Recsie |

Figure 2- Maps illustrating the difference between analog mobile coverage (left) and analog indoor cov  erage (right)
for stereo FM reception.

The potential impact of IBOC sidebands on firsiadnt stations has been considered previously.
The National Radio Systems Committee, in its FM @8ystem Evaluation, reportéd:

“These [compatibility study] results indicate thatder certain circumstances, for certain
radios, the presence of the IBOC digital sidebamitishave a noticeable effect on analog
receiver audio quality. For example, the audidityuef the analog aftermarket auto radio

4 “Evaluation of the iBiquity Digital Corporation IBC System, Part 1, FM IBQ@dopted by the NRSC DAB
Subcommittee November 29, 2001, pg. 26.




under moderate interference conditions is redusau the --good” range (with no IBOC
present) to the “poor” range (with the IBOC digitatlebands present on a 1st-adjacent
channel interferer).”

The NRSC report identified potentially-serious @elgtions in reception due to first-adjacent
interference, based on listener testing with olrerdir receptioh. The following table shows that
with moderate D/U values mean opinion scores diebjyye0.9 (on a 5-point scale) with OEM car-
manufacturer radios and with aftermarket car rabjoMOS change of 1.4. The D/U ratios labeled
“severe” would be expected at locations outsidatias’ service contour, which are not protected b
FCC rules, but also show statistically-significampacts.

Table 2 - NRSC Mean Opinion Scores with First-Adjac  ent IBOC at -20 dBc

Moderate (16 to 6 dB) D/U Severe (6 to -9 dB) D/U
Analog Receiver
IBOC OFF | IBOC ON | MOS Change | IBOC OFF | IBOC ON | MOS Change
OEM Auto 3.4 25 -0.9 3.3 2.8 -0.5
Aftermarket Auto 3.8 2.4 -1.4 2.4 1.9 -0.5
Home Hi-Fi 2.4 1.9 -0.5
Portable 2.4 2.0 -0.4

The NRSC study compared the D/U ratios where kstested tune-out points occurred in testing
with objectively-measured audio signal-to-noiseosaiat the same D/U ratios. They found “that
30 dB WQPSNR (weighted quasi-peak SNR) as measurdioke test platform is the S/N ratio below
which listeners will not listen to analog FM Radio This has a close correlation to the objective
measurements collected by NPR Labs in the Digitali®k Coverage and Interference Assessment
(DRCIA) study, completed in mid-2008. On the basismeasurements of a large number of
consumer FM receivers, that study determined adigcent D/U ratio of 12 dB for -20 dBc IBOC
and at a D/U ratio of 20 dB for -10 dBc IBOC, usiagWQPSNR criteria of 40 dB. As is
demonstrated in the calculations in Appendix | justthent for mobile location variability and
multipath fading may increase the received noisemuye than 11 dB for brief, but repeated,
occurrences, putting the minimum SNR below 30 dB view of the desire to increase the
transmission power of IBOC by 6 dB, or as much @«iH, and the indications of potential
interference identified in previous reports, a sty of high-power IBOC was indicated.

The project was conducted principally through a pahensive program of mobile listening impact
tests, indoor signal interference and coverage uneaents with elevated IBOC power, and
evaluating SCA subcarriers in consumer testing wlithd individuals. Tests were performed using
both over-the-air and laboratory signals, whiotogered in Section 6 of this report.

Subjective tests by both NPR Labs and iBiquity héeen conducted in acoustically-treated
laboratory environments with samples created oarddbry test beds or with fixed field reception.
By testing exclusively in a laboratory environmére., either on headphones or in an acoustically

® Ibid. 25.

® Ibid. 54



treated studio with professional field monitors) vedieve that it may not accurately predict congume
behavior inmobile situationsfor two important reasons. First, testing pg#ots in a laboratory
environment does not replicate the way consumstenlito audio in a vehicle. Issues include the
consumer’s physical position between the speakbverted concentration due to other visual
stimulus, and perhaps most importantly, inclusibmasking, environmental “road” noise (e.g., tire
noise, outside environment, air conditioner antigating fans, whining engine, etc.). Second, there
are special acoustic properties of multipath ieterice impairments that we have heretofore not
considered in subjective testing. In developirgtdst methodology, it was believed that consumers
may rate signals with undesired multipath impairmera different way than they rate signals with
steady-state noise, as is found in stationary emwients. Testing consumers in automobiles is the
only practical way to account for the acousticaviemment of automobiles and multipath
impairments, critical variables that may dramalycalter our understanding of “acceptable audio
quality” for the majority of listeners.

The organization of research areas is illustrateéigure 3. Tests of indoor coverage were planned
with KUHF, Houston, using a survey technique ofuaktlisteners with HD Radio receivers.
However, a statistically-necessary number of letemeeting the location criteria were not avadabl
Objective tests were conducted with KCRB in the BmMinnesota area, using homes and
businesses. These coverage results and the reguftsin-channel analog host compatibility
measurements will be included in the final rep@©PB in mid-November.

| % & ! % & !

% 0 MNE + ‘ % S l
/& +&&

- & .
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Figure 3 - Chart of project activities



2.3 Working Group Participants

NPR proposed that a Working Group be establishdatniss methodology, guide the test procedures
and review test data. The Working Group was casagrof representatives in Table 3:

Table 3 - AICCS Working Group Participants

Affiliation Participant Title
CBS Radio Inc. Glynn Walden SVP Engineering
The Corporation for Public Broadcasting | Doug Vernier CPB Consultant
Clear Channel Communications Jeff Littlejohn Executive VP - Distribution Development
Consumer Electronics Association Dave Wilson Senior Director, Technology & Standards
Greater Media Inc. Milford Smith Vice President, Engineering
Harris Broadcast Communications Geoff Mendenhall | VP, Transmission Research & Development
NPR Labs - National Public Radio John Kean Co-Project Investigator
Ellyn Sheffield Co-Project Investigator

2.4 Peer Review Group Participants

NPR Labs openly invited a number of key stakehsldesm the public and commercial radio
industry to learn about and comment on the work, pla execution and results. In addition to agces
to Basecamp, the secure web site established by IMBR to allow users to read and download
planning documents and test data, as well post @ntsnand questions, several online meetings were
held by teleconference during the course of thgpro

The Peer Review Group included the following groapg organizations:

Minnesota Public Radio and American Public Media

iBiquity Digital Corporation

National Association of Broadcasters and any membgthe NRSC
Consumer Electronics Association

North American Broadcasters Association

The Joint Parties (Clear Channel Broadcasting, RB&o, Greater Media)
Canadian Broadcasting Corporation, Canadian Assogiaf Broadcasters and CIRT
International Association of Audio Information Sees

Association of Public Radio Engineers

Society of Broadcast Engineers

Association of Federal Communications Consultingigeers

Public Telecommunications Facilities Program, UD8pt. of Commerce NTIA

A full list of the Peer Review Group participargsncluded as Appendix A

2.5 CPB Support

The Corporation for Public Broadcasting agreedutadfNPR Labs to complete an expedited
Advanced Digital Radio Coverage and Compatibilitydy (AICCS) to advance innovative HD
Radid® services while protecting the existing analog Bétem and its subcarriers which serve
over 32 million public radio listeners and 239 inifl total FM radio listeners each week.
AICCS supplements the earlier ground-breaking safdligital radio coverage and



compatibility, theDigital Radio Coverage and Interference Assessi{i2RCIA), conducted by
NPR Labs in 2007/2008 and funded by CPB. In anaogihe AICCS study, Pat Harrison,
CPB President, said “Given the significant fedamaéstment in transitioning America’s public
radio system to digital radio transmission, we ifeltas a fiduciary duty for the Corporation to
safeguard the significant public services by gamgganissing technical data on the trade-offs of
the needed IBOC radio power increase.”

2.6 Laboratory Methodology and Pilot Test

The AICCS project was originally planned to testielhers in-vehicle with audio material prepared on
NPR Labs’ RF Test Bed. This approach was prefdmsmhuse over-the-air test signals introduce
variables that are difficult to control. For exdeypff-air signals are subject to terrain shadgwin
from both the desired and interfering stations, Emdl clutter and reflections cause variations in
signal reception that affect the received qualityereby complicating the listener testing. NPR
suggested that testing should be based on théenetere impairment represented at the protected
service contour of a station, where the FCC'’s @effib/U ratio is 6 dB. Any improvement in D/U
ratio as a result of increased spacing from theredestation’s service contour would reduce
interference, and IBOC power could be increasedrbymount commensurate with the protection
ratio.

To produce realistic effects with mobile recepti®ayleigh fading, generated by Test Bed's RF
Channel Simulator, and Gaussian noise was to ledeat in the desired and interfering channels.
The computerized simulator introduces specificeaggble amounts of multipath (Rayleigh) fading as
encountered in real mobile reception. In an galdypning meeting with iBiquity, however, concerns

were raised about whether NPR’s Test Bed simulationld represent the real-world reception

conditions, which might tend to mask the interfeeethat would be measured. A “pilot” test was

proposed specifically as a means of finding if tabary-generated samples could sound “statistically
indistinguishable” from over-the-air samples. Tinas acceptable to the group, which by then
included other members of the Working Group.

In April it was discovered that a member of the Wiay Group, Greater Media, had an FM station
serving Boston, WKLB(FM) that had an FCC Experinaémtuthorization for high-power IBOC
transmission, and that WKLB had a first-adjacesinciel neighbor, WRNI-FM, in Rhode Island, that
was an NPR member station. This ready-made oppiyrtoecame the first station pair to be tested.
In June NPR added a second pair of stations tpilthtetest with Minnesota Public Radio, which was
scheduled to support a high-power IBOC test fooamdcoverage measurements. This led to the
choice of KBPN, Brainerd, and KCRB, Bemidji, as itmterference test and IBOC test stations.

Audio was collected from both WRNI and KBPN and khigoratory Test Bed was used to prepare
samples using D/U ratios identical to those ofegponding samples from the over-the-air tests. A
controlled subjective test was performed in a stadiNPR. The listener results were a surprise:
listeners rated the laboratory samgi@gherin quality than the over-the-air samples. One berof
the Working Group carried out a test with unmarkachples on audio CD, which matched the studio
tests. NPR'’s analysis concluded that multipleassp Rayleigh fading profiles would be required to
better match the over-the-air impairments. This ixyond the scope and time available, which led
to a decision to add two more station pairs anfbparlistener testing with over-the-air materidhe
reports on the test station selections and tlembsttest results are contained in the followirngces.



3 Field Test Procedures

3.1 Drive-Test Route Selection and Recording

All of the test routes were located within the FE®) 60 dBu service contour of the analog
interference test station. The routes were seldoteuniform speed at or near the limit postedtier
roadway, with no stops required during the 80 sgsaequired to record the audio stream to be
broadcast by the interference test stations. iEtek$trength of both the interference test statiod

the potentially-interfering IBOC station were maasuwith NPR Labs’ calibrated ground plane
antenna, shown in Figure 4, to provide a continuragisation of local D/U during each audio stream.
Extensive preliminary field strength measurememisulting in D/U ratio maps along the wide area
routes are included as appendices. These majpstedhe locations of the local routes chosen for
interference testing. As is evident from the magadall of locations used for test recordings were
representative of D/U ratios found inside the 6Qx digrvice contour of the interference test station;
there was no “cherry picking” of unusually low Dratios that may cause greater IBOC interference.

The mobile instrumentation also collected high-dpsamples of fast fading (Rayleigh or Ricean)
during the audio recording routes. This providathdhat can be processed to evaluate the prapabili
density function of the route, for comparison witlultipath fading as generated by the laboratory
channel simulator. The route data and audio friges the first two station pairs, in Rhode Islamdl a

Minnesota, were provided to the Working Group beefaboratory-generated samples were prepared.

Field strength measurements as well as audio
reception test recordings used NPR Labs’ custom
vertical ground plane antenna. This antenna system
provides a calibrated gain (approximating an ideal
vertical dipole) to provide accurate measuremehts o
field strength at 1¥2 to 2 meters above ground. Its
nearly-omnidirectional radiation pattern helps to
provide uniform reception from the desired and
undesired signals, regardless of angle of arrival.
This second factor is important to ensure that the
amplitude of signals arriving from the interference
test station and the elevated-power IBOC statien ar

,j

Figure 4 - Calibrated vertical ground plane antenna not affected by antenna pattern distortions cabged
on the vehicle used for Rhode Island testing the vehicle body, which is common to “mag-mount”
antenna systems.

NPR Labs has considerable experience in usingaiif@ated vertical ground plane antenna with its
portable field test units. The field test unit (FHTis equipped with specially designed circuitry to
remove Raleigh fading from mobile signal measurdsand provide an accurate “local mean” of the
field strength. Figure 5 illustrates the fielcesigth of KBPN, the Minnesota interference testastat
recorded along one of the test routes as it iecell directly by the receiver, before and after th
custom Rayleigh filter. This technique is not &lae from any other known instrumentation.

For the mobile audio test recordings, the vehicith Wyround plane antenna was driven along
roadways inside the protected service contour @firterference test station where the desired-to-



undesired ratio is received within a limited rangased on the measured field strengths of FM host
carriers across the route. The signal strengttmefinterference test station in this area shosld b
appropriate to those expected near the FCC sawieur, after taking into account the height gain
adjustment from 9.1 meters to 2 meters above ground
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Figure 5 - Example of mobile field strength data ca  ptured without Rayleigh filtering (left) and with r eal-time Rayleigh
filter (right)

When in motion, the antenna was switched to thdognéM receiver, which was tuned to the
interference test station (“victim”). The audiotmut of the receiver was recorded digitally in 16-b
PCM to a WAV file as the test station broadcagtsearecorded audio prepared by NPR Labs. This
audio consists of series of audio samples of 18e20nds duration.

Due to log-normal fading effects, the strengthshef interference test station and IBOC test station
varied along a test route, causing the ratio ofdhstations to change continuously. To properly
classify the samples, the median D/U ratio wasyaedl for each audio sample interval and the
samples were ‘binned’ in common D/U ranges. Adargmber of recordings were required to ensure
that most bins contained several samples for usistémer testing. The test route recordings were
performed with different levels of IBOC transmissjmower to enable evaluation of the audio samples
by D/U ratio and various IBOC transmission powers.

To compare with the field recordings, the same asgdmples were prepared in the Mobile Audio
Test Bed shown in Appendix 1. The RF ratios ofdésired (interference test station) and undesired
(first-adjacent IBOC test station) were adjustedntatch the median D/U ratios of the pertinent dB
bucket. Audio recordings with Rayleigh fading werade for each sample. These sample recordings
were combined with the field recordings and conapiite listener testing.

3.2 Selection of Test Stations

As much as possible, the station pairs were chimsegpresent a variety of FCC facility classes and
terrain types. However, at the time of the study humber of stations with high-power IBOC
transmission capability was limited. Two of theehfierence test stations were Class A, one was Clas
C3 and one was Class C1, as shown in Table 4.e™irthe four station pairs were selected from
available FM stations with high-power IBOC transsioa capability. The IBOC test station of the
station pair in Minnesota was temporarily upgraftech -20 dBc operation to -10 dBc operation for
this study.
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Table 4 - Stations Used in the Over-the-Air Testing

of IBOC Interference

High-Power IBOC Test Station Number of Average Distance

Interference Test Station and FCC Class Interference to Interference

and FCC Class (1¥-adjacent to Interference Test Test Test Locations
Station) Locations (km)
WRNI-FM A Narragansett, RI WKLB-FM B Waltham, MA 3 85
KBPN C3 | Brainerd, MN KCRB-FM C1 | Bemidji, MN 4 108
KLDN C1 | Lufkin, TX KUHF C Houston, TX 2 167
KBWA A Brush, CO KUVO C1 | Denver, CO 2 133

Details on the criteria and choice of stationspaoided in the following sections.

3.2.1 WRNI-FM, Narragansett Pier RI

WRNI-FM is a non-directional Class A facility

operating on non-reserved band (commerc
channel 274 with 1.95 kW at 69 m above aver:

FMCommander Single Allocation Study - 11-24-2009 -
WRNFFM's Overaps (In= 8.48 km, Out= 0.71 km)

WRNFFM CH 274 A 73215 N

WHKLB-FM CH 273 B 73.215 N BLH19981216KA

Lat=41 2527.0, Lng=7128 38.0

N Lat- 42 18 27.0, Lng=711227.0
1.95 kW 89 M HAAT, 84 MCOR

8.1 kKW 351 MHAAT, 335 MCOR

terrain. The station currently operates in hyb| s e - sadss Prote 54 dBl el - 54 dBu
IBOC mode through the main FM antenr] \ .l e, JF’
WKLB-FM, channel 273B is located 100.34 km | — 5= ~— (§eeal

12° True from WRNI, and received @ .o u T
Experimental Authority from the FCC o F‘”’““w::‘m

darth Aimiher st T -
& wanc ot sor

hapiston = s

December 12, 2008, to operate with IBOC DA i 3
emissions up to -10 dBc. The IBOC upgrade V| e =0 ) w2y,
completed and WKLB has experimental .. A 8
operated with high-power IBOC since Janua
Both stations are non-directional.

b vk, [ranun BNULD‘

N Woonsack

P inhygerreadi
-

[ 7 Horih
sar LogaBattorl Shnns o
Valluy Falbs

u TUINTQ

" .
Slun M

*. Maos
Suuth Winidfan WAl
p

Jwmll ity

Section 73.207 of the Commission’s rul ‘

specifies a minimum separation distance betw{ T g whal
Class A and B stations on first-adjacent chanr -
of 113 kilometers. This is 13 km greater than |
actual separation from WKLB, making WRNI .
suitable candidate for IBOC interference testing| &g
part of this study.

chztd

ook Corm 8

A map showing the contour relationships cFigure 6-Map for interfergnce test station WRNI .

WRNI and WKLB is provided in Figure 6. The(®224),and 20C st sior LS ahowe) shoning

red F(50,10) 54 dBu interference contour Ches4dB and48dB interference contours (red),

WKLB does not touch the 60 dBu service contotrespectively, of WRNI and WKLB.

of WRNI, in fact leaving a gap of approximately

8.8 km. It is apparent that the 48 dBu interfeeenontour of WRNI overlaps the 48 dBu service
contour of WKLB by approximately 4 km, althoughstiis not relevant to the test scenario. (It should
also be noted that a reserved band Class B stiwite contour is 60 dBy, which is 14 km smaller
than the 48 dBu contour that is protected for drmaesfacility in the non-reserved band. Thus, the

separation of these stations would be compliattiteri-M reserved band.)
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A wide-area drive-test map of WRNI is included ggéndix C , showing the continuously measured
D/U ratios along roadways within the 60 dBu sengcatour line. The fields were measured at
1.5 meters above ground with the field test insémtation described earlier. The locations of the
three local test routes for audio testing are shomviine map.

3.2.2 KBPN, Brainerd, Minnesota
Minnesota Public Radio operates 37 FM statiors

F\Commander Single Allocation Study - 10-20-2008 -

in and around the state of Minnesota and offer@@es overaps i 3.0s km, oue 1688 km)

two of its stations for testing. At the time oéth E:k¥?52;;iik¥9= o710 Ef&%;\:i“;;?éf’:“ﬁ; =§ki§%§§:ﬂ°“aw°
study, however, none of the stations Wwel@: e, e sds. Prot~ 60 dBu. e 54 dBu

equipped to transmit high-power IBOC. It wag [ Sy
necessary to identify one station for this study as ‘
the high-power test station with a neighborin

| Irtintoak:

g‘ - raig |

4

Hed Lake

test station. NPR Labs evaluated all 37 stations..
as high-power IBOC candidates for the study, as ]
well as several non-MPR NCE FM stations. ‘

Blackdugk

first-adjacent station as a suitable interferenge / T

The first step was a FCC contour analysis for__,,,
each station, in association with the closestfirgt ...,
adjacent neighbor. Close spacing presents the.

best opportunity to evaluate potential impacts” |
from the high-power test station to the,

Dol | alins

interference test station. S :

L arkars Prairie - . B n;rlslnne I
Next, NPR Labs produced terrain-sensitivg. o B N R S fg
signal maps of each interference test statipne W somsnpen | gy
candidate to check for any cases of pre-existing

interference. Pre-existing interference caFigure 7 - FM contour map for interference test station
damage the accuracy of listener tests and COIKBPN (below) and IBOC test station KCRB (above).

disqualify a candidate, or at least identify

geographic test areas to avoid. One station wastiikéd as a potential cochannel interferer of
KBPN: WHWC(FM), in Menomonie, Wisconsin. Althoug¥HWC is separated approximately 254
kilometers at an azimuth of 126 degrees from KBRNs a Class C1 station with large power
(70 kW) and height (320 m AAT). There is ampletoon separation between the stations, using a
20 dB D/U ratio criteria. However, the mobile tegtis a more critical stereo condition and thépat
profile between these stations lacks any terragtrottions.

The TIREM prediction of areas with median D/U rdiglow 34 dB, between KBPN and WHWC, is
shown in Figure 8. This ratio was determined & BRCIA study to produce a stereo weighted
guasi-peak signal-to-noise ratio of 40 dB. Itpparent that potential interference, from the seagh
wraps entirely around KBPN and penetrates intonpialetest areas within the 60 dBu contour. This
was a concern going into the tests, especiallyngilke amount of effort required to design, ship and
install the temporary high-power IBOC transmittgquipment. However, the TIREM studies also
indicated that the interference from first-adjack@RB at elevated IBOC powers would produce
WQPSNR degradations at least 20 dB lower than WHVWRese predictions proved to be accurate,
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and although cochannel interferenge
was often detectable with KCRPB’
IBOC transmitter off, the digital
interference overcame the cochan
interference.

To operate KCRB with IBOC sideban
powers of up to -10 dBc, in addition t
an FM carrier output of 13.2 kW, Harril
Corporation supplied a model HPX
single-tube FM transmitter. The
transmitter site is equipped with
25 kW Bird dummy load for poweigs g, L
teSting’ and tes.t were performed o FFigure 8.-TIRE\/UrT:pn (;'fgci'):c\ﬁanneII ;:;;;on WHWEEQIM.AMnn
accordance with  the NRSC'GZOMenomonie,Wisconsin, showing predicted interferenc , e areas in
compliance measurement procedure Tred.

ensure that transmitted digital sideban

power was at expected values of -20 dBc, -14 dBic-ad dBc. Figure 9 shows the RF spectrum on
the transmitter at the forward power sampler feggdie antenna system at -20 dBc and -10 dBc,
respectively.

% Agilent  16:53:00 Jun 17, 2009 gilent  18:29:24 Jun 17, 2609

Atten 5 dB

=643.304 kHz
-82.27 dB

UBH 10 kHz Sue ) |k 1k UBH 10 kHz

Figure 9 - Spectrum measurements supplied by Harris Corp. for KCRB transmitter at -20 dBc (left) and - 10 dBc
(right)

The wide-area drive-test map of KBPN is includedAgpendix D , showing the continuously
measured D/U ratios along roadways within the 60 drvice contour line. The fields were
measured at 1.5 meters above ground with the fedt instrumentation described earlier. The
locations of the four local test routes for auesting are shown on the map.

" 47CFR73.404 of the Commission’s rules for “Intetigbrid IBOC transmission” specify transmission gow
output of the digital transmitter as a singularmitg. The power contributed by Extended Hybridetiands, if any,
must be summed with Primary digital sidebands ftotal digital power value. In this study it ispected that any
IBOC Test Station that operates Extended Hybrid enwith its Primary mode, (i.e., MP3 + MP1) adjusds
transmission power of the Primary sidebands toeaghthe specified power level. In cases where MRBed, a
reduction of 0.8 dB of the Primary sidebands isunegl to maintain specified power.
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3.2.3 KLDN, Lufkin, Texas

Figure 10 shows the F(50,50) 60 dBLL CONtOUN { pucommandr Sings Alocation Sy - 10202005 -
KLDN(FM), channel 205C1, Lufkin, the |5 o reierosim Qusosin

KLDN CH 205 C1 DA KUHF CH204C BLED199390810KA
interference test station, and the F(50,10) 54 d 532285, s e 50 ek o b
contour of KUHF(FM), channel 204C, Houston| "= ret= s¢d P oo et s
which added a separate IBOC tranSmittin wws S .o [o5% l“-m.,“.... \
antenna to achieve -10 dBc emission. KUHF || tsalc Y e wy (S L
located 215 kilometers southwest of KLDN ”_"'*"'T’T T B e
The pertinent contours of these stations a = . '\ ww 2wl N | e

o “thznSin Aupustina v

Hermphll ™,

Lulkin
DAboR
d ) 5 o
i &
= 1 il
i

separated more than 25 kilometers, whid. ™= &= um g
provided an opportunity to test IBOC ’ =
interference at higher D/U ratios. I

Madi

With large distances from both the desire
station and the potentially-interfering statiof , .
there is the possibility of interference from othe = 't /5™ 7 .
stations in the region. A study of all pertiner|>< v’ """
stations determined that cochannel KSUR(FM| e 0
a Class Cl in Mart, Texas, was a potenti{” =
impairment in the test area, southwest of KLDN .. -
The TIREM map of Figure 11 includes
cochannel interference at a D/U of 34 dB fror
KSUR, as well as KETR, channel 205C1;
Commerce, Texas. It is apparent that the e _

potental for cochannel interference €xiStS. (o e and 10C test iton KUH foeoun

interference from KUHF's IBOC.;

llllll

DL -l

El Campe,

Lugpg " &#
AR

A wide-area drive-test map of KLDN'
signal, relative to KUHF, is shown i
Figure 56 of Appendix E , showing th
continuously measured D/U rati
along roadways within the 60 dB
service contour. The color codin
shows that median D/U ratios @
greater than 20 dB are expected acr
much of KLDN’s service area. U.
Route 287, which intersects severaf* _ T e
towns inside KLDN's service contour, Figure 11 - TIREM service map of KLDN, in green, shomgd

cochannel interference areas at 34 dB from KSUR, in blue, and
KETR, in purple. KLDN'’s 60 dBp contour lineisinc  luded.

[y

Scale 1:650,000

14



was selected for two test routes.

3.2.4 KBWA, Brush, Colorado

During the study it was learned tha;
KUVO(FM), channel 207C1, Denver, was
installing a new transmitter, allowing IBOC
transmission of up to -10dBc. A search fg
first-adjacent neighbors of KUVO was
conducted and KBWA(FM), channel 206A
Brush, Colorado was selected as the interferer
test station, upon approval by station licensg
Way-FM Media Group, Inc.. Figure 12 shows
the F(50,50) 60 dBu contour of KBWA and thg
F(50,10) 54 dBu contour of KUVO. The statior
separation distance is 143 kilometers, whig
provided the opportunity to test impairment at
large distance and with higher D/U ratios.

The signal ratio of KBWA and KUVO is shown
in the map of Figure 13. This TIREM point-to-
point prediction shows areas that are predicted
receive interference at 20 dB D/U (-10 dBc) i
yellow. Cochannel interference from KTLC|
class C1, Canon City, CO at 34 dB D/U in reg
Areas in the D/U map that are expected 1

FMCommander Single Allocation Study - 10-20-2008 -
KBWA's Overlaps (In= 13.27 km, Out= 42.28 km)

KBWA CH 206 A KUVO CH 207 C1  BLED19851022KD
Lat= 401302.1, Lng=1034146.2 Lat= 39 43 49.0, Lng=105 14 59.0
6.0 kW 44.2 MHAAT, 1369 M COR 22.5 kW 278 M HAAT, 2333 M COR
Prot= 80 dBu, Intef= 54 dBu Prot= 60 dBu, Intef.= 54 dBu
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rece_ive mi_nimum field stre_ngth of 40 dBu (a_tFigure 12 — FM contours of interference test station
vehicle height) are shown in green, representilk,DN (above) and IBOC test station KUHF (below)

the approximate limit of mobile

T

stereo reception. Due to high VSW, %7

on its vertically polarized directiong

antenna, KBWA was operated at h3
power (3.0 kW) during testing. Thi
emission was compatible with th
vertically polarized mobile tes
antenna, and all ratios were measul
from transmitted signals. : i

The wide-area drive-test route, wit
D/U ratios measured during the da
before the overnight tests, is includq—L ;.
as Appendix F The two test routgzs’
shown are within the 60 dBu contoy J¢#

e Hillrose” )
5 !
f
1 § "
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Scale 1:225,000

The D/U ratio of the test route to th|F—

ﬂﬁq@.‘ = \t: gl =
—e ULk Sy
west measured 20 and 30 dB, whikdis 5 T *7{"‘ e -
Figure 13 - TIREM interference to KBWA (full power) from KUVO in

yellow, and cochannel KTLC in red. The 60 dB contour of KBWA is
the solid line, with the half power contour as the dashed line.
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the test route to the south has a D/U ratio betw&amnd 20 dB.
3.3 Field Measurements

3.3.1 Instrumentation

A diagram of the vehicle measurement and recorslystem is shown in Figure 14. This shows, on
the left, the calibrated ground plane antenna dndl#4, which contains: a custom bandpass filter for
88-108 MHz, a low-noise high dynamic range preadimplia four-output signal splitter, and three

Kenwood KTC-HR100 “black box” mobile tuners. Therivood tuners were modified to provide a
DC voltage output that is a logarithmic represémadf its RF input power. The tuners also have
new ceramic IF filters to provide a discriminatiohapproximately 30 dB against adjacent-channel
FM signals, to support the measurement campaigthi®rstudy. The DC lines carrying the three
field strength measurements are cross-connected@Wo#1, which houses the micro-computer data
logger and GPS antenna input. One RF output of #Tlis connected to the mobile FM receiver,

which is connected to a Marantz PMD620 Professitfaidheld Recorder, which stores 16-bit,

44.1 kHz WAV files of the FM stereo mobile audio.

22 Ground Plane GPS antenna
g Antenna

102.7 MHz Receiver UPC Logger

(WRNI)

102.5 MHz Receiver
(WKLB)

FTU #4 T

-4— Gain = unity —pm

Analog FM Revr Marantz PMD620
(WRNI) audio recorder

In-Vehicle Equipment

Figure 14 - In-vehicle instrumentation used to record field streng ths and test audio
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The three tuners in FTU #1 are tuned to the:
desired channel frequency,
adjacent-channel IBOC test station frequency, and
alternate adjacent channel frequency.

The alternate adjacent channel frequency is loggea@ check for environmental RF noise and
interference that might reduce the accuracy of oreagents on the other two channels. The data
logger in FTU #1 records at a rate of 4 Hz on ugix@/D channels and four digital input channels.

The laptop PC is connected to a LabJack U12, prayidight 12-bit analog inputs for high speed
sampling of the unfiltered DC signal strength lifresn the three tuners in FTU #4. The LabJack PC
software is operated in the streaming mode at amum rate of 50 samples per second. The
software logs the voltages received by the A/D ediews and a time since the start of the file \&ith
resolution of 0.01 seconds. Since the LabJack doesecord UTC it is necessary to provide a
momentary interruption in the antenna line to edleivers to provide a synchronizing signal for the
LabJack file with the FTU’s logger file.

3.3.2 Logging of Signal Ratios on Routes

Each drive-test measurement (up to 16 for a snogite) was recorded and the field strength data was
processed for classification of the audio materigthe charts provide a wealth of information about
the RF signals along the drive test routes. Thistiation points out some key features. On ¢fig |

the vertical scale displays the lognormal fieldesgith in dBu (relative to 1 pVv/m), while the
horizontal scale displays the time in hours, misgned seconds, recorded from the on-board GPS
receiver. Time runs from left to right on thesarth

Three graph lines are displayed: the field strewfttne Desired (interference test) station, the
Undesired (IBOC test station) and the instantan@&jUkratio of the two. The simultaneous
recordings of the audio and RF levels are synchezhwith a sharp drop in the signal levels near
the left, after which the vehicle starts and gaipsed, which is held as constant as possible over
the remainder of the route. The first of a seqaesf@udio clips are broadcast by the
interference test station as the vehicle passeacamarker. The audio clips, lasting 10-15
seconds, are marked on the chart to determineai@thmean D/U ratio. Clips with D/U ratios
that are unusually high or low, relative to theBstdrget D/U ratio, are excluded from listener
tests. This technique allows us to “bin” the clifysD/U ratio, ensuring that the reception
conditions heard by listeners are known and tha dam be analyzed more consistently.
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Figure 15 - Sample of field strength time profile for ~ one of 164 route s in the study, showing key elements of
a mobile run. Overall duration is approximately 2% minutes.

3.3.3 Mobile Test Receiver Performance

The receiver used to provide audio recordingsHerlistener testing was carefully selected from a
group of more than a dozen automotive receivetse group, which includes both OEM and after-
market models, was extensively tested for perfoomas part of the DRCIA project. The chosen
receiver, a 2003 Chevrolet Suburban, exhibite@b#tan-average sensitivity and selectivity.

The Suburban receiver’s selectivity tests are shiowigure 16 for a received signal power of
-70 dBm, which is close to the signal levels end¢erad in the field recordings. This chart
shows the weighted quasi-peak audio SNR as theghtesired to interfering signals range
from -62 dB to +40 dB. The first-adjacent intenfgytest signals are:

Single monophonic FM

Single stereophonic FM

Dual monophonic FM (upper and lower channels)
Dual stereophonic FM

Single hybrid monophonic FM

Single hybrid stereophonic FM

Dual hybrid monophonic FM

Dual hybrid stereophonic FM

Irregularities in the slopes of the curves are tduile stereo blending action of the receiver.sEhi
common technique in mobile receivers to reduce bdeidnoise under interference and fading
conditions that occur as the vehicle moves alongaalway. This is an important performance
characteristic for a mobile test receiver that w@ssidered in this study. Figure 17 shows that the
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chosen receiver exhibits a stereo SNR that negtlgle the monophonic SNR until the failure point
of reception, below -90 dBm. This is due to steseparation curve (blue line), which begins
blending at a signal power below -60 dBm. Thishhstereo SNR performance reduced the effects of
IBOC interference in the listener testing.

——Single 1st-adj. Avg. (Mono) == Single 1st-adj. Avg. (Stereo) Dual 1st-adj. (Mono) ¢ Dual 1st-adj. (Stereo)
=¥ Single 1st-adj. Avg. (M.Hyb.) —=—Single 1st-adj. Avg. (S.Hyb.) —+— Dual 1st-adj. (M.Hyb.) =—=—Dual 1st-adj. (S.Hyb.)

60

50

WQPSNR (dB)
w B
o o

[N]
o

10

-62 -59 -56 -53 -50 -47 -44 -41 -38 -35 -32 -29 -26 -23 -20-17 -14-11 -8 -5 -2 1 4 7 10 13 16 19 22 25 28 31 34 37 40
D/U (dB)

Figure 16 - Chevrolet Suburban selectivity at-70 d ~ Bm with analog and IBOC first-adjacent signals

—— Stereo Separation vs. RF Lewel: Left into Right
——Mono WQPSNR vs. RF Lewel: Analog FM
Stereo WQPSNR vs. RF Lewvel: Analog FM
—— Audio Roll Off vs. RF Level: Stereo L=R 100% at 593.75 Hz

WQPSNR or Channel Separation
(dB)

-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110
RF Input (dBm)

Figure 17 - Audio SNR, stereo separation and audio  level vs. RF input level
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4 Subjective Test Methodology for Mobile Listener T  ests

4.1 Audio Sample Selection

Audio was selected from the field samples that wetiected in Minnesota, Rhode Island, Colorado,
and Texas. The RF D/U ratios of all individual austamples were determined, and the audio cuts that
were used in the testing are listed in Table Shenniext page. For Test 1, there were a total of 93
different samples that were presented across #fleofjienres. For Test 2, there were a total of 102
different audio samples presented across all ajehees.

The samples were screened to avoid anomaliesdinglwnusual atmospheric signal propagation
conditions that cause deviations in signal strefrgiim the distant IBOC transmission station, texrai
shadowing effects that cause excessive swinggmalsstrength during the time of individual audio
samples (determined by the standard deviationeofigfd strength), audible interference from other
stations (co-channel or first-adjacent channel) thay affect the accuracy of listener assessments,
sporadic noises that are not part of the signtd {@gition noise, power-line noise, etc.). Afadirof

the anomalous samples are eliminated, we will nasiglohoose samples from lists.

Sample triads were carefully selected so that ditemparisons between -20 dBc, -14 dBc and
-10 dBc samples could be made. Four rules wemnmedt in selecting sample triads:

1. Identical audio was recorded at each locationeiid fiesting at -20 dBc, -14 dBc and -
10dBc, so that the sample triad was made up BAME audio sample at all IBOC
injection levels.

2. Sample triads fell into 6 categories: (a) less tBaB, (b) 4 to 8 dB, (c) 9 to 13 dB,
(d) 14 to 18 dB, (e) 29 to 23 dB and (f) 24 to B3 d

3. Within the sample triad, individual samples werdydncluded if they fell within
+/-3dB from each other.

4. Within a particular 15 second sample, the variatioB could be no more than
+/-3dB from start to finish.

4.2 Participants

Participants were recruited through a notice plagezh electronic news letter disseminated among
Towson University staff, faculty and students. Cfadan 24 men and women between the ages of 18
and 65 were collected towards the completion af shidy. Participants were compensated $150 for
the first session and $75 for the second session.
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Table 5- Samples used in Mobile Tests 1 and 2

D/U Genre Location IBOC Levels Number
(dB) Recorded of cuts
(IBOC x
Genre)
Test 1 - 60 mph
<3 Speech - Female and Male Minnesota -20,-14,-10, analog only 8
Music - high and low density Minnesota -20,-14,-10, analog only 8
4t08 Speech - Female and Male Rhode Island -10,-14,-10 6
Music - high and low density Rhode Island -10,-14,-10 6
9to 13 Speech - Female Minnesota -20,-14,-10, analog only 4
Speech - Male Rhode Island -20, -14, -10 3
Music - high and low density Rhode Island -20, -14, -10 6
CD Source 12
Test 1 - 35 mph
Under 3 Speech - Female and Male Minnesota -20,-14,-10, analog only 8
4t08 Speech - Female Minnesota -20,-14,-10, analog only 4
Speech - Male Rhode Island -20, -14, -10 3
Music - high density Rhode Island -20, -14, -10 3
Music - low density Minnesota -20, -14, -10, analog 4
91to 13 Speech - Female and Male Rhode Island -20, -14, -10 6
Music - High Density Rhode Island -20, -14, -10 3
CD Source 9
Test 1 Total 93
Test 2 - 60 mph
14 to 18 Speech - Female Rhode Island -20,-14,-10 3
Speech - Male Colorado -10,-14,-10,analog only 4
Music - high density Rhode Island -20,-14,-10 3
Music - low density Rhode Island -20,-14,-10,analog only 4
19to 23 Speech - Female and Male Texas -10,-14,-10,analog only 8
Music - high and low density Texas -10,-14,-10,analog only 8
24 to 28 Speech - Female and Male Texas -20,- 14,-10,analog only 8
Music - high and low density Texas -20,- 14,-10,analog only 8
CD Source 6
Test 2 - 35 mph
14 to 18 Speech - Female Rhode Island -20,-14,-10 3
Speech - Male Colorado -10,-14,-10,analog only 4
Music - high density Rhode Island -20,-14,-10 3
Music - low density Rhode Island -20,-14,-10,analog only 4
19to 23 Speech - Female and Male Texas -10,-14,-10,analog only 8
Music - high and low density Texas -10,-14,-10,analog only 8
24 t0 28 Speech - Female and Male Texas -20,- 14,-10,analog only 8
Music - high and low density Texas -20,- 14,-10,analog only 8
CD Source 6
Test 2 Total 104




4.3 Test 1 Procedure Overview - Studio and Mobile T esting

Participants rated audio samples in a studio amarasetting. The order of these settings was
counterbalanced among participants, thus half efptirticipants listened to the samples first in the
auto and half listened first in the studio. Alrgapants arrived at the predetermined parkingolot
the campus of Towson University. They were theorsd to the test automobile or the studio where
they were given a simple introduction and overvawhe testing procedures. They were asked to
read and sign an informed consent form. Once tuisdeen completed, the experimenter script was
read to the participants. The experimenter sckplagned the instructions for the testing procedure
Testing was conducted one participant at a time.

4.3.1 In the studio

Audio samples were played using an E-prime softywangram and Genelec 1031A speakers.
The room used for Studio Listener Testing at Towdaiversity was roughly 8’ x 8’ with a 10’
ceiling. Finished sheetrock walls were dampenenhfacoustical reflections with 2” foam
panels, each supported on a wood framed standd®r the floor. This height was picked to
achieve the center of the foam panel when oriemgetically near to average ear height of the
listener when seated in a chair. One foam panslaffaxed to the door to reduce acoustical
reflections off the wood surface.

A desktop computer with a SoundBlaster audio casthiled sat on the floor behind the right
speaker. Its unbalanced consumer line level ositfeat into an unbalanced to balanced
converter, where the balanced signal then feedtit@enelec stereo monitors. A transparent,
high quality recording played back on the audideysof the Nissan Altima served as the
reference for room equalization within the inddetdn test space. The Creative audio software
driving the SoundBlaster card on the computer éosta multi channel 7-band graphic
equalizer. This equalizer was configured to minerazidible difference in the studio playback
tonality of the high quality reference recording,c@mpared with its tonal characteristics when
played back on the Altima’s sound system.

Participants began the studio portion by adjustivegvolume of the speakers to a setting that
they found comfortable. Participants were instrddtet they would not be able to change the
volume once it had been set. Individuals were thettucted to rate the quality, not the content,
of the sound samples according to an Absolute Gagdgating-Mean Opinion Score (ACR-
MOS) scale with the exception that participantsenadsle to rate the samples as “failed” (0).
Participants were instructed to use the “failedingin cases when they would not be willing to
listen to sound of that quality. Therefore, pap#oits could rate an audio sample as “failed” (0),
“bad” (1), “poor” (2), “fair” (3), “good” (4) and éxcellent” (5). Each sound sample was
presented to participants one at a time followed lopmputer screen presenting the rating
options. Quality ratings were recorded by partinigausing a computer mouse. Participants were
presented with one of two randomized orders forasn These two randomized orders were
evenly distributed between study participants. dtuer of the audio samples presented to a
participant was same in both the studio and céinget

Upon completion of the drive testing, participantge escorted inside to complete the car portion of
the test.
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Figure 18 - Listening Room setup at Towson Universi  ty

4.3.2 Inthe car

Participants rated audio samples while being driweran off-duty police officer in a 2009 Nissan
Altima. Participants were seated in the front pagse side of the automobile. Participants were
allowed to adjust the temperature of the air camditg but the rest of its settings were maintained
consistently across all participants. The testakelwas then started and the driver began heading t
the appropriate test route. Audio samples wereeplayn CDs using the car’s audio system. While
driving to the first test route, participants faarized themselves with the testing apparatus by
listening to several sample clips and respondingpeém in the same manner they would during the
test. When the driver reached the appropriatengestiute and the constant predetermined speed had
been achieved, the testing began. A series ofcddhdesamples began to play, one-by-one. After each
sound sample there was an electronic “beep” folibise 3 seconds of silence in which participants
registered their responses, followed by anothesgbéo alert listeners that the next sample woeld b
starting.

Participants were allowed to change the volumengtime so that they could hear the audio
samples. Participants input their ratings usingsBldevice with 6 buttons that were labeled
according to the ACR-MOS described above. Ratmge recorded by a laptop that was
connected to the input device. Audio ratings tolaice under two conditions: driving at 60 miles
per hour (mph) and 35 mph. Constant speeds wengairad by using the car’s cruise control.
Diverting from these speeds was under the diseretidghe driver in the interest of safety. The
order of these conditions was counterbalanced legt\yarticipants. A research assistant sat
directly behind the participant with the laptop andnitored the participant’s ratings. In
addition, the research assistant recorded deaheimgs with a Tenma model 72-147 sound
meter while each audio sample was played and matgeoh any extraneous noises taking place
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in the environment (police sirens, car honking,)dttat may have impaired a participant’s
ability to hear an audio sample. Notes were aladenf the speed of the vehicle diverted more
than 5 mph from the required nominal speed.

Upon completion of the drive testing, participantse escorted inside to complete the studio portion
of the test.

4.3.3 Drive Route
The route began at Towson University and proceadédllows:

The mobile test vehicle travelled north on York Aue until Route 695 was reached. The vehicle pdeztonto
695 West until Interstate-83 North. Once on I-83Mas possible to travel for 20 minutes at speé&&-60mph.
I-83N was traveled until Exit 36. Exit 36 connette Route 439 / Old York Road. At the stop sigtha end of
the exit ramp a right turn was taken, leading r afteery short distance, to a stop sign at thesettion of Route
45/ York Road. A left was taken onto Route 4®fkRoad. Route 45 / York Road was used to perfbe20
minutes of mobile testing at 35-40mph. Route ¥6rk Road was followed until the intersection ofuRo45 /
York Road and McCormick Road. A right hand turtiooklcCormick Road led to Route 83. Route 83 South
was used to return to Interstate-695 East.

Figure 19 - Drive route for mobile listener testing
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In order to drive in the opposite direction of tygdly congested traffic, the route started by dagvi
north in the morning and returning on York roaditiBi@ants heard audio on the “fast” route first,
then the “slow” route. In the afternoon, when tlafic pattern shifts, we drove up York Road until
reaching our “20 minute spot” and continued noritil we arrived at Exit 36, rejoining the highway
and traveling south back to Towson. In this caseigpants heard audio on the “slow” route first,
followed by the “fast” route.

All participants were tested during daylight hourson-rain conditions (no windshield wipers were
used during driving). All participants were testeith windows closed and the car fan on medium
setting. In this way we regulated the noise level semperature of the car, making it pleasant for
participants and consistent for evaluation.

4.4 Test 2 Procedure Overview - Mobile Testing

Participants from the previous phase were contactéake part in the next phase of the study.
Of those individuals, 18 participants returneddéifonal individuals were recruited to
participate from a list of interested individualbevdid not participate in the previous phase of
the study. Participants who did not take part enftrst phase of the study completed Test 1 and
Test 2. Participants rated audio samples from édmemrandomized orders by following the
procedures outlined in the car portion of the prasiphase of the study.

Input Device

Figure 20 - Picture of the Human Interface Input De  vice used by mobile listeners

Figure 20 shows the input device. The far left ke red and labeled with the words “TURN OFF”.
The other five keys were white and labeled in tilewing order from left to right: Bad, Poor, Fair,
Good, and Excellent.

4.4.1 Results from Mobile Testing

Car vs. Studio

Figure 21 and Figure 22 show the difference inip@édnts' ratings when listening in the car and
the studio. Notice that at 60 mph participante stmples better over all when listening in the
car, presumably due to masking road and cabin somele at 35 mph this effect dwindles
significantly.
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Car Room
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Figure 21 - Difference between car and room listeni  ng at 60 mph

Car Room

0 T T

High Density Music ~ Speech + Low Density High Density Music  Speech + Low Density
Music Music

(B Analog B-20 O-14 0-10)|

Figure 22 - Difference between car and room listeni  ng at 35mph
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4.5 Differences between -20, -14 and -10

Because Test 1 showed a significant contrast betsrlio and car listening, primarily at

60 mph, all further listening in Test 2 occurredhe car. Different patterns emerged for High
Density Music and Speech and Low Density MusiguFe 23 shows participants ratings of
High Density Music. Notice that there is no sigraht difference between IBOC levels, with
the exception of -10 dBc being lower in the catgdtip to 3dB". However, as Figure 23 and
Figure 24 show, participants were more likely tecern differences in speech and low density
music, particularly in the 0 to 9 dB range. Thusshow participants’ ratings of Speech and
Low Density Music in two ways. Figure 23 showsngs from 0 to 28 dB as originally grouped.
Notice that from 0-3 dB the ratings are higher than 8 dB. Although at first counterintuitive,
we believe this phenomenon occurred because teesezavas blended to monophonic at low
desired signal strength. As the desired signahgth rose, the receiver blending out of
monophonic and into stereo, allowing participanteéar more interfering noise.

5.0

45

4.0

3.5 —

3.0 —

2.0 —

1.5 +— —

1.0 +— —

0.5 —

0.0 T T T
Up to 3dB 4t08dB 9 to 13dB 14 to 18dB 19 to 23dB 24 to 28dB

(@-20 B-14 O-10

Figure 23 - High Density Music at -20, -14, and -10 dBc

We wanted to more carefully explore the region ketw6 dB and 28 dB, which is typical D/U ratios

found within the protected contour. We took ea&d} plotted the mean opinion scores for each
sample within the triad, and drew a regression tadighlight trends for the three IBOC levels.

These results are plotted in the last chart ofrEig6.

27



5.0

4.5

4.0

3.5 1

3.0

2.5

2.0 -

1.5 4

1.0 1

0.5 A

0.0 -

Up to 3dB

410 8dB

9to 13dB

14 to 18dB

19 to 23dB

24 to 28dB

0-20

3.4

1.8

2.3

3.2

3.7

3.7

m-14

2.7

14

15

3.1

3.4

3.7

0-10

1.9

1.3

1.3

3.2

3.5

3.4

Figure 24 - Speech and Low Density Music at-20, -1 4 and -10 dBc
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5 Interference Protection Methodology

Once the listener data was plotted on a D/U scadeeduced by regression analysis, it was possible
to produce RF protection ratios that may be usedlacations policy. Figure 26 is a reproductién o
the listener data from the previous section of taort, to which several lines have been added to
illustrate the methodology. The horizontal blustel line, at a mean opinion score of 2.7 is atined
represent the onset of harmful interference. Asfication, this value is approximately 1.5 units
below the regression line for analog-to-analog Ridrierence in the testing, at a MOS of 4 (“good”),
as shown by the red arrow line. The 2.7 scorelisvba MOS of 3 (“fair”) and only one-half unit
above the MOS recognized from listener data asjarman-off point (at which approximately 80%

of listeners would decide to stop listening). ADBI 2.7 a substantial percentage of listeners warild
expected to turn off, as well.

0.5

0 T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

¢ -20 = -14 -10 Analog =—— =

Figure 26 - Regression of listener data convertedt o D/U ratios

At the point where the -20 dBc regression lineKddune) intersects the 2.7 MOS line, a black arrow
line is dropped to the D/U scale, at a value ofi&4 This establishes the field strength ratiositdd

FM to hybrid IBOC) for the onset of harmful intedace. Similarly, the arrow lines are dropped
from the intersection of the -14 dBc (magenta)-aiddBc (yellow) regression lines. These touch the
D/U scale at ratios of 16.8 dB and 18 dB.
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The field strength ratios collected for each mohile are based on the median field strengths. To
apply these ratios to the FCC’s methodology, wimhsider median time availability for the desired
signal, using the F(50,50) curves, and tH d€rcent time availability for the interfering sinusing

the F(50,10) curves, conversion of the measured atlds is required. The procedure for this
conversion is detailed in the FCC’s Report No. RZ6 This report includes a graph, as Figure 27,
which indicates the “fading ratio” adjustment vaues a function of distance and transmitter height.
In this case, the distance is from the IBOC propbtransmitter to the potentially-affected listener
near the protected service contour of the FM statidlthough distances vary for every station and
every listener, a study of probable distances fiIB@C transmitters to first adjacent service areas
indicates a fading ratio adjustment of 8 dB is appate. This would accommodate separations of up
to 110 kilometers (68 miles) and antenna height® dfp00 meters (5000 feet) above average terrain.
Using this adjustment, the F(50,50) - F(50,10)oracomes 6 dB (14 — 8) for -20 dBc IBOC, and
8.9 dB and 10 dB for -14 dBc and -10 dBc IBOC, eetigely.

Figure 27 - Figure 10 from FCC R -6602, showing the adjustment between the median and the field strength
exceed 10% of the time.

The above ratios are added to the graph of Figiesdlue dots. A best-fit slope to the listeratad

is added as the blue line. Assuming a blankeeass of 6 dB in IBOC power on a non-interference
basis, the portion of the line below -14 dBc isvehdor reference as a dotted line. The portiorvabo
-14 dBc is shown in solid blue as the “Wide-spadiewance” for stations with a D/U of at least
8.6 dB. This line extends to -10 dBc at a D/Uorafi 10.35 dB.

8 Development of VHF and UHF Propagation Curvesigrand FM Broadcasting=CC Research Division Report
No. R-6602, September 7, 1966. The report is ddrfvom dozens of station signal measurementsatetleover a
15-year period.
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------ Interim Allowance +6 dB Proposal AICCS Allowance @  AICCS Listener Results ======\)\/ide-space Allowance
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211 4

212 4

-13 4

Allowable IBOC Power (dBc)

9 10 11 12
F(50,50)-F(50,10) D/U Ratio (dB)

Figure 28 - Allowable IBOC power vs. D/U ratio att  he protected 60 dBp contour, based on listenerrati  ngs of IBOC
interference degradation (dotted blue line beginnin gat 6 dB D/U and -20 dBc). The orange line shows a6dB
blanket increase, while the power allowance forwid  er separations is solid blue. NPR’s interim allowa  nce is
included as the dashed black line.

The D/U ratios may be applied to a simple contaotgation method to determine the allowable
IBOC powers, similar to the “Prohibited Overlap”qudrements for NCE-FM stations in
47CFR73.509and “Contour protection for short-spaced assigisiiem 47CFR73.215 The
procedure is included as Appendix J

The study found that noise degradation and listeatgrgs worsen as the D/U ratios decrease, until a
median ratio of 6 dB is reached; between 6 dB adB,@he ratings flattened (no further degradation
was indicated). This effect was due to the stbfend system in the test radio, which is common to
mobile FM receivers, and should occur well out#ireie60 dBl contour of station pairs with standard
first-adjacent contour protection. However, sdechl'super-powered” Class B FM stations (which
may be defined as stations with contour distancesegling the reference power-and-height of a Class
B by more than 10%), can produce low D/U ratiodinithe 60 dBu contour of a first-adjacent FM
neighbor. Appendix K is a tabulation of 68 FM istas operating with super-powered status. Station
pairs in which the analog-to-analog D/U ratio dirat-adjacent neighbor and IBOC proponent are
significantly below 6 dB at the reference 60 dBptoar are not defined by the above method, and do
not necessarily justify a proposed blanket increase
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6 SCA Reception Tests

6.1 Introduction

The IAAIS represents more than 100 broadcast sutighe U.S. and Canada using analog FM SCA
(subcarrier) transmission to distribute programmthe visually impaired. The low injection level
of SCA subcarriers makes the effect of IBOC interfee more sensitive than main channel
programming. The FCC expressed its “concern athsutifferential vulnerability of radio reading
service receivers to 3rd adjacent interferencedstablishing additional protection requirements for
LPFM stations. However, no official measurements have been geovito the Commission
regarding this effect.

The IAAIS, in their comment to the FCC filed Decamny, stated:

IAAIS urges the FCC to require additional testachiding impact studies on both 67kHz and
92kHz subcatrriers before allowing an across thedgoawer increase that may render analog
SCA receivers useless.

And

The Digital Radio Coverage and Interference Assessra study by NPR Labs and funded
by CPB, identified the shortfall for indoor digizdverage, relative to analog FM. 1AAIS

fully understands that existing digital coveragm@&lequate for some stations. Thus, we also
understand the clear need for an HD Radio powesase for these stations. IAAIS
acknowledges and concurs with the NPR study winidicates an across-the-board 10-
percent power increase is too dramatic an approach.

The purpose of this study was to determine whetli€) dB increase in digital power will affect blind
and low-vision consumers’ ratings of radio readiagyice SCA broadcasts.

The section, below, describes a thorough measutgmagram to ascertain the level of interference
that would be caused to SCA subcarrier receivarsitee protection ratios necessary to avoid harmful
interference. Tests of first-adjacent IBOC intefee were objectively measured first by
instrumentation, as described in Appendix B , tonietests of larger numbers of receiver types and
RF conditions. The objective results indicated thhen SCA service areas are reduced by low-
efficiency antennas provided with the table modegivers and building losses the potential impfct o
high-power IBOC is limited to only the best of S@¥eivers. Nevertheless, the SCA receivers were
included in the subjective testing to verify thetfiadjacent impact. Tests of host compatibilitthw
elevated IBOC transmission power were prepareth@RE Test Bed and evaluated by listeners in a
controlled subjective test.

6.2 Measurement of Host Compatibility for SCA Recei  vers

The purpose of this test was to determine (a) Howd land low-vision consumers will rate received
SCA audio samples as the IBOC injection level anged in steps between -20 dBc and -10 dBc, and
(b) the level at which consumers would begin to wif the radio because of the impairment. Since
existing radio reading service receivers are s@vbend limited, we believe that it was reasonable

° Paragraph 24, Memorandum Opinion And Order On Rsideration MM Docket 99-25, Sept. 20, 2000.
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run a streamlined version of the original signahtise test used in the 200dmorrow Radio
methodology with standard consumer SCA receivargyusind and low-vision consumers. Results
from this test will complete our understandingloé potential impact of elevated IBOC DAB power
on this specialized service.

A diagram showing the RF test bed setup is includelligure 35. The SCA audio is produced from
a CD deck, connected to the Moseley TFL-280 andWiétidn Sciences Sidekick for compression,
pre-emphasis and peak limiting. The 67 kHz sulerais generated by an RCA SCA generator
connected to the Moseley processor, and the Skdgkacessor includes a 92 kHz SCA generator.
The 67 kHz subcarrier output is looped through $heéekick and combined with the 92 kHz
subcarrier. The combined subcarriers are connéotdte Telos Omnia 6EX+HD, which combines
the subcarriers with the composite stereo sighaly one SCA subcarrier is generated at a timéa, wit
the injection set to 9% (75 kHz peak=100% modutdtithe 19 kHz stereo pilot set to 9%, and the
stereo composite modulation set to indicate 105&kgat a rate of no more than 10 per minute, as
determined by the QEI model 691 modulation monitteen connected to the FM generator RF
output.

The majority of radio reading service users liveirdian or suburban locations, within 20 kilometers
(12 miles of the station). To represent typicakption, the RF signal power will be set for twpuh
levels equivalent to the FCC field strength at 20 fkom a Class B (or Class C2) station, with
adjustment for building losses and a -10 dBd amiergpresenting a medium (*“M”) signal and at
5 km from a Class B, representing a high (“H”) signTo avoid increasing the number of conditions
for the listeners, samples from both medium and kignal levels will be randomly selected for the
testing.

6.2.1 Audio

Reference audio was taken from radio reading ssvwogram material, read by radio reading
service volunteers. Audio clips were prepared WBMC transmission at three levels of injection and
three IBOC transmission modes, over four receiarshown in Table 6 below. As discussed further
in Appendix B note that only the McMartin receiweas required for first-adjacent interference

listener tests.

The audio output of the receivers was sampled Biredace 400 digital /O unit, which stored the
recordings in 16-bit WAV files on the computer watdtion. The recordings were reproduced for
listeners in the studio using the loudspeaker abdhet of an actual SCA receiver. This was intended
to ensure that the limited acoustic characteristidbe table-top SCA receiver was heard by thie tes
listeners, as in normal use.
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Table 6 - Summary of conditions for SCA receiver Ho st Compatibility Test

IBOC Mode, Genre | 20 [ -14 [ -10 [ Analog
McMartin
MP1 Female Speech 1 1 1 1
MP1 Male Speech 1 1 1 1
MP1 Commercial 1 1 1 1
MP3 Female Speech 1 1 1 1
MP3 Male Speech 1 1 1 1
MP3 Commercial 1 1 1 1
MP4 Female Speech 1 1 1 1
MP4 Male Speech 1 1 1 1
MP4 Commercial 1 1 1 1
1st Adj Female Speech 1 1 1 1
1st Adj Male Speech 1 1 1 1
1st Adj Commercial 1 1 1 1
Norver
MP1 Female Speech 1 1 1 1
MP1 Male Speech 1 1 1 1
MP1 Commercial 1 1 1 1
MP3 Female Speech 1 1 1 1
MP3 Male Speech 1 1 1 1
MP3 Commercial 1 1 1 1
MP4 Female Speech 1 1 1 1
MP4 Male Speech 1 1 1 1
MP4 Commercial 1 1 1 1
Victory
MP1 Female Speech 1 1 1 1
MP1 Male Speech 1 1 1 1
MP1 Commercial 1 1 1 1
MP3 Female Speech 1 1 1 1
MP3 Male Speech 1 1 1 1
MP3 Commercial 1 1 1 1
MP4 Female Speech 1 failed failed failed
MP4 Male Speech 1 failed failed failed
MP4 Commercial 1 1 1 1
Metrosonix

MP4 Commercial 1 1 1 1
MP1 Female Speech 1 1 1 1
MP1 Male Speech 1 1 1 1
MP1 Commercial 1 1 1 1
MP3 Female Speech 1 1 1 1
MP3 Male Speech 1 1 1 1
MP3 Commercial 1 1 1 1
MP4 Female Speech 1 1 1 failed
MP4 Male Speech 1 1 1 failed
MP4 Commercial 1 1 1 1

6.2.2 Participants

18 blind and 16 sighted individuals participatdglind participants were recruited with help from
IAAIS and the NFB. Announcements were made orashington Ear, a Washington D.C. area
radio reading service. Announcements were alstegpas a number of message boards and email
lists specifically geared towards individuals tha blind or visually impaired. Every effort wasae

to recruit a cross section of listeners based ein dige and gender. There were 11 male and 7demal
participants. There were 3 participants in the298ange, 2 participants in the 30-39 range, 7
participants in the 40-49 range, 3 participanth@50-59 range, and 3 participants in the 60-68ea
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Sighted participants were recruited through ammalgoosting on NPR’s intranet and a posting on the
websitewww.craigslist.com We tried to match the demographics of the biindisually impaired
participants as closely as time would allow. Thesre 4 participants in the 18-29 range, 3
participants in the 30-39 range, 6 participanth@40-49 range, and 3 participants in the 50-b8ea

6.2.3 Testing

Participants were presented with one audio clg tane after which they were asked 3 questions on
the topics of overall sound quality, annoyanceamiidground noise, and whether they would keep the
radio on or turn it off. They were encouragedetise volume on the first trial of the test, aftdrich

the volume would remain constant. They were fisikted to rate the audio on a six point scale which
corresponds to the ITU-R recommended MOS scaleellert good, fair, poor, bad, and failure.
Then they were asked how noticeable the backgrawisk was on a 5-point scale including:
extremely noticeable, very noticeable, noticeatlightly noticeable, and not noticeable. Finatigy
were asked whether they would continue to listethécaudio using “yes” or “no”. Because over half
of the participants were blind, they were not dblase the software that sighted participants tsed
log their responses. Thus, experimenters playeld sample and asked listeners to hold up their
fingers to register their responses (1-5) for M@8 annoyance scores. [f participants were tryong t
signify that something had failed or that they wdonb longer listen, they were instructed to give a
“thumbs down”. Experimenters entered the data amaexcel spreadsheet while administering the
test. This method of data collection was succtgsfsed during SCA testing conducted at NPR Labs
3 years ago. The sighted participants used a demjauregister their responsds:prime® software
played the audio clips one-at-a-time, and thendaglkegticipants the same three questions that blind
listeners received.

6.2.4 Results

Figures Figure 29 through Figure 34 show the resafitesting. Figure 29 through Figure 32
show that for MP1 and MP3 patrticipants rated Mcaasihd Norver receivers between "good”
and "fair" depending on IBOC power, while partigipgrated the MetroSonix and Victory at or
below "fair" at -14 and -10 dBc. Significant faiés occurred with the Victory in MP4, with the
McMartin, Norver and MetroSonix holding up fairlyellat -20 and -14dBc.
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Figure 33 - MOS for Host in MP4 Mode — Speech
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Figure 35 - Test Bed Configuration for Host Compati  bility Tests of SCA Receivers
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7 FM Host Compatibility with Various IBOC Powers

7.1 Introduction

In addition to the interference challenges facea@tglog receivers due to the broadcast of elevated
IBOC from T adjacent neighboring FM stations, study and censafibn must also be given to the
interference effects of broadcasting elevated IB&€ls from the host station.

In 2001, the NRSC evaluated issues of interferémare IBOC digital sidebands to standard analog
FM receivers tuned to a digital hybrid chanfielhese tests draw on two sets of measurements. One
set was carried out by the NRSC using -20 dBc IBQ&etiion in addition to previous testing done by
the CEA at -22 dBc IBOC injection. The NRSC defeed that audio signal-to-noise ratio was
reduced with the addition of IBOC digital sidebardsstandard FM carriers, but considered the
impairment negligible to listeners. However, neptgposed standards for IBOC power limits raise
the question of how high-power IBOC transmissiolhafiect analog FM listeners.

7.2 Audience Research Basis

The vast majority of FM listeners currently listeranalog radio, which is received in a wide rapige
listening environments and radio types. Analog lcompatibility, then, is best gauged against an
understanding of these conditions as they infludistener perceptions. With the help of NPR’s
Audience Insight & Research Department, NPR Lalsedeout a survey of NPR listener participants
in September, 2009, to determine typical listertiagits, receiver types and receiver expense that
would guide the analysis of objective receiver measents.

Although NPR core listeners represent only a lichilemographic, the survey demonstrated that
careful protection of analog signal quality is anportant consideration for FM broadcasters
considering elevation of their IBOC injection abow® dBc. When asked what proportion of all

radio listening is done via HD radio during a tygbieveek:

Only 5% of survey respondents reported listening@oradio for more than one fifth of their
total radio listening time, while

36% reported that they did not own an HD radio, and

57% of the respondents reported that HD listenowsisted of somewhere between zero and
one fifth of their total radio listening;

The remaining 2% of respondents did not know orewmsst sure about their HD radio
listening habits.

Regardless of the fact that these numbers showatstemajority of radio listening is still done via
analog reception, this demographic slice still Nikeverstatesthe number of listeners using HD
receivers from the entire U.S. population. Fomexa, 75% of the NPR core listeners group, from

10 Evaluation of the iBiguity Digital Corporation IBDSystem — Part 1 FM IBQ@®IRSC-R203, National Radio
Systems Committee, November 29, 2001.
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which participants in the NPR Labs survey werecsete have a household income of $50,000 or
more, as compared with the average for the ad@t population of only 57% with a household
income of at least $50,000. In addition to theetlgment and promotion of public radio multicast
program services, the added income among survégipants is likely to bias ownership in favor of
HD radio receivers, which are typically more expenghan their analog counterparts.

7.3 Methodology

7.3.1 Hybrid Service Mode

Hybrid and extended hybrid service modes weredesii the group of receivers and are referred to
herein as MP1 Mode and MP3 Mode, respectivelyhasvs in Figure 36. Both of these service
modes are currently in use among HD broadcast&i@ach mode was expected to affect analog
reception performance differently, due to the défee in the transmission patterns of the digital
sidebands used by each mode. MP1 mode broaddeBtd Carriers starting at 129 kHz above and
below the analog carrier and extend to 198 kHz alamd below. MP3 mode broadcasts additional
OFDM carriers starting at 114 kHz above and belmvanalog carrier and extend up to 129 kHz. It
is worth noting that broadcast equipment operatinylP3 mode reduces the output power of the
main OFDM carriers (129 kHz — 198 kHz) by .8 dB;tsthat when extended carriers are added, the
total RMS power will be the same for the entire digital siddlzes it would be if no extended carriers
were active. However, the added carriers of MP8arare located closer to the analog carrier. The
effect of which is that the front-ends of analogereers have additional difficulties filtering otlite
digital sidebands before analog demodulation. éigytal signal demodulated by an analog receiver
will sound to the listener similar to white noiselawill raise the SNR of a receiver.

MP1 3 Mode 129 kHz 198 kHz

>
>

AAA

114 kHz

MP1 Only

MP1 Only

Figure 36. Analog carrier and digital sidebands patterns for both MP1 and MP3 service modes at -10 dBc. Note that as
power is determined by the total digital signal, when subcarriers in the MP3 group are added the MP1 subcarriers are
reduced approximately 0.8 dB to maintain constant digital power.

7.3.2 Receiver Test Group and Selection

A total of 29 analog indoor receivers were run tigiothe host compatibility test bed. Of this group
17 came from the group of receivers loaned to NBBsLby the CEA used previously in the DRCIA
study. This list overrepresented higher qualiteneers and was augmented by 12 low-cost kitchen
radios and boom box receivers after comparing thigitdition of high-end receivers in the CEA
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group with results from the NPR Labs listener syndéor example, nine units from the CEA receiver
group of 17 are categorized as home entertainnystenss, mini, or shelf systems, while NPR core
listeners reported spending only 25% of their imd@malog radio listening time using such devices.
24% of indoor analog listening is reportedly done on clodiosaalone, a group of radios represented
by only one receiver in the CEA group. Due to these findimgse low-end receivers were gathered
and tested to better reflect real world listeniagditions.

A correlation also became apparent between perfarenand receiver cost during the initial round of

testing CEA receivers. These CEA receivers howaredisproportionately more expensive, higher

performing units than our survey shows as aver&geen NPR core listeners were questioned about
the expense of each of their analog radios, 51%rtexp purchasing inexpensive radios, while only

41% reported purchasing expensive radios and 8% meairsure. When adjusted for the amount of
time spent listening to radios of each categomyetkpense numbers shift only slightly, with 51 % of

listening done on inexpensive units, 43% on expengnits and 6% of respondents were not sure.
See 8Appendix L for tabular survey data and pnideffs.

7.3.3 Test Bed

A diagram featuring the RF test bed setup is ireduid Error! Reference source not found. The
Telos Omnia 6EX was connected to the HP FM Gerreeatd was used for 19 kHz stereo pilot
generation. The 19 kHz stereo pilot was set tar§éetion, and the FM generator was set to 75 kHz
peak deviation. The output level of the FM gemeratas +3 dBm. The Harris Dexstar fed into one
channel of the Aeroflex-Weinschel variable atteau&br IBOC injection level manipulation. The
output of the attenuator channel is combined with autput of the FM generator through an RF
combiner with 3 dB of loss bringing the analog iearto 0 dBm. The NoiseCom Additive white
Gaussian noise generator was run through an adllitichannel on the attenuator, to set it to
30,000K. The combined hybrid FM signal was run throwgtother channel of the attenuator to
control hybrid signal strength, and then combineth \the Gaussian noise through a 4 way RF
combiner with 4 dB of loss. At this point, the kgacarrier was -4 dBm and full hybrid channel
attenuation was set to compensate for the losscaddliver signal strengths of -60 dBm, -45 dBm
and -30 dBm across the antenna terminals of tlevercunder test. The attenuator channel for the
Gaussian noise generator was also set to compdosd#tes 4 dB combiner loss. The receiver was
housed inside a shielded test enclosure with a faever specified RF noise floor reduction of 90
dB. Receiver audio output from the auxiliary owtputhe headphone jack (or in one case directly
from the speaker terminals since no other optiome \@vailable) was fed back out of the enclosure
into the input of the HP Audio Analyzer for sigtelel measurements.

7.4 Procedure

Receivers connected into the test bed were firgduo the frequency of the hybrid FM signal with
great care to maximize desired channel signal ejettrinterfering signal. Tone controls on the
receiver, if present, were set to their middleirsgett If using an output after an audio amplifioati
stage, the volume controls were set as high asbimssithout introducing additional distortion
harmonics on a 1 kHz test tone output from the received®deed. The HP Audio Analyzer’s built
in distortion meter was used to monitor any risalistortion harmonics while setting the volume
controls of the audio amplifier. A maximized pmsit of the volume control would minimize the
audio amplifier’s role in introducing noise, betialating the receiver’s effect on the measure® SN
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The audio analyzer was set with the minimum inggh tpass filter of 30 Hz, and with CCIR
frequency weighting to better simulate the respoh®®&man hearing on noise conditions.

Testing for each receiver began with IBOC in MP1 mode. iRgreach receiver completely at three

signal strengths (listed above), IBOC carriers weieed off and a 1 kHz test tone at 100%
modulation, generated by the FM generator, wasdidldet receiver. The audio signal level from the
receiver was marked down in dBm. After removing tiést tone, the receiver’'s outputted noise floor
was measured by the audio analyzer and comparedheisignal level to determine the analog only
WQPSNR. Turning IBOC back on, and adjusting th@@Binjection attenuator channel to deliver

-23 dBc, the SNR measurement was repeated, andghenat IBOC injections of -20 dBc, -17 dBc,

-14dBc, and -10 dBc. The IBOC was turned off dredattenuator channel affecting full hybrid signal

strength was changed.

When MP1 mode was complete, receivers tested ttidd8mmode were left in the enclosure while the
Dexstar rebooted and retuned in MP3 mode. The @hNéedure was run again.

7.5 Results

High power IBOC sub carriers further reduced SNiRopmance of every analog receiver tested
when broadcasting -10 dBc IBOC compared with -20 BBEDOC. For most receivers, reductions of
SNR for elevated IBOC go far beyond the often igdgle SNR reductions experienced by most
receivers while receiving the standard -20 dBc IBOC

A problem interpreting data examining the detetioraof SNR among a group of receiver is that
receiver performance varies greatly. To overcohie abstacle and enable ourselves to compare
receiver data between dissimilar units, we looked at thetien in measured SNR (from analog FM
reference) rather than at raw SNR measurements.afidlog only SNR acts as a base measurement
against which to compare all hybrid SNRs of varitRQC injections. We then normalize the data
and better isolate the effect of elevated IBOCearathan mistakenly examine inconsistency among
receiver performance and quality. Therefore, thia thas been processed such that at each IBOC
injection, the difference has been taken betweenribasured SNR and the analog only SNR of the
same signal strength.

One clear trend in our data is that MP3 mode redaoalog receiver performance markedly more
than MP1 mode. Below is a graph illustrating thére group of receivers’ performance reduction
receiving FM digital hybrid at a signal strength-&b dBm. For receivers filtering out P1 Mode sub
carriers, we see the median receiver SNR redutimease from 1 dB of SNR loss at -20 dBc to
8 dB of SNR loss at -10 dBc. However, the medeseiver filtering P3 Mode, deteriorates from

3 dB of SNR loss to 17 dB of loss at -20 dBc and -10 dBc resglgc For a more complete data set

see Appendix M through Appendix P .

Another finding worth noting is the wide varietyreSponse from the tested receivers. For thismeas
we have included the best 20% receiver and thet\20f% receiver in addition to the median trend
line in our graphs. In the -45 dBm and -30 dBnph& responses range as much as 20 dB in the
higher IBOC injections. This range does not repretbes most extreme 40% of receivers.

43
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Figure 37 - 50th percentile of measured SNR loss in analog receivers for IBOC power from -23to -10 dBm
at analog power of -60 dBm; error bars above and be  low represent the best 20th percentile and the wors ~ t
20th percentile of receivers; measurements in P1 (b lue) and P3 (green) IBOC service modes.
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Figure 38 — Same as above, except -45 dBm signal power(s trong signal) at receiver input



-30 dBm SNR Loss from Analog Only
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Figure 39 - Same as above, except -30 dBm signal power(very strong signal)  at receiver input

7.6 Conclusions

A compromise must be made in order to delivery HD radio to &duanther from the transmitter site.
At the same time the range of indoor HD receptiderels, listeners in homes closer to the tranamitte
site operating analog receivers will lose soménefquality they have had in the past with a -20 dBc
IBOC broadcast limit. However, a few factors relgay this analog receiver data should be kept in
mind while thinking about the trade offs of highwms IBOC.

First, as stated before, results vary greatly amadgs. In addition to cost (perhaps the biggest
determinant of quality of a receiver), the typeeafeiver seems to correlate with susceptibilitiidst
channel IBOC impairments, primarily due to a catieh between cost and type of receiver. When
ranking all of the receivers tested by their MP1ldeeesults only, a handful of not particularly
surprising trends become clear. Of all 7 of therbdoxes, all but one falls in the bottom halfhad t
group of all 29 receivers tested, having highen tixerage impairment from IBOC. Conversely, of
all 7 home stereos, all but 2 rise to the top blthe larger group. In a way, this grants broatiza

of high power IBOC some leeway with regard to agdiost interference. It seems that receivers
designed for careful listening, such as home stentertainment systems, have less trouble filtering
out IBOC than portable stereos and clock radiosintended for critical listening. These radios ar
more often used in situations where background emviental noise will overpower some or most of
the decline in the analog receiver’s noise fldgevertheless, listener survey data show that ortfy 25
of indoor radio listening is done via home stergsiesns.
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Another key factor to keep in mind is the effect of prograrsking. Although no perceptual listener
tests were run with regard to host channel dedgaatie know from listener MOS scores from first
adjacent mobile interference testing that densegram material effectively masks even more
abrasive impairments than those experienced bgeaini noise. Dense music seems to block
perception of interference at all of the leveldirst adjacent interference that were run. Gesueh

as speech or low density music are much more likebe susceptible to noise due to the breaksin th
programming, which elapse long enough to hear progilence, or the noise floor of the receiver.
Low density music can feature a wide dynamic rangietwmay also bring the level of the program
material down nearer to the noise floor during go@ssages.

Station managers and engineers need to be conacidusformed of the effects of elevated IBOC, if
they are considering adopting high power digitah$mission for their own stations. Although the
listening experience of such a rise in power vélygreatly for listeners across the protectedserv
area, all in home analog listeners will experiesm®e reduction in audio quality and most will
experience a significant reduction in audio quality
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Figure 40 - RF test bed for Host Compatibility mea  surements
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8 Changes in Indoor Portable Coverage with Increase d IBOC
Transmission Power

From the beginning, users of IBOC have noted problef inadequate indoor reception, relative to
their experience with analog FM. To avoid comgkinith improve reception manufacturers began
supplying large “T"-shaped dipole-style antennashviheir table-model
indoor receivers. These antennas improved signald several dB above
the single, short wires originally supplied witheithproducts. However,
these antennas and their downleads require coalldespace to work
properly, which may be acceptable for fixed indmegeivers, but which is
totally unusable for portable use. Potential clifies with IBOC portable
radio reception were anticipated and discussedchenpress and Internet
forums. One humorous version of IBOC receptioficdity, at left, was
circulated by a number of Internet forums in 206wing a figure holding

a Yagi antenna with his portable digital receiver.

Now that real IBOC portables are available to thblip, such as the Microsoft Zune® HD and the
Insignia® HD Radio Portable Player, the signal cage requirements come to reality. Like most
FM portables, these digital receivers rely on thadphone cord as the antenna. Studies of efficienc
for headphone cord antennas by NPR Labs, BBC Emgigeand others have suggested losses of 15
to 30 dB relative to a dipole. Analog FM and IBGlare the same building penetration losses, low
antenna heights and low antenna efficiencies. MewdBOC operates at a transmission power
20 dB below the analog host FM carrier, and requare added margin to provide reliable reception
above the digital “cliff effect”. On this basis, broadeassought to increase the current IBOC power
limit from -20 dBc to -10 dBc. The purpose of teiction is to illustrate the relative differenoe i
coverage that such an increase may provide to IB®Y€rage.

Measurements of IBOC DAB reception for indoor ahd
portable service were collected with the fuil
instrumentation developed for mobile reception;ised
in earlier in this report. This system collectstapfour
signals simultaneously: the IBOC DAB receive status
field strength of the IBOC host FM, and the fieieésgths
on the upper and lower first-adjacent channels.e Th
portable system, shown in FigureEtfor! Reference
source not found, may be mounted to a small four-wheel
cart that provided easy movement over a variety| of
surfaces and through doorways. The cart includgs a
generator connected to the right-front wheel, tone the
speed and distance traveled. (This is especiajipitant
to check if any data was recorded at a stop, witiohld
be removed from the measurements.)

Figure 41 - Indoor signal measurement system

For this study, measurements of business and néiside
locations in Minnesota, using KCRB(FM), Bemidji, neecombined with measurements of
WAMU(FM), Washington, DC. IBOC DAB reception was meaduse 16 locations, as summarized
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in Table 7. The distances and bearing from eactstnitter are listed, along with the average field
strengths incident around the exterior of the Imgjidat ground level. In most cases several
measurements were collected at different locationthe buildings by continuous walk-through
recording. Table 7 shows the average of thes# $tebngths along with the percentage of time that
IBOC reception was available (“Availability”). THauilding penetration loss associated with these
interior locations is difference between the ertesind interior measurements.

Table 7 - Interior and Exterior Measurement Sites f  or Portable Reception Tests

Location Notes Dist | Azimuth Signal Bldg. IBOC
(km) (deg T) Power Loss | Availability
(dBm) | (dB) (%)
WAMU transmitter 0 0 i i
site
301 N Beauregard St, | high-rise
Alexandria VA condo. 13.4 196 -57 15 98
2" floor
721 Gibbon St, brick
Alexandria VA townhouse 15.6 166 -69 96
ground floor
Fair Oaks Mall shopping mall,
Fairfax VA upper deck 24.3 250 70 19 o
445 12th Street SW office
Washington DC building, 8.2 138 -57 10 100
(FCC HQ) 2" floor
1316 N Quintana St brick house,
Arlington VA basement 78 221 -3 11 100
2110 Duke St. office bldg.,
Alexandria VA 4" floor 14.8 170 60 o 68
1771 N St NW office bldg.,
Washington DC 2" floor 5.5 126 -50 15 100
(NAB HQ)
635 Mass Ave NW office
Washington DC building, 7.3 121 74
(NPR HQ) 2" floor
Springfield Mall shopping mall,
Springfield VA upper deck 19.2 201 73 11 3
Tyson’s Corner Mall shopping mall
Vienna VA 11.2 258 -52 15 72
2775 S Quincy St office
Arlington VA building, 10.6 177 -60 19 58
(WETA HQ) 8" floor
KCRB transmitter 0 0 i i i
site
6800 Frontage Rd NW| Hotel Lobby
Walker, MN Masonry 72.6 177 -88 6.6 0
203 4th St Walker Public
Walker, MN 56484 Library 67.4 173 -78 4.8 0
Masonry
501 Cleveland Blivd Wood, 2 Story
Walker, MN 56484 1st floor 674 173 -74 4.8 46
8250 Industrial Park Dy Metal and
NW Concrete 67.4 173 -88 155 5
Walker, MN
517 Minnesota Ave W | Brick and
Walker, MN 56484 | Wood 676 173 79 23 0
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The measurements were compiled into a graph dbdigiception availability versus received signal
power, shown in Figure 42. The dots represenvithgiall measurements by the portable system.
Both indoor and outdoor reception performancedhiaed, as is representative of portable reception.
It is apparent that the availability increases ditgan a nearly-straight line until approximately
-70 dBm. Above this power level (to the right) solocations achieve 100% availability, but several
fall between 70% and 80% availability. For thisadidwas decided to fit a polynomial curve line to
the results, which gradually reaches 100% avaitalait approximately -62 dBm. This local mean
signal power is shown with the orange arrow lignce multicast service requires high availability,
the -62 dBm point was selected as the receptiochipesrk.

Figure 42- Compilation of IBOC Portable Reception M  easurements
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The next step is to convert the benchmark poweellévto a field strength and coverage
determination. The FCC has traditionally determii®/ service in terms of median time and
location availability, using the F(50,50) curvesthwa probability of interference of interferencat n
exceeding 10% of time, using the F(50,10) cun@early, an IBOC service characterized by a signal
threshold available at the best 50 percent ofilmasiat least 50 percent of time is not acceptable.

Increasing the location and time availability peteges requires additional signal margins. Table 8
provides a list of the parameters suggested toecbtive IBOC received power into required field
strength per the FCC’s F(50,50) curves. An antefii@ency of -20 dBd is recommended, although
actual efficiencies may range somewhat aroundudlise (as a loss, the sign is positive, but this
parameter increases the required signal power). indoor reception, an adjustment for building
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penetration loss is add&d.A conversion is made from dBm at the receiveuirip dBu for a
frequency of 98 MHz. Since the F(50,50) curvesiagsmedian location and time, the field strength
is adjusted for higher probabilities; a figure d&i%® is assumed for each. For the recent DTV
implementation, a margin increase for 99% timelaldity has been measur&d.The results show
that a mean margin of 2.4 dB would account for @8%ilability.

The standard deviation of field strength with respeéocation is obtained from a paper by John Egli,
based on work by Harry Fii@and expressed as a function of the frequenay98 MHz:

S, =4744ogf - 1.453=109 dB

The adjustment from_ to 90% of locations is the product of the standadate of 0.9, or 1.282
[k(0.9)=1.282]:

1.282°109=14.0 dB

The FCC curves predict field strength at a heidh®.d meters above ground. To adjust for the
increase in height at which the fields are giveninarease in voltage proportional to the increase
height is employed:

20%0g(9.1/2) =132 dB

Table 8 - Minimum field strength for indoor portabl e IBOC reception

Service Margin Parameters Units
IBOC received power -62 dBm
Antenna efficiency -20 dBd
Building penetration -9 dB
dBm to dBp correction 114.p dB
Location variability factor at 98 MHz -14.0 dB
Margin for 99% time availability -2.4 dB
F(50,50) height gain from 2m (dB) 13|2 dB
Required field strength, F(50,50) 85 dBu

The resulting field strength is 85 dB, as predidig the FCC’s F(50,50) curves. Since the increase
in field strength is equal to the increase in radigoower of IBOC, the field strength may be reduce
by approximately 10 dB, to 75 dBu. For a FCC CBsw Class C2 stations (50 kW at 150 meters

11 |
, '

#$%&

2 pablo Angueria et al., DTV(COFDM) SFN Signal Véina Field Tests in Urban Environments for Portable
Outdoor ReceptignEEE Trans. On Broadcasting, Vol. 49, no. 1, Nta2603.

13 John J. Egli, Radio Propagation Above 40 MC Owexdular TerrainProc. IRE, vo. 45, No. 10, October 1957,
pp. 1383-1391; and Harry Fine, UHF Propagation Witline of Sight FCC T.R.R Report No. 2.4.12, June 1951.

51



AAT), the distance to 85 dBy is 14.1 km, whereasdistance to 75 dBu is 25.0 km, or an increase of
approximately 77% in radius. Of course, this isogtimistic increase that neglects any unusual
sources of signal interference which may tend duce the larger coverage distance. Also, smaller
increases in IBOC power will produce smaller changecoverage radius, but this method may

suggest a general approach to estimating the birel@or portable service for any station and the
related change in coverage with IBOC power.
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Appendix B Tests of First-Adjacent IBOC Interferen  ce to SCA

Introduction

The test bed is similar to the setup for SCA listetesting, described earlier herein. However, the
impairments were determined objectively rather thgithe listeners, as in the SCA compatibilitygest
This allowed the evaluation of interference witlaer number of RF conditions and SCA receivers,
without significantly expanding the scope of thete

The audio noise meter employed in this study caapliith the ITU-R 468 standard, which combines a
guasi-peak reading audio voltmeter with a frequemeighting curve to objectively measure audio noise
similar to the human ear. This instrument, cadlédsophometer” is widely used when measuring noise
in audio systems, especially in the UK and Euromeamtries. The psophometer was connected to the
audio output of the SCA receiver. A 15 kHz audiw-ass filter was used if inaudible high-frequency
noise might affect the readings of the psophomeReference level for psophometer calibration is a
1 kHz sinusoid at a peak deviation of 5 kHz (100%duiation). Noise level was measured with no
modulation on the FM host main channel, other thatandard 19 kHz stereo pilot.

To represent typical reception conditions by an SG#r, the RF signal power were set for three input
levels. One is equivalent to the received fietdrgith at 20 km from a Class B (or Class C2) statio
with adjustment for building losses and a -10 dBtbana, representing a medium (“M”) signal at 5 km
from a Class B, representing a high (“H”) signald at 40 km from a Class B, representing a low “L”
signal. Details and a link budget for these camatt are discussed below.

Notes on Test Procedures
The tests were prepared and conducted in accordaiticethe 20090723 Test Procedures v3.2.1
document, posted on Basecamp, with the followirggptions to the Test Bed Diagram in Figure 43:

The Omnia 6EX-HD audio processor/stereo generassrplaced on the Undesired
Channel signal and the Audemat FMX-440 audio premewas placed on the Desired
Channel signal.

o It was felt that the Omni would be recognized asame familiar audio processor
for the important job of modulating the main chdrofehe first-adjacent
interfering signal.

0 The Omnia processor used the “Adult Contemp” prestdt a repeating clip of
“High Density” music used in the over-the-air tagtwith WRNI and KBPN.

0 The Audemat processor does not have presets, lsusatdor the highest
possible amount of compression and limiting.

0 The Desired Channel was modulated by a short rigygeelip of audio from a
very loud, dense passage of piano accompaniedstring quartet. This WAV
clip was spooled from the lab PC through the Foef400, connected to the
Audemat’s audio input.

The Desired Channel included an IBOC DAB signairfra Harris Dexstar, which was
not shown on the Test Bed Diagram. A revised wersi the Test Bed is included as
Figure 43 - Test bed diagram for SCA Receptionimgswith First-Adjacent IBOC
Interference.



o It was felt this would better represent transmissionditions used by many
public radio stations that operate radio readingises.
o0 The IBOC signal was operated in MP3 mode at -20. dBc

For program audio, the Desired Channel 67 kHz @kitz SCA generators were fed
with audio was spooled from the lab PC throughRineface 400, rather than the Sony
CDP-D500 CD deck. The PC also supplied a 1 kHassiidal tone for lineup of the
psophometer for objective testing.

The test followed the Test Plan section of the dwut, with the following exceptions:

Desired Channel RF levels for audio SNR were ctdldat eight points: -38, -48, -58, -
68, -73, -78, -83 and -88 dBm. These covered temeponditions, as experienced from
an indoor receiver with a whip antenna, from streigmal areas to well beyond the 60
dBu contour.

Separate tests were added to measure audio SNBOv@A0°K AWGN, with main
channel crosstalk, with both AWGN and main chammnesstalk, in addition to
unimpaired reception conditions.

Based on limits of service with the four consum€ASeceivers tested, three required
signal powers that were high enough to avoid reegifirst-adjacent IBOC interference.
This is discussed further, below. One receiver eggmable of delivering adequate
reception quality at a signal power equivalenetsslthan 60 dBp. Interference testing
was performed with that unit at a signal power ealant to the 60 dBu contour.

The receivers used for testing are listed in T@ble

Table 9 - SCA Receivers tested

Make and Model Subcarrier Frequency
McMartin TRE-5 67 kHz
Metrosonix MS-3390 67 kHz, 92 kHz
Norver NU-1C 67 kHz
Victory Electric VTT44A 92 kHz




Figure 43 - Test bed diagram for SCA Reception Test
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Test Bed Measurement Results

It was anticipated that the performance of theivecg would vary widely, especially under the stret
high level modulation crosstalk from the main chelnerosstalk. Each receiver was evaluated with
crosstalk from fully-processed main channel audml aAdditive White Gaussian Noise. The
combination of both impairments was consideredcglpof reception conditions for consumer SCA
receivers. However, only the McMartin TRE-5 reeeiexhibited usable reception at FM RF levels that
would approach the range at which reception mawaffeeted by -10 dBc IBOC on a first-adjacent
station. This was determined by ratio of fieldesgths from the desired and potentially-interfering
stations, referenced to the signal-limited servaddius of each receiver. This principle is illasdd
below.

Figure 44 - McMartin TRE-5 Receiver Quieting vs. Re  ceived Signal Power
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Figure 44 shows the weighted quasi-peak signabigerratio (WQPSNR) of the audio output jack of the
McMartin TRE-5 receiver under two conditions: fdtiraate quieting (no main channel modulation and
added noise), and with both crosstalk and Addifiliete Gaussian Noise. It is apparent that crdssal

a limiting factor in WQPSNR at higher RF levelst imternal noise eventually governs the receiver's
noise level at weaker RF levels.

In consultation with several listeners, it was dateed that in the absence of interference, adequat
reception could be delivered at a signal power88f dBm, which is at the extreme left of the graph
curve. This signal power was converted into aeredt field strength by the calculations in Tab 1
Since most radio reading services operate on prauio stations operating in the Reserved FM Band,
frequency of 90 MHz was assumed. The ReceivedaSlgvel (RSL) of -88 dBm is converted to a
power referenced to 50 ohms (all tests were peddrwith a 50-ohm source as 75-ohm sourcing did not



materially affect the results with these receiverBie isotropic equivalent field; Bas calculated from
the power input, Rvith the formula shown in the column to the rigiipole equivalent field strength
was calculated by converting fom mV/m to dBp and adding a 2.15 dB adjustmentlie gain of a
dipole relative to an isotropic antenna. The tesyfield strength is 26.1dB//m. However, this is an
interior field that requires conversions to usénlite FCC's field strength curves.

Table 10 - Link budget for indoor SCA radio recepti  on

f Test Frequency 90 MHz
wavelength 333 m 300/ f
RSL RSL -88.0 dBm
Pi power 1.6E-12 W 10" (RSL- 30) / 10)
voltage 9 uv
Ei Isotrope equiv. field 0.0026 mV/m (480* ~2* (Pi)/ ~2)* 1000
Gi Antenna gain rel. to Isotrope 2.15 dB
Dipole equiv. field 26.1 dB V 60 + 20 * log Ei) - Gi
antenna loss relative to dipole 15 dB NPR and BBC research
building loss factor, 50th
percentile 9 dB Skomal & Smith, 90 MHz
receive antenna height-gain
adjustment below F(50,50) 9.6 dB 20*LOG(9.1/3)
exterior field at rcv. height 60 dB V

The lower half of Table 10 considers the antensa lelative to a dipole antenna. The length of the
antennas used by the four SCA receivers was arageeof approximately 400 mm. NPR’s
measurement of actual telescopic whip antennatienDIRCIA Project indicated that this length
produced an efficiency of approximately -15 dBd,chihcorrelates well with research papers of BBC
Engineering. A median building loss of 9 dB, aporéed by Skomal and Smith for single-family
residences at VHF frequencies, is listed. Lasgreection the receive height assumed the FCC %0,
and F(50,10) curves is made for the ground floa césidence. These adjustments raise the equtivale
field at the exterior of the home to 60 dB

4 Digital Radio Coverage and Interference Assessstenty, funded in 2007 and 2008 by the CorporédtoriPublic
Broadcasting.



Table 11 - Calculations for Additive White Gaussian Noise

NoiseCom gen. out -82.0 dBm/Hz

Channel bandwidth, BW 200,000 Hz

FM noise power -29.0 dBm/channel bandwidth 10*log(BW*107(-82/10))
NoiseCom attenuator 65.0 dB

RF Attenuator setting 7.0 dB

AWGN[dBm] -101.0 dBm

AWGN[mMW] 8.0E-11 milliwatts 10*log(AWGN[dBm] /10)
AWGNI[w] 8.0E-14 watts

Noise Temp. 28,848 deg.K AWGNI[w] / (1.38e-25 * BW)
Equiv. Field 0.0059 mV/m (480* "2 * AWGNw]/ ~2)* 1000
Equiv. Field 153 dB V 60 + 20 * log (Equiv Field)

As is apparent in the receiver test graph, theigioh of Additive White Gaussian Noise had a sigaift
effect on receiver performance. The correct leveletermined with the above Table 11, in which the
output of the NoiseCom generator in converted an®0 kHz channel noise power of -29.0 dBm, using
the formula shown in the right column. Taking itccount RF test bed losses of 7 dB leading the
receiver input, an RF attenuator setting of 65 dRRlpces an AWGN value of -101 dBm at the receiver.
This AWGN power is converted into watts, and thao ia noise temperature of 28,848 degrees Kelvin
(approximately 30,000°K) using the Boltzman’s Canstformula. The equivalent field strength in
mV/m is determined from the AWGN power in watts dinel wavelength at 90 MHz (3.33 m). Finally,
the field is converted into dB&/.

It should be noted that the same losses for antefficgéncy, building penetration and height gai a
upon the nominal value of 30,000%K. In consideration of the 34 dB adjustment facqpliad to the
received signal, then, the corrected value of AWiBigressed on the receiver inputs was -135 dBm
(-101 — 34 = 135). This level is less than intereeeiver noise, however.

13 This is because nominal AWGN was determined fer@C'’s standard reference height of 9.1 m (3Q femive
ground, for comparability to the FCC'’s curves. $be FM Broadcast Band: Service Area Noise Floothée US
presented by iBiquity Digital Corp. to the Test &dures Working Group on November 9, 2000.




Figure 45 - First-adjacent D/U ratio required by Mc ~ Martin receiver for 5 dB WQPSNR loss
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The next step in receiver testing was to meas@raudio WQPSNR under conditions of first-adjacent
channel interference. Again, due to the wide tiditg in performance with different SCA receiverts,
was not appropriate to use a single reference SRR vfor higher quality receivers, a drop of a iy

in SNR due to interference would be plainly audiblet may still be higher than the SNR availalderfr

a poorer receiver without interference. Thus, ipgka delta, or drop, in SNR rather than ‘lowest
common denominator’ SNR would avoid unfairly degmgdthe potential quality of better-performing
receivers. A delta of 5 dB was considered a sgmf change in the quality of reception, usually
representing a Mean Opinion Score drop of at astf a point on a 5-point scale.

The measurements Figure 45 show the D/U ratio pmodw 5 dB reduction in WQPSNR relative to the
reference audio SNR (the red curve in Figure 44)e entire range of Desired FM RF levels is shown,
although only the ratios at -88 dBm are relevatihéoMcMartin SCA receiver under test. The shapbes
the curves are determined by the audio SNR ofaeder curve, which rises with RF lever and levdls of
above -70 dBm. The span between analog-only a@€IBurves is reasonably constant, indicating that
the interference phenomenon is linear, that iseradebhed by the interfering signal levels and not
generated internally.

Conducting a test at an equivalent field stren§itd0odB provides a simple way to evaluate potential
interference, compared to locations located within service contoud7CFR73.509(apf the FCC's
rules related to prohibited contour overlap regaiminimum D/U ratio of 6 dB, as well as sectiofis 0
the rules pertaining to protection of Non-ResefBadd Stations. The results in Figure 45 showttiet
minimum D/U ratio required to prevent an audio SNBs of more than 5 dB is approximately 8 dB.
Since this exceeds the FCC’s 6 dB ratio, the aBiiR degradation would exceed the standard assumed
for this study.






Appendix C  WRNI Test Routes

Figure 46 - WRNI(FM), Narragansett, Rhode Island, ¢ ontour and preliminary route evaluation



Detailed View of Audio Test Routes

Figure 47 - WRNI Route 1

Figure 48 - WRNI Route 2



Figure 49 - WRNI Route 3




Appendix D KBPN Test Routes

Figure 50 - KBPN, Brainerd, Minnesota, contour and  preliminary route evaluation



Figure 51 - Field strengths of KBPN on preliminary route evaluation




Detailed View of Audio Test Routes

Figure 52 - KBPN Route 1

Figure 53 - KBPN Route 2



Figure 54 - KBPN Route 3

Figure 55 - KBPN Route 4




Appendix E KLDN Test Routes

Figure 56 - KLDN, Lufkin, Texas, contour and prelim inary route evaluation



Figure 57 - Field strengths of KLDN on preliminary route evaluation




Detailed View of Audio Test Routes

Figure 58 - KLDN Route 1

Figure 59 - KLDN Route 2



Appendix F  KBWA Test Routes

Figure 60 - KBWA, Brush. Colorado, contour and prel  iminary route evaluation



Figure 61 - Field strengths of KBWA on preliminary route evaluation




Detailed View of Audio Test Routes

Figure 62 - KBWA Route 1

Figure 63 - KBWA Route 2



Appendix G Mobile Audio Test Procedures

The following step-by-step procedures were emplayied each of the four station pairs.
injection levels (analog only, -20 dBc, -14 dBd) -dBc) of the undesiredldjacent interferer
station, at each test location. Therefore, thisprocedures was run completely 4 times

through at each test site, for a total of 16 passesach test route.

Step #

©CoOoO~NOUIhWNPEF

Activity
Call IBOC test station to set IBOC injection

Call Interference Test Station to prepare to roll Female Speech track

Begin field strength recording

Begin audio recording

Cue desired to roll Female Speech track

Momentary interrupt in antenna input for synch of recordings
Drive route - approx. 80 seconds elapsed time

Return to starting point

Repeat steps 2 through 5 with same audio track

Call desired station to prepare to roll Male Speech track
Begin field strength recording

Begin audio recording

Cue desired station to roll Male Speech track

Drive route - approx. 80 seconds elapsed time

Return to starting point

Repeat steps 8 through 11 with same audio track

Call desired station to prepare to roll Low Density Music track
Begin field strength recording

Begin audio recording

Cue desired station to roll Low Density Music track

Drive route - approx. 80 seconds elapsed time

Return to starting point

Repeat steps 14 through 17 with same audio track

Call desired station to prepare to roll High Density Music track
Begin field strength recording

Begin audio recording

Cue desired station to roll High Density Music track

Drive route - approx. 80 seconds elapsed time

Return to starting point

Repeat steps 20 through 24 with same audio track




Appendix H Vehicle Acoustic Measurements

Neil Shade — Acoustical Design Collaborative, Lt Ruxton, Maryland
Acoustical measurements were performed on 17 adtitesoto determine the noise levels from
driving and the in-dash audio system performandesé acoustic data were used as part of the
evaluation process to select three automobilesstaded for the subjective driver assessments of
simulated digital radio broadcasts.

A Norsonic NOR-140 sound analyzer with a Norsonipel' 1209 preamplifier and Type 1233 diffuse
field microphone were used to collect the acoustiseasurement data. The sound analyzer and
microphone were calibrated with a Norsonic Type 112&oustical calibrator prior to and after
performing the acoustical measurements for eachantiile.

Each automobile was measured over a 15 minuteg@med while driving at 35 and 60 mph vehicle
speeds. The sound analyzer microphone was mountedsmall flexible tripod that positioned the
microphone capsule at the equivalent position efftont passenger’s left ear. A two meter cable
connected the microphone to the acoustic analya&twwas controlled from the rear passenger seat.
The driving routes for the two vehicle speeds aszdbed below.

35 mph — Airport Loop Road between Dorsey RoadMadyland Route 195
60 mph — Maryland Route 295 between Maryland RaQtand Maryland Route 32

Both driving routes were over smooth asphalt paverre good condition having a minimum of
surface irregularities.

During vehicle driving sessions, the sound analyzas paused when needed to exclude extraneous
noises, such as other vehicle pass-bys, road @gpajmnts, pavement irregularities, and other
sources not representative of the automobile’sensignature. The acoustic analyzer ‘back-erase’
function deletes the previous 5 seconds of measunedata after the analyzer is paused. Thus, the
measured noise levels are representative of tbenabile only.

The vehicle noise levels were measured in term&/bfoctave bands from 32 to 16,000 Hz, in

addition to A-weighted and C-weighted levels. Tlése levels are in terms of an equivalent level

(Leq) which can be considered an ‘average’ overntieasurement duration. The 1/1 octave band
levels were used to compute the automobile loudnesmes.

The automobile radio frequency response was mahsyrglaying a compact disc (CD) with pre-
recorded pink noise. Before performing the measergsnthe audio system tone and balance controls
were set to the center detent positions, effegtibgipassing the controls. The acoustic analyzer
measurement microphone was kept in the same posiioused for the automobile noise levels.
Measurements were performed in 1/3 octaves beté@emd 8000 Hz for different volume control
settings. The volume control was set between siNgdc ‘moderate’ to ‘loud’ sound levels.
Typically, sound level increments of 2 volume cohsteps for each in-dash audio system were used
for each vehicle’s volume level settings. Measur@sever a 15 second time period were performed
for the different sound levels. All measuremengsenperformed when the automobile was stationary.



Measurement data provided by Mr. Shade.

Table 12and Table 13 summarize the acoustic nassunements for Family Sedan vehicles, one of
five vehicle categories measured. Figure 64 iliss the results of audio frequency response
measurements on the sound systems of all 17 vehédestandard deviations of 1/3-octave
measurements of each vehicle.

Table 12 — Family Sedan Acoustic Noise Measurements  at 60 MPH

ACOUSTIC Chevy Ford Honda Nissan Toyota
METRIC Fusion Accord Altima Camry
A-WTD 64 64 67 64 64
C-WTD 84 86 86 86 84

SONE 12 13 14 13 12
L90 63 62 66 61 56
L50 64 64 67 64 57

Table 13 — Family Sedan Acoustic Noise Measurements  at 35 MPH

ACOUSTIC Chevy Ford Honda Nissan Toyota
METRIC Fusion Accord Altima Camry
A-WTD 57 58 60 59 58
C-WTD 79 86 86 84 83

SONE 10 10 10 10 9
L90 55 57 58 58 56
L50 57 58 59 59 57

Figure 64 - Standard Deviations of Audio System Res  ponse from 630 Hz To 8 kHz at Low and High
Playback Levels
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Appendix |  Joint Probability of Service and Interf  erence

Besides operation at lower average signal strerigémsindoor reception, mobile reception has other
differences from indoor listening. For one, reedivsignals experience large fluctuations in

magnitude as the location changes, referred toleigRaading (in cases where the propagation by
line of sight is not dominant). This fluctuationcors to both a desired and any interfering signals
and is usually uncorrelated due to the indepenpiattis to the receiver. For a given percentage of
time and other considerations, the probability rikriference to reception can be determined as
follows:

Let
F, = field strength of the desired signal, expressedB
F, = field strength of the undesired signal, expressatB
F{= minimum value of the desired field strength lefeglacceptable service in the
absence of interference for a given percentagenaf t
R= desired to undesired field strength rati, ¢ F,), in dB, at which threshold
interference occurs.
Assuming thatF, and F, are independent, normally distributed variableswiedians and
standard deviations dF,,,s, ) and(F,,.s, ) respectively, the joint probability density fuimzt
isl7
2 2
1 -1 Fd - de I:u B I:um
—exp — —S—— + 4__um

t(F,,F,)= =
(F:.F) 2ps P s, s,

In the presence of an undesired signal, it carhbevs that for an assumed standard deviation of
6 dB and a 10% probability of interference the algtrength ratio df, and F, is

R=01%/2x = 028=11dB
The ratioR, is the effective dgeasein protection relative to the median ratio forestnold
interference® Thus, the interference under mobile fading casutistantially worse in the short term
than the median conditions.

On the other hand, cabin noise in a moving velsdegher than most indoor environments, and may
be expected to mask the audibility of interfereimom IBOC to mobile FM reception. As discussed
further in Subjective Test, below, it is believédttthe best approach to measurement includes both
mobile fading effects and cabin noise.

6 A Computer Program for Calculating Effective Iriégence to TV Servigeoy Harry K. Wong, FCC OET
Technical Memorandum 82-2, July 1982.

17 Distributions in Statistics: Continuous MultivaeDistributions by Norman L. Johnson and Samuel Kotz; A
Wiley Publication in Applied Statistics; John Wil&ySons, Inc., 1972.

18 In its maps of IBOC interference, NPR Labs usedrméiference ratios with an audio impairment cidtef 40
dB weighted quasi-peak SNR. With median time amdtion predictions, however, it is probable thabite
fading degrades the audio SNR by up to 11 dB (@h2® dB) by the example &, above.



Appendix J  Allowable IBOC Transmission Power
Calculator

As a simple and effective procedure for determiniregallowable IBOC power in excess of the proposed
blanket increase to -14 dBc, NPR Labs has develagwdcedure for Reserved Band and Non-Reserved
Band stations, based on the FCC'’s standard altotstchniques. The allowable power can be caledlat
with this method by any engineer using tools atdélan the FCC’s web site for calculating distances
bearing, and field strength. NPR has preparedilzions for all FM stations to illustrate the pedare,
which is described below.

Procedures for All Stations

NPR's approach allows any FM station to operatk IBOC power in excess of the -14 dBc blanket
increase, subject to minimum protection requiremastdetermined from NPR Labs’ tests with actual
over-the-interference audtd. The allowable power is determined as follows:

1. For the IBOC proponent station, identify all licedsand authorized (construction permit)
stations on upper and lower first-adjacent chanwéls F(50,50) 60 dBu service contours that
are proximate to the proponent’s F(50,10) 48 dBptauar.

2. Calculate the F(50,50) 60 dBu service contour cheaotected *kadjacent station identified
above, taking into account the HAAT and antenné#atah pattern on radials each 1 degree of
azimuth.

3. Determine the F(50,10) field strengths for the IB@Gponent station at 1 degree azimuths along
the protected service contour of eafkatljacent station, taking into account the antenna
radiation pattern and HAAT on these beariffgs.

4. Between the maximum IBOC power of -10 dBc and ake#a minimum power of -14 dBc, the

allowable digital power for the IBOC proponent, soe any point on the service contour of the
protected I-adjacent station, is:

Allowable IBOC power [2.27 * (60 - (IBOC station F(50,10) dBu)) — 8B.

A simple diagram showing the key parameters irattmvable IBOC power determination is included
below.

F(50,50) 60 dBu
Service Contour

Propon ent
F(50,10) Field Strength at

Service Contour (Calculated at »
1-degree azimuths from the

IBOC proponent)

% Testing completed for Advanced IBOC Coverage & @atibility Study, funded by the Corporation for Fab
Broadcasting.

2 This assumes that the IBOC proponent statiorzasilthe same transmitting antenna for digital éonissas the
analog host FM. Differences such as the heigtitt@fadiation centers or different directional editin patterns
must be considered separately from the above method



Appendix K  Grandfathered Super-power Class B Stati  ons

Call Sign City State Channel Class ERP HAAT

KPFA BERKELEY CA 231 B 59.0 405
KSKS FRESNO CA 229 B 68.0 580
KSCA GLENDALE CA 270 B 5.0 863
KHHT LOS ANGELES CA 222 B 42.0 887
KCBS-F LOS ANGELES CA 226 B 29.0 1,056
KTWV LOS ANGELES CA 234 B 52.0 863
KLOS LOS ANGELES CA 238 B 61.0 954
KYSR LOS ANGELES CA 254 B 75.0 360
KKBT LOS ANGELES CA 262 B 5.0 916
KRTH-F  LOS ANGELES CA 266 B 51.0 955
KIIS-F LOS ANGELES CA 274 B 8.0 902
KOST LOS ANGELES CA 278 B 13.0 949
KBIG-F  LOS ANGELES CA 282 B 84.0 882
KMZT-F LOS ANGELES CA 286 B 18.0 880
KLVE LOS ANGELES CA 298 B 30.0 914
KWAV MONTEREY CA 245 B 18.0 747
KHYZ MOUNTAIN PASS CA 259 B 8.0 551
KDON-F  SALINAS CA 273 B 19.0 692
KOLA SAN BERNARDINO CA 260 B 30.0 507
KMYI SAN DIEGO CA 231 B 100.0 188
KYLD SAN FRANCISCO CA 235 B 30.0 369
KOIT-F  SAN FRANCISCO CA 243 B 24.0 480
KLLC SAN FRANCISCO CA 247 B 82.0 309
KISQ SAN FRANCISCO CA 251 B 75.0 310
KFRC-F  SAN FRANCISCO CA 259 B 40.0 396
KIOI SAN FRANCISCO CA 267 B 125.0 354
KDFC-F  SAN FRANCISCO CA 271 B 33.0 319
KITS SAN FRANCISCO CA 287 B 15.0 366
KMEL SAN FRANCISCO CA 291 B 69.0 393
KEAR SAN FRANCISCO CA 295 B 80.0 305
KBRG SAN JOSE CA 262 B 15.0 786
Kz0z SAN LUIS OBISPO CA 227 B 23.0 472
KMGQ SANTA BARBARA CA 248 B 16.0 890
KTYD SANTA BARBARA CA 260 B 34.0 390
KRUZ SANTA BARBARA CA 277 B 105.0 905
KSTN-F  STOCKTON CA 297 B 8.0 491
KHAY VENTURA CA 264 B 39.0 369
WHTS ROCK ISLAND IL 255 B 39.0 274
WTTS BLOOMINGTON IN 222 B 37.0 332
WFBQ INDIANAPOLIS IN 234 B 58.0 245
WIOG BAY CITY MI 273 B 86.0 244
WOMC  DETROIT MI 282 B 190.0 110
WBCT GRAND RAPIDS MI 229 B 320.0 238
WVGR GRAND RAPIDS MI 281 B 108.0 183
WOOD-F GRAND RAPIDS MI 289 B 265.0 247
WBUF BUFFALO NY 225 B 91.0 177
WNED-F BUFFALO NY 233 B 105.0 216
WDCX BUFFALO NY 258 B 110.0 195
WTSS BUFFALO NY 273 B 110.0 355
WPIG OLEAN NY 239 B 43.0 226
WNTQ SYRACUSE NY 226 B 97.0 201
WVYY SYRACUSE NY 233 B 100.0 198
WFRG-F UTICA NY 282 B 100.0 151
WMJI CLEVELAND OH 289 B 16.0 344
WNCI COLUMBUS OH 250 B 175.0 171
WHKO DAYTON OH 256 B 50.0 325
WFGY ALTOONA PA 251 B 30.0 287
WKYE JOHNSTOWN PA 238 B 57.0 323
WLTJ PITTSBURGH PA 225 B 47.0 271
WWSW-F PITTSBURGH PA 233 B 50.0 247
WDVE PITTSBURGH PA 273 B 55.0 250
WKSB WILLIAMSPORT PA 274 B 53.0 387
WVKL NORFOLK VA 239 B 40.0 268
WRVQ RICHMOND VA 233 B 200.0 107
WTVR-F RICHMOND VA 251 B 50.0 256
WINC-F  WINCHESTER VA 223 B 22.0 434
WOLX-F BARABOO Wi 235 B 37.0 396
WJLS-F  BECKLEY WV 258 B 34.0 320

Prepared in 2004 by duTreil, Lundin & Rackley, Inc., courtesy of The Livingston Radio Company station WHMI, Howell, MI.



Appendix L  NPR Core Listener Survey Results
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Appendix M Receiver Host Compatibility — Absolute

Audio SNRs - IBOC P1 Mode

-60 dBm -45 dBm -30 dBm
Receiver Make Receiver Model Category analog -23 -2 0 -17 -14 -10 ( analog -23 -20 -17 -14 -10 | analog -23 20 -17 -14 -10
Sony CFS-201 Boom Box 43 43 42 41 41 40 50 45 43 40 38 34 62 47 44 41 38 34
Emmerson PD6810 Boom Box 41 31 28 25 22 15 49 32 29 26 22 16 51 33 31 28 25 20
Curtis RCD670 Boom Box 33 31 30 29 26 23 46 36 33 30 27 24 50 36 33 31 28 24
GPX C971 Boom Box 43 43 41 40 37 34 54 47 44 41 38 34 55 45 42 39 36 32
Randix RCC-86 Clock Radio 40 40 40 40 40 38 55 55 55 54 51 44 56 56 56 56 54 50
RCA RP3751A Clock Radio 38 37 37 35 33 30 49 43 41 38 35 31 50 44 42 39 35 30
AudioVox CE 256 Clock Radio 58 58 58 57 55 50 59 59 59 58 56 50 59 59 58 57 55 48
Spectra WM-125 Shower Radio 49 45 41 35 29 20 50 46 41 36 30 20 50 46 41 35 29 19
Radio Shack Pocket Radio Pocket Radio 28 27 26 26 26 25 42 39 38 36 34 30 52 44 42 39 36 32
Nakamichi T™-1 Clock Radio 52 52 52 52 52 52 53 52 52 51 50 48 53 53 53 53 51 48
RCA RCD147 Boom Box 36 36 36 36 36 36 49 49 49 49 48 47 52 51 50 48 45 39
Panasonic RX-FS430A Boom Box 45 44 44 43 42 40 56 52 50 48 45 42 57 53 51 48 45 40
GE Superradio Il Boom Box 52 51 50 48 44 38 55 54 53 50 46 39 55 54 53 50 45 38
Grundig G4000A Table Top Radio 39 39 39 39 39 39 54 54 53 52 52 50 64 61 59 57 54 50
Sangean WR-2 Table Top Radio 60 60 60 60 60 59 65 64 63 61 60 59 65 64 64 64 64 64
Grundig S Table Top Radio 44 44 44 44 44 44 44 44 44 44 44 44 44 44 44 44 44 43
Bose AWRCC2 Table Top Radio 42 42 42 42 42 42 56 56 56 56 56 56 63 63 63 63 63 62
Sony STR-697 Home Stereo 49 49 49 49 49 49 60 60 60 60 59 58 62 62 61 60 58 52
Sony STR-DE197 Home Stereo 49 49 49 49 49 49 60 60 59 58 56 49 61 59 55 50 44 37
Sony CMT-NE3 Mini/Shelf System 48 48 48 48 48 48 58 57 57 56 55 50 59 58 55 51 46 39
Panasonic SA-PM19 Mini/Shelf System 47 47 47 47 47 47 58 58 58 58 58 56 60 60 59 56 51 44
GPX HM2014DP Mini/Shelf System 38 38 38 3 32 26 62 56 51 45 39 30 63 58 53 47 41 32
Pioneer VSX-D814 Home Stereo 49 49 49 49 49 48 56 55 55 54 53 50 56 55 55 54 51 46
RCA RS2035 Mini/Shelf System 38 38 38 38 38 37 47 47 46 45 44 41 48 47 45 43 41 35
AIWA HiFi Mini System Mini/Shelf System 50 50 50 50 50 50 61 61 61 61 60 59 62 62 61 60 57 51
Yamaha HTR-5740 Home Stereo 50 50 50 50 50 50 62 62 62 62 62 62 64 64 64 63 60 55
Denon DRA-295 Home Stereo 59 59 59 59 59 59 59 59 59 59 59 59 59 59 59 59 59 57
Denon TU-680 Home Stereo 50 50 50 50 50 50 63 63 63 63 61 56 67 67 66 64 60 53
Denon TU-380 Home Stereo 48 46 46 44 42 39 61 54 51 48 45 41 65 55 52 48 44 39




Appendix N  Receiver Host Compatibility — Change in

Audio SNRs - IBOC P1 Mode

-60 dBm change from analog -45 dBm change from anal  og -30 dBm change from analog
Receiver Make Receiver Model Category -23 -20 -17 - 14 -10 -23 -20 -17 -14 -10 -23 -20 -17 -14 -10
Sony CFS-201 Boom Box 0 -1 -2 -2 -3 -5 -7 -10 -12 -16 -15 -18 -21 -24 -28
Emmerson PD6810 Boom Box -10 -13 -16 -19 -26 -17 -20 -23 -27 -33 -18 -20 -23 -26 -31
Curtis RCD670 Boom Box -2 -3 -4 -7 -10 -10 -13 -16 -19 -22 -14 -17 -19 -22 -26
GPX C971 Boom Box 0 -2 -3 -6 -9 -7 -10 -13 -16 -20 -10 -13 -16 -19 -23
Randix RCC-86 Clock Radio 0 0 0 0 -2 0 0 -1 -4 -11 0 0 0 -2 -6
RCA RP3751A Clock Radio -1 -1 -3 -5 -8 -6 -8 -11 -14 -18 -6 -8 -11 -15 -20
AudioVox CE 256 Clock Radio 0 0 -1 -3 -8 0 0 -1 -3 -9 0 -1 -2 -4 -11
Spectra WM-125 Shower Radio -4 -8 -14 -20 -29 -4 -9 -14 -20 -30 -4 -9 -15 -21 -31
Radio Shack Pocket Radio Pocket Radio -1 -2 -2 -2 -3 -3 -4 -6 -8 -12 -8 -10 -13 -16 -20
Nakamichi T™-1 Clock Radio 0 0 0 0 0 -1 -1 -2 -3 -5 0 0 0 -2 -5
RCA RCD147 Boom Box 0 0 0 0 0 0 0 0 -1 -2 -1 -2 -4 -7 -13
Panasonic RX-FS430A Boom Box -1 -1 -2 -3 -5 -4 -6 -8 -11 -14 -4 -6 -9 -12 -17
GE Superradio 1l Boom Box -1 -2 -4 -8 -14 -1 -2 -5 -9 -16 -1 -2 -5 -10 -17
Grundig G4000A Table Top Radio 0 0 0 0 0 0 -1 -2 -2 -4 -3 -5 -7 -10 -14
Sangean WR-2 Table Top Radio 0 0 0 0 -1 -1 -2 -4 -5 -6 -1 -1 -1 -1 -1
Grundig S Table Top Radio 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1
Bose AWRCC2 Table Top Radio 0 0 0 0 0 0 0 0 -1
Sony STR-697 Home Stereo 0 0 0 0 0 0 0 -1 -2 0 -1 -2 -4 -10
Sony STR-DE197 Home Stereo 0 0 0 0 0 0 -1 -2 -4 -11 -2 -6 -11 -17 -24
Sony CMT-NE3 Mini/Shelf System 0 0 0 0 0 -1 -1 -2 -3 -8 -1 -4 -8 -13 -20
Panasonic SA-PM19 Mini/Shelf System 0 0 0 0 0 0 0 0 0 -2 0 -1 -4 -9 -16
GPX HM2014DP Mini/Shelf System 0 0 -3 -6 -12 -6 -11 -17 -23 -32 -5 -10 -16 -22 -31
Pioneer VSX-D814 Home Stereo 0 0 0 0 -1 -1 -1 -2 -3 -6 -1 -1 -2 -5 -10
RCA RS2035 Mini/Shelf System 0 0 0 0 -1 0 -1 -2 -3 -6 -1 -3 -5 -7 -13
AIWA HiFi Mini System Mini/Shelf System 0 0 0 0 0 0 -1 -2 -1 -2 -5 -11
Yamaha HTR-5740 Home Stereo 0 0 0 0 0 0 0 0 0 0 0 0 -1 -4 -9
Denon DRA-295 Home Stereo 0 0 0 0 0 0 0 0 0 0 0 -2
Denon TU-680 Home Stereo 0 0 0 0 0 0 0 0 -2 -7 0 -1 -3 -7 -14
Denon TU-380 Home Stereo -2 -2 -4 -6 -9 -7 -10 -13 -16 -20 -10 -13 -17 -21 -26




Appendix O Receiver Host Compatibility — Absolute

Audio SNRs - IBOC P3 Mode

-60 dBm -45 dBm -30 dBm
Receiver Make Receiver Model Category analog 23 -2 0 -17 -14 -10 analog -23 20 -17  -14  -10 analog -23 20 -17  -14  -10
Sony CFS-201 Boom Box 47 39 37 34 31 27 55 40 37 34 31 27 60 40 37 34 31 27
Emmerson PD6810 Boom Box 42 33 30 28 25 20 50 34 31 28 25 21 51 34 31 28 25 21
Curtis RCD670 Boom Box - - - - - - - - - - - - - - - - - -
GPX C971 Boom Box 48 40 38 35 32 28 55 41 38 35 32 28 55 39 36 33 30 26
Randix RCC-86 Clock Radio - - - - - - - - - - - - - - - - - -
RCA RP3751A Clock Radio - - - - - - - - - - - - - - - - - -
AudioVox CE 256 Clock Radio 55 55 54 52 48 40 60 59 57 52 45 35 61 60 59 56 51 42
Spectra WM-125 Shower Radio 49 47 44 38 33 24 50 48 44 39 33 24 50 48 44 39 33 24
Radio Shack Pocket Radio Pocket Radio - - - - - - - - - - - - - - - - - -
Nakamichi T™-1 Clock Radio - - - - - - - - - - - - - - - - - -
RCA RCD147 Boom Box 36 35 35 35 34 33 48 45 44 41 39 35 52 45 43 40 37 32
Panasonic RX-FS430A Boom Box 40 39 38 36 34 31 53 44 41 38 35 31 56 44 41 38 35 31
GE Superradio 11l Boom Box - - - - - - - - - - - - - - - - - -
Grundig G4000A Table Top Radio 39 39 38 37 36 34 54 49 47 45 42 38 63 52 49 46 44 40
Sangean WR-2 Table Top Radio - - - - - - - - - - - - - - - - - -
Grundig S Table Top Radio - - - - - - - - - - - - - - - - - -
Bose AWRCC2 Table Top Radio 42 42 42 42 42 42 56 56 56 56 56 56 63 63 63 62 62 61
Sony STR-697 Home Stereo 47 47 47 47 47 46 60 60 59 58 57 53 62 61 60 58 55 50
Sony STR-DE197 Home Stereo - - - - - - - - - - - - - - - - - -
Sony CMT-NE3 Mini/Shelf System 47 47 47 47 47 46 58 57 56 55 52 47 59 57 55 50 45 37
Panasonic SA-PM19 Mini/Shelf System - - - - - - - - - - - - - - - - - -
GPX HM2014DP Mini/Shelf System - - - - - - - - - - - - - - - - - -
Pioneer VSX-D814 Home Stereo - - - - - - - - - - - - - - - - - -
RCA RS2035 Mini/Shelf System 37 36 35 34 32 29 47 41 39 36 33 29 48 41 39 36 33 29
AIWA HiFi Mini System Mini/Shelf System - - - - - - - - - - - - - - - - - -
Yamaha HTR-5740 Home Stereo 50 50 50 50 50 50 62 62 62 61 61 59 64 64 63 62 60 54
Denon DRA-295 Home Stereo - - - - - - - - - - - - - - - - - -
Denon TU-680 Home Stereo 50 50 50 50 50 50 63 63 63 62 60 54 67 66 65 63 59 52
Denon TU-380 Home Stereo 47 40 37 35 32 28 61 43 40 37 34 30 65 44 41 38 35 31




Appendix P Receiver Host Compatibility — Change in

Audio SNRs - IBOC P3 Mode

-60 dBm change from analog -45 dBm change fro m analog -30 dBm change from analog
Receiver Make Receiver Model Category -23 20  -17 - 14 -10 | -23 -20 -7 -14  -10 -23 -20 -17 -14 -10
Sony CFS-201 Boom Box -8 -10  -13 -16 -20 | -15 -18 21 24 -28 -20 23 -26 -29 -33
Emmerson PD6810 Boom Box -9 12 -14 -17 -22 | -16 -19 22 25 -29 -17 -20 -23 -26 -30
Curtis RCD670 Boom Box - - - - - - - - - - - - - - -
GPX C971 Boom Box -8 -10  -13 -16 -20 | -14 -17 20 -23  -27 -16 -19 -22 -25 -29
Randix RCC-86 Clock Radio - - - - - - - - - - - - - - -
RCA RP3751A Clock Radio - - - - - - - - - - - - - - -
AudioVox CE 256 Clock Radio 0 -1 -3 -7 -15 | -1 -3 8 -15 -25 -1 -2 -5 -10 -19
Spectra WM-125 Shower Radio -2 50 11 -16 25 | -2 -6 11 17 -26 -2 -6 -11 -17 -26
Radio Shack Pocket Radio Pocket Radio - - - - - - - - - - - - - - -
Nakamichi T™-1 Clock Radio - - - - - - - - - - - - - - -
RCA RCD147 Boom Box -1 -1 -1 -2 -3 -3 -4 -7 -9 -13 -7 -9 -12 -15 -20
Panasonic RX-FS430A Boom Box -1 -2 -4 -6 -9 -9 -12 -15 -18 -22 -12 -15 -18 -21 -25
GE Superradio 11l Boom Box - - - - - - - - - - - - - - -
Grundig G4000A Table Top Radio 0 -1 -2 -3 -5 -5 -7 9 12 -16 -11 -4 -17 -19 -23
Sangean WR-2 Table Top Radio - - - - - - - - - - - - - - -
Grundig S Table Top Radio - - - - - - - - - - - - - - -
Bose AWRCC2 Table Top Radio 0 0 0 0 0 0 0 0 -1 -1 -2
Sony STR-697 Home Stereo 0 0 0 0 -1 0 -1 -2 -3 -7 -1 -2 -4 -7 -12
Sony STR-DE197 Home Stereo - - - - - - - - - - - - - - -
Sony CMT-NE3 Mini/Shelf System 0 0 0 0 -1 -1 -2 -3 -6 -11 -2 -4 -9 -14 -22
Panasonic SA-PM19 Mini/Shelf System - - - - - - - - - - - - - - -
GPX HM2014DP Mini/Shelf System - - - - - - - - - - - - - - -
Pioneer VSX-D814 Home Stereo - - - - - - - - - - - - - - -
RCA RS2035 Mini/Shelf System -1 -2 -3 -5 -8 -6 -8 11 14 -18 -7 -9 -12 -15 -19
AIWA HiFi Mini System Mini/Shelf System - - - - - - - - - - - - - - -
Yamaha HTR-5740 Home Stereo 0 0 0 0 0 0 0 -1 -1 -3 0 -1 -2 -4 -10
Denon DRA-295 Home Stereo - - - - - - - - - - - - - - -
Denon TU-680 Home Stereo 0 0 0 0 0 0 0 -1 -3 -9 -1 -2 -4 -8 -15
Denon TU-380 Home Stereo -7 -10 -12 -15 -19 | -18 -21 24 -27 31 -21 -24 -27 -30 -34




Appendix Q Thanks!

With apologies to those that we didn’t add to tlis NPR wishes to thank the following who contriéd their time
and efforts to our project:

Russ Mundschenk, Field Test & Implementation Mgr.iBiquity Digital Corp. and Milford Smith, VP/Raadl
Engineering, Greater Media Inc., for participatinghe iBiquity Van on three long trips to the Rleddland tests,
and Paul Shulins, Dir. of Technical Operations eddEer Media station WKLB-FM for running the IBOC
transmitter facilities, and

Steve Callahan, Director of Engineering at WRNI-P&rragansett, Rhode Island, who ran NPR’s audicks
over, and over, at the transmitter site on multiplernight gigs;

Mike Pappas, Chief Engineer of KUVO(FM), Denver,onfaced to get the new IBOC transmitter on thénatime
for testing. Zach Cochran of Way-FM Media Group &teve Tuzeneu, who ran all of the tests from KEAM),
Brush, Colorado

Mike Hendrickson, Radio Network Supervisor for Aisan Public Media Group for arranging, designind an
managing the KCRB-FM high-power IBOC test transenjtBemidji and Mark Persons, M. W. Persons and
Associates, Inc., for manning the KPBN(FM), Brathdransmitter and running seemingly endless atrditks;
Mitzi Gramling, General Counsel at Minnesota PuBRadio, for helping arrange the FCC Experimental
Authorizations;

John Proffitt, CEO, and Alex Schneider, DirectotEmigineering, at KUHF(FM), Houston for making theaw
digital transmitting antenna available and DebrasEr for help planning the IBOC listener study, Zadh Cochran
for his cheerful overnight work with KUHF;

Kermit Poling, General Manager and Rick SheltorRefl River Radio Network for providing station KLDFM),
Lufkin, Texas,

Geoff Mendenhall, VP-Transmission Research & Tetdmg and Terry Cockerill, Radio Product Line Marag
Harris Corp., Broadcast Communications Divn., fait hard work to supply and set up the KCRB tesidmitter;

Gary Kline, VP Engineering & IT, Cumulus Broadcagtinc., for the overnight trip to supervise theX\ testing
in rural, eastern Texas and his many good quesindsuggestions;

Dr. Donald Messer, former Chairman of the NRSC’sBD®ubcommittee Working Group on IBOC studies, who
made a long trip to Brush Colorado to supervisgrtgsand his expert assessment of the field prawsgu

Michael Leclair, Chief Engineer at WBUR(FM), Bostdar collecting valuable over-the-air spectrum
measurements on WKLB and other Boston-area IBOCsEltons;

Harold Wong, retired FCC Office of Engineering Teology engineer, who spent many hours advising and
discussing measurement procedures and signal patpagtatistics;

Robert DeBolt, Director of Software Developmenstitute for Telecommunications, Boulder, Colorafio,
customization of the CSPT software and generoustasse with its operation at NPR Labs;

The team at NPR Labs: Mike Starling, Jan Andrewas) Bchwab, Peter Kukura, Paul Littleton and Sand@ah,
for many long hours and their great help to thd®cotect Investigators;

Terry Cooney, Dean of the College of Liberal Aftswson University, for his permission to use a rdom
subjective testing and providing parking for aBiting participants.

Donald Lockett, Senior Director, Media Technologisd Moji Adejuwon, Program Manager, at the Coagion
for Public Broadcasting, for their support and stssice with the study, and Doug Vernier, Presidéht-Soft
Communications LLC, as Consultant to CPB and aedkdvisor on the AICCS project.



