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Figure 18. Coverage map including IBOC digital coverage (on radials),
predicted field strength, and FCC 54 pV and 60 uV contour

The digital reception data are overlaid upon the propagation data and appear as sets of “worm
trails” on the maps. The data were taken from mobile tests in which the test vehicle was driven on roads
that generally radiate from the transmitter sites of the test stations. The data from which the worm trails
were generated is presented on the signal strength graphs that accompany the maps. The worm trails
indicate one of two conditions; either the digital signal was being received reliably (shown in gray), or the
receiver had blended to analog (shown in black). No information was given to indicate what the quality
of the blended-to-analog signal was. Hence, the digital reception radial drive test maps indicate positively
where digital reception was reliable, but give no direct comparative information on the quality of the
analog coverage of the station.

The iBiquity predicted signal strength underlays give a reasonably accurate picture of how the
terrain affects reception of each radio station. They permit the map-reader to compare the predicted
analog signal strength with digital performance.

The Evaluation Working Group found the iBiquity maps to be very helpful as a means of
geographically comparing digital and analog performance of these IBOC stations. Because the signal
strength predictions are based on actual terrain conditions and on typical receiving antenna heights, they
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do not depict official protected contours. The Evaluation Working Group chose to enhance these already
insightful maps by adding predicted contours of 60 dBp and 54 dB. An example of the results of these
enhancements is shown on the map above (Figure 18).

These images permit the reader to compare the three relevant conditions for each station tested.
Predicted strength of the analog signal is readily compared with both the FCC contours and the digital
performance worm trails. The relationship between the digital performance and the FCC contours is also
evident.

It is important to note the distinctions between the manner in which the FCC contours and the
color signal strength matrix are computed. The color signal strength underlay is computer calculated
based on receiving antenna heights of 2 meters and on actual terrain conditions (iBiquity employed field
measurement data to adjust the accuracy of the color underlays to account for typical local land cover
losses). In contrast, the official FCC F(50,50) contours represent the predicted signal strength at a
receiving antenna 30 feet above ground and are based on simplified average terrain calculations.

While the iBiquity color underlays are more accurate representations of station signal strengths
than the FCC contours, the inclusion of FCC contours brings the digital IBOC coverage data into the
context of FCC interference protection criteria with which broadcasters are so familiar.

The stations presented in the maps illustrate the manner and the varying degrees to which terrain
affects actual coverage. The common factor most apparent on the maps is how the digital IBOC signal
remains uninterrupted on long traverses from the stations’ transmitter sites to more distant locations. The
locations where the digital IBOC signal blends to analog are generally indicated as locations where terrain
and distance also impede the analog signal strength.

Typically, within a station’s primary service area as defined approximately by its protected
contour, the digital IBOC signal is extremely reliable wherever there is enough signal strength to support
analog reception. When terrain obstructs analog signals significantly within the protected contour, there is
no reason to expect the digital coverage to overcome the impact of the terrain obstruction.

At the points where the digital reception blends to the analog signal, the maps do not contain the
kind of qualitative information necessary to determine analog performance. Analysis of the analog
performance in the regions of blending is discussed in Section 4.8 below.

Similarly, the maps do not indicate locations where multipath conditions affect analog
performance in areas of strong signal strengths. Comparison of analog and digital reception under these
conditions is discussed in Section 4.5.5 above and in the “Ticker Test” Section 4.5.8 below.

Outside their protected contours it is commonly understood that stations may have some
additional coverage that is limited by factors such as interference, terrain, and distance. The digital IBOC
signals appear to provide coverage generally in areas where the analog signal strength is at useable levels.
The stations may be subjected to interference from adjacent channels in some locations. The issue of co-
and adjacent-channel interference to digital IBOC reception is addressed in Sections 4.5.2 through 4.5.4
of this report.

The eight maps submitted by iBiquity represent a variety of station classes, terrain conditions and
interference scenarios (see Table 4 above). While these test stations provide a good cross section of
various conditions, they of course represent a very small percentage of the FM stations in the U.S. and
cannot be employed as the only means of verifying IBOC digital service area. The general association
among the maps, between predicted analog signal strength and measured digital performance, does
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suggest that careful generalizations can be made about digital coverage arca to the degree they are
supported by lab test data. This data is discussed elsewhere in this Section.

In summary, the IBOC digital coverage maps supplied by iBiquity were verified by the EWG and
enhanced with the inclusion of FCC contours. The iBiquity digital coverage maps illustrate how mobile
digital reception along routes radiating from eight test stations is extremely reliable within the
approximate service areas defined by the protected contours. Within these contours the digital signals do
not provide coverage where terrain already prevents analog coverage. Outside the areas defined by the
contours, digital reception remains functional where the host analog signals are predicted to be at useable
levels. In marginal areas mobile reception may be impeded but careful placement of a fixed receiver may
result in reliable digital service. The maps do not account for the possibility that digital service in some
cases may be interference limited, so conclusions about interference-limited coverage is left to analysis of
other tests.

45.8 “Ticker Test”

To amplify upon data taken in the radial drive tests, iBiquity created a “Ticker Test” in which
subjects listened to long samples of recorded test audio and “ticked” audible impairments. iBiquity
solicited subjects from the general public who met minimum criteria for listening acuity. The Ticker Test
illustrates the differences between what could be considered “normal” mobile analog reception within the
coverage area and simultaneous digital reception of the same program. Normal mobile reception
typically contains multipath and other propagation and interference effects that can degrade the quality of
the received analog signal.

The Ticker Test was conducted with a total of eight sets of audio samples taken from the radial
drive tests of test stations WETA and WPOC. Each sample was taken beginning at about ten miles
distance from the transmitter and lasted for about 5 minutes. Samples were recorded simultaneously from
the IBOC receiver and two analog automotive receivers, an OEM model and an aftermarket model.
Information about the test is detailed in Appendix K of the FM IBOC Test Data Report.

The subjects made a “tick” each time they heard a transient impairment to the audio to which they
were listening. Ticks represent audible impairments, regardless of the cause. Broadcast production errors
would likely be common to all receivers tested, while multipath-induced artifacts or audio processing
artifacts may be associated specifically with analog or digital reception or with a particular radio.

The total number of ticks earned by each receiver was tabulated for each of eight test recordings.
The Delphi and Pioneer automotive radios earned an average of 844 and 1010 ticks respectively per test
recording. The FM IBOC average was 180 ticks per test recording (see Figure 8 above).

iBiquity also subjectively tested audio samples from the audio of each Ticker Test. Subjects
indicated a consistent preference for the IBOC audio under these typical mobile reception conditions.
During the original Ticker Test listeners were able to “tick” a temporal impairment as either moderate or
severe. The subjective tests involved audio samples that contained either moderate or severe ticks. With
moderate impairments the automobile radios scored in the low “fair to good” range, between 3.0 and 3.5
MOS, under three kinds of programming—classical, country, or speech. The same samples of the IBOC
audio scored in the low “good to excellent” range, between 4 and 4.5 MOS. The automobile radio audio
samples of severe tick ratings yielded middle “poor to fair” results, around 2.5 MOS. During the periods
of severe impairments to analog auto radio reception, the FM IBOC scored consistently “good” at about
4.2 MOS.
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The subjective tests of the Ticker Test audio confirm that not only are the audible temporal
impairments in mobile reception fewer in number with IBOC than analog, but also that the IBOC audio
retains perceived high quality when analog reception is severely degraded.

The EWG found the Ticker Test results to be an impressive demonstration of IBOC’s durability
under multipath and related signal impairments. The mobile receivers presented about five times the
number of audible impairments heard on the IBOC receiver. Listeners preferred the sound of the IBOC
radio under the test conditions. Taken by itself, the Ticker Test is not scientifically conclusive. However,
the Ticker Test results provide a clear confirmation of other observations in this report that mobile
reception of the IBOC digital signal is significantly more immune to audible transient impairments within
a station’s primary coverage area than is the host analog signal.

459 Findings — service area

NRSC test results indicate that hybrid FM IBOC digital coverage is comparable to analog
coverage along radial and loop routes tested. Due to FM IBOC’s improved resistance to various types of
interference (co- and adjacent channel, impulse noise, and multipath fading in particular), FM IBOC
service may be available in areas where analog service is currently of unacceptable quality due to such
interference.

4.5.10 Findings — durability

NRSC test results demonstrate that the iBiquity hybrid FM IBOC system, compared to analog
FM, is substantially more robust under impulse noise, co- and adjacent channel interference, and
multipath fading conditions.

4.6  Criterion 4 — Acquisition performance

Table 12 lists the test result pertaining to acquisition performance of the iBiquity FM IBOC
system.

Table 12. FM I1BOC test results pertaining to acquisition performance

TEST NO. SUBJECTIVE ANALOG
(PROCEDURES) OBJECTIVE DATA DATA BENCHMARK RESULTS / COMMENTS
Lab-H.1-1BOC Appendix D: n/a Acquisition time of | IBOC receiver acquisition time —
acquisition - Table 33, pg. 64 analog receiver 135 msec; mode - analog

The iBiquity FM IBOC system is designed such that an IBOC receiver will initially acquire an
FM channel utilizing the analog portion of the hybrid FM IBOC signal. Once the digital portion of the
signal is fully acquired (takes a few seconds), the receiver will then blend from analog audio to digital
audio. Consequently, an IBOC receiver has the same acquisition performance as does an analog radio.
This was confirmed by NRSC lab test H.1, where the acquisition time was measured to be 135 msec.
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46.1 Findings

The acquisition performance of the iBiquity hybrid FM IBOC system is identical to that of an
analog FM radio since, by design, an IBOC receiver initially acquires the analog portion of the hybrid FM
IBOC signal.

4.7 Criterion 5 — Auxiliary data capacity

According to the system specification, the iBiquity FM IBOC system operating in hybrid mode
supports transmission of an auxiliary data stream along with the main channel audio data stream with a
capacity as shown in Table 13.*° This system feature was not tested by the NRSC.

Note that the actual capacity supported is inversely related to the main channel audio bit rate such
that the sum of the main channel digital audio bit rate and the auxiliary data rate equals 99-100 kbps, with
the variability indicated here being due to the fact that part of this capacity is “opportunistic” in nature,
depending upon the operation of the perceptual audio codec. The minimum dedicated portion (i.e. non-
opportunistic) of the auxiliary data capacity is 1 kbps, and can be increased in 8 kbps increments with a
corresponding decrease in the main channel digital audio data rate.

Table 13. Auxiliary data capacity of theiBiquity FM 1BOC system -
data ratesinclude 2-3 kbps average rate for opportunistic data’'

With 96 kbps main With 64 kbps main
Operating mode channel audio channel audio
Hybrid 3-4 kbps 35-36 kbps

471 Findings

The iBiquity hybrid FM IBOC system design incorporates an auxiliary data transmission feature
with a minimum capacity of 3-4 kbps. This system feature was not tested by the NRSC.

4.8 Criterion 6 — Behavior as signal degrades

This criterion pertains to how an IBOC receiver generally behaves as the received signal becomes
weak (due to blockage or distance from the transmitter), or encounters severe degradation due to
interference (e.g., multipath fading) compared to how an analog receiver would behave under similar
conditions. Table 14 lists the test results pertaining to behavior as signal degrades of the iBiquity FM
IBOC system.

% See FM IBOC Test Data Report, Appendix A.
% See FM IBOC Test Data Report, main report, pg. 35, Section E, and Appendix A.
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Table 14. FM IBOC test results pertaining to behavior as signal degrades

TEST NO. SUBJECTIVE ANALOG
(PROCEDURES) OBJECTIVE DATA DATA BENCHMARK RESULTS / COMMENTS

Field — n/a Main report: Audio quality of IBOC audio cuts containing
Performance at - Fig. 25, pg. 38 | host analog signal blends (to analog) were
blend éNRSC Appendix I, pg. 15 ((ecc>|rded | tested
proceaures as simultaneously Subjective results: Audio quality
amen.ded by with IBOC audio) of IBOC with blends nearly
Steerlr!g identical to corresponding
Committee) analog

Fundamentally, by virtue of the FM IBOC system’s blend to analog feature, an FM IBOC
receiver behaves similar to an analog receiver as the signal weakens or otherwise approaches the outer
limits of a reception area. This behavior differs from that of other digital broadcast systems which, under
similar conditions, exhibit the so-called “cliff effect,” whereby the signal transitions from a high-quality
digital signal to muting. iBiquity has indicated to the NRSC that the “blend point” of the system has been
placed such that blending to analog will occur prior to the point where the received digital audio would
start experiencing undesirable, audible artifacts (“clicks,” “pops,” etc.) due to signal degradation.
According to iBiquity, this point is established by monitoring the block error rate (BLER, which increases
with increasing signal degradation) as well as the overall error statistics, and blending is initiated at a
BLER of approximately 10% (meaning that 10% of the received data blocks have one or more un-
correctable errors).

As part of the NRSC evaluation, audio recordings were obtained in the field at the point where
the FM IBOC receiver was blending between analog and digital such that the blend process was captured;
consequently, this audio is a combination of digital, analog, and the blending between the two. These
recordings were then compared subjectively to recordings made on analog automotive receivers at the
same time under the same conditions and the results of these evaluations are shown in Figure 19. These
results demonstrate both that the FM IBOC audio during the blend process is perceived to have the same
quality as does the analog audio, and, that the blend process itself does not degrade the audio quality
below that of analog.
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Figure 19. Comparison of FM I1BOC and analog audio subjective evaluation results
at “blend to analog” operating point

481 Findings

NRSC testing has demonstrated that the iBiquity prototype hybrid FM IBOC receiver’s audio
during the blend process is perceived to have the same quality as does the analog audio, and, that the
blend process itself does not degrade the IBOC receiver’s audio quality below that of analog.

4.9 Criterion 7 — Stereo separation

Unlike the blend to monophonic mode used by the FM automobile radio manufacturers
(discussed in Appendix G to this report), the hybrid FM IBOC receiver tested by the NRSC remains in
full stereo as long as digital audio is available. Under certain signal conditions (as discussed in Section
3.1 above) the IBOC receiver output blends to analog. Since (as discussed in Appendix G) analog
automotive FM receivers blend to mono under a variety of circumstance for which an IBOC receiver
(under the same conditions) should still be receiving digital stereo audio, the FM IBOC receiver should
exhibit superior stereo separation compared to analog automotive FM receivers.

491 Findings

FM IBOC receivers are expected to exhibit superior stereo separation compared to analog
automotive FM receivers due to the fact that the FM IBOC receiver should be receiving digital stereo
audio under circumstances for which an analog automotive FM receiver would be blending to mono.
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4.10 Criterion 8 — Flexibility

Appendix A of the FM IBOC Test Data Report, the “IBOC FM Transmission Specification,”
documents a number of features of the FM IBOC system which should provide significant flexibility for
both broadcasters and receiver manufacturers, including:

e Modes of operation: three modes of operation are described—hybrid mode, extended hybrid
mode, and all-digital mode—offering significant opportunities for individualizing the broadcast
signal to specific needs and for future improvements in system performance. Only the hybrid
mode has been tested by the NRSC.

e Audio coding rate: the bit rate used for transmission of the main channel audio signal can be
varied, allowing for re-allocation of the digital payload based on a broadcaster’s particular
requirements. NRSC testing of the FM IBOC system was done with the audio coding rate fixed
at 96 kbps (the maximum rate supported in the hybrid mode of operation).

* Auxiliary data rate: (this is discussed in Section 4.7 above in greater detail) the FM IBOC system
supports transmission of an auxiliary data stream along with the main channel audio bit stream.
The actual amount of auxiliary data transmitted can be decreased or increased in conjunction with
a corresponding increase or decrease in the audio coding rate. This system feature was not tested
by the NRSC.

*  On-channel repeaters: the use of OFDM modulation in the FM IBOC system allows on-channel
digital repeaters to fill areas of desired coverage where signal losses due to terrain and/or
shadowing are severe. This system feature was not tested by the NRSC.

4.10.1 Findings

There are a significant number of features in the iBiquity FM IBOC system which should provide
for system flexibility and should offer broadcasters and receiver manufacturers opportunities to customize
services and equipment for their particular goals, and offer the possibility of performance improvements
in the future. None of these features were tested by the NRSC.

4.11 Criterion 9 — Host analog signal impact

Table 15 lists the test results submitted pertaining to host analog signal impact of the iBiquity FM
IBOC system.
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Table 15. FM IBOC test results pertaining to host analog signal impact

TEST NO. SUBJECTIVE
(PROCEDURES) OBJECTIVE DATA DATA RESULTS / COMMENTS

Lab-J.1,J.2- Appendix D: Appendix D: Objective: Delphi, Pioneer: results with IBOC and
IBOC O host - Table 5, pg. 15 (Delphi) - Table 11, pg. analog interferers nearly identical;
analog (main - Table 6, pg. 15 (Pioneer) 22 Technics: IBOC interferer degraded S/N ratio 6-9
channel audio) - Table 7, pg. 15 (Technics) Appendix | 28 dB

- Table 8, pg. 16 (Sony) PP P9 Sony: IBOC interferer degraded S/N ratio approx.
15dB
Subjective: results with and without IBOC nearly
identical

Lab-J.3-1BOC O | Appendix SCA-A: n/a Noise floor in subcarrier region of FM baseband
host analog - Table 9, pg. 22 increases with:

(FM - Figs. 1-16, pgs. 23-38 (spectral - addition of IBOC sidebands
subcarriers- plots with and without IBOC) - addition of main channel audio modulation
spectral plots) - addition of RF noise

- reduction in RF input signal level

Lab-J.4-1BOC O | Appendix SCA-A: Appendix SCA-A: | Objective: 67 kHz: McMartin receiver audio S/N
host analog - Table 10, pg. 39 (67 kHz, - Table 18, pg. reduced 3-8 dB when IBOC present; Norver, 6-12
(analog FM McMartin-before repair) 53 dB
subcarrier audio - Table 11, pg. 40 (67 kHz, Appendix SCA-C 92 kHz: CozmoCom receiver audio S/N reduced 6-
quality) McMartin- after repair) pg. 1 ' 7 dB when IBOC present; ComPol fails (audio S/N

- Table 12, pg. 40 (67 kHz, Norver) ' reduced to 8-9 dB when IBOC present).
' B9 ' ubjective: z: McMartin audio quality nearly
- Table 13, pg. 40 (92 kHz Subiective: 67 kHz: McMartin audi i |
CozmoCom) ) identical when IBOC present; Norver audio quality
-CTa € |14' pg. 41 (92 kHz reduced from good to fair.
omPol) 92 kHz: CozmoCom audio quality reduced from
poor to bad when IBOC present; ComPol from fair
to bad.

Lab-J.5,J.6- Appendix SCA-A: n/a Results with and without IBOC identical for both RDS
IBOC O host - Table 15, pg. 42 (RDS) and DARC (in all cases, BLER after correction
analog (RDS, - Table 16, pg. 43 (DARC) equals 0)

DARC
subcarrier
performance)

Field — C.1 - host Appendix F9: Main report: Results with and without IBOC nearly identical for all 4
compatibility - Pg. 1 (WETA locations) - Fig. 26, pg. 40 analog receivers tested
(main channel - Pg. 2 (WPOC locations) Appendix | 17
audio) ppendix, pg-

Field—C.2 - host | Appendix SCA-B: Appendix SCA-C, | Digital subcarriers: Results with IBOC and analog
compatibility - Pg. 1 (WPOC locations - 67, 92 pg. 6 interferers identical for RDS, nearly identical for
(FM kHz analog subcarriers) DARC.
subcarriers) - Pg. 2 (WPOC locations — RDS

digital subcarrier)

- Pg. 3 (WD2XAB locations - 67,
92 kHz analog, DARC digital
subcarriers)

- Pg. 4 (Table - field test strength
by test and location)

Appendix SCA-D:
- Pg. 1 (Table - RDS BLER)
- Pg. 2 (Table — DARC BLER)
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The FM band IBOC digital radio system transmits the digital signals in the first half of the upper
and lower host first adjacent channels (see Figure 1 above). The signals are transmitted in two frequency
bands that extend from 129 kHz to 198 kHz above and below the host FM channel center frequency. The
average total power of the two IBOC digital signals is 20dB below the host FM signal (-20dBc).

Consumer radios have used several methods for decoding the FM stereo difference signal. In
practice the PLL stereo decoder has become the norm. The PLL stereo decoder uses square wave
switching to decode the 38 kHz stereo difference signal. This decoder is sensitive to signals that are at
odd multiples of 38 kHz. Without the addition of filters or special circuitry to the PLL stereo decoder, the
IBOC digital signal that is transmitted at 190 kHz (five times 38 kHz) above and below the FM channel
center frequency will increase the stereo audio noise floor. Most automobile radios use PLL stereo
decoders that are not sensitive to the host IBOC signal. Monophonic radios are not affected by the host
IBOC digital signal.

4.11.1 Host compatibility tests

Objective laboratory tests were conducted by the ATTC at strong signal levels with and without
30,000K AWGN. WQP S/N measurements were made with and without the IBOC signal added to the
analog. Laboratory objective stereo separation tests were also conducted with less than 1dB separation
change with and without the IBOC signal.

The addition of the digital signal caused no measurable change in the host analog S/N
performance for the automobile radios, Table 16. The home hi fi radio S/N is reduced to 49dB WQP with
the IBOC. The portable radio S/N was reduced to 35dB WQP with IBOC (WQP S/N is typically 10dB
lower than RMS).

Table 16. Host compatibility objective laboratory test results
at -47 dBm (strong) signal level

FM ONLY IBOC FM+AWGN | IBOC+AWGN
RADIO TYPE WQP SN WQP SIN WQP SN WQP SIN
(DB) (DB) (DB) (DB)
Delphi Auto 59 59 56 56
Pioneer Auto 56 56 54 54
Technics Home hi fi 59 49 55 49
Sony Portable/Bookshelf 51 35 49 35
4.11.2 Range of FM stereo hi fi and portable radio sensitivity to the host IBOC signal

Previous receiver laboratory tests conducted by CEA measured the sensitivity to host digital
signals on 15 FM stereo radios. Five of the radios tested were automobile, one top-of-the-line tuner, and
the remaining nine were home hi fi and portable. These tests were conducted using a simulated IBOC
signal, with the digital signal operating at —22 dBc, 2dB lower than the present level. The 2dB lower
IBOC level should not make a difference in establishing a range of FM stereo radio S/N performance with
IBOC.



FM IBOC System Evaluation Page 50

Table 17 lists the nine hi fi and portable radios tested by CEA and shows the difference in S/N
performance caused by the addition of the IBOC signal, in descending order. Radios 1 and 8 are of the
same make and almost identical radios to those used for the IBOC laboratory and field tests. The changes
in the newer models were more cosmetic than electronic.

Table 17 shows that the Technics hi-fi (no. 1) and the Sony table/portable (no. 8) radios, the type
used for the IBOC laboratory and field tests, are at the high and low ends for the range of the S/N
performance.

Table 17. Simulated IBOC to host FM stereo performance rangetable
(hi-fi and portablereceivers)

PREDICTED
No. MAKE TYPE S/N RANGE
(RM S, DB)
1 Technics hi fi Reference
2 Denon hi fi 0
3 Sony Personal Portable -3
4 Sony hi fi -4
5 Magnavox Table/Portable —4
6 Panasonic Portable -7
7 Pioneer hi fi -10
8 Sony Table/Portable combo -11
9 Sanyo Shelf combo -12

4.11.3 Laboratory subjective tests

Audio recordings were made with three types of processed program material: classical, rock, and
speech. The subjective tests were conducted at a separate specialized audio subjective evaluation
laboratory. Using the MOS rating on a scale of five, the Delphi radio deviated no more than 0.1 MOS
units with any combination of FM, IBOC, or AWGN. The Pioneer with AWGN showed a decrease in
performance of 0.4 from the analog for both classical and speech. There was no change in S/N or stereo
separation for this test. The Sony radio S/N changed from 51dB to 35dB with IBOC, and the subjective
performance changed from 2.9 without IBOC to 3.1 with IBOC.

4114 Field subjective tests

Only subjective host compatibility tests were conducted. The tests were conducted at fixed sites.
Three types of off-air program material were selected: classical, country/rock, and speech. For the
classical and country/rock the largest deviation with IBOC for all four radios was 0.2 MOS. For the
speech transmissions the largest deviation with IBOC was 0.3 MOS for all four radios. See Figure 9
above for graphs showing host compatibility subjective evaluation results.
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4.11.5  FEindings
NRSC tests indicate that listeners should not perceive an impact on analog host reception due to
hybrid FM IBOC operation.

4.12 Criterion 10 - Non-host analog signal impact

In this section, the compatibility of an IBOC signal with co- and adjacent-channel analog signals
will be considered. Table 18 describes where the test results pertaining to the non-host analog signal
impact of the iBiquity FM IBOC system may be found in the FM IBOC Test Data Report, and provides
some brief comments about these results. A more detailed analysis is provided in the paragraphs that
follow.

Table 18. FM IBOC test results pertaining to non-host analog signal impact

TEST NO. SUBJECTIVE
(PROCEDURES) OBJECTIVE DATA DATA RESULTS / COMMENTS
Lab-F.1,F.3- Appendix D: Appendix D: Objective: Delphi: IBOC interferer degraded

IBOC O analog - Table 1, pg. 7(Delphi) - Table 9, pg. 18 performance at +6, -4, -14 dB D/U, performance

(main channel - Table 2, pg. 9 (Pioneer) Appendix I, pg. with analog severely degraded at -24 dB D/U so

audio), single - Table 3, pg. 11 (Technics) 29.31 ' IBOC impact not meaningful;

1st ad. - Table 4, pg. 13 (Sony) Pioneer: IBOC interferer degraded performance at
+6 and -4 dB D/U, performance with analog
severely degraded at -14 and -24 dB D/U so IBOC
impact not meaningful;
Technics: performance with analog severely
degraded at +6, -4, -14 and —24 dB D/U so IBOC
impact not meaningful;
Sony: performance with analog severely degraded
at +16, +6, -4, -14 and —24 dB D/U so IBOC impact
not meaningful;

Subjective: Delphi, Pioneer, Technics: IBOC interferer
degraded performance at +6 and —4 dB D/U, impact
most significant for speech programming;

Sony: results with IBOC and analog interferers
nearly identical
Lab-F.2,F4- Appendix D: Main report: Objective: Delphi, Pioneer: results with IBOC and
IBOC O analog - Table 1, pg. 7(Delphi) - Fig. 36, pg. 54 analog interferers nearly identical;
(main channel - Table 2, pg. 9 (Pioneer) - Fig. 37, pg. 55 Technics: IBOC interferer degraded performance at
audio), single - Table 3, pg. 11 (Technics) Appendix D: -30, -35, -40 dB D/U;
2nd adj. - Table 4, pg. 13 (Sony) “Table 9, pg. 18 Sony: performance with analog sufficiently
ST degraded that IBOC impact not meaningful
Aggegg 1. pg. Subjective: results with IBOC and analog interferers
nearly identical
Lab - F/SC.1, Appendix SCA-A: Appendix SCA-A: | Objective: 67 kHz: results with IBOC and analog
FISC.5 - IBOC - Table 2, pg. 8 (67 kHz, McMartin- - Table 17, pg. interferers nearly identical;
O analog before repair) 45 92 kHz: slight impact with CozmoCom (1.5-4 dB)
(analog FM - Table 3, pg. 10 (67 kHz, Appendix SCA-C due to IBOC interferer in +16 dB D/U case (no
slubcarriers),l McMartin- after repair) pg. 2 ' noise); this impact masked by 30,000K noise.
single 1st ad. - Table 4, pg. 12 (67 kHz, Norver) Subjective: 67 kHz: audio quality reduced when IBOC
'szzim(e) gor?\g) 1492 kHz, interferer present (e.g., fair to poor);
“Table 6, pg. 16 (92 kHz ComPol) |9B20kC|:-|Z audio quality bad to poor with or without
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Lab - F/SC.2, Appendix SCA-A: Appendix SCA-A: | Objective: 67 kHz: McMartin receiver fails with IBOC
FISC.6 - IBOC - Table 2, pg. 8 (67 kHz, McMartin- - Table 17, pg. interferer at —30 dB D/U; Norver receiver fails with
O analog before repair) 45 both IBOC, analog interferers at -20 dB D/U
(analog FM - Table 3, pg. 10 (67 kHz, Appendix SCA-C 92 kHz: CozmoCom receiver SIN reduced 3-15 dB
subcarriers), McMartin- after repair) pg. 3 ' by IBOC interferer at -20 dB D/U; ComPol reduced
single 2nd adj. - Table 4, pg. 12 (67 kHz, Norver) 14-21 dB by IBOC interferer at -20 dB D/U.

-ngr?wlggcl)r?% 14 (92 kHz, Subjective: 67 kHz: McMartin audio quality goes from

~Table 6, pg. 16 (92 kHz ComPol) f[z;1/|lrJ t;o bad when IBOC interferer present for -30 dB
92 kHz: receivers fail with IBOC interferer at -30 dB
D/U but audio quality was bad to poor with analog
interferer.

Lab-F/SC.3 - Appendix SCA-A: n/a Results with IBOC and analog interferers identical for
IBOC O analog - Table 7, pg. 18 (RDS) RDS, nearly identical for DARC.

(digital FM - Table 8, pg. 20 (DARC)
subcarriers),
single 1st ad.

Lab-F/SC4 - Appendix SCA-A: n/a Results with IBOC and analog interferers identical for
IBOC O analog - Table 7, pg. 18 (RDS) RDS, nearly identical for DARC.

(digital FM - Table 8, pg. 20 (DARC)
subcarriers),
single 2nd adj.

Lab-G.1-1BOC nfa Appendix D: Subjective: Delphi, Pioneer: IBOC interferer degraded
O analog (main - Table 10, pg. performance at +6 dB D/U, impact most significant
channel audio) 21 for speech programming;
with multipath, Appendix |, pg. Technics, Sony: n/a (mobile receivers only)
single 1st adj. 39.33 '

Field - C.3 - 1st Appendix F9: Main report: Objective: Longley-Rice predicted maps suggest only
adjacent - Pg. 3 (WETA locations) - Fig. 27, pg. 42 scattered small spots of IBOC impact in areas
compatibility - Pg. 4 (WETA differential field - Fig. 28, pg. 43 where good analog reception should now be

intensity map) - Fig. 29, pg. 44 possible.
-Pg.5 (WPOC chationg,) ) -Fig. 30, pg. 45 Subjective: Delphi, Sony: IBOC interferer degraded
. Pg. 6 (WPOC differential field - Table 7, pgs. analog audio quality across all programming
intensity map) . 49'.50 formats to some degree, but not to point that at
-Pg. 7 (WNEW chanon;) ) -Fig. 34, pg. 51 least half of listeners would tune away;
- Pg. 8 (WNEW differential field -Fig. 35, pg. 52 Pioneer, Technics: IBOC interferer degraded
intensity map) Appendix I: analog audio quality across all programming
-Pg. 18 formats to some degree, but with the exception of
- Pg. 20 (with speech programming not to the point that at least
multipath) half of listeners would tune away;
: iBiquity reports no complaints from anyone
Appendix N (listeners, broadcasters, etc.) about degraded
analog audio quality throughout entire field test
program.

The data from the NRSC’s FM IBOC compatibility tests seems to indicate that listeners were
more critical of interference at a particular D/U ratio when the results came from the laboratory than when
they came from the field. Additional information on this is provided in Appendix H of this report.

4.12.1 Co-channel compatibility

Introduction of hybrid FM IBOC should not add additional co-channel interference into the FM
band. This is due to the fact that the power level of the analog portion of an interfering IBOC signal is 20
dB greater than that in the IBOC digital sidebands, and also to the fact that the analog portion of the
interferer is frequency coincident with the analog portion of the desired signal, while the IBOC digital
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sidebands are in effect adjacent to the analog portion of the desired signal. Because this performance is
dictated by design, the NRSC test procedures do not include tests for co-channel compatibility.

4.12.2 1st-adjacent channel compatibility

The digital sidebands in iBiquity’s FM IBOC system occupy a portion of the spectrum used by
the analog signals of the two first adjacent channel stations (as illustrated in Figure 2 above). That is, one
of the digital sidebands for a particular FM IBOC station occupies a portion of the same spectrum used by
an analog signal that is one channel below it, and the other digital sideband for the IBOC station occupies
a part of the same spectrum used by the analog station that is one channel above it. As a result, first
adjacent channel compatibility is one of the more significant challenges for the FM-band IBOC system.

In order to control first adjacent channel interference in the all-analog environment today, the
FCC will only permit a new or modified FM station to go on the air if the new station will produce a
signal at least 6 dB weaker than the signal of any nearby first adjacent channel station at the protected
contour of the nearby first adjacent channel.

When analyzing the compatibility data that was collected during the NRSC’s FM IBOC test
program, a basic distinction was made between FM IBOC’s impact inside the protected contours of
existing analog stations versus its impact outside these protected contours, with the NRSC electing to
focus on the area inside the protected contour. The NRSC is cognizant, however, that FM IBOC will
potentially have an impact on analog listening beyond the protected contour, and for the broadcasters,
receiver manufacturers and listeners to whom this is important an analysis of this impact is also provided.

4.12.2.1 1st-adjacent channel compatibility — inside the protected contour

The test program measured the performance of analog receivers when subjected to first adjacent
channel FM IBOC signals at specific desired-to-undesired signal (D/U) ratios. Laboratory measurements
were taken at 10 dB D/U intervals from +16 dB D/U to -24 dB D/U. Field measurements were taken at
various D/U ratios from +6 dB D/U to -14 dB D/U. This test method allows the D/U ratio at which the
FM IBOC signal will interfere with first adjacent channel analog reception to be identified within a
specific range of D/U values for each test condition.

Included in the FM Test Data Report are the results of a subjective listening experiment in which
typical radio listeners rated the audio quality of various audio segments, and also indicated whether or not
they would continue listening to a station with that level of audio quality.”* The results of this experiment
provide the point, in terms of audio quality defined by an absolute quality rating mean opinion score
(ACR-MOS) ranging from one to five, at which half the listeners stopped listening to a station for three
types of programming (classical, rock and speech). Instead of five integer numbers, the listeners were
asked to choose from among five adjectives (excellent, good, fair, poor and bad) when rating the audio.
When converted to numerical values for analysis these adjectives were assigned the values five, four,
three, two and one, respectively. The ACR-MOS scores where half the listeners stopped listening to the
three types of program material are presented in Table 19.

2 EM IBOC Test Data Report, Appendix J.



FM IBOC System Evaluation Page 54

Table19: Tune-out point for different types of programming

AUDIO QUALITY AT AND BELOW WHICH
TYPE OF HALF OF LISTENERSWOULD NOT LISTEN
PROGRAMMING (ACR-M OS SCORE)
Classical 2.1
Rock 2.0
Speech 2.3

In addition to subjective ratings for audio samples from both the laboratory and the field,
objective measurements of audio signal-to-noise levels were performed during laboratory tests. When
one compares the D/U ratios where the subjectively rated tune-out points occurred in the iBiquity test
report with the D/U ratios where the objectively measured 30 dB WQP S/N ratios occurred in the iBiquity
test report, there is strong correlation. Thus, it appears that 30 dB WQP as measured on the test platform
is the S/N ratio below which listeners will not listen to analog FM radio.

Using the subjectively-rated tune-out points listed in Table 19, and the 30 dB WQP S/N ratio
objective criteria, the bounds within which tune-out occurs under each test condition can be determined
from the FM IBOC test results. To determine these bounds, the two D/U ratios between which received
analog FM audio quality in the presence of first adjacent channel FM IBOC signals went from above the
tune-out point to at or below the tune-out point must be identified. Then, analog reception in the presence
of first adjacent channel analog signals at these two D/U ratios must be compared with analog reception
in the presence of FM IBOC signals at these D/U ratios. If there is no significant difference between the
analog audio quality in the presence of first adjacent analog signals at both D/U ratios, and the analog
audio quality in the presence of first adjacent FM IBOC signals at both D/U ratios, then it is reasonable to
conclude that the introduction of FM IBOC would not have any significant impact under the given test
conditions. However, if there is a significant difference between the analog audio quality in the presence
of first adjacent analog signals at one or both of the D/U ratios, and the analog audio quality in the
presence of first adjacent FM IBOC signals at one or both of the D/U ratios, then it is reasonable to
conclude that the introduction of FM IBOC would have an impact under the given test conditions.

Employing this logic, testing was conducted that was designed to stress the system and find the
points at which there was a potential for interference from the FM IBOC system. It was found that 20 out
of 82 tests suggested a potential impact inside the protected contour.” Of the 20 tests that showed a
potential for new interference inside the protected contour, 16 were laboratory tests. It is believed that the
analog audio samples recorded in the laboratory were judged more critically by the listeners than were the
samples recorded in the field because the automobile receivers were operating in stereo when the samples
in the laboratory were recorded, and in mono when most of the samples in the field were recorded, and
interference is more noticeable during stereophonic reception than it is during monophonic reception.
Stereo reception occurred in the lab while mono reception occurred in the field because the receiver input
signal level used in the laboratory was significantly higher than the receiver input signal level for many of
the field tests, and at the lower receiver input signal levels the automobile receivers automatically switch
to monophonic reception to reduce audible noise. Thus, one might expect the laboratory results to be
more indicative of listener reaction when a pair of first adjacent stations are short-spaced and thus
producing strong desired and undesired signal levels for listeners, a relatively infrequent occurrence. The

% Based on field test results, and laboratory results with 30,000K AWGN RF noise — see Section 4 above for additional information
on use of 30,000K AWGN.
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field tests, on the other hand, are believed to be more indicative of the typical first adjacent channel
spacings that exist in the FM band.

Focusing on the field test data, only 4 of 18 tests would suggest the potential for new interference
inside the protected contour. And, of these four tests, only one produced results with a confidence
interval that indicates at least fifty percent of listeners would stop listening to the station due to the
interference from the first adjacent IBOC station. These field test results are summarized in Table 20.

Table20: Summary of 1st-adjacent FM 1BOC impact inside protected contour

FIELD TESTS
SHOWING NEW INTERFERENCE |INSIDE
PROTECTED CONTOUR THAT WouLD CAUSE AT
RECEIVER TYPE ToOTAL LEAST HALF OF LISTENERSTO TUNE OUT
OEM auto 6 0
Aftermarket auto 6 0
Home hi-fi 3 1
Portable 3 0

Based on the results summarized in Table 20 it appears that the introduction of FM IBOC will have no
significant impact inside the protected contours of FM radio stations.

4.12.2.2 1st-adjacent channel compatibility — outside the protected contour

The area beyond the protected contour requires a different type of analysis than the area within
the protected contour because beyond the protected contour the question is not if there will be new
interference, but rather how much. Stations are expected to receive interference beyond the protected
contour even with the analog FM transmissions of today. To determine how much new interference
might occur to analog reception with the introduction of FM IBOC, data was collected at a number of
D/U ratios that occur beyond the protected contour.

Laboratory and field data was collected for 12 D/U ratios typically found outside the protected
contour. The majority of this data was collected for the automobile receivers. There was a limited
amount of data collected for the home hi-fi and portable receivers, and it served to confirm that these
receivers are generally not capable of producing acceptable levels of audio quality when located beyond
the desired station’s protected contour due to analog first adjacent channel interference. Since there
would in that case be no additional impact due to FM IBOC (from the listener’s perspective), the data for
these receivers is not included in this analysis.

All of the beyond-the-protected contour first adjacent channel data for the automobile receivers
was analyzed and it was found that 21 out of 58 tests suggested that there would be some new
interference outside the protected contour.”* Of the 21 tests that showed some new interference outside
the protected contour, 16 were laboratory tests. As discussed above, the receiver input signal level used
in the lab for the +6 and -4 dB D/U ratio tests was considerably higher than the receiver input signal
levels from many of the field test sites for these D/U ratios. When the field tests alone are considered,
only 5 of 34 tests would suggest some new interference outside the protected contour. And, of these five

2 As with the inside-the-protected contour data, only the results with 30,000K added were used from the laboratory. See
footnote 23.
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tests, only three produced results with a confidence interval that suggested at least fifty percent of
listeners would stop listening to the station due to the interference from the first adjacent IBOC station.
These results are summarized in Table 21.

Table21: Summary of 1st-adjacent FM IBOC impact outside protected contour

FIELD TESTS

SHOWING NEW INTERFERENCE OUTSIDE

D/U RATIO PROTECTED CONTOUR THAT WOULD CAUSE AT

(dB) TOTAL LEAST HALF OF LISTENERS TO TUNE OUT
+4 2 0
-1 2 0
-4 6 1
-6 4 0
-8 2 0
-9 6 0
-10 2 0
-11 2 0
-12 2 2
-13 2 0
-14 4 0

It should be noted that, of the 34 first adjacent field tests for the automobile receivers, 24 (or
71%) were collected using rock or country programming as the desired audio. Six (or 17%) were
collected with speech as the desired audio, and 4 (or 12%) were collected with classical music as the
desired audio. Because the test results, in general, indicate that interference at a particular undesired
signal level will be more annoying to listeners when the desired programming is speech than when it is
rock or country music, it is reasonable to assume that FM IBOC will have a more significant impact on
speech programming beyond the protected contour than the data in Table 21 suggest. Any impact from
IBOC, however, for speech and other formats is expected to be limited by the fact that there are small
geographic areas where listeners experience these levels of first adjacent interference and still receive
adequate analog reception. Moreover, because any potential impact from IBOC will be limited to
automobile receivers, the impact should be further reduced by the fact that the listener is mobile and will
move through any areas of interference. As the D/U ratio changes dynamically with the movement of the
automobile, any IBOC impact may quickly disappear.

It should also be noted that the perceived audio quality from the automobile receivers did not
steadily decline as the interfering signal got stronger. There are several cases in the data where increasing
the strength of the interfering signal actually improved the rating that the listeners gave to the desired
audio. This is likely because automobile receivers are competitively designed for harsh reception
conditions and, as interfering signals get stronger, circuitry inside these radios activates to perform
functions such as switching to monophonic reception or narrowing the receiver’s intermediate frequency
bandwidth to better block out the interference. Laboratory testing by the NRSC subsequent to the release
of the iBiquity FM IBOC test report has found that this sort of circuitry will activate in automobile
receivers in the presence of strong interfering signals on second, fifth, tenth and twentieth adjacent
channels. This is undoubtedly because this type of interference can occur anywhere within a station’s



FM IBOC System Evaluation Page 57

listening area, and receiver manufacturers want their products to perform well throughout this area. This
suggests that the introduction of FM IBOC may, in many cases, cause mobile analog reception outside the
protected contour to become more monophonic than it is now. However, it is important to note that
listeners today frequently receive a monophonic signal, even within the protected contour, and are
satisfied with that analog reception. In many cases, listeners prefer unimpaired monophonic reception
when compared to impaired stereo signals. Therefore, it can be assumed that the introduction of IBOC
and any increase in monophonic reception will not degrade the listening experience in the majority of
cases.

It appears that the introduction of FM IBOC will, in certain cases, have some negative impact on
analog reception outside the protected contours of FM radio stations. This impact is most likely to be
perceptible when the desired analog FM programming is primarily speech. Also, it is only expected to
affect automobile receivers because home hi-fi and portable receivers are generally not capable of
receiving good audio in the presence of first adjacent channel analog signals beyond the protected contour
today. Moreover, because the level of severe first adjacent interference required for any IBOC impact is
limited geographically to small areas, any potential impact will be further limited. It appears that the
introduction of IBOC will not degrade the listening experience in the majority of cases.

4.12.2.3 NRSC Study on 1st-adjacent channel interference

To illustrate how one might go about predicting where potential areas of new interference might
occur in an analog FM station’s coverage area with the introduction of a first adjacent channel FM IBOC
signal, the NRSC commissioned a study by the engineering consulting firm Denny & Associates, P.C.,
and TechWare, Inc., a software contractor with extensive experience predicting interference associated
with the rollout of digital television. The study results are in Appendix I.

This study cannot be used to make general conclusions about the amount of interference that
might occur with the introduction of FM IBOC because only six stations were studied. Furthermore, for
the six stations that were studied it is not expected that all listeners in the areas where new interference is
predicted would tune away from the desired analog station because of the interference. The subjective
ratings of audio quality that were the basis for picking the D/U ratios at which new interference might
occur are indicative of only half of all listeners finding the new interference so objectionable that they
would tune away. Thus, the interference areas indicated in the study are really predicting areas where, at
most, half of all listeners might be inclined to tune away. And, in some portions of these interference
areas, the predicted impact would be on fewer than half of all listeners because the subjective evaluation
results on which the predictions are based indicated that fewer than half of all listeners found that level of
interference objectionable.

While the areas of interference predicted by the study may tend to overstate the potential impact
of FM IBOC as just described, in some respects they may also understate it. The study assumes that the
impact of FM IBOC on first adjacent analog stations will not be noticed at D/U ratios lower (i.e., more
negative) than -4 dB because it is assumed that analog reception at these locations is already impaired.
Based on the field test data for speech programming, this appears to be an accurate assumption.
However, speech programming samples were only collected at fixed locations in the field. Mobile field
test results, which are arguably more illustrative of the performance of automobile radios, were only
conducted for rock/country programming. These results indicate that both automobile radios produced
audio that was acceptable to most listeners at the -12 dB D/U ratio when the undesired signal was analog,
but unacceptable to most listeners when the undesired signal was FM IBOC. Thus, in the case of
rock/country programming, the study results in Appendix I predict no interference in some areas where
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the test data suggests new interference may actually occur (e.g., at the -12 dB D/U ratio). It should be
noted, however, that while the +6 dB to -4 dB D/U criteria used to predict interference in the study causes
the impact on rock/country programming at -12 dB to be missed, it also greatly exaggerates the impact on
rock/country programming within the +6 dB to -4 dB D/U range because, within this range, the subjective
test results indicate that listeners are less likely to find the impact of FM IBOC on rock/country
programming to be objectionable than they are to find its impact on speech programming objectionable.

Overall, it is extremely difficult to produce a simple, set methodology that can easily be applied
to all stations for predicting FM IBOC’s impact on first adjacent channel analog reception. The impact
that FM IBOC will have is very dependent on the type of receiver that is assumed, and on the
programming being broadcast on the desired analog station. Furthermore, as discussed in Appendix I the
strength of the two signals involved also plays an important role. It appears that when the two stations are
closely spaced, and thus their signals are strong, automobile receivers are more likely to be operating in
the stereo mode and listeners are therefore more likely to find first adjacent FM IBOC interference
objectionable. However, when the two stations are farther apart and thus their signals are weaker,
automobile receivers are more likely to be operating in the monophonic mode and listeners are therefore
less likely to find first adjacent FM IBOC interference objectionable. To predict with any degree of
confidence the amount of new interference that listeners of any particular FM station might experience as
a result of the introduction of FM IBOC, all of these factors must be taken into account.

4.12.3 2nd-adjacent channel compatibility

The NRSC test program included tests to determine the impact of a 2nd-adjacent channel FM
IBOC signal on an analog signal. As in previously discussed compatibility tests, the procedure here was
to measure the S/N ratio in the main channel audio portion of an analog FM signal, first with an analog
interferer, then with a hybrid FM IBOC interferer, and then to subjectively evaluate audio recordings
made under these conditions.

The data from the (objective) S/N measurements for all four analog receivers are presented in
Figure 20. In the top two graphs, data obtained on the automotive receivers is shown, indicating that
these receivers were not impacted by the presence of the IBOC digital sidebands on the 2nd-adjacent
channel interferer. This is most likely due to the fact that the automotive receivers have very selective
front-end IF filters which eliminated the 2nd-adjacent channel interference.
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Figure 20. 2nd-adjacent compatibility — objective test results with analog and hybrid interferers

(lower 2nd-ad;j., with 30,000K noise)

The graph in Figure 20 on the lower right shows that for the home hi-fi receiver, as the level of

the 2nd-adjacent channel interferer was increased, there was some impact on the desired analog audio

signal due to FM IBOC. In particular, at D/U ratios of -35 dB and -40 dB, the S/N ratio in the desired

main channel audio was reduced by 10 dB and 28 dB, respectively, with respect to the S/N ratio achieved

shown in Figure 21, where in the -40 dB case the audio quality in the desired analog signal is reduced

when an analog (i.e. non-hybrid IBOC) interferer was present. The subjective results for this receiver are
from “fair” to “bad.”
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Figure 21. 2nd-adjacent compatibility — subjective test resultswith analog and hybrid interferers
(home hi-fi receiver, lower 2nd-adj., with 30,000K noise)

There are a number of reasons why the hi-fi receiver results presented here are of less concern
than the 1st-adjacent channel interference results (outside the protected contour) presented in Section
4.12.2.2 above. Because this receiver is stationary, its antenna can be oriented so as to minimize adjacent
channel interference problems. In addition, testing done on other hi-fi receivers (see Appendix H)
suggests that the hi-fi receiver tested used in the NRSC FM IBOC tests is among the most susceptible to
2nd-adjacent channel interference and that other hi-fi receivers will be affected less.

In the final graph of Figure 20 (in the lower right) for the portable receiver, again some impact
due to the presence of the IBOC digital sidebands on the hybrid interferer is noted, however in this case
the S/N ratio in the desired main channel audio signal is so low (irrespective of whether the interferer is
hybrid FM IBOC or not), the small additional interference due to the FM IBOC digital sidebands is not
significant.

4.12.4 Findings

For the three cases considered, the following findings apply regarding the introduction of hybrid
FM IBOC into the FM band:

Co-channel interference: no impact on analog reception (by design).

1st-adjacent channel interference: listeners within the protected contour should not perceive an
impact, but a limited number of listeners may perceive an impact outside of the protected contour under
certain conditions.

2nd-adjacent channel interference: NRSC tests indicated that some receivers (with performance
similar to the NRSC analog automotive and portable receivers) should not experience an impact on
performance due to 2nd-adjacent channel hybrid FM IBOC interference, however, a very limited number
of receivers (with performance similar to the home hi-fi receiver used in the NRSC tests) might
experience a negative impact for -30 to -40 dB (and more negative) D/U ratios.
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4.13 Impact on SCA reception

Subcarriers are utilized on slightly less than half of FM stations, according to a 1997 report by
NAB.* Of particular interest are subcarriers utilized for radio reading services and other audio services
operating with analog subcarriers, the RBDS subcarriers delivering station information to consumer
receivers so equipped, and data subcarriers, including RBDS and DARC technologies, providing
proprietary data services through third parties on a subscription basis.

The NRSC test plan included testing of subcarrier receivers for compatibility with FM IBOC
signals on the host and first and second adjacent stations. iBiquity submitted the results of this testing,
which included a report on objective test data from the ATTC and a summary of Dynastat subjective
testing on lab and field test recordings. The Evaluation Working Group prepared its own detailed
evaluation of the results, which is presented in Appendix J.

4.13.1 Findings

In order to evaluate any impact of IBOC on SCA services, the NRSC developed test procedures
and witnessed SCA compatibility tests for the IBOC system. Laboratory tests were performed at ATTC
and field tests were performed using the facilities of WPOC and experimental station WD2XAB.

The NRSC recognizes that adequate reception of SCA audio is a complex procedure that is very
dependent on a host station’s operating parameters, distance from transmitter, and adjacent channel
signals. In most cases, analog reception of SCA programming is optimized by listeners orienting
receiving antennas for best-recovered audio. The limitations of SCA reception are well known to users of
analog SCA services and are for the most part accepted and tolerated. It is expected that a new generation
of digital technology will be offered by IBOC, with its auxiliary capacity, that will provide significantly
improved reception and that existing analog SCA services will over time migrate to them.

During the course of evaluating the various laboratory analog SCA test results, both with and
without the addition of IBOC, the NRSC discovered what appear to be significant performance disparities
among the receivers used for the tests. In some tests, little or no impact was observed after the
introduction of an IBOC signal. However in other tests significant impact was noticed. Similarly in field
tests with and without IBOC, some receivers performed well, while others failed totally.

At the time the SCA tests were developed by the NRSC, the DAB Subcommittee felt that the
SCA test program would be sufficient to determine conclusively whether or not the adoption of IBOC by
FM broadcasters would have an adverse impact on SCA reception. Indeed, careful evaluation of test data
shows that the digital SCA services tested (RDS and DARC) should not be adversely impacted by IBOC.

For the case of analog SCA services, some questions still remain as to the impact of IBOC on
such services. In order to answer these questions and to provide additional clarity to this matter, iBiquity,
National Public Radio and the International Association of Audio Information Services have agreed to
expeditiously perform a series of additional tests for the purpose of determining how certain SCA
receivers will perform after IBOC is implemented on host and adjacent channel stations. The NRSC

% See “NAB FM Subcarrier Market Report/Technology Guide,” NAB, 1997, pg. 48.
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encourages the rapid completion of these tests in time to provide meaningful input to the FCC for its
consideration.

4.14 Industry subjective evaluation

In order to ensure that radio broadcasters have a part in the direct subjective evaluation of IBOC
test data, the NRSC worked with iBiquity to develop and conduct an Industry Evaluation. The evaluation
was conducted September 5-7, 2001 at the NAB Radio Show in New Orleans.

A total of 61 volunteers from the radio broadcast industry participated in the program.
Participants were chosen from a list of volunteers recruited by the NAB through direct solicitations
distributed via the Web, email and print.

The methodology used in this evaluation followed very closely that used at Dynastat as described
earlier in this report. However, Dynastat chose as its participants members of the general public who
were not necessarily associated with the radio industry. Audio samples used were obtained from digital
recordings representing a variety of relevant laboratory and field tests of the IBOC system.

The results of the Industry Evaluation, for all practical purposes, were the same as those obtained
in the Dynastat program, demonstrating that the broadcast industry participants were no more or less

affected by the various test audio samples than the participants from the general public.

Data from the Industry Evaluation is attached to this report as Appendix K.








