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Figure 3. Illustration of potential interference between 2"*-adjacent AM IBOC signals

Proximity of digital sidebands to 3"-adjacent channel signals: the digital sidebands of the AM

IBOC signal are located such that they could potentially interfere with (and receive interference

from) a 3"-adjacent AM IBOC signal’s digital sidebands (Figure 4). The NRSC test procedures
include tests that characterize this behavior.
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Figure 4. Illustration of potential interference between 3"-adjacent AM IBOC signals

Blend from enhanced to core: as discussed above, the audio coder in the iBiquity system creates

two digital audio streams — enhanced and core. When all sideband groups (primary, secondary,
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observers were present for the vast majority of all lab tests conducted at both laboratories. The ATTC
was also involved in preparing the recorded audio cuts for the subjective evaluation, which was done by
another independent testing contractor, Dynastat, Inc.

3.3 Field tests

Field testing of a new broadcast system is necessary to determine performance in “the real world”
where all of the various factors that impact propagation and reception of radio signals exist to varying
degrees depending upon time of day, geographic location and environmental factors. For the NRSC test
program, four AM stations were selected for use in field testing (Table 4).

Table 4. AM IBOC field test stations

STATION FORMAT LOCATION PRINCIPAL TEST CONDITION(S)T COMMENTS
WD2XAM 1660 | Test Cincinnati, OH (a) low interference and no grounded 10.0 kW, 1 tower
conductive structures Daytlme 1660 kHz
(b) low ipten‘erence and grounded 1KW. 1 tower
conductive structures Nighttime 1650 kH
(f) power lines (not high-tension) overhead in 9 !me z
urban areas Experimental
WWwJ 950 News/talk Detroit, M (a) low interference and no grounded 50 kW (day), 50 kW (night)
conductive structures
DA2
(b) low mterference and grounded 5 towers
conductive structures
(f) power lines (not high-tension) overhead in
urban areas
WTOP 1500 News/talk Washington, DC | (a) low interference and no grounded 50 kW (day/night)
conductive structures
DA2
(b) low ipterference and grounded 3 towers
conductive structures
(c) single first adjacent interferer
(d) single second adjacent interferer
(f) power lines (not high-tension) overhead in
urban areas
KABL 960 Adult Oakland, CA (a) low interference and no grounded 5 kW (day/night)
Standards conductive structures DA1
(b) low ipterference and grounded 3 towers
conductive structures
(f) power lines (not high-tension) overhead in
urban areas

tletters in parentheses refer to test condition designations used in AM field test procedures

Data collection in the field was done using a test vehicle provided by Xetron (shown in Figure 5
and Figure 6). It was outfitted with an array of test equipment and computers, and utilized four analog
AM receivers (see Table 6) and an iBiquity AM IBOC prototype receiver for capturing analog and IBOC
radio transmissions, respectively.
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measurements done in the field were done with the test vehicle stationary. NRSC observers also
participated in the preparation of audio cuts obtained in the field for subjective evaluation. As was true
for the laboratory tests, an independent test contractor, Dynastat, Inc., conducted the subjective
evaluations.

Note that, because of limitations of the audio program used at the three commercial field test sites
(WTOP, KABL, WW)), the digital audio generated at those stations could not take full advantage of the
improvements in audio bandwidth that AM IBOC has to offer. This makes the comparison between AM
IBOC and analog audio recordings obtained from these commercial sites less meaningful than similar
comparisons done using recordings obtained from WD2XAM. As an experimental station it was set up to
take full advantage of the AM IBOC system (i.e. full-bandwith, stereo audio plant and stereo audio
program material).

3.4 Analog AM Receivers

Four commercially-available analog AM receivers were used for compatibility testing of main
channel audio services (see Table 6 below). These receivers were chosen to be representative of the vast
majority of receivers used in the U.S. In December, 2000, CEA’s Market Research Department provided
the NRSC with the names of three of the top five brands, listed alphabetically, for each of three general
receiver categories (Table 5), indicating that any model of radio from one of the brands indicated in Table
5 would represent one of the top-selling models in the U.S. in December, 2000.

Table 5. CEA AM/FM receiver market research results -- December 2000

RECEIVER TYPE 3 OF TOP 5 BRANDS
Home (hi-fi) Pioneer, Sony, Technics
CD boom box Aiwa, Philips, Sony
Auto aftermarket CD Kenwood, Pioneer, Sony

To determine that these receivers were representative of typical receivers on the market, nine
different AM receiver models were characterized by Mr. Robert McCutcheon, who has performed
extensive radio receiver tests for the NRSC in the past.”’ In light of the CEA receiver market data, and
Mr. McCutcheon’s analysis, it was concluded that these receivers are, in fact, representative of the
performance of typical AM receivers on the market.

Table 6. Analog AM receivers used in the NRSC test program

MANUFACTURER MoDEL No. TYPE
Delphi 09394139 OEM automotive receiver
Pioneer KEH-1900 Aftermarket automotive receiver
Sony CFD-22S Portable radio
Technics SA-EX140 Home hi fi receiver

2 See Appendix D for data resulting from Mr. McCutcheon’s characterizations.
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Also of interest are results comparing AM IBOC audio quality to that of unimpaired analog FM
audio quality (Figure 11),> a comparison directly addressing one of the NRSC’s performance goals for
AM IBOC (Table 7). These results show that on average AM IBOC achieves virtually the same audio
quality as FM analog, and are especially significant since the AM IBOC results shown here include
recordings made in both enhanced digital and core digital modes.
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Figure 11. Comparison of AM IBOC and FM analog subjective evaluation results
aggregating all laboratory test conditions®*

441 Findings

The iBiquity hybrid AM IBOC system with MPEG-2 AAC perceptual audio coding demonstrates
significantly improved audio quality compared to existing analog AM in mobile listening environments
(as tested in the field), and in a variety of impairment conditions tested in the laboratory. Laboratory tests
have further shown that under these impaired conditions, AM IBOC audio quality is comparable to that
achieved by analog FM radio in an unimpaired environment. Since the final version of this system will
utilize a proprietary iBiquity perceptual audio coding algorithm and not MPEG-2 AAC, no direct findings
on the unimpaired audio quality of the final system can be made at this time.

4.5 Criteria 2, 3 — Service area, durability

Table 10 lists the test results pertaining to service area and durability of the iBiquity AM IBOC
system. These two criteria have been combined in this section because they essentially share the same list
of tests (from the test procedures) from which conclusions can be drawn.

2 Taken from pg. 7 of main text of AM Test Data Report.
# See footnote 22.
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Table 10. AM IBOC test results pertaining to service area and durability
TEST NO. SUBJECTIVE ANALOG
(PROCEDURES) OBJECTIVE DATA DATA BENCHMARK RESULTS / COMMENTS
Lab-B.1—-AWGN | Appendix I: Appendix [: None Enhanced and core audio
- Fig. 5-1, pg. 9 - Table 5-2, pg. quality similar for Rock,
8 Voiceover types; enhanced
; better than core for Classical
Appendix G, pg. 4 '
PRedix S, pg Speech types
Lab-C.1- Appendix I: Main report: Subjective only — | Sensitivity to impulse noise
Impulse noise - Fig. 5-2, pg. 12 (120 Hz) -Fig. 11,12, pg. | MOS scores for increases with repetition rate,
- Fig. 5-3, pg. 13 (120 Hz, 1st adj.) 16-17 OEM and duty cycle
- Fig. 5-4, pg. 13 (330 Hz) A ix | aftermaket B . I 1st-adi
Fig. 55. pg. 14 (330 Hz, 1stagj) | "PREndX automotive OC audio quality, no 1st-ad.
. Table 5-4, pgs. X chan. interferer
- Fig. 5-6, pg. 14 (510 Hz) ) receivers s ;
Fig. 5-7. pg. 15 (510 Hz, 1st adj. 10-12 Core: fair to good while
LS Y ' : . | for all
(R0 38 p0 15 (201 | B G
- Fig. 5-9, pg. 16 (1200 Hz, 1st (only 120 Hz, : - 1OV
19. 5%, ' quality good while analog
ad;) 210 Hz, 1800 Hz oor to fair for all 3 cases
- Fig. 5-10, pg. 16 (1800 Hz) subjectively P e
- Fig. 5-11, pg. 17 (1800 Hz, 1st evaluated) IBOC audio quality with +6 dB
adj.) upper 1st-adj. -
- Fig. 5-12, pg. 17 (2000 Hz) Core: fair to good while
- Fig. 5-13, pg. 35 (2000 Hz, 1st analog poor to fair for all 3
adj.) cases
- Fig. 5-14, pg. 18 (PN) Enhanced: enhanced data
- Fig. 5-15, pg. 19 (PN, 1st adj.) not receivable irrespective of
impulse noise level
Lab-D.1 - Co- Appendix [: Main report: Subjective only — Blend D/U point +15 dB
channel IBOC - Fig. 5-16, pg. 25 - Fig. 8, pg. 13 MOIS scores for IBOC audio quality good to
= IBOC Appendix I: analog excellent while analog poor to
~Table 5-6, pg aftermarket auto, fair
21 "7 | home hi-fi
receivers
Appendix G, pg. 5
Lab-D.2-Single | Appendix I: Main report: Subjective only — | Blend D/U point:
and dual 1st - Fig. 5-17, pg. 26 (single 1st) -Fig. 9, pg. 14 MOS scores for all Single 1st, enhanced: +7 dB
adjacent - Fig. 5-18, pg. 26 (dual 1st) Appendix I: 4 NRSC analog Single 1st, core: <-14 dB
IBOC = IBOC ~Table 56, pg. receivers Dual 1st, core: 18 dB
21,22 IBOC audio quality, single 1st:

Appendix G, pg. 5

Core: fair to good while
analog either bad or failed
Enhanced: fair to good while
analog poor to fair

IBOC audio quality, dual 1st:
Core: fair to good while
analog poor to fair
Enhanced: enhanced data
not receivable irrespective of
impulse noise level
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Around the 10 dB D/U point (inside the protected contour) today’s AM radios are unable to provide audio
quality that would satisfy at least half of all listeners. At the 15 dB D/U point (farther inside the protected
contour) today’s automobile radios provide listenable audio, and would not be significantly affected by
the introduction of IBOC; however, today’s hi fi receivers do provide listenable audio that would become
unlistenable with the introduction of IBOC. At the 15 dB D/U point portable radios appear to provide
unlistenable audio with or without IBOC. Farther inside the protected service area, at the 30 dB D/U
point, all radios appear to provide listenable audio with or without IBOC.

The Committee’s findings are borne out by anecdotal observations made by Clear Channel
Communications and C. Crane Company. Clear Channel described AM IBOC compatibility observations
made in Frederick, Maryland on February 20, 2002, in cooperation with iBiquity. Clear Channel raised
concerns about a potential greater impact of AM IBOC on analog AM reception than is indicated by the
data in the AM IBOC Test Data Report.** C. Crane Company expressed concerns about the impact of
potential AM IBOC interference on listeners distant from AM stations.*!

4.12.3 2"-adjacent channel compatibility

The IBOC digital sidebands of an AM station also share spectrum with the analog signal of a
2" adjacent AM station (see Figure 3), though to a lesser extent than with a 1% adjacent station.
Therefore, 2™ adjacent channel compatibility is also a significant issue for AM IBOC. Both the
laboratory and field test results, summarized in Table 16, indicate that most listeners will not notice the
addition of an IBOC signal to a station that is 2™ adjacent to one to which they listen. However, the data
does seem to suggest that out at the point of prohibited overlap (0 dB D/U for the 2™ adjacent case®)
there may be some impact. For example, the portable radio’s audio quality was “good-to-fair” without
IBOC, and “poor-to-bad” with IBOC when tested under these conditions.

The AM IBOC primary digital sidebands start at 5,283 Hz and extend to 9,635 Hz from the desired
2" adjacent analog carrier. If the frequency response of the desired receiver extends beyond 5,000 Hz,
the receiver will detect the 2™ adjacent digital signal. Because the frequency response of the AM receiver
determines its sensitivity to the 2" adjacent digital carriers, this interference is receiver dependent. The
objectives of the 2™ adjacent compatibility tests were to measure any interference change with the
introduction of IBOC by comparing each receiver’s analog-to-analog S/N performance with digital-to-
analog S/N. The desired signal did not have digital sidebands.

Because the RF bandwidth of each AM receiver is determined by measuring the receiver audio
frequency response, audio frequency response measurements were made as part of the receiver
characterization tests for the NRSC’s AM IBOC testing (see Appendix D for the receiver characterization
results). Table 19, lines 1, 2 and 3 summarize the audio frequency response measurements made at
2 kHz, 4 kHz and 8 kHz. The 0 dB reference audio level was at 1 kHz. The maximum audio frequency
response variation between receivers at 8 kHz was 39 dB (see line 3 of Table 19). It is clear from the data
on line 3 that the auto radios are more selective (have narrower passbands) than hi fi and portable radios.

“ See Statement of Jeff Littlejohn, Senior VP Engineering Services, Clear Channel Communications, Regarding AM IBOC Field
observations, Presented to the National Radio Systems Committee, DAB Subcommittee, Evaluation Working Group, March 6, 2002.
! See Bob Crane memo to the NRSC, March 15, 2002.

#2 47 CFR Section 73.37.
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Table 19: 2" Adjacent Compatibility as a Function of Receiver Bandwidth

Line Test Description Delphi Pioneer Technics Sony
Auto Auto HiFi Portable
Xetron ATTC ATTC -
(dB) (dB) (dB) (dB)
1 Audio Frequency Response at 2 kHz -4.0 -4.0 -3.0 -4
2 Audio Frequency Response at 4 kHz -18 -15 -17 -11
3 Audio Frequency Response at 8 kHz -66 -63 -52 -27
4 Upper/Lower A-to-A 2™ Adj. S/N at 45/45 46/46 47/47 41/40
0.0 dB D/U
5 Upper/Lower D-to-A 2™ Adj. S/N at 44/44 43/38 38/33 30/22%
0.0 dB D/U
6 Upper/Lower Difference Between 1/1 3/8 9/14 11/18
A-to-A and D-to-A S/N
MOS MOS MOS MOS
7 Subjective IBOC off (Total) 0 dB D/U ) 3.5 (L)3.7 (L)3.7 @L)3.2
8 Subjective IBOC on (Total) 0 dB D/U U)3.4 (L)2.8 (L)2.0 @15
*Measured at —2 dB and +2 dB D/U and averaged, S/N was 22 dB

Table 19, line 4 shows a summary of the results of the 2™ adjacent analog-to-analog objective
reference tests at the 0 dB D/U. Line 5 shows the digital-to-analog results. Line 6 shows the S/N
degradation caused by the addition of the 2™ adjacent IBOC interferer. It is clear from the test data on
line 4 that the receivers are not adversely affected by the 2™ adjacent analog interference at 0 dB D/U.
The data on lines 5 and 6 show that the wideband receivers (hi fi and portable) are affected by the
2" adjacent IBOC interference.

The subjective test results on line 7 indicate that the audio was very listenable in the analog-to-
analog interference situation. The total ACR-MOS ratings for the analog-to-analog tests varied from 3.2
to 3.7 (“good-to-fair”) for all four receivers. Adding the 2" adjacent IBOC signal caused the ACR-MOS
to range from 1.5 (“poor-to-bad”) to 3.4 (“good-to-fair’’). The wideband radios had the lowest subjective
audio quality ratings.

As discussed in Section 4.12.2, the analog undesired signal modulated with audio extended to
10 kHz may overstate the effect of analog-to-analog 1% adjacent interference. With the 2™ adjacent
channels separated by 20 kHz and the widest band receiver frequency response down 27 dB at 8 kHz,*
there is little chance of interference caused by frequency overlap in the 2™ adjacent analog-to-analog
case. The test data on line 4 of Table 19 shows that receiver bandwidth has little to do with 2" adjacent
analog interference. Thus, the wideband undesired modulating signal for the 2" adjacent analog-to-
analog tests did not affect the 2™ adjacent test results.

The additional tests in the Clark Report were conducted using the OEM auto and portable
receivers. Because there are cases where the 2™ adjacent undesired signal can exceed the desired, it will
be necessary to use the extended data for interference analysis. Ata D/U of -15 dB the OEM auto S/N for
the analog-to-analog test was 45 dB, and with digital the S/N was 28 dB. At a D/U of -15 dB the portable
S/N for the analog-to-analog test was less than 29 dB with lower 2" adjacent interference, and 37 dB with
upper 2™ adjacent interference. S/N levels for intermediate D/U ratios can be determined using the data
found in the Clark Report.

3 See Table 19, line 3, under the Sony receiver column.
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The 2™ adjacent field tests were conducted at D/U ratios of 9-10 dB, 16 dB, and 21 dB. For the
laboratory digital-to-analog compatibility 15 dB D/U test, the lowest measured S/N was on the lower
adjacent channel for the portable radio, 35 dB WQP. The extended tests measured the S/N for the Delphi
and portable radios at a D/U of 9 dB. There was no detectable interference to the Delphi at 9 dB D/U, and
the worst-case side of the portable radio measured 28 dB WQP S/N.

The 2™ adjacent field tests were limited to three D/U ratios of 9-10dB, 16 dB, and 21 dB.
Columns 1, 2 and 3 of Table 20 summarize the field test results for the three D/U ratios. Only speech
assessment data is used for all of the subjective comparisons. Columns4, 5 and 6 summarize the
laboratory subjective and objective test data at the 15 dB D/U ratio.

With the minor exception of the portable receiver in column 2, at the three field test D/U ratios
there is little interference from the digital signal (columns 1, 2 and 3). The laboratory subjective tests
confirm the digital interference to the wideband portable receiver (column4). The high level of
interference to the hi fi receiver indicated by the subjective results from the laboratory was not confirmed
in the field, and the amount of interference from IBOC to the hi fi receiver indicated by the subjective
results from the laboratory was not confirmed by the objective results from the laboratory. The laboratory
digital subjective interference to the Hi-Fi radio was not confirmed by the objective tests.

Table 20: Summary of 2" Adjacent Compatibility Test Results

1 2 3 4 5 6
9-10 dB D/U 16 dB D/U 21 dBD/U 15dB D/U 15 dB D/U 15dB D/U
Receiver type Field Field Field Lab Lab Lab
D - Speech D - Speech D - Speech D - Speech Objective Objective
No IBOC/IBOC | No IBOC/IBOC | No IBOC/IBOC | No IBOC/IBOC IBOC off IBOC on
(ACR-MOS) (ACR-MOS) (ACR-MOS) (ACR-MOS) S/N (dB) S/N (dB)
Upper/Lower Upper/Lower
OEM auto 2.8/2.7 3.7/3.8 2.1/3.2 3.4/3.4 45/45 45/45
Aftermarket auto 2.72.8 3.9/3.9 3.2/3.4 3.712.5 46/46 46/45
Portable 1.7/1.8 2.8/2.2 2.6/2.6 3.4/1.4 41/41 39/35
Hi fi 2.8/2.6 3.5/3.1 2.9/3.0 3.9/2.1 48/48 47/46

Overall, AM IBOC compatibility with analog AM is receiver and D/U dependent. At the D/U
ratios tested, narrowband receivers are not sensitive to AM IBOC interference. However, the data in the
Clark Report suggest that, at lower and negative D/U ratios wideband hi fi and portable radios will
experience interference from the AM IBOC signal.

4.12.4 3"“-adjacent channel compatibility

Laboratory tests were the only type collected for 3™ adjacent channel situations, and the results
indicate that the addition of an IBOC signal to a 3" adjacent channel station will have no impact on a
desired station’s analog reception.

4.12.5 Findings

These findings are based on the test results that were collected during the NRSC testing process,
using the four receivers selected for this purpose.*

“** For more information about the receiver selection, see Section 3.4 and Appendix D.
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The introduction of AM IBOC is not expected to have any impact on the level of co-channel
interference due to the design of the AM IBOC system. Co-channel compatibility was not tested by the
NRSC.

Overall conclusions about 1% adjacent compatibility of the AM IBOC system are that the
interference caused by the introduction of the IBOC signal is predominantly determined by the D/U ratio.
Current FCC allocation rules permit 6 dB D/U ratios at an AM station’s daytime protected contour.”” At
the 10 dB D/U point, all AM radios tested, when receiving speech programming, are unable to provide
audio quality that would satisfy at least half of all listeners whether or not an interfering first adjacent
station is broadcasting the AM IBOC signal. At the 15 dB D/U point existing automobile radios provide
listenable audio, and would not be significantly affected by the introduction of IBOC; however, today’s hi
fi receivers do provide listenable audio that would become unlistenable with the introduction of IBOC.
At the same 15 dB D/U point portable radios appear to provide unlistenable audio with or without IBOC.
At the 30 dB D/U point, all radios appear to provide listenable audio with or without IBOC.

The data indicate that 2" adjacent interference from AM IBOC will be receiver and D/U
dependent. At the D/U ratios tested, narrowband (typically automobile) receivers are not sensitive to AM
IBOC interference, though hifi and portable receivers (i.e., wideband receivers) will experience
interference at the 0 dB D/U ratio, and at negative D/U ratios. Current FCC allocation rules permit 0 dB
D/U ratios at an AM station’s 5 mV/m groundwave contour.*®

AM IBOC is not expected to have an impact on the amount of 3" adjacent channel interference in
the AM band, and the test results confirm this.

547 CFR Section 73.37.
6 47 CFR Section 73.37.
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