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The NRSC's FM IBOC compatibility and analog reference tests used four consumer FM stereo
receiver models. These receivers were selected because their RF performance characteristics represent
receivers used for FM stereo broadcast reception in the U.S. The table lists the receiver make, type, and
IBOC test facility. The same model of each manufacture’' s receiver was used.

FM ReceiversUsed in the IBOC Laboratory and Field Tests
Reference Characterization
number M ake Type Test test size
01 Delphi Auto Field west Full
02 Delphi Auto ATTC laboratory Full
03 Delphi Auto Field east Short Form
05 Technics Hi-fi ATTC laboratory Full
06 Technics Hi-fi Field compatibility Full
10 Sony Portable/Table ATTC laboratory Full
11 Sony Portable/Table Field compatibility Short Form
17 Pioneer Auto Field west Full
18 Pioneer Auto ATTC laboratory Full
19 Pioneer Auto Field East Short Form

Prior to the start of IBOC laboratory and field-testing an independent test laboratory characterized
each receiver for RF sensitivity, RF selectivity, stereo separation, image rejection, 1M, and sensitivity to
narrow band noise. Over eighteen receivers were characterized of which the ten listed in the above table
were used for the IBOC compatibility tests and digital performance tests.

The independent test laboratory conducted seventeen-characterization tests on seven of the ten
receivers. Because of time restraints a limited number of characterization tests were conducted on the
three remaining receivers. The short form receiver characterization tests consisted of distortion, RF
level/SN, stereo separation, 1% adjacent selectivity, 2™ adjacent selectivity, IM, and narrowband noise
sensitivity.
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The following is alist of the characterization tests - those tests included in short form testing are
noted (SF):

1) Local oscillator frequency

2) (SF) Distortion at standard output level

3) RFinput overload

4) AM rejection

5) Image regjection

6) (SF) Curve tests — plots of RF level vs. signal-to-noise (mono, stereo); RF level vs. stereo
separation

7) Captureratio

8) Selectivity —1st adjacent (for 30dB RMS S/N)

9) Selectivity —2nd adjacent (for 30dB RMS S/N)

10) (SF) Selectivity — 1st adjacent (for 50dB RMS S/N)

11) (SF) Selectivity — 2nd adjacent (for 50dB RMS S/N)

12) Selectivity — 3rd adjacent (for 50dB RMS S/N)

13) 10.7 MHz rejection (not done)

14) 10.7 MHz intermodul ation

15) Local oscillator interference

16) (SF) Intermodul ation

17) (SF) Narrowband noise sensitivity

Included below are summary tables of the receiver characterization data collected for all ten
receivers used for the NRSC lab and field IBOC compatibility and performance tests. The tables list the
receiver make, test results, and the test facility (lab or field). The tables allow for the direct comparison of
receiver basic performance parameters. Each table does not show all the parameters tested. Complete
listings of all the test data are in the detailed receiver test reports.*

Attachment 1 to this Appendix includes block diagrams of each test mode; in Attachment 2, an example
of afull receiver characterization report is given, for one of the Delphi receivers tested.

1) L ocal oscillator freguency

94.1 + 10.7 = 104.8 MHz

LO Freguency Deviation
Receiver MHz MHz Test

01 Delphi 104.801 +0.001 Field west

02 Delphi 104.801 +0.001 ATTC laboratory
03 Delphi Short Form - Field east

05 Technics 104.750 -0.050 ATTC laboratory
06 Technics 104.748 -0.052 Field compatibility
10 Sony 104.801 +0.001 ATTC laboratory
11 Sony Short Form - Field compatibility
17 Pioneer 104.799 -0.001 Field west

18 Pioneer 104.798 -0.002 ATTC laboratory
19 Pioneer Short Form - Field East

! To be published by the NRSC.

Page D-3



2) (SF) Distortion at standard output level

1 kHz tone 75 kHz deviation, mono; test setup 2

Receiver THD % Léft THD % Right Test

01 Delphi 0.43 0.43 Field west

02 Delphi 0.48 0.35 ATTC laboratory
03 Delphi 0.40 0.40 Field east

05 Technics 0.15 0.18 ATTC laboratory
06 Technics 0.17 0.17 Field compatibility
10 Sony 0.28 0.28 ATTC laboratory
11 Sony 0.32 0.27 Field compatibility
17 Pioneer 0.38 0.39 Field west

18 Pioneer 0.36 0.38 ATTC laboratory
19 Pioneer 0.32 0.33 Field East

3) RF input overload

1 kHz tone, 75 kHz dev, mono; increase RF level until 5% THD at radio output, and record RF
level; test setup 1

RF level in dBm
Receiver at 5% THD Test

01 Delphi 22 Field west

02 Delphi 22 ATTC laboratory
03 Delphi SF Field east

05 Technics 22 ATTC laboratory
06 Technics 22 Field compatibility
10 Sony 20.2 ATTC laboratory
11 Sony SF Field compatibility
17 Pioneer 22 Field west

18 Pioneer 22 ATTC laboratory
19 Pioneer SF Field east

4) AM rejection

1 kHz tone 75 kHz deviation, mono; set radio audio to std. ref. level and record THD; set

modulation mode to FM (75 kHz), AM (30%), record THD; test setup 2
Receiver THD differencein dB Test

01 Delphi -0.10 Field west

02 Delphi 0.00 ATTC laboratory
03 Delphi SF Field east

05 Technics -0.83 ATTC laboratory
06 Technics -3.00 Field compatibility
10 Sony 0.00 ATTC laboratory
11 Sony SF Field compatibility
17 Pioneer 0.00 Field west

18 Pioneer 0.00 ATTC laboratory
19 Pioneer SF Field east
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5) | mage r gjection

Set radio audio to std. ref. level; decrease RF level until S/N ratio = 30dB, record RF level 1;
tune RF gen to desired freq. +/- 2X freg.; adjust RF level until S/N ratio= 30dB, record RF level

2; test setup 2
Receiver Image Rejection in dB Test

01 Delphi -48 Field west

02 Delphi -49 ATTC laboratory
03 Delphi SF Field east

05 Technics -53 ATTC laboratory
06 Technics -52 Field compatibility
10 Sony -22 ATTC laboratory
11 Sony SF Field compatibility
17 Pioneer -44 Field west

18 Pioneer -44 ATTC laboratory
19 Pioneer SF Field east

6) (SF) RFE level vs. S/N, separation

S/IN WQP; signal, noise vs. RF level mono; signal, noise vs. RF level stereo; stereo separation
vS. RF level; test setup 2

Mono WQP S/N at Stereo WQP S/N at Separation at
Receiver —55dBm / -90dBm -55dBm/-90dBm —55dBm/-90dBm
01 Delphi 64/45 56/45 29/0
02 Delphi 64/45 56/45 29/.5
03 Delphi 63/46 55/46 31/0
05 Technics 64/49 58/29 36/26
06 Technics 64/50 58/28 28/23
10 Sony 55/43 51/23 40/22
11 Sony 56/45 51/24 39/24
17 Pioneer 58/44 53/44 33/0
18 Pioneer 59/46 54/46 34/0
19 Pioneer 60/42 53/43 36/0

7) Captureratio

D: -55dBm, 1kHz, 22.5 dev, Mono; U: -120dBm, CW; increase U audio drop 1dB, record RF

level; increase U audio drop 30dB, record RF level (RF Lev. 1—RF Lev. 2)/2; test setup 3
Receiver CaptureRatio dB Test

01 Delphi -25 Field west

02 Delphi -2.0 ATTC laboratory
03 Delphi SF Field east

05 Technics -2.8 ATTC laboratory
06 Technics -4.1 Field compatibility
10 Sony 1 ATTC laboratory
11 Sony SF Field compatibility
17 Pioneer -4.0 Field west

18 Pioneer 6.5 ATTC laboratory
19 Pioneer SF Field east
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8) Selectivity — 1st adjacent 30 dB RM S S/IN

See TP; test setup 3

Stereo Upper Stereo L ower
Receiver D/U dB D/U dB Test

01 Delphi -18 -19 Field west

02 Delphi -22 -16 ATTC laboratory

03 Delphi SF SF Field east

05 Technics -11 -3 ATTC laboratory

06 Technics -3 -4 Field compatibility
10 Sony 2 1 ATTC laboratory

11 Sony SF SF Field compatibility
17 Pioneer -17 -23 Field west

18 Pioneer -24 -22 ATTC laboratory

19 Pioneer SF SF Field east

9) Selectivity — 2nd adjacent 30 dB RM S S/N

See TP; test setup 3

Stereo Upper Stereo Lower
Receiver D/U dB D/U dB Test

01 Delphi -55 -55 Field west

02 Delphi -55 -55 ATTC laboratory
03 Delphi SF SF Field east

05 Technics -55 -55 ATTC laboratory
06 Technics -55 -55 Field compatibility
10 Sony -18 -20 ATTC laboratory
11 Sony SF SF Field compatibility
17 Pioneer -55 -55 Field west

18 Pioneer -55 -55 ATTC laboratory
19 Pioneer SF SF Field east

Note: A D/U of -55dB is the test bed limit.

10) (SF) Sdlectivity — 1st adjacent 50 dB RM S S/IN

See TP; test setup 3

Stereo Upper Stereo Lower
Receiver D/U dB D/U dB Test

01 Delphi -13 -18 Field west

02 Delphi -18 -14 ATTC laboratory
03 Delphi -21 -15 Field east

05 Technics 1 10 ATTC laboratory
06 Technics 10 9 Field compatibility
10 Sony 20 21 ATTC laboratory
11 Sony 18 23 Field compatibility
17 Pioneer -12 -18 Field west

18 Pioneer -19 -17 ATTC laboratory
19 Pioneer -23 -11 Field east
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11) (SF) Sdlectivity —2nd adjacent 50 dB RM S SIN

See TP; test setup 3

Stereo Upper Stereo Lower
Receiver D/U dB D/U dB Test
01 Delphi -55 -55 Field west
02 Delphi -55 -55 ATTC laboratory
03 Delphi SF SF Field east
05 Technics -48 -45 ATTC laboratory
06 Technics -43 -43 Field compatibility
10 Sony -7 -11 ATTC laboratory
11 Sony -9 -12 Field compatibility
17 Pioneer -55 -55 Field west
18 Pioneer -55 -55 ATTC laboratory
19 Pioneer -55 -55 Field east
Note: A D/U of -55dB isthe test bed limit.
12)  Selectivity —3rd adjacent 50 dB RM S SIN
See TP; test setup 3
Stereo Upper Stereo Lower
Receiver D/U dB D/U dB Test
01 Delphi -55 -55 Field west
02 Delphi -55 -55 ATTC laboratory
03 Delphi SF SF Field east
05 Technics -48 -45 ATTC laboratory
06 Technics -45 -43 Field compatibility
10 Sony -26 -22 ATTC laboratory
11 Sony SF SF Field compatibility
17 Pioneer -55 -55 Field west
18 Pioneer -55 -55 ATTC laboratory
19 Pioneer SF SF Field east
Note: A D/U of -55dB is the test bed limit.
13) 10.7MHzreection (noimplicationsfrom IBOC)
14)  10.7 MHzintermodulation (FCC Taboo)
D -45 dBm; target S/N 50 dB RMS; see TP
10.6 MHz 10.7 MHz
Receiver D/U dB D/U dB Test
01 Delphi -55 -55 Field west
02 Delphi -55 -55 ATTC laboratory
03 Delphi SF SF Field east
05 Technics -19 -19 ATTC laboratory
06 Technics -19 -20 Field compatibility
10 Sony -4 0 ATTC laboratory
11 Sony SF SF Field compatibility
17 Pioneer -39 -35 Field west
18 Pioneer -40 -36 ATTC laboratory
19Pioneer SF SF Field east

Note: A D/U of -55dB is the test bed limit.
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15) L ocal oscillator interference

U 94.1MHz +10.6MHz or 10.7MHz; D Pilot only —45 dBm,; target 50 dB S/N; see TP

10.6 MHz 10.7 MHz
Receiver D/U dB D/U dB Test

01 Delphi -55 -55 Field west

02 Delphi -55 -55 ATTC laboratory
03Delphi SF SF Field east

05 Technics -16 -21 ATTC laboratory
06 Technics -15 -21 Field compatibility
10 Sony 1 6 ATTC laboratory
11 Sony 1 4 Field compatibility
17 Pioneer -36 -28 Field west

18 Pioneer -37 -27 ATTC laboratory
19 Pioneer -38 -30 Field east

Note: A D/U of -55dB isthe test bed limit.

16) (SF) Inter modulation

Three tone receiver performance with IM signals at 800kHz and 1600kHz above desired.; see TP

D =-47 dBm:
D only -10dB D/U -20dB D/U -30 dB D/U

Receiver SINWQPdB | SNWQPdB | SNWQPdB | SSNWQPdB Test
01 Delphi 59 58 50 12 Field west
02 Delphi 59 58 51 43 ATTC laboratory
03 Delphi 57 57 52 47 Field east
05 Technics 59 41 13 2 ATTC laboratory
06 Technics 60 47 18 3 Field compatibility
10 Sony 52 10 1 0 ATTC laboratory
11 Sony 52 8 0 0 Field compatibility
17 Pioneer 55 54 52 44 Field west
18 Pioneer 56 55 53 45 ATTC laboratory
19 Pioneer 56 56 54 43 Field east
D= —-62dBm:

D only -10dB D/U -20dB D/U -30dB D/U

Receiver SINWQPdB | SNWQPdB | SNWQPdB | SSNWQPdB Test
01 Delphi 52 51 49 43 Field west
02 Delphi 52 51 50 44 ATTC laboratory
03 Delphi 48 48 48 47 Field east
05 Technics 56 55 43 14 ATTC laboratory
06 Technics 55 54 46 17 Field compatibility
10 Sony 49 33 3 0 ATTC laboratory
11 Sony 49 30 2 0 Field compatibility
17 Pioneer 49 49 48 a4 Field west
18 Pioneer 50 50 50 46 ATTC laboratory
19 Pioneer 49 49 49 47 Field east
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(SF) Narrowband noise sensitivity

D/U at 45dB target S/N; receiver stereo; D —-62dBm; see TP

Center
-190 kHz -114 kHz Channel +114 kHz +190 kHz
Receiver D/U dB D/U dB D/U dB D/U dB D/U dB

01 Delphi -20 -2 24 1 -19
02 Delphi -20 4 22 3 -13
03 Delphi -19 1 24 -2 -20
05 Technics 14 37 26 33 2

06 Technics 2 31 20 34 8

10 Sony 36 47 34 48 35
11 Sony 36 47 27 44 30
17 Pioneer -15 4 27 4 -15
18 Pioneer -18 2 26 1 -19
19 Pioneer -16 6 25 -1 -19
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FM IBOC System Evaluation Matrix — Lab Tests — rev. 1/01 5/29/2001

EVALUATION CRITERIA - DIGITAL PERFORMANCE™:

Unimpaired audio guality — the fundamental audio quality of the IBOC system. This assessment is to be made with respect to the audio quality of the existing
anal og broadcasting service compared to the appropriate anal og reference.

Service area — the geographical area surrounding the transmit station which can be expected to receive a listenable (usable) radio signal. The service area should
take into account the impact of interference from co-channel, 1st-adjacent, and 2nd-adjacent channel signals.

Durability — characterized by an IBOC system design’s ability to withstand impairments to the RF channel.

Acquisition performance — the characteristics of how a receiver “locks on” to a radio signal, primarily acquisition time (the elapsed time between tuning to a
channel and when the audio on that channel isfirst heard).

Auxiliary data capacity? — characteristics of the data capacity supported by an IBOC system in excess of that needed to deliver the IBOC audio signal, including
available throughput, nature of capacity (opportunistic versus continuously available), and transmission quality and durability through the channel (bit error rate
and/or other relevant digital data transmission metrics as a function of impairments).

Behavior as signal degrades — how an IBOC system’s blend function is able to prevent abrupt loss of the signal at the edge of coverage. Note that, due to the
complexities of RF signal propagation, “edge of coverage” performance may be experienced throughout a station’s service area and is not restricted simply to
regions near or beyond the theoretical protected contour.

Stereo separation — the amount of stereo separation present in the IBOC audio signal, and how it varies as a function of channel and received signal conditions.

Flexibility® — represents the potential of an IBOC system to be adapted by broadcasters and manufacturers to meet the needs of listeners and consumers, both
present and future.

EVALUATION CRITERIA - COMPATIBILITY:

Host analog signal impact — changes in performance of a host analog signal (main channel audio and any subcarriers) as a result of the presence of the IBOC
digital signal energy associated with that host.

Non-host analog signal impact — changes in the performance of a (desired) analog signal (main channel audio and any subcarriers) as a result of the presence of
interfering IBOC signals. Interfering signals of interest include co-channel, 1st, and 2nd adjacent channel signals, individually and in combinations.

! All digital performance criteria should assess the relative audio quality of the digital system versus existing analog audio quality.
2 Not currently being tested.
® Primarily addressed in system description portion of submission; test results not expected to provide direct evidence of system flexibility.
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FM IBOC system evaluation matrix
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FM IBOC System Evaluation Matrix — Lab Tests —rev. 1/01 11/19/01 2:51 PM

Notes:
« A checkmark (“[] ") indicates that the results from a particular test are expected to apply to the indicated evaluation criteria.
e Test A (Cdibration) provides aquality check on system testing as awhole and is not used directly for system evaluation.

DIGITAL PERFORMANCE COMPATIBILITY
UNIM PAIRED BEHAVIOR HOST NON-HOST
TEST | DESCRIPTION AUDIO SERVICE DURA- ACQ. AUX. DATA| ASSIGNAL | STEREO SIGNAL SIGNAL
QUALITY AREA BILITY PERFORM. CAF’ACITY4 DEGRADES SEP IMPACT IMPACT
B | IBOC system performance with AWGN
1) | Linear channel
2) | Multipath fading channel D D D D D
C | IBOC system performance with special
impair ments

1) | Impulsenoise
1.5) | Impulse noise, 1st-adjacent channel interference

2) | Airplaneflutter (Doppler) D D D D

2.4) Airplane flutter (Doppler), 1st-adjacent channel
) interference

D | IBOC O IBOC digital performance
1) | Co-channel interference
2) | Single 1st-adjacent channel interference
2.4) Simultaneous upper and lower 1st-adjacent channel
) interference
3) | Single 2nd-adjacent channel interference D D D D D
Single 2nd-adjacent channel interference w/lst adj.
3.4) )
channel interference

Simultaneous upper and lower 2nd-adjacent channel
interference

35)

* See note 2.
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FM IBOC System Evaluation Matrix — Lab Tests —rev. 1/01 11/19/01 2:51 PM

DIGITAL PERFORMANCE COMPATIBILITY
UNIMPAIRED BEHAVIOR HOST NON-HOST
TEST | DESCRIPTION AUDIO SERVICE DURA- ACQ. AUX. DATA5 ASSIGNAL | STEREO SIGNAL SIGNAL
QUALITY AREA BILITY PERFORM. |CAPACITY"| DEGRADES SEP IMPACT IMPACT

E | IBOC O IBOC digital performancein a
multipath fading channel

1) | Co-channel interference

2) | Single 1st-adjacent channel interference

2.4) Simultaneous upper and lower 1st-adjacent channel
’ interference

3) | Single 2nd-adjacent channel interference D D D D D

Single 2nd-adjacent channel interference w/1st adj.
channel interference

Simultaneous upper and lower 2nd-adjacent channel
interference

F | IBOC O Analog compatibility
performance

1), 3) | Single 1st-adjacent channel interference D
2), 4) | Single 2nd-adjacent channel interference

F/SC | IBOC O Analog (FM subcarriers)
compatibility performance

Single 1st-adjacent channel interference, analog
subcarriers

Single 1st-adjacent channel interference, digital
subcarriers D

Single 2nd-adjacent channel interference, analog
subcarriers

Single 2nd-adjacent channel interference, digital
subcarriers

G | IBOC O Analog compatibility
performance in a multipath fading channel

3.4)

35)

1,9

3)

2), 6)

4)

1) | Single 1st-adjacent channel interference D

5 See note 2.
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FM IBOC System Evaluation Matrix — Lab Tests —rev. 1/01 11/19/01 2:51 PM

DIGITAL PERFORMANCE COMPATIBILITY
UNIM PAIRED BEHAVIOR HOST NON-HOST
TEST | DESCRIPTION AUDIO SERVICE DURA- ACQ. AUX. DATA| ASSIGNAL STEREO SIGNAL SIGNAL
QUALITY AREA BILITY PERFORM. CAPACITY6 DEGRADES SEP IMPACT IMPACT
H | IBOC acquisition
1) | Acquisition with varying signal level []
[ IBOC quality
1) | Quality transmission test |:|
J | IBOC O host Analog compatibility
performance

1), 2) | Main channel audio performance versus presence or
absence of IBOC digital signal energy

4) | Anaog subcarrier performance versus presence or
absence of IBOC digital signal energy D
5) | RDS subcarrier performance versus presence or absence
of IBOC digital signal energy

6) | HSSC performance versus presence or absence of IBOC
digita signal energy

® See note 2.
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FM IBOC System Evaluation Matrix — Field Tests — rev. 1/01 11/19/01 2:51 PM

Notes:
« A checkmark (“[] ") indicates that the results from a particular test are expected to apply to the indicated evaluation criteria.
e Test A (Cdibration) provides agquality check on system testing as a whole and is not used directly for system evaluation.

DIGITAL PERFORMANCE COMPATIBILITY
UNIMPAIRED BEHAVIOR HOST NON-HOST
TEST | DESCRIPTION AUDIO SERVICE DURA- ACQ. AUX. DAT/—; ASSIGNAL | STEREO SIGNAL SIGNAL
QUALITY AREA BILITY PERFORM.|CAPACITY | DEGRADES SEP IMPACT IMPACT

B | System performance
1) | Low interference and low multipath

2) | 1st-adjacent interference D D D D D

3) | 2nd-adjacent interference
C | Compatibility
1) | Host compatibility —main channel audio D
2) | Host compatibility —analog and digital subcarriers
3) | 1st-adjacent channel compatibility []

" See note 2.
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Appendix G -
Discussion of stereo-mono blending in analog
receivers
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FM stereo automobile radios use a circuit called blend to reduce the audible effects of multipath,
adjacent channel interference, and stereo noise. Blending from stereo to mono accomplishes the noise
reduction. The choice of blend characteristics is radio manufacturer dependent. Any or all of the
following controls the amount of FM stereo blend: RF signal level, 1st adjacent interference, and 2nd
through 20th adjacent channel interference. The effects of these blend controlling factors on stereo
separations for the two automobile radios used in the IBOC laboratory and field tests are described in this
report.

Signal Level Dependent Blend

Table 1 shows the results of stereo separation tests conducted by an independent laboratory with
varying levels of RF power at the input of two automobile radios. These radios are the same model used
for the IBOC field and laboratory tests. Assuming acceptable stereo to have a separation of 15 dB, the
lowest signal level where acceptable stereo can be expected is at a RF power level of -67dBm for both
radios. At RF signal levels of —70 dBm and lower, both radios are essentially mono.

Table 1. Signal L evel/Stereo Separation
(bold text indicates blending transition region)

AUTOMOBILE RADIO SCENARIO
L AB RE POWER FIELD STRENGTH AT SEPARATION (DB)
(DBm) S0FT ABOVE GROUND DELPHI PIONEER
(DBU)
-100 22 0 0
-95 27 0 0
-90 32 0 0
-85 37 0 0
-80 42 0 2
-75 47 3 4
-70 52 7 12
-65 57 17 28
-60 62 37 38
-55 67 31 39
-50 72 31 39

FM Stereo Separation with 1st Adjacent Analoq Interferer

Table 2 shows the results of stereo separation tests conducted at four signal levels and four D/U
ratios. The table lists the stereo separation for each receiver under varying interference conditions. At
signal levels of .62 dBm or stronger and D/U of 6 dB or lower the stereo separation is 28 dB or larger.
Only the Pioneer maintained separation at the =62 dBm or stronger signal levels with a D/U of —4 dB or
higher. At the —72 dBm and lower signal levels the stereo separation ranged from 0.0 dB to 8.0 dB.
Again, assuming acceptable stereo to have a separation of 15 dB or higher, the A-> A D/U ratio of no
more than 6 dB and signal level of at least -62 dBm is hecessary to produce stereo on the Delphi.
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Table 2. FM stereo separation with 1st adjacent analog interference

- STEREO SEPARATION
IELD STRENGTH
;gs\/}zg AT 30FT. ABOVE 16 bB D/U 6 DB D/U -4 pB D/U -14pB D/U
GROUND SEPARATION SEPARATION SEPARATION SEPARATION
(Bm) (DBu) DEL/Pio DEL/Pio DEL/Pio DEL/Pio
(DB) (oB) (DB) (oB)
-47 75 37/39 37/39 0/39 0/35
-62 60 28/38 28/38 0/38 0/32
-72 50 5/8 5/8 0/8 0/8
-82 40 0/0 0/0 0/0 0/0

FM Stereo Separation with 2nd Adjacent Single Analog Interferer

Table 3 shows the test results of 2nd adjacent stereo separation tests conducted at two signal
levels. The Pioneer stereo separation was reduced to 10 dB at the -30 dB D/U at both signal levels. The

Delphi lost stereo at the -40 dB D/U.

Table 3. FM stereo separation reduction caused by 2nd adjacent channel

DESIRE SIGNAL D/U -20pB D/U -30pB D/U —40pB D/U -50pB
LEVEL DEL/Pio DEL/Pio DEL/Pio DEL/Pio
(oB) (oB) (oB) (oB)
-47dBm 37/37 22/10 5/2 0/0
-62dBm 28/36 18/10 3/2 0/0

FM Stereo Separation with 5th through 20th Adjacent Channels

Table 4 and Table 5 show the results of 5th, 10th, and 20th adjacent A->A channel tests at two
signal levels. At the-40 dB D/U the Delphi stereo separation was below 15 dB for 5 of the 6 tests and the
Pioneer for 2 of 6 tests. For the -50 dB D/U the best separation was 7 dB for both receivers for all three

adjacent channels tested and both signal levels.

Table4. FM stereo separation controlled by adjacent channels
(bold text indicates blending transition region)

5TH THROUGH 20TH

-47 pBm
ADJACENT D/U -20p0B D/U -30p0B D/U —40pB D/U -50p0B
CHANNEL DEeL/Pio DeL/Pio DeL/Pio DeL/Pio
(DB) (DB) (DB) (oB)
5th 37/41 29/34 6/8 0/2
10th (not tested) 38/40 10/19 2/3
20th (not tested) 37/40 19/33 47
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Table5. FM stereo separation controlled by adjacent channels

(bold text indicates blending transition region)

5TH THROUGH 20TH
-62 DBM
ADJACENT D/U -20p0B D/U -30pB D/U —40pB D/U -50p0B
CHANNEL DeL/Pio DeL/Pio DeL/Pio DeL/Pio
(oB) (oB) (oB) (DB)
5th 28/36 20/36 4/8 0/1
10th (not tested) 26/36 6/20 0/3
20th (not tested) 27/36 11/36 217
Tempora Blend

During the laboratory characterization test it was found that the blend decay times for the two
automobile radios used for the IBOC tests differed by several seconds. To measure this characteristic on
a broader base two automabile radios, a Kenwood and Sony, were added to Delphi and Pioneer for the
temporal blend tests. It was found that blend off-to-on time was less than one second for all four radios.
The decay time for the Pioneer, Sony, and Kenwood radios was less than one second. The Delphi radio’s
blend decay time was four seconds long.

Conclusion
The threshold of blend to mono system in the automobile FM stereo radio is manufacturer
dependent. The predominant controlling factors vary. The blend decay characteristic for one radio is

much longer than the other three radios. The two automaobile FM stereo radios selected for the IBOC
tests represent a cross section of blend performance.
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Appendix H -
Discussion of Differences Between Laboratory and
Field Subjective Evaluation Results
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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 [aboratory than when
they came from the field.! To investigate why this might be the case, additional laboratory tests were
conducted by the NRSC subsequent to the release of the FM IBOC Test Data Report. These tests
included an expanded number of automobile receivers (six), an expanded desired RF input signal range
(-47, -62, -72 and -82 dBm), and the D/U ratios +16, +6, -4 and -14 dB. Objective data was collected to
show stereo separation and audio signal-to-noise for each receiver at each desired signal level and D/U
ratio combination.

iBiquity provided the NRSC with the RF signal levels that were measured at each of the host and
first-adjacent field test fixed locations during the NRSC FM IBOC compatibility tests. This data was
provided subsequent to the release of the FM IBOC test report, and thus is not found in the report. It, and
the specific data points from the post-FM IBOC Test Data Report laboratory results that most closely
match each D/U and desired receiver input signal level combination from the field, are summarized
in Table H-1 and Table H-2 for the two automobile receivers that were tested in the field.

When the RF signal levels measured in the field are compared with the receiver characterization
stereo separation vs. signal level test data (see Appendix D) it is apparent that both automobile receivers
were operating in monophonic mode under most field test conditions. However, the laboratory data that
was collected during the NRSC FM IBOC compatibility tests was collected at desired signal levels that
were considerably higher than the signal levels found in the field, levels at which the receivers would be
operating in stereo mode. For example, when the Delphi receiver was measured at the +6 dB D/U ratio in
the laboratory during the NRSC FM IBOC compatibility testing, the desired receiver input level was
-62 dBm. However, when the same receiver was measured at the same D/U ratio in the field the desired
receiver input levels recorded were -61.5, -62.5, -65.5, -74.5, -82.0, -83.5, -85.0, -86.0 and -92.0 dBm.
The stereo separation vs. signal level data from the characterization test for the Delphi receiver indicates
that the stereo separation at these desired receiver input levels is 31, 31, 16, 3, 0, 0, 0, 0 and 0 dB,
respectively. For al of the remaining first adjacent compatibility data points taken in the field with the
Delphi receiver (i.e., a D/U ratios that were lower, or more negative, than +6 dB) the stereo separation is
predicted to exceed 7 dB at only one desired signal input level. The results for the Pioneer receiver are
similar. Its receiver characterization data suggests that, generally speaking, it has sightly more stereo
separation over the range of receiver input levels tested in the field, though it is essentially operating in
mono at most of these levels.

Thus it appears that in the vast majority of field test locations the receivers were operating in
monophonic mode. It also appears that under the +16 dB D/U and -62 dBm desired input signal
condition, and under the +6 dB D/U and —62 dBm desired input signal condition (which together
accounted for two-thirds of the no-multipath laboratory tests that were subjectively evaluated) both
automobile receivers were operating in the stereophonic mode. It appears that the fact that the laboratory
tests were generally conducted in stereo while the field tests were generally conducted in mono caused the
subjective evaluators to rate the laboratory audio more critically than they rated the field audio. That is,
all else being equal, listeners are more likely to detect a particular level of interference when the desired
signal is stereo than when the desired signal is mono.

! For example, at the +6 dB D/U ratio in the field listeners rated a station’s analog audio quality with speech programming on the
Delphi receiver at 2.5 MOS +0.28 when the undesired signal was a first adjacent channel IBOC signal. Under the same conditions
in the laboratory, however, listeners rated the desired station’s analog audio quality at 2.2 MOS +0.25 (lower first adjacent interferer)
and 2.2 MOS +0.21 (upper first adjacent interferer). Similar situations are found throughout the test results. Some differences are
more pronounced, and some are not. FM IBOC Test Data Report, Appendix |.

Page H-2



This data suggests that both results (those collected in the lab and those collected in the field) are
accurate representations of how listeners will perceive interference at the specific D/U ratio and receiver
input signal levels tested. Many of the data points taken in the field are actually providing information
about a different reception condition than the corresponding data points taken in the laboratory for the
same D/U ratio because of the difference in receiver input signal level. Thus, rather than using the
laboratory and field tests to corroborate one another, it is more appropriate to use them to complement
one another because, together, they provide information about more reception conditions than either of
them do aone.
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Table H-1. Delphi Automobile Radio First Adjacent Field and Laboratory Data

Field Test Data Post FM IBOC Test Data Report Proximity of PFITDR
Stereo Separation Laboratory Test Data Lab Data Point to Field
RF Level | at Field RF Level Stereo RF Level | D/U Ratio

1% Adj. Desired @ RX According to RX Separation Signal Level / (Lab (Lab

Reference D/U Location | Station Fregquency Input Characterization | A->A /DA 1% Adj. D/U minus minus
Number (dB) Number Call (MHz) Format (dBm) (dB) (dB) Field, dB) | Field, dB)
1 6U 1 WMRA 90.7 | Class/NPR -61.5 31 28/28 -62 dBm/ +6 dB -0.5 0
2 6U 2 WMRA 90.7 | Class -65.5 16 28/28 -62dBm/ +6 dB +3.5 0
3 6L 3 WHFC 91.1 | Folk -62.5 31 28/ 28 -62 dBm/ +6 dB +0.5 0
4 6L 1 WFLS 93.3 | Country -74.5 03 05/05 -72dBm/ +6 dB +2.5 0
5 6L 2 WFLA 93.3 | Country -85.0 00 00/00 -82dBm/ +6 dB +3.0 0
6 6U 3 WDSD 92.9 | Country/Speech -82.0 00 00/00 -82dBm/ +6 dB 0.0 0
7 6L 1 WMGK 102.9 | Rock -83.5 00 00/00 -82dBm/ +6 dB +1.5 0
8 6L 2 WMGK 102.9 | Country -92.0 00 00/00 -82dBm/ +6 dB +10.0 0
9 6L 3 WMGK 102.9 | Rock -86.0 00 00/00 -82dBm/ +6 dB +4.0 0
10 -14L 1 WFLS 93.3 | Country -75.0 03 00/00 -72dBm/-14dB +3.0 0
11 -11L 2 WFLS 93.3 | Country -72.5 04 00/00 -72dBm/ -14 dB +0.5 -3
12 -10L 3 WFLS 93.3 | Country -70.5 07 00/ 00 -72dBm/-14dB -1.5 -4
13 -8L 4 WFLS 93.3 | Country -70.0 07 00/00 -72dBm/-4dB -2.0 +4
14 -6L 5 WFLS 93.3 | Country -71.0 07 00/00 -72dBm/-4dB -1.0 +2
15 -4 6 WFLS 93.3 | Country -69.5 07 00/00 -72dBm/-4dB -2.5 0
16 -14L 7 WFLS 93.3 | Country -85.5 00 00/00 -82dBm/-14dB +3.5 0
17 -13L 8 WFLS 93.3 | Country -77.5 01 00/ 00 -82dBm/-14dB -4.5 -1
18 -18L 9 WFLS 93.3 | Country -75.5 02 00/00 -72dBm/-14dB +3.5 +4
19 -8L 10 WFLS 93.3 | Country -74.5 03 00/00 -72dBm/-4dB +2.5 +4
20 -6L 11 WFLS 93.3 | Country -74.5 03 00/00 -72dBm/-4dB +2.5 +2
21 -4 12 WFLS 93.3 | Country -74.0 02 00/00 -72dBm/-4dB +2 0
22 -9U 1 WMRA 90.7 | ClasNPR -77.0 01 00/00 -72dBm/-14dB +5 -5
23 -6U 2 WMRA 90.7 | Class’NPR -75.5 03 00/00 -72dBm/ -4 dB +3.5 +2
24 -4U 3 WMRA 90.7 | Class/NPR -65.5 17 00/00 -62dBm/ -4 dB +3.5 0

IFor the Post FM IBOC Test Data Report Laboratory Tests, the FM IBOC signal was simulated with AWGN.

Level Dependent Blend:
Four desired RF test levels produced stereo separation of 16dB or higher.
Twenty desired RF test levels produced stereo separation 7dB or lower.

1
2.

Interference and Level Dependent Blend:
With 1% adjacent analog interference three tests produced stereo separation of 15dB or more.
For these tests scenarios the IBOC did not change stereo separation.

1
2.
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Table H-2. Pioneer Automobile Radio First Adjacent Field and Laboratory Data

Field Test Data Post FM IBOC Test Data Report Proximity of PFITDR
Stereo Separation Laboratory Test Data Lab Data Point to Field
RF Level | at Field RF Level Stereo RF Level | D/U Ratio

1% Adj. Desired @ RX According to RX Separation Signal Level / (Lab (Lab

Reference D/U Location | Station Fregquency Input Characterization | A->A /DA 1% Adj. D/U minus minus
Number (dB) Number Call (MHz) Format (dBm) (dB) (dB) Field, dB) | Field, dB)
1 6U 1 WMRA 90.7 | Class/NPR -61.5 35 38/37 -62 dBm/ +6 dB -0.5 0
2 6U 2 WMRA 90.7 | Class -65.5 27 38/37 -62dBm/ +6 dB +3.5 0
3 6L 3 WHFC 91.1 | Folk -62.5 34 38/37 -62 dBm/ +6 dB +0.5 0
4 6L 1 WFLS 93.3 | Country -74.5 04 08/08 -72dBm/ +6 dB +2.5 0
5 6L 2 WFLA 93.3 | Country -85.0 00 02/02 -82dBm/ +6 dB +3.0 0
6 6U 3 WDSD 92.9 | Country/Speech -82.0 02 02/02 -82dBm/ +6 dB 0.0 0
7 6L 1 WMGK 102.9 | Rock -83.5 01 02/02 -82dBm/ +6 dB +1.5 0
8 6L 2 WMGK 102.9 | Country -92.0 00 02/02 -82dBm/ +6 dB +10.0 0
9 6L 3 WMGK 102.9 | Rock -86.0 00 02/02 -82dBm/ +6 dB +4.0 0
10 -14L 1 WFLS 93.3 | Country -75.0 04 05/00 -72dBm/-14dB +3.0 0
11 -11L 2 WFLS 93.3 | Country -72.5 10 05/00 -72dBm/ -14 dB +0.5 -3
12 -10L 3 WFLS 93.3 | Country -70.5 12 05/00 -72dBm/-14dB -1.5 -4
13 -8L 4 WFLS 93.3 | Country -70.0 12 08/08 -72dBm/-4dB -2.0 +4
14 -6L 5 WFLS 93.3 | Country -71.0 11 08/08 -72dBm/ -4 dB -1.0 +2
15 -4 6 WFLS 93.3 | Country -69.5 12 08/08 -72dBm/-4dB -2.5 0
16 -14L 7 WFLS 93.3 | Country -85.5 01 01/00 -82dBm/ -14 dB +3.5 0
17 -13L 8 WFLS 93.3 | Country -77.5 03 01/00 -82dBm/-14dB -4.5 -1
18 -18L 9 WFLS 93.3 | Country -75.5 04 05/00 -72dBm/-14dB +3.5 +4
19 -8L 10 WFLS 93.3 | Country -74.5 04 05/00 -72dBm/ -4 dB +2.5 +4
20 -6L 11 WFLS 93.3 | Country -74.5 04 08/08 -72dBm/-4dB +2.5 +2
21 -4 12 WFLS 93.3 | Country -74.0 04 08/08 -72dBm/-4dB +2 0
22 -9U 1 WMRA 90.7 | ClasNPR -77.0 05 08/08 -72dBm/-14dB +5 -5
23 -6U 2 WMRA 90.7 | Class’NPR -75.5 03 08/08 -72dBm/ -4 dB +3.5 +2
24 -4U 3 WMRA 90.7 | Class/NPR -65.5 26 38/33 -62dBm/ -4 dB +3.5 0

IFor the Post FM IBOC Test Data Report Laboratory Tests, the FM IBOC signal was simulated with AWGN.

Level Dependent Blend:

1
2.

Four desired RF levels produced stereo separation of 26dB or higher.

Twenty desired RF levels produced stereo separation of 12dB or lower.

Interference and Level Dependent Blend:
With 1% adjacent analog interference four tests produced stereo separation of 15dB or higher.
For these scenarios the IBOC made little change in stereo separation.

1
2.
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I ntroduction

As part of a thorough evaluation of FM IBOC, the TPWG prepared a test procedure wi