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iBiquity Digital Corporation
Experimental Report on
DAB Compatibility with Existing SCAs

As pat of its ongoing teting of InBand On-Channd Digitd Audio Broadcagting
(“IBOC DAB") technology, iBiquity Digitd Corporation (“iBiquity”) has dudied the potentia
impact of IBOC DAB on exising subsdiary communications services (SCAS’) in the FM band.
Although SCAs are afforded only secondary status, iBiquity has recognized SCAs often are used
to provide vauable sarvices. At the same time, the existing problems with many SCAs makes
them particularly vulnerable to interference from IBOC.

This report provides the results of recent laboratory tedts, fidd tests and demondrations
conducted for both analog and digital SCAs.

Overview

Due to ther location a the high end of the bassband spectrum, some SCAs currently
auffer from a lack of robustness because the post-detection noise floor increases with the square
of the frequency. Since FM demodulation is essentidly a nortlinear process, when DAB
Sidebands are added to the host FM it produces intermodulatiion which increases the audio noise
floor, particulaly in the higher bassband frequencies The amount of intermodulation is
determined by the bandwidth of the FM recever and the relative leves of the intermodulating
dgnds  The placement of the intermodulation products are determined by the frequency of the
intermodulating sgnals. Therefore, the effect upon any SCA is highly dependent on the amount
of deviaion of the host andog.  Indeed, smulations have indicated that the addition of DAB
Sdebandsto an FM signa could affect the SNIR of the SCA.

iBiquity has conducted severa tests to messure the change introduced to host SCAs by
IBOC DAB sidebands. These tests measure the audio SNR and bit error rates of SCAs at various
sgna and noise levelsin the presence of DAB sdebands at -22dBos; .

This report contains results from the following tests:

Test 1 — Anaog SCA lab test using iBiquity’ s Columbia, Maryland Experimenta FM
Station

Test 2 — Anaog SCA fidd test usng WETA FM, Washington, D.C.

Test 3— Andog SCA fidd demondtration of 67 kHz SCA

Test 4 — Digitd SCA lab and fidd tests using iBiquity’s Columbia, Maryland
Experimental FM Station

Test 5— Digitd SCA fidd tet usng WPOC FM, Bdtimore, Maryland



Definitions

The processed clipped pink noise is Smply white gausan noise that has been filtered with

a 3 dB/octave rolloff and is subsequently processed using an Orban FM Optimod 2200D. The
pink noise was generated by the Audio Precison System Two 2322.

Test 1 — Analog SCAs— Columbia, Maryland Experimental Test Station

The following test procedures were used for these tests.

(@ Tranamit a 54-dBu basdine FM desred sgna modulated with processed pink
noise. Add a 67 kHz analog SCA a 10% injection modulated with a 1kHz tone.
Measure and record the SCA audio amplitude.

(b) Removethe 1 kHz tone. Measure and record the SCA audio amplitude.
(c) Cdculate the audio SNR by subtracting the (b) result from the (a) result.

(d) Add basdine DAB (22dBns) to the host FM signd. Modulate the 67 kHz tone as

above.

() Remove 1 kHz tone. Measure and record the SCA audio amplitude and caculate

the SNR asin (c)

(f) Cdculate the changein audio SNR by subtracting the (€) result from the (d) result.
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The hogt andog FM sgnd (including SCAs) were generated by a Harris THE-1 FM
exciter, and the DAB digita sdebands were generated using an iBiquity FM IBOC DAB exciter.

The 67 kHz and 92 kHz SCAs were generated using a CRL System SCA300B SCA Modulaion
Generator.

Demodulation of the andog SCA dgnds was peformed with a Dayton Industrial Corp.
Modd 272 and a McMartin Indudtries Inc. Modd TR-E5. Demodulaion of the digitdly
generated SCA sgnd was performed with acommercidly avallaole digital SCA receiver.

The following graph shows the audio SNR of a 67 kHz 10 % injected SCA at the 54-dBu
contour with DAB on and off for both the Dayton and McMartin SCA recelvers. It dso shows
the audio SNR of a 92 kHz 10 % injected SCA a the 54-dBu cortour with DAB on and off for
the Dayton receiver.
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Examining the stereo subcarrier are, it is gpparent that DAB at —22 dBc has at most a 2
dB impact on thisarea

. 67 kHz Audio 67 kHz 92 kHz 92 kHz
Radio SNR DAB off Audio SNR Audio SNR Audio SNR
DAB on DAB Off DAB On
Dayton 35 34 28 27
McMartin 43 41 N/AL N/A

The McMartin receiver used in these tests could only be tuned to 67KHz.




Upon inspection of the host 67 kHz SCA recovered audio, we see that with basdine DAB
(-22 dBhost), SCAs Audio SNR was impaired by lessthan 2 dB.

SCAs located at 92 kHz are potentidly susceptible to noise and interference since the
noise floor resulting from intermodulation products is higher a the upper bassband frequencies.
With basdine DAB €22 dBnst), demodulation of the 92 kHz SCAs, audio was degraded by only
amaximum of 1 dB.

Test 2— Analog SCA Lab/Field Tetss— WETA FM, Washington, D.C.

The host andog FM dgna was generated by a Continentd 816 transmitter with an 802D
exciter, and the DAB digitd Sdebands were generated using an iBiquity FM IBOC DAB exciter.
The 67 kHz and 92 kHz SCAs were generated using a CRL System SCA300B SCA Modulation
Generator.

The receiver was a Dayton Indudtries Modd 272 located a iBiquity's facilities in
Columbia, Maryland. Distance from the transmitter was 26.0 miles.

The test instruments used to measure the SNR were the same as used for Test 1.



67 kHz SCA TestsWETA
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Upon ingpection of the host 67 kHz SCA recovered audio we see that with basdine DAB
(-22 dBhost) SCAs Audio SNR was impaired by lessthan 4 dB.

SCAs located a 92 kHz are potentidly susceptible to noise and interference, since the
noise floor and the DAB intermodulation products are higher at the upper baseband frequencies.
With basdline DAB (-22 dBnest), for demodulation of the 92 KHz SCAs, audio was degraded by a
maximum of lessthan 5 dB.

Test 3— Analog 67 kHz Field Demonstration

This fidd demondration was conducted to illustrate the impact of IBOC DAB on the
andog FM 67 kHz SCA. This fidd demondration, conducted with the Internationa Association
of Audio Information Services, indicated the introduction of IBOC DAB had no noticegble
impact on 67 kHz SCA operations of the host sation.

Fecilities

The demondration was conducted usng WETA-FM, Washington, D.C. WETA is a
Class B dation operating on Channd 215B a 90.9 MHz. The WETA tranamitter is located in
Alexandria, Virginia. Broadcasts were conducted with digita carrier levels of —25 dB/sideband
or —22 dB below the carrier.

Anadog SCA materid was broadcast at 67 kHz usng a Modulation Sciences SCA-186
Sidekick with a 3.8% SCA injection level. Listeners were located approximately 6.0 miles from
the transmitter in the Board Room on the second floor of the offices of Nationa Public Radio,
635 Massachusetts Avenue, Washington, D.C.  The predicted signa strength at this location on a
radia heading of 84° was 71 dBu. The listeners used br the test were thirteen members of the
Boad of Directors of the Internationa Association of Audio Information Servicess The
following three SCA receivers were used:

McMartin—Modd No. TR-E5 (Fixed tuned)
Norver — Model No. Nu-1C (Fixed tuned)
Cosmo Corporation —Model No. HL922 (Tungble)

The IBOC digitd cariers were cycled on and off usng a Sine Sysems remote control during a
thirty minute broadcast period.

Condusons

The IAAIS board members observed the performance of three SCA receivers with the
IBOC digital carriers cycled on and off. No one in attendance was able to hear any imparment
to the 67 kHz SCA from the presence of IBOC DAB digita cariers.



Test 4 — Digital Modulated SCA — Lab/Field Tests— Columbia, Maryland

This test was conducted to evauae the performance of a subcarier channd with the
following characterigtics when operating in conjunction with aDAB tranamisson:

Subcarrier Frequency 66.5 kHz

Subcarrier Modulation DQPSK

Channd Data Rate 19 kb/s

Payload 8.15 kb/s

Channd Code Rate Ysonvolutiona code, K=7
Error Correction 255/223 Reed Solomon
Spectra Pre-filtering Square Root raised cosine

The lab tests conssted of measuring the demodulated spectrum of the FM channd with
the modulated subcarrier injected a 15% in the presence of pink noise at 90% inthe L+R
channd (worst case). The measurements were made and plotted using a spectrum anayzer of
the carrier to noisefinterference ratio in the 66.5 kHz subcarrier region using an “ided” FM
recaiver (Innovonics Modd 530). Comparative results were obtained when the DAB sgnd was
inserted and removed. The channd error rate was measured on atypica consumer hand held

portable battery operated subcarrier receiver in place of the ided receiver using inbuilt error rate
monitoring software.



Laboratory Tests

Figure 2 below shows the lab equipment and interconnection used for the tests.
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The data

input was a 2’-1 Pseudo Random Data Sequence. The generation unit was connected to a
conventiond Harris THE-1 Exciter together with a base band audio sgnd from an Orban Audio
Processor (stereo generator) (see Figure 2). A separate transmitter was used for the DAB signd.
The RF output of the two transmitters is summed to produce a broadcast RF sgnd plus the DAB

sgnd.



Theinjection levelsfor the lab tests were as follows,

DAB Carriers -22 dB wirt broadcast carrier
66.5 kHz Subcarrier  15% (16.5 dB below unmodulated FM carrier)
Base band Audio 90% pink noise, monophonic only

Addition of the pink noise modulation in the bassband audio sgnd did not dter the
performance of the subcarrier so the pink noise modulation was applied for dl reported
measurements.

The step attenuator in the receiver RF path was adjusted to produce a subcarrier signal to
background noise ratio of about 31 dB at the output of the receiver FM demodulator. The high
sgnd to noise ratio was necessary to observe the influence of the presence of the DAB signd in
the subcarrier region. Figure 3 shows the demodulated spectrum from the Innovonics receiver in
a 150 kHz bandwidth when no DAB is present. The base-band audio (pink noise) and CAC
subcarrier are clearly present. Note the marker at 92.9 kHz.

Date: 95-16-00 Time: 93:53 AH

Invonics 530 composite output with the “ery Large signal and DAB Off
TEACE A: Chl Spectrun
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Figure 3, Demodulated Output, Pink noise plus 66.5 kHz subcarrier, no DAB

Figure 4 shows the change in noise in the high frequency region when the DAB carrier is
introduced. The noise starts at 92 kHz and increases to the end of the 150 kHz spectrum. There
does not appear to be any change in SN in the 66.5 kHz subcarrier region.



Date: 95-16-00 Time: 93:57 AH

Invanics 530 composite output with the “ery Large signal and DAB On
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Figure 4, Demodulated Output, Pink noise plus 66.5 kHz subcarrier, plus DAB

The noise level increases commencing at 929 kHz ad reaching +18 dB at 135 kHz
There is no measurable increase in noise level in the 66.5 kHz subcarrier region.  Figure 5 shows
a comparison between DAB On, red curve, and DAB Off green curve, when using typicad stereo
audio from a CD ingead of pink noise. The peak-hold display mode is used for this presentation.
The 66.5 kHz subcarrier region is virtualy unchanged by the addition of the DAB carier.

The RF leve into the Innovonics receiver was reduced by 20 dB to produce a base-band
66.5 kHz subcarrier to noise ratio of approximately 10 dB and the tests repeated. This leve is
typicd of reception conditions and dso enadbles measurement of eror rates using in-built
receiver software.
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Figure 6 shows the base-band spectrum with the DAB on and a measured 66.5 kHz
subcarrier to noise ratio of 9.4 dB. The sgnd to noise ratio is now dominated by the FM receiver
noise, and the presence of the DAB dgnd does not materidly affect the noise floor in the entire
displayed base-band.

: B5-17-00 Time: 97:22 AH

Stomt: 0 Bz

Figure 5, Demodulated Output, Stereo audio plus 66.5 kHz subcarrier, DAB On Red,
DAB Off- Green
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Date: 95-16-00 Time: 10:00 AH
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Figure 6, Demodulated Output, Pink noise plus 66.5 kHz subcarrier, plus DAB

Measurement of error rate was made by loosdy coupling the RF sgnd from the sep
attenuator into the subcarrier receiver antenna (see Figure 2). The RF attenuation was adjusted
to produce approximately 2% measured error rate. Thirteen measurements were made with the
DAB cariers off followed by thirteen measurements with the DAB cariers on.  The audio sgnd
conssted of mono pink noise as described before. Each measurement is shown in the table of
Figure 2. The average of each st of measurementsis given below.

DAB Off* DAB On

Average Error Rate (percent)  1.97 2.49

The result shows a dight increase in eror rate when the DAB carier is present. The
increase is extremely small and would be represented by an equivdent change of carrier to noise
ratio of less than 0.2 dB, and therefore could be ignored. This change of performance is
anticipated as the low voltage low power CAC receiver could not be expected to perform as well
as the Innovonics broadcast monitor recalver.
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Field Tedts

For testing purposes a cdibrated syssem was used for measuring outdoor field strength
which consisted of a receiver and spectrum analyzer. The andyzer was interfaced to a PC, as was
a GPS recaiver. Computations and presentation of data was accomplished using the “Lab View”
application.  Accurate messurements were obtained and recorded for the fidd srength and the
disance from the trangmitter for each location and while moving. As the transmitter was low
power, areas were redtricted to those close to the tranamitting antenna.  The transmitter’'s Call
SgnisWD2XAB operating a 93.5 MHz.

Three locations were used, two in resdentiad areas and one in the open fidds of the FCC
Maryland Monitoring Station. Thirteen or so measurements were made outsde the van a each
dgte, and in dl cases the trangmitting antenna was obstructed. The resdentia areas were streets
with 2 story houses. The foliage conssted of an abundance of mature growth trees. The dtuation
could be best described as Urban Obstructed. The FCC dte was an open fidd with the
transmitting antenna obstructed by the surrounding terrain.

The dtes were sdected to obtain readings where the outsde measured RF field strength
was 56 dBuV/m or worse. The readings were taken outsde and adjacent to the vehicle and are
within the range over which the subcarrier sysem should operate. Table 1 shows each location
and the cdculated averaged measured error rates in percent for each location.

Location 1 Location 2 Location 3
Description Urban residentid Urban resdentia Openfidd
Densefiolage Densefoliage no trees
Obstructed Obstructed Obstructed
Digtance from, 1.6 2.0 2.7
Trangmitter, (km)
Field strength, (dBuV/m) -56.55 -46.17 -42.0
DAB Off DAB On | DAD Off | DAB On | DAB Off DAB On
Average measured 0.189 0.061 0.111 | 150 2.70 3.05
Error rate, (percent)

Table 1, Summary of Fied Test Results

The results in the firs column show the eror peformance was better with the DAB
sgnd applied. In this location there were some very excessive errors that were omitted from the
caculation because they appeared unredidic. The omisson may patly explan the discrepancy
in results. The results from the second and third columns closdy metch the lab tests in tha the
ratio of increase in eror rate with DAB On is gmilar. The results cannot easily be trandated to
coverage area under norma operating conditions, that is, a high power FM tranamitter with a
trangmitting antenna.on atal madt.
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SUmmary

With a subcarrier that operates a 66.5 kHz carrying a payload of 8.2 kb/s injected a 15%
the presence in the proposed DAB system does not sgnificantly impact the error performance as
measured on the recovered data. Subcarriers operating above 92 kHz may be affected depending
on the subcarrier modulation system chosen and the type of information and method conveyed.

Teding usng the typicd transmisson sysem (FM broadcast dtation) will be required to
obtain the large amount of data from many locations. Only with a large amount of data can we
ensure red-life adverse conditions such as multi-path are included.

Test 5— Digital Modulated SCA — WPOC

The purpose of this test was to measure the RF signd performance of the subcarrier receiver
and the channel performance (error rate) of a subcarrier receiver when the FM broadcast and 1IBOC
sgnds are radiated from conventiona FIM broadcast transmittersin the Baltimore area.

The IBOC dgnd was injected to a separate FM transmitter whose output was multiplexed
with the man broadcast transmitter containing the audio sgnds and subcariers. The IBOC
trangmitter was remotely controlled using acdlular phone

The following are the specifications of the trangmitter and the supplementary modulation
gpplied to the transmitter,

Cdl Sgn WPOC
Carrier Frequency 93.1 MHz
ERP (H+V) 16.00 kW
Rediator Height, AAT 264 m (above averageterrain)
AMSL 363 m (above mean sealeve)
Location, - Geographic N39° 11.450', W76° 49.017
- Common NW Junction of Rolling Road and US40,

12 km due west from center of
downtown Batimore

Subcarrier Modulation
Description location  Injection Modulation Class
RBDS 57 kHz 3% Bi-Phase Mark
Test Subcarrier 66.5kHz  15% DQPSK
SC Audio 92 kHz 5% FM, 1 kHz audio tone,

7.5 kHz deviation

14



IBOC Transmitter
Output level -19dbC wrt main transmitter (current USADR
NRSC proposal states
-22 dB wrt broadcast carrier)

Tedt Plots

To evaduate the subcarrier recelver signd performance, a spectrum andyzer was connected
to the FM demodulator output of a modified subcarrier receiver and spectrum analyzer plots taken
under different conditions. These tests were performed at the tranamitter site. Six plots were taken
and recorded.

Evduation of plots

1. IBOC On, 66.5kHz S/C Off

The plot shows the noise floor above 70 kHz increasing as reported on the earlier tests
with the idedl recaiver.

2. IBOC Off, 66.5 kHz S/C Off

The plot shows noise floor reducing aove 70 kHz with negligible difference in noise
performance in the 66.5 kHz subcarrier region. The 92 kHz FM subcarrier signal to noise ratio
improved by 6 dB to 8 dB with the IBOC off. These results are Smilar to the earlier test results.

3. IBOC Off, 66.5 kHz S/C On

The results show the presence of the 66.5 kHz subcarrier

4. 1BOC On, 66.5 kHz S/C On

Agan the results show little variation in SN in the 66.5 kHz subcarier region but clearly
show the degradation of SN in the 92 kHz region.

5. IBOC On, 66.5 kHz S/C On, Out-of-band performance (0 HZ to 200 kHz)

The plot demongtrates the increase in noise floor above 75 kHz and shows the rgection of
the recaver IF filters a 135 kHz effectively reducing the amplitude of the IBOC high frequency
components.

6. 1BOC Off, 66.5 kHz S/C On, Out-of-band performance (0 HZ to 200 kHz)

Same as aove but dealy showing the improvement in the out-of-band noise

performance with the IBOC off. The hump a 133 kHz is second harmonic of the 66.5 kHz
subcarrier generated within by the recelver demodulation process. This does not impact the 66.5
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kHz subcarrier recovery but would impact the IBOC performance in this region. Therefore an
IBOC receiver will require careful design to diminate this source of distortion.

Field Tedts

Locations one and two of the following table were taken in the iBiquity vehide with the
recever hed in the usua postion near the windshield. The remaining results were taken in a rented
vehicle. The antenna was fully extended for dl tests except the last three near downtown Bdtimore
where the sgna strength was condderably greater than anticipated even though the locations were
chosen for maximum obstruction of signd (buildings surrounding the van).

Locations 1 and 2, Urban residential

The results show the dight increase in eror rate in the averaged result when the IBOC
transmission is present. Like the earlier tests the difference between the averaged vauesis small

Location 3, Rurd township

The presence of the IBOC transmission did not impact error rate possibly because the error
rate was low.

Locations 4 and 5, Rurd, partid obstruction

Locetion 4 is dmilar to the earlier locations but with higher, more meaningful, error rates.
Location 5 shows a dight increase in eror rate with the IBOC off. Again the difference between
averaged vaues is smdl when compared to the deviation between individua measurements.

Locations 6, 7 and 8, Urban obstructed

The results of these tests show a reversd, thet is the error rate improved when the IBOC was
off. Except for location 6 the differences are smal and could be ignored.

Summary

The overdl results show the 66.5 kHz subcarrier recaiver is smilar to the idedl receiver used
in the earlier tests when an IBOC dgnd is present. The error rate results show when a DQPSK
subcarrier does not extend above 75 kHz the presence of the IBOC sgna has an effect on
performance but of insufficient magnitude, when compared to other reception errors, to degrade the
overal data recovery. The 66.5 kHz subcarrier was injected at 15%. If other subcarriers were not
present and te injection level increased to 20%, the differences between IBOC on and IBOC off
would be less than shown in these results.
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Table of Maor Fidd Test Measurements

Site description,
Geographic location and
Distance to Transmitter (km)

1. ColumbiaHills, residential
N39° 14.227
W 76° 50.554'
9.3 km

2. USADR Parking Lot

11.7 km

3. Sykesville, MD
South Hill and 1% Ave
N39° 22.399
W76° 58.233'
20.3km

4. West Friendship, MD
Ste. Hwy 32, parking lot
Near 170
N39° 18.256'

W 76° 57.307
17.3km

5. West Friendship, MD

Ste Hwy 32 and Rosemary

N39° 18.120°
W 76° 57.312
17.7 km

6. Baltimore, near downtown
Building courtyard near
Federal Reserve Bank
N39° 16.968'

W 76° 36.977
12.2km

7. Baltimore, near waterfront
Battery Ave, Fed Hill Park
N39° 16.781
W 76° 36.598'

125 km

8. Baltimore, at waterfront
Key Hwy at Sth High Sch
N39° 16.777
W 76° 36.387
12.8 km

IBOC Measured Error Rate Average
Transmission (percent) (percent)
On/Off
Off 0.17 0.11 0.17 0.17 0.11 0.10 0.09 0.08 0.10 0.12
On 0.21 0.17 0.23 0.21 0.23 0.27 0.24 0.21 0.24 0.24
Off 0.61 0.49 0.76 1.06 0.61 0.53 0.68 0.76 0.67 0.72 0.72 0.69
On 143 1.14 161 1.22 1.40 1.89 3.04 4.08 3.08 2.10
Off 0.04 0.12 0.01 0.02 0.01 0.02 0.03 0.07 0.05 0.08 0.02 0.03 0.02 0.04
On 0.03 0.05 0.04 0.03 0.05 0.03 0.04 0.05 0.06 0.04 0.03 0.04 0.02 0.04
Off 1.86 1.50 1.66 1.61 1.65 1.87 2.16 2.91 2.72 2.30 1.98 1.62 1.82 181
On 212 1.85 1.38 1.43 1.73 1.65 1.66 2.36 2.99 3.51 3.18 3.81 4.36 2.33
Off 0.90 0.97 0.96 0.98 2.11 2.06 2.76 3.09 1.50 0.94 1.09 0.82 1.08 1.48
On 149 099 1.02 1.25 1.10 1.12 1.40 1.18 0.95 0.97 1.18 1.09 1.17 1.15

Off 0.34 0.50 0.42 0.36 0.40 0.34 0.38 0.24 0.34 0.39 0.29 0.23 028 0.21 0.34
On 0.12 0.15 0.14 0.15 0.13 0.08 0.11 0.09 0.11 0.15 0.14 0.07 0.05 0.06  0.11

Off 0.64 0.53 0.28 0.26 0.31 0.33 0.37 0.27 0.34 0.31 0.24 0.23 0.25 0.29 0.35
On 0.22 0.21 0.16 0.24 0.23 0.19 0.20 0.24 0.21 0.18 0.26 0.23 0.20 0.17 0.21

Off 0.84 1.10 1.20 1.231.08 0.78 1.11 1.35 0.90 1.40 0.81 0.82 1.20 0.80 1.04
On 150 1.25 1.35 0.61 0.44 0.72 1.02 0.76 0.52 0.53 0.53 0.95 0.78 0.74 0.84

Notes. All measurements made indde vehicle with portable recever antenna fully extended

except asfollows,

Location 6, antenna fully retracted. Location 7, one section of antenna extended.
Location 8, two sections of antenna extended.
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Condusion:

Below is a synopsis of the SNR for the 67 kHz and 92 kHz SCA’s using a common 10%
injection level with acommon DAB power level a —22 dbc.

Test 6;&;'2 67KHz | 92KHz 92 KHz
L ocations - DABOn | DABOf | DABOn
WD2XAB 35 34 28 27
WETA 20.2 27.67 31.23 26.70

Upon inspection of the host 67kHz SCA recovered audio we see that with basdine DAB
(-22 dBpost) the SCAs audio SNR was not impaired enough to cause interference with or impact
the host SCAsrange.

SCAs located a 92 kHz are especidly prone to noise and interference, snce the noise
floor and the DAB intermodulation products are higher at the upper baseband frequencies. It is
clear that with basdine DAB €22 dBnos), for demodulation of the 92 KHz SCAs audio on some
tests had a decrease in SNR.

The results from the digitd modulated SCA channels show that DAB degradation was in
the .5% range that trandates to less than one tenth of a dB on the bit error rate curve. This would
trandate into an immeasurable impact on this SCA’srange.
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