Exhibit 1

Purpose of Application

By this application, Island Broadcasting Co. (“Island”), licensee of analog LPTV Station
WNYZ-LP, New York, New York (Channel 6), requests modification of Construction Permit
BMPDVL-20100901AAB (the “CP”), the flashcut digital construction permit for WNYZ-LD
(Channel 6) as follows: The requested modification is to include, if such modification of the CP
is deemed necessary, authorization to operate, in conjunction with the digital operation of
WNYZ-LD, an ancillary audio service consisting of an FM signal operating at 100 watts ERP at
87.74 MHz. In support of this request, see the attached Report prepared by Island.



Report of
Island Broadcasting Co.

Use of Axera Bandwidth Enhancement Technology
To Provide Ancillary FM Audio Service for
Digital Low Power TV on Channel 6
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SUMMARY

As demonstrated in this Report, using Axcera’s “Bandwidth Enhancement Technology”
(BET), an FM signal at 87.74 MHz operating with maximum ERP of 100 watts can operate side-
by-side with digital WNYZ-LD, Channel 6, New York, New York (the “Station”), operating at
300 watts, with no interference to any service, and full ability to decode the digital transmission.
Use of BET in the operation of the Station will permit it to continue to offer the additional audio
service that the Station’s analog predecessor, WNYZ-LP, has provided to New York City for the
past four years.

A detailed study of (i) decoding, (ii) effect on D/U ratios, (iii) the mask filter, and (iv) out
of band signal levels, is included herein. As will be shown, BET allows full use of the 6 MHz
channel, compared to the 5.38 MHz used for the current digital bit stream, with no adverse effect
on any other facilities.

The audio ancillary service described herein is not only permitted by Section 74.790(i) of
the Commission’s rules, but in the case of WNYZ-LD in particular, the paramount interest of the
New York City public will be well served by having an additional outlet of audio service.



1. Axcera Bandwidth Enhancement Technology (“BET™)

BET is a method of compatibly reducing the bandwidth of an 8VSB signal more than 300
kHz. As demonstrated below, BET, coupled with an overall frequency shift up to 150

kHz, can allow additional ancillary use of a 6 MHz television channel without interfering
with decoding. See copies of Axcera Tech Note No. 09, dated March 2000, and Axcera’s
paper entitled “A Compatible Narrowband 8VSB Transmission System,” included here at

Appendices A and B.

2. Study of FM Effect on Digital Decoding

Richard D. Bogner, partner of Island Broadcasting Co. (“Island”), and Ronald Scotto,
chief engineer for Island, undertook a test at low power, simulating a channel 6 digital
signal simultaneous with an FM signal at 87.74 MHz. BET was used to narrow the
digital spectrum, and offset was added to move this spectrum lower in frequency.
Seventeen (17) of the most popular digital-to-analog converters, and eight (8) major
manufacturers’ digital receivers, all identified in Appendix C hereto, were tested.
Relative power levels (digital to FM) and the amount of offset were varied. The
converters and receivers varied very widely in performance, some decoding the digital

signal with FM values substantially above the digital and large offsets, others not.

It was found that digital power at least three times FM power, with an offset of only 30
kHz, allowed all tested converters (with one exception®) and receivers to decode well,
putting the FM power at a very low 100 watts for a digital power of 300 watts ERP.

When the ERP exceeded 100 watts FM ERP, decoding failed to occur with some

! The Access model DTA 1080, the oldest converter tested, performed marginally, even with no FM
signal.



converters and receivers. This was verified by a brief test using the power levels of .3
kW ERP authorized in the flash-cut Construction Permit for the Station, BMPDVL-
20100901AAB (the “CP), and .1 kW ERP FM power at 87.74 MHz. In short, 100 watts
was the maximum FM ERP level that permitted viewing video with audio on all

converters and receivers tested.

Out of Channel Signal Levels

During the testing, the spectral mask filter was located prior to the combining of the
digital and FM signals, using a hybrid combiner. The resulting combined digital and FM
signal was measured, and meets the stringent mask specification of 47 db down for the
first half MHz, down to 76db down at 3MHz from the band edges, and remaining below

this level.

Effect of Digital Signal on FM

The FM was operated briefly without the simultaneous operation of the 300 watt digital
signal. There was no noticeable difference observed in the quality of the FM audio signal

with or without the digital signal operating.

Co-channel D/U ratios

Longley-Rice analyses were performed with respect to co-channel WPVI-TV,
Philadelphia, PA (Ch. 6, Facility ID 8618), and co-channel WEDY, New Haven, CT (Ch.
6, Facility ID 13595). It was found in both cases that the D/U ratios were the same
everywhere, with and without consideration of the 100 watts ERP FM analog signal
added to the 300 watts digital ERP authorized in the Station’s CP. Thus, the added 100

watt FM signal had no effect on the co-channel D/U ratios.



Adjacent Channel D/U Ratios

Longley-Rice analyses were performed with respect to adjacent-channel WO5CS-D, Port
Jervis, NY (Ch. 5; Facility ID 167321) and the pending Channel 5 application
(BDISDVL-20100421AAS) for WNY X-LD (Facility ID 29236). It was found in both
cases that the D/U ratios were the same everywhere, with and without the 100 watts ERP
FM analog signal added to the 300 watts ERP authorized in the Station’s CP. Thus, the

added 100 watt FM signal had no effect on the adjacent channel D/U ratios.

Interference to FM Stations

The signal levels in the FM bands were measured to be at least 47 db below 100 watts,
and no evidence of harmonic or other signals were found above this level. It is noted that
no specific rules address interference by a Channel 6 television station to an FM station
operating on Channel 201 and above. For many years, Channel 6 television stations have
broadcast audio signals on 87.75 MHz at high power levels, including WNYZ-LP at 3000

watts, with no cognizable interference to FM stations.

Authorized ERP Values

Island’s operation of a digital LPTV facility with 300-watt ERP and an ancillary FM
facility with 100-watt ERP, as tested, is consistent with the Commission’s Rules
governing ERP values permitted to digital LPTV stations. Indeed, since the digital video
and the FM were operating at different frequencies, their respective ERP values cannot be
combined, and neither operation exceeded the 300 watts permitted by Section
74.735(b)(i) of the Rules for a digital LPTV operation on Channel 6. In this connection,
it is worth noting that under Section 74.735(a) of the Rules, an analog LPTV station

operating on Channel 6 may operate with a maximum ERP of 3 kW, and no rule prohibits
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an analog station from operating the audio ERP equal to the video ERP. That is, the FCC
has never determined that a combined ERP in excess of the video ERP violates Section
74.735(a). An LPTV station’s digital video signal and ancillary FM audio signal can and

should be treated no differently.

Compliance with Rules Governing Digital LPTV Ancillary Services

Section 74.790(i) of the Rules provides that a digital LPTV station, in addition to
providing an over-the-air video program signal, may offer “services of any nature,
consistent with the public interest, convenience and necessity, on an ancillary or
supplementary basis in accordance with the provisions of §73.624(c) and (g) of this
chapter.” Section 73.624(c) expressly provides that aural services are among the
services that may be provided on an ancillary or supplementary basis. Thus, under the
Rules, use of 6 MHz for both a video service and ancillary service in any non-interfering
manner is permissible, provided that all other applicable rules are met. The ancillary
service described herein requires use of .62 MHz beyond the 5.38 MHz assigned to the
digital bit stream. Thus, the offering of a video program service and an ancillary audio
service reflects the most efficient use of the 6 MHz of spectrum allotted to the Station,
Such efficiency of spectrum use, in addition to the public interest benefit of the audio

ancillary service, should be highly valued.

Need for Audio Service in New York City, NY

New York City has far fewer full service FM stations covering the city than any other
major U.S. city. New York City, with a population estimated by the U.S. Census Bureau
to be 8,363,710 in 2008, has approximately 2.4 licensed FM stations per million

households, compared to Los Angeles with 3.7 per million, Chicago with 5.5 per million,
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and Philadelphia with 6.6 per million households. Compared with other cities, New York
City, with well over 100 spoken languages used and the largest population in the country,
has by far the greatest need for more audio services that cover the entire city, even if only
with a very low 100 watt ERP, as described herein — a power equivalent to a low power

FM station or FM translator station.

Advantages of Innovative Low V Spectrum Use.

This report provides evidence that a much needed and desired audio service can be added
as an ancillary service to a LPTV station in New York City, consistent with Commission
rules. Indeed, the Station can serve as a model for other LPTV or full service television

stations that wish to provide their communities with an ancillary audio service.

The Chairman of the FCC has frequently promoted the innovative use of spectrum.
Clearly, the spectrum use described in this Report is such an innovative and creative use.
Moreover, as demonstrated, it meets a specific identifiable need for more audio services
in New York City and, therefore, is in the paramount public interest. Finally, as further
demonstrated, the described ancillary service is consistent with rules and regulations of
the Commission applicable to LPTV stations. Nonetheless, out of an abundance of
caution, Accordingly, Island requests that the CP be modified to include authorization of
an ancillary FM analog signal at 100 watts ERP at frequency 87.74 MHz if such
additional authorization is deemed necessary for the Station to operate the audio service

described herein.



- = No. 09 March 2000
@ AXCERA, LLC

A Compatible Narrowband 8VSB Transmission System

(Bandwidth Enhancement Technolgy™)

Introduction

[ the FCC table of channel allocations for 8VSB digital television (DTV) stations,
some channel assignments create severe rechnical prablems. For example, in some com-
munities where a DTV allocation has been created for channel 14 {470-476 MHz),
there are land mobile radio licenses very close ro the lower edpe of charnel 14 some
as high as 469.975 MHz. It is excremely difficult co proteet 469.975 MHz when the
DTV signal has energy down o 470 MHz just 25 kifohertz away. Fven though trans-
mitter out of band energy may be in compliance with FCC rules, it may sill create
preblems to users of adjacent frequencivs. Other DTV channel allocations potentially
in a sirnilar sitaation include channdls 2, 4, 3, 6, 7, 13, 36, 38, and 51, as well as chose
adjacent to existing NTSC channcls.

These problems could be mirigated if the ATSC spectrum, which is rather “aggres-
sive” when it comes to occupying 2 6 MHz chanael, could be just slightly reduced in
bandwidth.

The ATSC 8VSB System

The ATSC standard 8VSB transmission system, like many other digital transmis-
sion systems, includes a certain amount of “excess bandwidrh.” The 8VSE system
transiits symbols ar a rate of 10.76223776... million per second, which requires a
minimum theorctical bandwidih of 5.381118881 ... MHz (half of the symbal rate).
Altheugh this ts a theoretical minimum, it is physicatly impossible te build a system
that only uses the minimum bandwiddh. Asa practical matrer, it is necessary to allow
a cermin amount of additional [“excess”) bandwidth for filter transition bands,

The 8YSB system has about 11.5% excess bandwidth. In other words, the 6 MHz
channel widch divided by 5.381118881... Mz is approximarcly 11.5% grearer than
unity.

To achieve an overall Aar amplitude tesponise between the transmirter and the re-
ceiver, the shape of the filtering in the transition bands has been specified
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to be the square teot of a root raised cosine response, for
both the transmitter and the receiver. When the filcer
respanse is applied twice, its magnicude response is squared,
providing an overall raised cosine shape. When the T channel
of the 8VSB signal is demodulated, it then has 2 Hat ampli-

wde responge,

Channel Filters

Modern channel filcers developed for DTV applications
have narrow transition bandwidths. The transition band-
width is the frequency range ovet which the attenuarion
changes from ncar zero, close to the channel cdge, to the
out of band atenuation value a lirde bic farther from the
hand edge. In a sophisticated channel Aleer, the transition
hand can be as small as 150 kHz. Conventionally. these
chanrel Aleers have very lirde artenuarion ar the channel
edges, and reach a high atrenuation value several hundred

kHz ouside the channel.

Whar this implies is thar if just 150 kHz could be shaved
off of the offending side of the spectrum (or from both
sides of the specerum), then the channed filter could be
made slightly narrower, having a high amount of attenu-
arion right ar the channel edges. Services just outside the
charnel edges could have 30-60 dB of additional pro-
teetion if the DTV signal’s bandwidch could be pust slightly
reduced,

It is possible te make the 8VSB signal marrower than 6 MHz,
simply by reducing the 11.5% excess bandwidth o a lower
vafuc, Bu this creates a problem with receivers. For example,
if che transmiteer is producing a 7% excess bandwidth

signal with a roor raised cosine response, and the receiver

is Rlrering the signal with a root ratsed cosine 11,5% excess
bandwidrth fleer, the overall response will not be flat, There
will be frequency response bumps at low and high frequen-

cies. Although a receiver’s adaptive equaiizer could Harren out

the response, ic would do so at the expense of signal to noise
performance. The problem wich suck a unilateral approach
ar the cransmiceer is incomparibility with receivers,

A Solution

Forrunarely, there is a way ro comparibly reduce the
bandwidih of 2 DTV signal by several hundred kHz, which
1s enough to permit the use of passive channel filters and
combirers thar have significant attenuadon at the channel

edge, This method makes a bandwidth reductien, but with-

out affecting receivers that are designed o receive a signal
with the standard 11.5% excess bandwidth.

The bandwidth reduction method relies an two characreristics
of the V5B signal. First, the ransmitied informarion 15 con-

tatned endrely wichin the ] channel.
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Pilot Nyquist

Figure 1

The only purpasc of the Q channel is to make mest of one
sidcband disappear. This characteristic can be exploited by re-
ducing the bandwidsh of the signal in such a way thac unly the
Q channel is affecied, and the T channel is unchanged. In the
frequency domain, this means removing energy from the lower
sideband, and replacing it with enerpy in the upper siceband, as
shown in Figure 1.

Second, there is a small amount of invered replicated specoum

" just above the Nyquist rate in the transmitied [ channel. When

the symbols are exeracred, which reduces the sampling rate to
the symbol rate, energy above the Nyquist rate aliases to fre-
quencies below the Nyquist rate. This characeeristic can also be
expioited to reduce the bandwidch. The T channel bandwidth
can be reduced in the specrral tail above the Nyquist rate, by
replacing encrgy removed wirh equivalent energy below the

Nyquist raze.
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Forming the Narrowband Spectrum
at the Lower Channel Edge
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As long as any volage removed from the lowsr sideband is
replaced av the upper sideband at the same amplitude as seen
by the reeciver’s T channel demedularor, the I channel demodu-
lated signal will not be changed. Yer, the bandwidth of the
signal is narrower,

Figure 2 shows the detail of how the narrowband 8YSB
spectrum is formed in the viciniry of the pilot (approxi-
rately 309 kHz above the channel edgy). The narrowband
weighting function has a value of unity above the pilot
frequency. Below the pilot,over a frequency of 125 kHz, the
weighting fanction drops to zere. In the remaining range
jusz above the lower channel edge (pilor minus 125 kHz or
approximarely 184 kHz), the weighting function has 2 value
of zero, The removed fower sideband energy is mubtiplied by
the expected RRC shape of the receiver. Then it is frequency
inverced above the pilot, and divided by che receiver’s RRC
shape, and finally added o the response of the standard
RRC shape. The result is the narrowband response shape
shown in the figure. Importandy, the demodulated I channet
of this signal is idenrical to that of a standard RRC 8VSB
signal. This particular cheice of shaping results in 184 kHz
being removed from the vestigial lower sideband.

Extending the Concept to

the Upper Band Edge

The 8VSB systemn includes essential signal components

in the baseband modulating signal thar go ali the way

to the Nyquist rate (when sampled at the symbol rarc).
When the 8V5B signal is formed, the spectrum is fat o
5.071678332... MHz above the pilot. At thar point che
root raised cosine shape begins to roll off che spectrum. Ar
half the symbol rate above pilor {5.381118881... MHz)
the response is down 3 dB, Berween chis Frequency and the
channel edge {5.690559441 ... MHz above pilot) the ideal
response transitions from 3 dB to zero amplitude.

gLd 69%1/280151

Because baseband energy zoes all the way to the Nyquise rare
in BVSE, the frequency components in the RRC transidon
range just below the Nyquist rate in the 8VSB signal (half
the symbol rare or 5.381118881.., MHz above pilot) are
mirrar images of the spectrum just above the Nyquist rate,
The wrnplicudes of the mirrosed specera are not the same,
bur the freguencies are mirrored.

When the 8VSB signal is demodulated o symbols sampicd
at the symbol rate, frequency companents within this rransi-
tton region just above the Nyvquist frequency, will alias o
frequencies just below the Nyquist frequency. This aliasing
at the demodulation end is intentional and nrecessary for the
SYSrCm L] “'ka perf:I‘lY,

As was the case in the transition region around the pilot, the
spectral shape in the transition range ac the upper channel
edge can be modified without affecting the demodulared
symbols. If energy is removed from the specerum above

the Nyquist rate, then it must be replaced at the equivalent
frequency below the Nyquist rate. This spectral modification
must consider the shape of the receiver’s RRC flter.

To make the speceral modification to the upper band edge,
substitute the 8YSE Nyquist rate (half the symbol rate plus
the pilot frequency) for the pilot frequency, and inerchange
references to the upper and lower sidebands, In other words,
remove energy from the frequency range berween the Ny-
quisc rare (3.381118881... MHz plus pilor or 5.690559441
MHz) and the upper channel edge, and compensate for the
lass of energy by increasing the signal amplitude berween pi-
fat plus 5.071678322... MHz and pilot ples 5.381118881...
MHa.

So, removing voltage from any frequency above the
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Forming the Narrawband Signat at
the Uppar Channel Edge
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Nyquist raze, and replacing it at the same frequency below
the Nyquist rate such thac the frequency-transposed energy
is the same ar the receivers demodulator after its RRC
filtering, will not change the demodulared 1 channel sigtial
after it is sampled. This is because the signal componenrs
above and below the Nyquist race are mirror images of

cach other, and sampling a frequency component above the
Nyquist rate by a frequency fwill produce the same result as
sampling a frequency component betow che Nyquist rate by

frequency £

Figure 3 shows the detail of how the narrawhand 8VSB
spectrum is formed at the upper channel edge. The nar-
rowband weighting fanction has a value of unity below the
Nyquist frequency. Above the Nyquist frequency, over a

frequency of 125 kHz, the weighting function drops to zero.

In the remaining range just below ehe upper channel edge
{Nyquist frequency plus 125 kHz or approximatcly 184
kHz), the weighting function has a valuc of 2ero. The re-
roved lower sideband energy is multiplicd by the expected
RRC shape of the receiver. Then i s frequency inverted
above the Nyquist frequency, and divided by the receiver's
RRC shape. and fnally added o the response of the stan-
dard RRC shape. The result is the narrowhband respanse
shape shown in the figure. This particular choice of shaping
results in 184 kHz being removed from the upper sideband.
Impereanty, the demadulated T channel of chis signal is
idenical 1o that of 2 standard RRC 8VSB signal.

Choice of Method

These methods may be applicd to just the lower band
edge, ot just the upper band edge, or to both band edges
simultancously, depending on the purpose for reducing the
bandwiddh of the 8VSB signal,

For example, if the problem is protecting two way radio

Narrowband BVSB
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allocations just below channel 14, it may only be necessacy
to reduce the bandwidch ac the lower band edge. O, if an
cducarional FM station ar 88,1 MHz would suffer incerfer-
ence from a new DTV allocation at channe! 6, then only
the upper band edge of the 8VSB signal would need o be

I‘Ed.'U.CCd..

Figurc i shows the bandwidth saving of the narrowband
8VSB system with bandwidth reduction being applicd o
both edges of the channel. Wirh chis particular funcrion,
there is enocugh energy being removed from the channel
ecges to make the in-band response rise by approximately 1
dB.

For the maximum amount of bandwidch reduction on

just onc channel edge, beth sides of che spectrum could be
reduced, and then the resulting spectrum could be fre-
quency shified to one side er the other by the amount of the
bandwidth truncation on one side. In these examples, with
184 kHz removed from each side, and with the resulting
specerum shifred by 184 kHz, a total guard band of 368
kHz could be created on ane side of the spectram,

Receiver Compatibility Issues

When a narrowband 8VSB signal is received, the demodi-
lated I channel signal, after it is resampled to the symbol
rate, will be exactly cthe same as it would be with a conven-
tional 8YSB signal. However, several factors may sl affect
receiver compatibilicy.

Use of the Q channel by the receiver equalizer.
If the receiver's equalizer uses the Q channel in addition to
the I thereby noise, near the channd edges.
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channel, then there could be problems because the Q) chan-
ncl is medificd. For example, the receiver could try to force
the spectral shape o 11.5% RRC before demodulation, This

would boost the receiver's response, and

Operation of the receiver equalizer in a bandwidth larger
than half the symbol race. If che receiver equalizer opcrates
on the demodulated T channel, but in a bandwidch higher
than half the symbol rate, then it could sense the reduced
energy just above the Nyquise vace and try to boost it {and
any noise; up co the level it would be with a sandard signal.

PLL lssises

Reduction of the specrrum in the vicinity of the pilat will have
the effecr of increasing the amaunt of low freq uency energy in
the Q channel of the receiver. The recovered carrier may have
an increased amounc of undesired phase modulation of jitter
depending on the design of the receiver's PLL and in particular,
its bandwidth,

To deecrmine what effect, if any, the narrowband 8VSB signal
would have on the receivers, measurements were taken on a
sampling of receivers from different manufacrurers, Receivers
were tested bor inpuc signal lovel requirements firse with 2 scan-
dard 8VSB signal, and then with the narrowband §VSB signal.

Six different models of commercially available recoivers were
tested to sce if they correely demodulare the narrowband
BVSB signai, and success was achieved with all. Threshold
meastrements were made on two of the receivers, both

of which showed only 2 1 dB penalty for the narrowband
signal. The evidence suggesrs thac existing seceivers are ca-
pable of receiving che narrowband 8VSE signal withour any
modifications.

Transmitter Compatibility

The cransmitted bandwiddh of the narrowband 8VSE signal is
narrower by design. A signal thar is narrower than standard will
not create any problems with a rransmitter. Howrever, n:tuning
of the channel Alrer will be tequired to take madimum advan-

taze of the narrowband signal.

Figure 5

Another issue is peak to average ratio. Peak 1o average ratio is
only slightly higher with the narrowband 8VSR signal as imple-
mented. With a 368 kHz teduction in bandwidth, the peak o
average ratio is ooly 0.5 dB higher than with a standard sigral,

Practical Resuits

Figare 5 is aken from the spectrum display of a Tektronix
RFA300. This is the output of a solid stare trarsmicter operaring
in narrowband mode, wich a channel Slier designed especially
for the narrowband spectrum. It is evident from this display
thar the transmitter exceeds the FCC's channel mask by a wide
ma_tgm.

gld 697.L2821S1
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Conclusion

Narrowband 8VSB can be used to ger stations on the air which
would have otherwise insurmounntable problems. In some
instances, some form of narrowband transmission may be the
only way to solve an interference problem. Tn these cases, nar-
rowband 8VSB will aliow stations in these situacions to geton
the air and t make best use of the available spectram.

In contrast to 2 “brute force™ method of attenuating out-of-
band signals by using very sharp, stable flwrs, 2 narrowband
8VSB selution will allow the use of standard Gleer designs. It
will also ensure that the desired signal rernains intac, purting no
additional burden on the equalization circuitry of the receivers.
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AppErnpix b

A COMPATIBLE NARROWBAND 8VSB

TRANSMISSION SYSTEM
“Bandwidth Enhancement Technology™

Lawrence, Pennsylvania

L. Abstract

This paper describes a method of compatibly
reducing the bandwidth of an 8VSB signal, By
careful cheice of filter shapes, the bandwidth
reduction can be made compatible with
receivers, such that the demodulated and
resampled I channel signal is identical to what
would be produced by a standard 8VSB signal.
A slight bandwidth reduction of only 100 to 200
kHz per band edge allows much more aggressive
channel filters to be used. Sharper channel filters
can greatly reduce or eliminate interference
problems to adjacent services, such as two way
radio users just below UHF channel 14,

IL Introduction

The Federal Communications Commission has
established a table of channel allocations for

8V SB digital television {DTV) stations. Some of
these allocations create severe technical
problems. For example, in some communities
where a TV allowcatinn has hesn craated for
channel 14 (470-476 MHz), there are land
mobile radio licenses very close to the lower
edge of channel 14 — some as high as 469.975
MHz. It is extremely difficult to protect 469.975
MHz when the DTV signal has energy down to
47¢ MHz —just 0.025 MHz away. Power
amplifier nonlinearities create a certain amount
of out of band energy. Even though this out of
band energy may be in compliance with FCC
rules, it may still create problems to users of
adiacent frequencies, who “were there first.”

Similar problems may exist where two way radio
users are sharing spectrum in the UHF television
band.

Another situation that is problematic is the
“N+1” allocation. Here, a NTSC licensee is
assigned a DTV channel that is on the next
channet up from his NTSC signal. In this
situation the aural carrier has significant
cidehandc rhat esdend ta within ahout 74 kHz of
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the channel edge, and therefore to within about
75 kHz of the DTV signal. This creates problems
for stations that wish to use frequency selective
combiners with separate NTSC and DTV
transmitters.

Yet another problem exists in areas where radio
telescopes are using channel 37 (608-614 MHz).
Nearby broadecasters on channels 36 and 38 may
adversely affect telescope operation with out of
band emissions on channel 37,

Similarly, problems could exist with VHF
channel 6 interference to noncomimercial FM just
above B8 MHz, and channels 4 and 5 could
interfere with users of the 72-76 Mz spectrum.

These problems could be mitigated if the ATSC
spectrum, which is rather “aggressive™ when it
comes to occupying a 6 MHz channel, could be
just slightly reduced in bandwidth.

HE The ATSC 8VSB System

The ATSC standard §VSB transmission system,
like many other digital transmission systems,
includes a certain amount of “excess bandwidth.”
The 8VEB system transmits symbols at a rate of
10.76223776... million per second, which
requires a minimum theoretical bandwidth of
5.381118881... MHz (half of the symbof rate).
Although this is a theoretical minimurm, it is
physically impossible to build a system that only
uses the minimum bandwidth. As a practical
matter, it is neeessary to allow a certain amount
of additional (“excess™) bandwidth for filter
transition bands.

The 8VSB system has about 11.5% excess
bandwidth. [n other words. the § MHz channel
width divided by 5.381118881... MHz is
approximately £1.5% greater than unity.

To achieve an overall flat amplitude response
between the transmitter and the receiver, the
shape of the filtering in the transition bands has
been specified to be the square root of a root
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raised cosine response, for both the transmitter
and the receiver. When the filter response is
applied twice, its magnitude response is squared,
providing an overall raised cosine shape. When
the T channel of the VSR signal is demudulated
and resampled at the symbol rate, it then has a
flat amplitude response.

IV. Channel Filters

Modern channel filters developed for DTV
applications have narrow transition bandwidths.
The transition bandwidth is the frequency range
over which the attenuation changes from near
zero, ¢lose to the channel edee. to the out of
band attenuation value a little bit farther from the
band edge. In a sophisticated channel filter, the
transition band can be as small as 150 kHz.
Conventionally, these channel filters have very
little attenuation at the channel edges, and reach
a high attenuation value several hundred kHz
outside the channel.

What this implies is that if just 150 ki¥z could be
shaved off of the offending side of the spectrum
(or from both sides of the spectrum), then the
channel filter could be made slightly narrower,
having a high amount of attenuation right at the
channel edges. Services just outside the channel
edzes could have 30-60 dB of additional
protection if the DTV signal®s bandwidth could
be just slighttv reduced.

It is possible to make the 8VSB signal narrower
than 6 MHz, simply by reducing the 11.5%
excess bandwidth to a fower value. But. this
creates a problem with receivers. For example, if
the transmitter is producing a 7% excess
bandwidth signal with a root raised cosine
response, and the receiver is filtering the signal
with a root raised cosine F1.5% excess
bandwidth filter, the overall response will not be
flat. There will be frequency response bumps at
low and high frequencies. Although a receiver’s
adaptive equalizer could flatten out the response.
it would do so at the expense of signal 1o noise
performance, The problem with such a unilateral
approach at the transmitter is incompatibility
with receivers,

V. A Salatinn

Fortunately, there is a way to compatibly reduce
the bandwidth of a DTV signal by several
hundred kHz, which is enough to permit the use
of passive channel filters and combiners that
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have significant attenuation at the channel edge.
This method makes a bandwidth reduction, but
without affecting receivers that are designed to
receive a signal with the standard 11.5% excess
bandwidth.

The bandwidth reduction method relies on two
characteristics of the 8VSB signal. First, the
transmitted information is contained entirelv
within the [ channel. The only purpose of the Q
channel is to make most of one sideband
disappear. This characteristic can be exploited by
reducing the bandwidth of the signal in such a
way that only the Q channel is affected, and the I
channel is unchanged. in the frequency domain.,
this means removing energy from the lower
sideband, and replacing it with energy in the
upper sideband.

Second, there is a small amount of inverted
replicated spectrum just above the Nygquist rate
in the transmitted I channel. When the symbols
are extracted, which reduces the sampling rate to
the symbol rate, energy above the Nvquist rate
aliases to frequencies below the Nyquist rate.
This characteristic can also be exploited to
reduce the bandwidth. The I channel bandwidth
can be reduced in the spectral tail above the
Nyquist rate, by replacing energy removed with
equivaient energy below the Nvquist rate.

V1. Details

The amplitude response in the transition band is
given by:

Rre(fy=sqri{¢.5+0.5*cos|pi* ()24}
Where:

T, = half of transition band = pilot froquency =
309.4405594... kHz

= the frequency difference from the pilot
(positive or negative)

Let:

G(-1) = the frequency response being applied to
the lower sideband, below the pilot.

The frequency response of the lower sideband
becomes:

Rre(-D*G(-H

(0} 5U!1SQOpQOJ8 pue|s|
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The attenuation provided by the function G(-D
has the effect of removing energy from the lower
sideband. To keep the 1 channel the same, that
energy may be added back in to the upper
sideband.

To determine exactly how much energy to add
back in to the upper sideband, use the following
steps for everv frequency in the 1.8B:

1. Determine the amount of LSE voltage lost.

2,  Multiply this voltage by the amplituds

response of the RRC filter in the receiver ai

the LSB frequency of interest.

Divide this result by the amplitude response

of the RRC receiver filter at the equivalent

USH frequency.

4. Add the resudting voltage to the upper
sideband.

[

The normal response of the lower sideband is:
Rre(-)

The reduced bandwidth amplitude of the lower
sideband is:

Rre(-N*G(-f)

80, the amount of “lost voltage™ in the LB is
the difference between the two previous
expressions, or:

Rre(-b-Rre(-N*G(-N=rre-H*[1-G{-Nl

Weighting this by the L.SB RRC response of the
receiver gives:

Rre’(-)}-Rrc’(-f*G(-D=rre’(-)*[1-G(-)]
Dividing this by the RRC USRB response of the
receiver’s filter gives;

[Rre? (-D-Rre*(-D*G(-D/rre(f)
=rrc’ (-H*[1-G(-D/rre(h

The frequency response of the upper sideband
becomes:

Rec(f)+ ree’(-D*[1-G{-Hl/rre(h)

For example, consider the case where G(-I) is
given by the following:

lgd 69%1/280151

For £>= 125 kHz, G(-f) =0

For £>=20 kHz and <125 kHz,
G(-TF=1-(t-20 kHz)/ 103 kHz

The reasons for choosing this weighting function
arc:

i.  Truncation of the spectral tail to just 125
kHz below the pilot frequency. This will
reduce the bandwidth by about 184 kHz.

2. Preservation of the standard RRC spectral
shape within 20 kHz of the pilot frequency.
Keeping the O channel the same as standard
RRC within 20 kHz of the pilot frequency
will allow receivers with PLL bandwidths
up to 20 kHz to lock to the pilot of the
narrowband signal with the same
performance as a standard RRC signal.

Thic will intradnee a linear rallaff from 20 kH7
below the pilot frequency to 125 kHz below the
pilot, and zero response beyond 125 kHz below
the pilot. Some amplitude values are given in the
foliowing table:

F LSB LSB
(RRC) {narrow)
25 kHz 6608458 6293769
50 kHz 6119248 A370892
100 kH=z 506901 1206907
200 kHz 2742153 0
300 kHz 2395899E-02 0
F USB UsSB
(RRO) {narrow)
7?5 kHz 7505717 TIR?UIS
50 kHz 909159 5261848
100 kHz 8620043 1089113
MM kH7 QRTARART 1 N30RA
300 kHz 9957129 1.000287

Table 1 — Spectral Tail Shapes

Of course, other functions may be substituted for
this particular G(f} to provide other shapes for
the narrower bandwidth.

As long as anv voltage removed from the lower
sideband is replaced at the wpper sideband at the
same amplitude as seen by the receiver’s 1
channel demodulator. the resampled 1 channel
demodulated signal will not be changed. Yet, the
bandwidth of the signal is narrower.
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Figure 1 shows the detail of how the narrowband
8VSB spectrum is formed in the vicinity of the
pilot (approximately 309 kHz above the channel
edge). The narrowband weighting function has a
value of undty above the pilot frequency. Below
the pilot, over a frequency of 125 kHz, the
weighting fonction drops to zero. In the
remaining range just above the lower channel
edge (pilot minus 125 kiz or approximatelv 184
kHz), the weighting function has a value of zero.
The removed lower sideband energy is
multiplied by the expected RRC shape of the
receiver. Then it is frequency inverted above the
pilot, and divided by the receiver’s RRC shape,
and finally added to the response of the standard
RRC shape. The result is the narrowband
response shape shown in the figure. Importantly,
the demodulated and resampled I channel of this
signal is identical to that of a standard RRC
8VSB signal. This particular choice of shaping
results in 184 kHz being removed from the

vestigial lower sideband.

YII. Extending the Concept to the Upper
Band Edge

The 8VSB system includes essential signal
components in the baseband modulating signal
that go all the way to the Nyquist rate (when
sampled at the svmbol rate). When the 8VSB
signal is formed, the spectrum is flat to
5.071678332... MHz above the pilot. At that
point the root raised cosine shape begins to roll
off the spectrum. At half the symbol rate above
pilot (5.38111888 ... MHz) the response is
down 3 dB. Between this frequency and the
channel edge (5.690559441... MHz above pilot)
the ideal response transitions from -3 dB to zeto
amplitude.

Because baseband energy goes all the way to the
Nvaquist rate in 8V SR, the frequency components

Figure 1 - Forming the Narrowband Spectrum at
i the Lower Channel Edge

Amplitude Response

Frequency from Channel Edge {Hz)

i

Standard RRC - - -Narrowband Weighting Function
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in the RRC transition range just below the
Nyquist rate in the 8VSB signal (half the symbol
rate or 5.381118881... MHz above pilot) are
mirror images of the spectrum just above the
Nyquist rate. The amplitudes of the mirrored
spectra are not the same, but the frequencies are
mirrored

When the 3VSB signal is demodulated to
svimbols sampled at the svmbol rate, frequency
camponents within this transition region just
above the Nyquist frequency, will alias to
frequencies fust below the Nyquist frequency.
This aliasing at the demodulation end is
intentional and necessary for the system to work

without affecting the demodulated symbols, Tf
energy is removed from the spectrum above the
Nvauist rate, then it must be replaced at the
equivalent frequency below the Nyquist rate.
This spectral modification must consider the
shape of the receiver’s RRC filter.

To make the spectral modification to the npper
band edge, substitute the 8VSB Nyquist rate
(half the symbol rate plus the pilot frequency) for
the pilot frequency, and interchange references lo
the upper and lower sidebands, In other words,
remove energy from the frequency ranpe
between the Nyquist rate (5.381118881... MHz
plus pilot or 5.680559441 MHz) and the upper
channel edge, and compensate for the loss of

propertky.

Figure 2 - Forming the Narrowband Signal at the
Upper Channel Edge
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As was the case in the transition region around
the pilot. the spectral shape in the transition
range af the upper channel edee can be modified
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| ————Standard RRC o = =Narrowband Wenghtlng Functlon—— Narrowband Response[

energy by increasing the 51gnal amplltude
between pilot plus 5.071678322... MHz and
pilot plus 5.381118881... MHz.
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So, temoving voltage from any frequency above
the Nyquist rate, and replacing it at the sarne
frequency below the Nyquist raie such that the
frequency-transposed energy is the same at the
receiver’s demodulator after its RRC fiitering,
will not change the demodulated I channel sigmal
after it is sampled. This is because the signal
components above and below the Nyquist rate
are mirror images of each other, and sampling a
frequency component above the Nyquist rate by
a frequency £ will produce the same result as
sampling a frequency component below the
NyQquist rate by frequency f.

Figure 2, which is essentially a mirror image of
the lower sideband figure above, shows the detail
of how the narrowband 8VSB spectrum is
formed at the upper channel edge. The
narrowband weighting function has a value of
unity below the Nyquist frequency. Above the
Nyquist frequency, over a frequency of 125 kHz,
the weighting fimction drops to zero. In the
remaining range just below the upper channel
edge (Nyquist frequency plus 125 kHz or
approximately 184 kHz), the weighting function
has a value of zero. The removed lower sideband
energy is multiplied by the expected RRC shape
of the receiver. Then it is frequency inverted
above the Nvauist frequency. and divided by the
receiver’s RRC shape. and finatly added to the
response of the standard RRC shape. The result
is the narrowband response shape shown in the
figure. This particvlar cheice of shaping results
in 184 kHz being removed from the upper
sideband. lmportantly, the demodulated and
resampted 1 channel of this signal is identical to
that of a standard RRC 8VSB signal.

YL Filter Design

While this paper describes a method of
producing filter shapes which will demodulate
correctly in a standard 11.5% excess bandwidth
receiver, there is no requirement ta use any
particular filter design method. There are many
well known filter design algorithms which may
be used to produce filters which will meet the
specifications set out in this paper.

A suitable design method is to use the Parks-
MeClellan filter design procedure, which, in
turn, uses the Remez algorithm.

For example, the following 123 filter coefficients
are the first 128 values of the impulse response

¥g'd 691/ 2801G1

of a symmetrical 256" order filter for a Weaver
modulator implementation of the particular
narrowband 8YSB spectrum described above.
This filter has a passband ripple of about 0,26 dB
peak to peak, and a stopband atienuation of about

64 dB:

7.772097E-05
~3.464779E-03
-6.060667R-04
6.370B46E-04
-5.23357E-04
4.15B925E-04
-3.240109E-04
2.4£3965E-04
-1 IN?IATIR-DA4
1.001574E-04
-3.0793¢2E~05
-3.983%78E-05
1.124556E-04
-1.877948E-04
2.634561E-04
~3.462155E-04
4.298375E-04
~5.155462E-04
6.027796E-04
-6.907773E-04
7.794481E-04
-8.678528E-04
9.549628E-04
~1.0397575-03
1.1211512~C3
~1.19868E-03
1.2712928-C3
-1.33826E-03
1.398303E-03
-1.449495R-03
1.490083E-03
-1.517636E-03
1.530588E-03
~1.526017E-03
1.439869E-03
-1 AAgRNOGFR-N7
1.36775E-03
-1 ?5RANAF-N73
1.1078995-03
-9.1976325-04
€.920146E-04
—d4 TRQRTAFT-N4
1.054222E-04
2.611526E-04
~6.656228E-04
1.108313E-03
-1.597682E-03
An21 2573
-2,5911328-03
3.2943285-03
-3.944584E-03
4.652319E-03
~5.432695E-03
6.312137E~03
-7.331729E-03

-1.5%5535E-03
-3.2€408E-03
1.£12473E-03
-8.903818E-04
6€.381l676E-04
-6.040196E-04
5.751285E~-04
-5_737484E-04
R ONNS4RR-N4
-6.168245%5-(4
6.507201=-C4
-6.8977745-C4
7.325214E-04
-7.782348E-04
8.253017E-D4
-8.733119E-04
3.2153E5E-04
—-9.688983E-04
1.014259E-03
-1.056019E-03
0010936
-1.125836E-03
1..515528-03
-1.169074E-03
1.1765%5E~03
-1,173041E-03
L.157152B-03
-1.12813BE-03
1.085357E-03
-1.027571E-03
9.538071E-04
-8.623181E-04
T.525901E-C<
-6.,23B137E-04
4.73694E-04
-7 CAnGNAT-Od
9.€69B789E-05
1 3R1574¥-04
-4.046875E-04
7.162457E-04
-1.07239%1E~-03
1 4GANARF-NR
-1_.95727_E-23
Z2.502128E~03
-3.121063E-03
3.814615E-03
-4.588855E-03
B AT7A2IRE-NR
-6.4522878-03
7.527761E-03
-8.711723E-03
1.001574E-0Z
-1.145401E-02
.0130495
-1.4B38BEE-02
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1.688552E-02
-1.529563E-02
2.2252%6E-02
~-.0260824
3.247395E-02
-3.988248E-02
5.545394FE-02
-9.557119E-02
CABRRIDITR

8.3367%4E-03
-1.2308679E-02
1.20800Z2E-02
-1.480236E-02
1.873665E-02
-2.487189E-02
3.561839R-02
-5.88671EE-C2
1445194

Table 2 — Filter Coefficients

The 129" through the 256™ coefficients arc the
same as the first 128 cocfficients above, except
that they are reversed in time order.

For example. if the problem is protecting two
way radio allocations just below channel 14, it
may only be necessary to reduce the bandwidth
at the Jower band edge. Or, if an educational FM
station at 88.1 MHz would suffer interference
from a new DTV allocation at channel &, then
only the upper band edge of the 8VSB signal

wontld need to be reduced

Figure 3 shows the bandwidth saving of the
nartowband 8VSRB system for the G(f) function
given above, with bandwidth reduction being
applied to both edges of the channel. With this
particular G{f) function, there is enough energy
being removed from the channel edges to make

Figure 3 - Spectrum Shapes for Standard and
Narrecwband 8VSB

imbbnventional Roat Raised Cosing—— Narrowbanﬂd 8VSB
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IX. Choice of Method

These methods may be applied to just the lower
band edge, or just the upper band edge, or to
both band edges simultanecusly, depending on
the purpose for reducing the bandwidth of the
BVSB signal.

gg'd 69, 2O90LG1

the in-band response rise by approximately 1 dB.

For the maximum amount of bandwidth
reduction on just one channel edge, both sides of
the spectrum could be reduced, and then the
resultineg spectrum could be frequency shifted to
one side or the other by the amount of the
bandwidth truncation on one side, In these
exampies. with 184 kHz removed from cach
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side, and with the resulting spectrum shified by
184 kHz, a total guard band of 368 kHz could be
created on one side of the spectrum.

X. Weaver Modulator Implementation

A Weaver single sideband modulator shifts a
baseband spectrum to be modulated to a pair of
orthogonal baschand signals. If the folding
frequency and filter cutoff frequencies are
properly chosen, the technique may be modified
to produce vestigial sideband signals. A
modified Weaver VSB modulator was used to
produce the narrowband 8VSB signal.

A Weaver modulator uses a pair of lowpass
filters to do spectral shaping. In the most basic
form of a Weaver modulator, the spectrum must
be symmetrical because the lowpass filter pair
determines the shape of the two band edges
simultaneously. In other words, the cutoff
frequency of the Weaver lowpass filters maps to
both the upper and lower edges of the output
spectrum.

Fs=Fgym

asymmetrical spectral shape may be obtained,
allowing application of the narrowband signal on
only one side of the signal. In the figure above, a
complex filter would consist of four lowpass

filters instead of the two shown, plus an adder
and a snhtractsr

XI. Bandpass Filter Implementation

Modulati VSB Cutput
ot i
ll".t‘lpiltm.‘I ) X ) BPF )

IF carrier
frequency
generator

Figure 5 - Bandpass Filter Impiementation

The bandpass filter method for generating 8VSB
signals is simple. The modulation input,
consisting of the svmbols plus pilot. is multiplied

interpolaters Fg=8'Fsym

Y » X LPE 22

> 12 X

@. Folding

sine | Frequency
Generator

RF carn‘er@

frequency| sine Output
generator

> X PILPF > 42

> 2> X

inlerpolalors

Figure 4 - Modified Weaver Modulator for 8VSB Signal Generation

80, implementation of narrowband §VSB is
straightforward in a Weaver modulator when the
bandwidth is reduced on both sides (i.e.
symmetrically). However, if the bandwidth of
the 8VSB signal is to be reduced on only one
side, then a Weaver implementation becomes
complex - literally,

The [ and Q baseband components in a Weaver
modulator can be viewed as a complex time
domain sequence. Instead of applying the same
real filter to T and Q, a complex filter can be used
to shape the bandwidth. A complex filter may
have a different frequency response for positive
and negative frequencies. Thus, by using a
complex Weaver modulator filter. an

ozd 69, 2O90LG1

by an IF carrier frequency. The resulting double
sideband signal is bandpass filtered to produce a
vestigial sideband signal. The VSB bandpass
filter is designed to produce the desired root
raised cosine shape. Anv spectral shape may be
cbtained, simply by producing a bandpass filter
that produces the desired spectrum,

The bandpass fiiter implementation of an 8VSB
modulator is conceptually the simplest. But it
also generally requires a higher rate of
calculation than the Hilbert transform modulator
and the Weaver modulator. More filter taps are
generally required. and at a higher samplinge rate
than the Weaver and Hilbert systems, which
operate at baseband frequencies,
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The conceptual simplicity of the bandpass filter
implementation makes adaptation to narrowband

8VSRB generation easy. All that is required is a
bandpass filter that produces the desired special
narrowband spectral shape as described above.

XIH. Hilbert Transform Modulator
Implementation

Ancther method for generating 8VSB signals is
the Hilbert transform modulator. The Hilbert

transform modulator, as used in 8VSB

maodulaters, is shown in Figure 6.

WModulation
Input

Fs=Fgym

| Channel

the upper sideband voltage minus the lower
sideband voltage at that modulation frequency.

Moreover, the input interpolator must necessarily
produce a certain amount of aliasing since the
input spectrum extends frem DC to the Nvauist
rate with no guard band. This aliasing is actually
desirable and must appear as a partial inverted
replicated spectrum in the spectral tail at the
upper sideband edge. The response of the input
interpolator and the I and Q channel filters
together will determine the spectral shape of the
spectral tail at the upper channel edge.

The I channel filter is linear phase. The I channel

> 42

I channel low
frequency
equalizer and
compensating
delay

>ier > X

A

Fs = 2+Fgym

Q Channel

cosine
sine

IF carrier Output
frequancy

generator

-3

Q channel Hilbert
transform with
special rolloff

shape

4
X

RRC
P|LrF[ >

Figure 6 - Hilbert Transform Metheod for Producing 8VSB Signals

The Hilbert transform modulator zccepts the
modulating signal. which is symbols plus pilot.

igd

[n the implementation shown here, the
modulation input is first interpolated by two to a
sampling frequency of 21.52447552_.. MHz.
This is necessary because the highest frequency
to be produced will be 5.690559441... MHz (é
MHz channel width minus the pilot frequency),
slightly higher than the Nyquist frequency for
symbol rate processing (10.76223776... MHz).

In the Hilbert transform modulator, the
frequency response of the I channel at any
moduiation frequency must be proportional to
the sum of the voltages to be produced in the
upper and lower sidebands at that frequency.
Similarly, the frequency response of the
channel at any frequency must be proportional to

69, 2O90LG1

filter includes a 3 dB “bump” in its frequency
response that represents the difference between
raised cosine (where the pilot would be down 6
dB} and root raised cosine {(where the pilot is
only down 3 dB). The overall interpolator/]
channel response at the high frequency end has
the root raised cosine shape,

The O channel filter has a phase shift of 90
degrees at all frequencies within its bandpass.
The rolloff of the Q channel filter at low
frequencics determines the sideband asymmetry
(i.e. level of vestigial sideband) near the pilot
carrier.

Figure 7 shows the frequency response of the 1
and Q channels in a Hilbert transform modulator
for conventional root raised cosine 3VSB
signals.
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Figure 7 - 1 & Q Response for RRC Hilbert Modulator
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d Q Channel Response;f

Tesponses are unequal. As the Q channel

amplitude approaches zero, the resuiting
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sideband. Where the 1 and Q channel responses
are equal, the resulting spectrum is single
sidehaned

To modify a Hilbert transform modulator to
preduce a narrowband 8VSB signal. it is
necessary to modify both the [ and Q channel
frequency responses. Given a particular spectral
shape, the I channel response is the sum of the
upper and lower sideband shapes, and the Q
channel response is the difference between the
upper and lower sideband shapes.

At low frequencies, near the pilot, the I channe]
response will actually be the same for both
conventional RRC 8VSB and for narrowband
8VSB. The | channel response will be different
from the RRC case oniy if the upper spectrum
edee s made narrowband.

Figure § shows the 1 and Q channel responses for
a narrowband 3VSB Hilbert transform
modulator,

The I channel response at low frequencies is
exactly the same as it is in the standard RRC
case. The Q channel response extends lower,
corresponding to a smaller sideband vestice. The
I channel, together with the Q channel, form a
bump at the high frequency end, followed by a
steeper rolloff just above half the symbol rate
(symbel clock Nyquist rate). The high frequency
deviation in frequency response removes aliased
energy from just above the symbol clock Nyquist
rate, ard replaces it with equivalent non-aliased
energy. The result is that the demodulated 1
channel. when resampled at the symbol rate, is
exactly the same as #t would have been with
standard RRC modulation.

XIIL Receiver Com patibility Issues

When a narrowband 8VSB sienal is received, the
demodulated T channel signal, after it is
resampled to the symbol rate, will be exactly the
same as it would be with a conventional VSR
signal. However, several factors may still affect
receiver compatibility,

Use of the @ channel by the receiver equalizer,
If the receiver’s equalizer uses the Q channel in
addition to the I channel, then there could be
problems because the Q channel is modified. For
cxample, the receiver could try to force the
spectral shape to 11.5% RRC before
demodulation. This would boost the receiver's

6z d 69r7.L2821S1

response, and thereby noise, near the channel
edges.

Operation af the receiver equalizer in a
bandwidth larger than half the symbol rate. 1f
the receiver equalizer operates on the
demodulated 1 channel, but in a bandwidth
higher than half the symbol rate, then it could
sense the reduced energy just abave the Nvquist
rate and try to boost it (and any noise) up to the
level it would be with a standard signal.

If the 1 channel is sampled at a multiple of the
symbol rate, the samples at the symbol instants
will be correct. However, the intervening
samples will be different from a standard signal.
In other words, the eye will still be open.

PLL Issues. Reduction of the spectrum in the
vicinity of the pilot will have the effect of
increasing the amount of low frequency energy
in the Q channel of the receiver. The recovered
carrier may have an increased amount of
undesired phase modulation or jitter depending
on the design of the receivers PLL and in
particular, its bandwidth. This proposal
“protects™ the pilot by not changing the spectral
shape within a 40 kHz bandwidth centered on the
pilot frequency.

Receiver manufacturers are not anxious to
discuss their proprietary circuitry. So, we did not
have much cooperation from receiver
manufacturers in trying to determine what effect,
if any, the narrowband 3VSB signal would have
on the receivers. So the next best thing was to
make measurements on a sampling of receivers
from different manufacturers. Receivers were
tested for input signal level requirements first
with a standard 8VSB signal, and then with the
narrowband 8VSB signal.

Six different models of receivers have beern
tested to see if they correctly demodulate the
namowband 8VSB sienal, and success was
achieved with all. The receivers were marketed
by Panasonic, Seny, Thomson Consumer
Electronics, Philips, Zenith, and Harris.
Threshold measurements were made on two of
the receivers (Thomson and Harris). Both of
these receivers showed onlv a 1 dB penalty for
the narrowband signal. (Since these tests were
made, it has been discovered that there was
numerical clipping in the modulator: the penalty
for the narrowband signal is therefore probably
less than 1 dB.)
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The difference between a standard RRC 8VSB
siemal and the narrowband version is a linear
phase bandpass filter, That is, applying a certain
imear filter to a standard RRC signal will turn it
into a narrowband signal.

Given that this transformation filter could be
produced by a particular set of admittedly
unusual propagation reflections. and given that
advanced receiver equalizers are designed to
correct for severe Hnear distortions, it would
seem that receivers would be able to receive the
narrowband signal without any special
consideration.

indicate to receivers that the signal being
transmitted is the narrowband version. Receivers
that use the O channel and/or oversampling may
thus be informed that the spectrum is slightly
modified from the standard.

Standardization afthe narrnwhand variant nfthe
8VSB signal by the ATSC, and use of presently
reserved data field sync VSB mode bits, would
allow receiver manufacturers to know when their
equipment is receiving a narrowband signal, and
to accommodate the slightly different spectral
characteristics. Receiver manufacturers may
wish to optimize performance when receiving
the narrowband 8VSB signal with slightly
modified IF bandpass filter characteristics. PLL

| Figure 9 - Transformation Filtering

Filter Response {db)
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Figure 9 shows the response of the filter that
represents the transformation from standard RRC
to marrowband. In particular. this filter oroduces
high attenuation values at and near the channe]
edges, and small response bumps just inside the
pilot and Nyquist frequencies.

Nevertheless, we propose to utilize some of the
reeerved hite within the AT atandard tn
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constanis, and advanced adaptive equalizer
designs. Use of presently reserved VSB mode
bits will allow the receivers to easily recognize
the narrowband 8VSR signal.

There are presentlv 24 reserved bits in the VSB
Mode sequence of the VSB data field. The
present ATSC recommendation [1] for handling

theer hite ic ae fallnwe-
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Reserved

Reserved

Taaarvrad

Reserwved

16 VSR

g WSB*

Reserved

Rocorwvad

These 24 bits determine the V3B mode for
the data in the frame. The first two
bytes are reserved. The suggested £ill
vattern is 0000 1111 0000 1111. The next
byte is defined as: BABC ~P~A~B~C where P
is the even paritv bit, the MSB of the
byze, and A, B, C are the actual mode
kits.

* In the 8 VSE mode, the preceding bits

ara Aafinad aoe-

=R~ I . SR,
“PRRPROSo O
“HOOK -0
S OO Do

0000 ~PAB~-CPARCI11T11

VSE transmitters using the compatible system
with & guard band should transmit these
previously reserved 24 bits according to Table 3:

VSB Mode Reserved bit pattera
100% spectrum usage

annn 1010 A1nT 1119
LSB 150kHz guardband

1001 1010 0101 110
USB 150kHz guardband

1010 1010 0101 0161
USB & LSB guardbands

00171 1010 0101 1100

Table 3 - Proposed Bit Patterns

The sequence preserves the sense of the parity
bit in the MSB of each nibble as it is in the VSB
maode now. (Note that in the 8VSB mode, the
two middle nibbles are ~P~A~B~C PABC or
1010 0101.) Since these bits were previously
teserved, there is no issue of compatibility with
existing receivers thus maintaining the
philosophy of the technique that it be completely
benign to existing DTV consumers.

For existing receivers. the evidence sugoests that
they already are capable of receiving the
narrowband 8VSB signal without any
madifications,

We are readv and willing to work with receiver
manufacturers and others to apply this
technology and solve interference problems.

Lgd 69r7.L2821S1

XIV. Transmitter compatibility

The transmitted bandwidth of the narrowband
8VSB signal is narrower by design. A signai that
is narrower than standard will not create any
problems with a transmitter. However, teturing
of the channel filter will be required to take
maximum advantage of the parrowband signal,

Another issue is peak to averaee ratio. Peak to
average ratio is only slightly higher with the
narrowband 8VSB signal as implemented. With
4368 kHz reduction in bandwidth. the peak to
average ratio is only 0.5 dB higher than with a
standard signal,

XV Practiral Racnbia

Initial testine was done by zenerating the signal
at low level and applying it to receivers.
Receivers correctly demodulated the narrowband

signal.

Next, a low power channel filter was designed
and hnilt Thicic a 10 sactinn reflective filtar
The cavities in this filter, being physically
smaller thar a full power filter, have & lower
unlcaded Q than a full power filter. As a resul,
the low power filter has approximately 3 dB of
attenuation at the pilot frequency where the full
power filter would be down only a few tenths of
adB.

The purpose of the low power filter was to test

the exciter’s ability to adaptively equalize the
filter Thic wac enrcacefinl

Tests with the low power filter also produced
good signal to noise ratio measurements in tests
that evaluate the demodulated I channel only. A
Tektronix RFA300 indicated better than 30 dB
SNR performance.

The next test was to generate the narrowband
signal at a few kilowatts and pass that through
the low power filter. The resuits are shown in
Figure 10,

It is evident from this display that the transmitter

exceeds the FCC’s channel mask by 2 wide
marein.
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Next, a full power, constant impedance type

channel filter was designed and built. This Narrowband 8V SB can be used to get stations on

rhannel filter will be need An the airat KFR A- the o which wonld have nrherarics

DT on channel 14 in Dallas, Texas. insurmountable problems. [n some instances,
some form of narrowband transmission may be

XYL Cenclusion the onlv way to solve an interference oroblem.

In these cases, narrowband 8VSE will allow
stations in these sttuations to get on the air and to
make best use of the available spectrum.

Out of Channel Spectrum

dB
H
o

-7.5 -5.0 -2.5 .0 2.5 5.0 7.5
MBz

Figure 10 - Narrowband Transmitier
Spectrum XVII. Reference

11 Advanced Television Svstems Committee.

ATSC Digital Television Standard, Doc. A753, p.
56.12 Aor 95 16 Sep 95.
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Sep 22 10 02:43p Island Broadcasting Co
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RECEIVERS TESTED

AUVIO MODEL 18-206
HAIER MODEL HLT71
COBY MODEL TF-TV1513
EVIANT MODEL T4

AXION MODEL AXN-8701
AUWVIO MODEL 16-972
COBY MODEL TF-TV891
LG MODEL 26LE5300-UE
CONVERTERS TESTED

VENTURA MODEL STB7766G1
ZENITH MODEL DTT200
RCA MODEL DTAB809
DIGITAL STREAM MODEL DTX9800
GE MODEL 23333

RCA MODEL STB776661
PHILCO MCDEL TB100HH9
SUNKEY MODEL SK801ATSC
ZENTECH MODEL DF-2000L
LASONIC MODEL LTA-260

MAGNAVGOX MODEL TB100MW9
SANSONIC MODEL FT300A

ARTEC MODEL T3APRO
DISH MODEL DTVPAL
CADENCE MODEL DTVC-9

APEX MODEL DT-250

ACCESS MODEL DTA1080
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