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Executive Summary

This Declaration addresses the technical arguments raised by NRTC, NAB and Pegasus in their

recent Petitionsin this proceeding.

Those Petitioners have attempted to show that both EchoStar and DIRECTV, operating as
individua companies, could technicdly implement satellite systems that would provide locd TV
programming to al 210 DMAs without utilizing an unacceptably large number of their licensed

full-CONUS DBS frequencies.

The clams made by these Petitioners are flawed for the following reasons:

1 Thelr capacity cdculations rdy on improvementsin technology that are either (a) not yet
available and unlikely to become available in the near future, or (b) impractica from a
business perspective because they would require al subscribers to trangtion to new set-
top boxes. Each of the proposed technologica developments is addressed in this

Declaration;

2. The new satellite designs that they propose are superficid concept designs only and
have not been rigoroudy developed to establish their feasbility, cost, schedule or
peformance. In fact severa key aspects of these satelite concept designs are
demondtrated in this Declaration to be serioudy in error to the point that they are Smply
not feasible. All predictions of capacity achieved and spectrum used by these new

satellites are therefore serioudy in error;



They do not give sufficient congderation of the need for more nationd programming
channds in the future to dlow for new types of services (such as HDTV) or expanson
of exiding services. They indead are intent on trying to demondrate the capability to

provide loca TV programming at the expense of the future of nationa programming.



Quialifications

1 My name is Richard Barnett. | am the Presdent of Telecomm Strategies
L.L.C., a Maryland company providing engineering consultancy services to a wide range of
satdlite projects and for many clients throughout the world.  The principd consultants in the
company, including mysdf, are dl qudified engineers, and the company specidizes in the
technical design and technicd regulatory aspects of satellite projects My own persond
experience is in the fidd of RF enginesring, satdlite communications system design and
internationa satdlite regulatory andyss. | have been working in the field of Direct Broadcast
Sadlite (“DBS’) design since the early 1980s. My resumé is given in Appendix 1 of this

Declaration.

. Purpose and Scope of Statement

2. | have been retained by the Applicants to review and comment on the technical
aspects of the Petitions received in the EchoStar/Hughes merger proceeding. In particular |
have focused on the Petitions received from NRTC, NAB and Pegasus, which are the only
ones with significant technicd content.>*®* These three Petitioners have appended technical

declarations to their petitions from Walter Morgan (for NRTC) 4, Richard Gould (for NAB) °

! Petition to Deny by the National Rural Telecommunications Cooperative, February 4, 2002, CS
Docket No. 01-348.

2 Petition to Deny of National Association of Broadcasters, February 4, 2002, CS Docket No. 01-348.

8 Pegasus Communications Corporation’s Petition to Deny, February 4, 2002, CS Docket No. 01-348.

4 Declaration of Walter L. Morgan in Support of Petition to Deny by the National Rural
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and Roger Rusch (for Pegasus) © and these will be referred to throughout this document as the

“Morgan”, “Gould” and “Rusch” declarations respectively, or collectively asthe “ Petitioners’.

[I1.  Trade-Off Between Local and National Programming

3. One common theme in the Morgan, Gould and Rusch declarations is the
preoccupation with the provison of loca programming a the expense of nationd programming.
In practice EchoStar and DIRECTV must take into account both types of programming and

grike the appropriate baance between them in offering a competitive service to the public.

4, In particular the two companies need to plan for the likdy evolution of High-
Definition TV (“HDTV") to the point where it becomes an essentid nationd programming
product with vast audience apped. The recent technica innovations and price reductions of
large-screen TV, and the corresponding increase in their sdes, are clear indicators that the
public is heading in the direction where its demands for HDTV will increase exponentidly over
the coming years. At present it is only possible to accommodate one HDTV channel in each 24
MHz satdllite trangponder, dthough it is possble that this could increase to two HDTV channds

per transponder with further technica innovations.

5. The increased requirement for trangponder capacity capable of carrying nationa

programming is not limited to HDTV. Other areas of growth in programming include new

Telecommuni cations Cooperative, Exhibit O of Petition.
° Declaration of Richard G. Gould.
6 Affidavit and Report of Roger J. Rusch, Attachment B to Petition.
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national networks and additiona pay-per-view, video-on-demand, interactive and educationa

channds.

6. Therefore, EchoStar and DIRECTV must plan for a growth in requirements for
transponders with the ability to provide national programming. The more of the scarce orbit-
spectrum resource is used up for loca programming the lessis available to cater for this growth
in nationd requirements. Each DBS operator has been licensed to use alimited amount of radio
frequency spectrum and orbital dots and the operating companies must plan for the long-term.
They must use their entire licensed spectrum as efficiently as possble, taking into account

commercid redities and future growth in key areas of public demand.

IV.  Spectrum Requirementsfor Local Programming

7. The essence of the Pditioners technica arguments is thelr clam that the
cariage of dl of the loca programming in al 210 DMAS in the United States by each DBS
company is technicaly feasible in the absence of amerger. However, what might be technicaly
feasble is not necessarily commercidly reasonable because of important operationd and
economic factors. One of the key aspects of this determination is an understanding of the
number of licensed DBS frequencies that will be used up by the locd programming, and that

issue is addressed in this section, and indirectly in the remainder of this Declaration.

8. The conclusons of the Petitioners are generdly that dl (or at least the vast



mgority) of the DMAs can be served with loca programming (a tota of around 1,500 TV
channdls) using an “acceptably” low number of DBS frequencies” Here is a summary of their

camsin this respect:

0. NAB: Gould's assessment is that DIRECTV and EchoStar would
require between 17 and 19 DBS frequencies each for local programming (out of atota of 46
full-CONUS frequencies licensed to DIRECTV and 50 full-CONUS frequencies licensed to
EchoStar). Although not absolutdly clear in this regard, Gould gppears to be suggesting thet this
would require new satellites that differ in design from the planned EchoStar and DIRECTV spot
beam satellites dready under condruction (or aready launched). Gould goes on to suggest that
the number of DBS frequencies required for local programming (and nationa programming)
could be reduced using improved compression, modulation, coding, etc, but he does not give
the resulting number of DBS frequencies that would, in his estimation, be then required for the

local programming.

10. NRTC: Morgan assumes for DIRECTV that both the DIRECTV 4S
and DIRECTV 7S gspot beam satelites will each use sx DBS frequencies for locd
programming, and that this can be supplemented by a new satdllite that would use a further three
DBS frequencies, making a tota of 15 DBS frequencies. With al these DBS frequencies
Morgan predicts that 187 of the 210 DMAs can be served with loca programming by

DIRECTV.

! These conclusions are neither correct nor appropriate, and more details on thisare givenin
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11.  For EchoStar, Morgan assumes that the EchoStar-7 and EchoStar-8 spot
beam satellites will each use five DBS frequencies for loca programming, and that this can dso
be supplemented by a new satdlite that would use a further three DBS frequencies, making a
total of 13 DBS frequencies. With al these frequencies Morgan predicts that 160 of the 210

DMAS can be served with local programming by EchoStar.

12.  Pegasus: Rusch initidly indicates that each company could serve dl 210
DMAs with locd programming using only 16 DBS freguencies each, using technology smilar to
their current spot beam satdllites, dthough this assertion by Rusch is not backed up by any
goecific andyss.  Obvioudy aware of the criticd need to reduce this number of DBS
frequencies dlocated to local programming (approximately one third of each providers full-
CONUS DBS capacity), he then goes on to develop an dternate gpproach which involves
discarding the planned spot beam satellites dready under congruction (or launched) and
assuming each company builds a satdllite dong the lines of his* super-saidlite’ design. With this
design Rusch claims that the number of DBS frequencies required by each company for loca
programming will reduce to 12. The technicd falings of the Rusch “super-satdlite’ are

discussed in detail in Section VI of this Declaration.

13.  The Petitioners are generdly correct in their understanding that the number of
DBS frequencies that can economicaly be assgned by EchoStar and DIRECTV to provide

locd programming must be minimized in order to keep it in economically reasonable proportion

subsequent sections of this Declaration.



to the number of DBS frequencies available for nationd programming. However, there are at

least two fundamenta problems with their conclusions, asfollows:

14.  Problem#1: Where the Petitioners conclude that between 16 and 19 DBS
frequencies should be dlocated to loca programming, these are sill unacceptably high numbers
in relation to the number of licensed full-CONUS frequencies available to each company (46 for
DIRECTV and 50 for EchoStar). The remaning number of DBS frequencies available for
nationa programming is insufficient for future growth in key areas of nationa programming thet
are and will become in demand. Furthermore, the costs to each company of operating so many
locd channds are excessive, as explained in the Declaration of Dr. Robert Willig which is dso
atached to Opposition of the Applicants® By contrast, after the merger, the alocation of 16-
19 DBS frequencies to loca programming out of a pool of 96 full-CONUS frequencies leaves
adequate capacity for adding new nationd programming into the foreseegble future. The
economic burden of operating this number of loca channelsis aso reduced when carried by the

merged company. See Declaration of Dr. Willig.

15. Problem #2: Where the Petitioners (Morgan and Rusch) propose exotic
satellite designs to reduce the number of DBS frequencies consumed by loca programming to
what they consider to be an acceptable number (such as 12 in the case of Rusch), ther satdllite

designs are smply not viable. The designs they propose are mere concepts, and rigorous

8 See Declaration of Dr. Robert D. Willig on Behalf of EchoStar Communications Corporation,
Genera Motors Corporation, and Hughes Electronics Corporation in CS Docket No. 01-358 (Feb.
25, 2002).



andyss of ther performance is digtinctly lacking. Apart from this, the implementation of such
satellite designs (if they were possible) would create huge technica risk, unacceptably long
delays before they could ever be brought into service, and carry very high and unacceptable

costs. Theeissues are dedt with in more detail in Section VII below.

V. Technical Factors Affecting Capacity

16. In order to attempt to “squeeze in” as many locd TV channds as possible, the
Petitioners rely in part on certain technica innovations, which are addressed in the sub-sections
below. In each of these technologicd aress they take existing redity and hypothesze a
development that is ether ingppropriate (for example, in terms of the qudity of service to the
public), impractica (for example, requiring expensve changeover of dl subscribers to new sat-

top boxes), or just Smply impossible (such asthe clams of DMA coverage and service).

V.1 Compression

17. In the Joint Engineering Statement that was part of the Application it was stated
that the normal compression ratio in use at that timewas 10:1.° Thisiis the level of compression
achievable today which provides minimally acceptable TV picture qudity — compression levels

above this start to show unacceptable “digita artifacts’ which can be very digracting to the

o Thismeansthat 10 TV channels can be combined and transmitted in digital format on asingle 24

MHz bandwidth satellite transponder.



viewer.'® The extent of the manifestation of these digita artifacts depends on the combined
amount of picture detail and movement that exigts for dl the combined TV channds a any point
in time, and is very difficult, if not impossble, to quantify. For example, if Stuaions arise in
which a lot of detalled picture changes are occurring smultaneoudy in a number of the TV
channds that are being combined, then some of those channels will sart to show these artifacts,
typicdly in the form of the jerky movement of picture blocks acrossthe TV screen. Subjective
tests have shown users to be very intolerant of these picture degradations, and they need to be

avoided to the maximum extent, consstent with efficient use of the transponder bandwidth.

18.  The Joint Engineering Statement went on to predict that, in the future, it is likdy
that this compresson ratio might reach alevel of 12:1, while siill preserving acceptable picture
quaity. At the present time such performance is not possible for dl types of TV programs,
depending on their picture content. Despite this, both EchoStar and DIRECTV have been
obliged to recently operate a smal number of trangponders carrying locd TV channds with
compression ratios up to 12:1. This has been necessary as a result of the need to comply with
the SHVIA requirements for locd TV carriage, and generdly occurs in Stuations where it was
necessary to put dl the candidate TV channdsin a particular DMA into the same transponder.

Neither EchoStar nor DIRECTV ae saidfied with the resulting picture qudity in these

10 Recent upgrades to the software algorithms used by the compression systems did not achieve the

anticipated levels of improvement expected. Asaresult, instead of achieving desirable video
quality at 10:1 compression levels, the quality is only minimally acceptable. Based on these results,
it iscurrently believed that the next major release of software algorithmswill not afford any
additional channel capacity, instead affording the opportunity to restore quality to the normal
levels the customers have come to expect.
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transponders as Stuations inevitably arise when the unwanted digitd artifacts are apparent. In
other words, operation a 12:1 compression rétio is an “evil necessty” in a smal number of

cases at the present time, and not anorma or desirable mode of operation.

19. Petitioners clearly are unaware of the variety of demands on the raw bandwidth
of a DBS transponder. They have assumed higher compression rétios in their andyss than is
currently achievable from an operationa DBS system with red requirements and limitations if
high picture qudity is to be guaranteed. Gould States that “The transponder capacity can be
shown to be between 12 and 14 NTSC channels using standard methods of modulation.”**
Rusch states that “... 12 television signals can be transmitted on each frequency block
..."% Morgan dtates that his assumption in his anadlysesis “... a video compression rate of
12:1."2  Ther theoretical capacity estimates are grossy in error due to such optimistic

assumptions about compression, as well as other erroneous assumptions addressed below.

20. For example, Petitioners appear to have ignored that fact that approximately
20% of the available bandwidth on every transponder in the network is needed for non-video
purposes. The compression systems require available “headroom” bandwidth within the overal
bit stream within every trangponder. This bandwidth is necessary for the systems to perform
their compression and multiplexing functions and is unavailable for use by the sadlite provider.

Many channels adso broadcast an dternate language audio channel in addition to the primary

11

Gould Declaration, page 7.
Rusch Declaration, page 5.
Morgan Declaration, page 4.
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language, in support of bilingud viewers. Additiondly, Dolby Digitd (an enhanced audio
format) is broadcast as a secondary audio source on many DBS channds, and it done is
equivaent to two norma audio channds, bringing the total for those channdls to three equivaent
audio channels. Furthermore, every transponder carries a set of data tables necessary to
communicate critica information from the uplink sysemsto the individua set top recaivers. This
information is needed by the receiver to be able to understand which satellite a given program is
located on, which of the multiple data streams within the transgponder contains the video, which
audio streams are associated with the video, whether the customer has appropriate rights to the

video, and ahost of other details e ementd to the operation of adigital video system.

21.  Ladly, onetransponder a every satellite location includes a complete Electronic
Program Guide, as wel as software downloads for every modd of every receiver ever
produced. One third of the available capacity of this “home’ transponder is dedicated to
supporting this application. As the size of the network and the number of customers grows, o

does the bandwidth requirements on each and every transponder.

V.2  Video Coding

22. Both Rusch and Gould make strong statements about the future use of MPEG-
4 video coding in place of MPEG-2, suggesting that the change to this coding standard would
make dramatic further reductions in the data rate required for broadcast qudity video sgndls,
and hence increase the number of TV sgnds per trangponder. Gould states that “Moreover,

new generation algorithms such as MPEG-4 are being designed and implemented to

12



provide even more digital compression than is available now with MPEG-2. With
greater compression, the required data rates will decrease and the number of TV
channels that can be supported on a single transponder will increase beyond the
assumptions made above’.’ Rusch dtates that “For even greater gains, the recently
adopted MPEG-4 standard can provide a reduction in data rates by a factor of two or

three as compared to MPEG-2".°

23.  These daements demondrate a popular misconception about the role and
applicability of MPEG-4 to broadcast quality video transmissons. The fact of the matter is that
MPEG-4 is currently designed to dlow more effective video bit-rate reductions only for Sgnals

of a much lower qudity than are transmitted to the public by DBS satellites. Applications

intending to exploit MPEG-4 are therefore ones where data rate is severdly limited and quality
consderations are of secondary importance, such as video streaming over the Internet. For the
qudlity required for DBS satdlite transmissons, which is effectively “broadcast quaity,” MPEG-
4 provides no reduction in required bit-rate compared to MPEG-2, and therefore cannot
serioudy be conddered at the present time for use by EchoStar or DIRECTV for ther

conventional broadcast services*®

24. Furthermore, the use of MPEG-2 dlows for dgnificant cost savings in

14

Gould Declaration, page 14.

Rusch Declaration, page 11, para. 39.

There are long-term developments aimed at achieving broadcast quality encoding at 1 MBit/sec but
it isnot certain whether thiswill be MPEG-4 or anew evolving standard called H26L .. Neither format
isyet suitable to achieve such alow bit rate consistent with reasonable quality. At bit rates of 2
MBits/sec and higher there is very little difference in terms of picture quality between MPEG-2 and

15
16
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manufacturing receivers as compared to MPEG-4 and has greater economies of scale dueto its

widespread use.

25.  Fndly, it should be noted that a trangtion to MPEG-4 would require dl new

set-top boxes, with negligible, if any, revenue or capacity benefit.*’

V.3  Modulation and Coding

26. Currently both EchoStar and DIRECTV use QPSK for their satelite
transmissons. This has been, and remains, the right choice from the point of view of spectrd

efficiency, satdllite power requirements and ease of implementation in the user equipment.

27. However, Gould proposes that EchoStar and DIRECTV’s current QPSK
transmissions be replaced by 8PSK or even higher order modulation transmissons. Gould's
judtification for thisis “Modern spacecraft are capable of providing the greater power that
is needed in order to achieve the higher spectral efficiency afforded by 8PSK modulation
discussed earlier, and by other, higher-order, modulation methods ..”.*® Rusch smilarly
proposes the change from QPSK to 8PSK, aso citing the relative ease of generating additional
power on the satellite as judtification. Such comments, however, ignore the fact that satellite
power is aways at a premium, and therefore its efficient use cannot be so easlly dismissed as

Gould and Rusch have done. The requirement to generate between 30% and 50% more RF

MPEG-4.
Transition issues where new set-top boxes are required are addressed in Section V.3.
Gould Declaration, page 13.
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power, as might be required for the use of 8PSK, could have the effect of increasing the satellite
platform DC power requirements from typicaly 10 kW to between 13 and 15 kW. Such an
increase would have considerable impact on the satdllite and launch vehicle costs, and reduce

the scope of potential spacecraft suppliers and platform products.

28. Both Gould and Rusch separately promote a change in the coding of the
EchoStar and DIRECTV transmissons to make use of the latest turbo coding techniques.
However, Rusch in particular creates a false impresson here that turbo coding, in and of itsf,
will make dramatic improvements to the spectrd efficiency of the DBS satdlites. He dates
“One method of increasing channel capacity or throughput is called turbo coding. This
method is currently being used on some satellite services to improve the signal robustness
(lowering the required Eb/No) substantially, by as much as a factor of two. This could
double the effective channel capacity.”*®* This proposed doubling of the channel capacity by
the use of turbo coding is Smply not the case when applied to the existing satdlite transmissons
used by EchoStar and DIRECTYV, because of the coding levels dready in use. Turbo coding
merely improves the sgnd’ s robustness without as much coding overhead as would be required

with conventiona coding. It does not affect the spectrd efficiency directly.

29.  While the combined use of 8PSK and turbo coding might be an atractive
dternative to QPSK and conventiond coding for new systems, and result in an overall spectra

efficiency improvement on the order of 30%, depending on the conventiona and turbo coding

19

Rusch Declaration, page 10, para. 35.
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levels employed, further tests are necessary before it can be confirmed that the existing satellite
transponder frequency response and linearity specifications are sufficient for this new modulation
and coding scheme. Operation in a sdf-interference environment, such as a spot-beam satellite
where spatial frequency re-use is employed between multiple spot beams, adso needs to be
investigated further before such a new scheme can be relied upon. In the context of EchoStar
and DIRECTV'’s current operations, however, any such change would require new (and more
expensive) set-top boxes for dl subscribers if it were to be applied to both the locd and
nationd programming channds. Evolutionary trandtion schemes, as suggested by Rusch, will
only address arelatively small percentage of the subscribers®™ At some point in time, the entire
population of viewers must get new set-top boxes ingtdled before the main (nationa) channels

in the system are trangitioned to the new modulation and coding scheme.

V.4  Adminigrative Channds

30. In assessing the TV channd capacity of the EchoStar and DIRECTV sadlite
gysems, it is important to note that some channels are required to carry “adminidrative’
information and data to the subscribers. Not dl “available’ channel capacity can be used to
tranamit revenue-generating TV programs. The adminidrative channds are used for “TV
Guide’ information as well as data communications to the subscribers set-top boxes. This

matter is aso addressed in Section V.1 above.

Rusch Declaration, page 11, para. 39.
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V.5 Beam Coverage and Effect on Capacity

31.  All of the Petitioners, ether directly or indirectly, make assumptions about the
gpot beam coverage of the satdlites. In the case of Morgan, he addresses both the existing
(and under condruction) satellites, as well as his proposed additiond spot beam satdllites. In
the case of Rusch and Gould, they address only new satdllite designs. The spot beam coverage
of these satdlites is the key to determining their capacity, in terms of local TV channels in the
various DMAs. None of the Petitioners has adequately addressed this issue in their technica

submissons.

32. Designing the beam coverage for loca programming to the defined DMAS is a
very chdlenging exercise. The DMAS are not conveniently sized or located in a way thet is
amenable to optimum coverage by satellite. Inevitably, compromises have to be made, and the
resulting performance, in terms of the number of DMAS sarved, fdls far short of the ided.

There are saverd reasons for this, asfollows;

33. DMA size and shape: The DMASs vary widdy in their geographic Sze,

depending on their population dengties, and they are irregularly shaped (see Figure 1 below).
By contrast the easest spot beams to generate, from the satdlite desgn and performance
perspective, are ones that are circular as viewed from the satellite. There are dso severe
limitations on how smdl the spot beams can be made, and it is preferable by far to maintain a
congtant, or near-condtant, spot beam Sze if possble The inevitable result of dl these

congraintsis that spot beams on DBS satellites are made to be relatively large compared to the
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smaler DMAS, and therefore each one encompasses several DMAS, or at least parts of severd
DMASs. The beams are dso often too smal to encompass the largest DMAS.  In the example
shown in Figure 1 the spot beam is the -3 dB contour of a beam generated with a 3 meter
satdlite antennareflector. Note that it covers two adjacent DMAs completely, but only parts of

some other DMAS in the vicinity.

Figure1l: Exampleof DMAsin Eastern part of the USA

34. Rdative priority and geographic location of the DMAs To re-use the same

frequencies between spot beams requires that those spot beams are spaced a certain distance
goat. Unfortunately, the DMAS to be given higher priority for coverage are not conveniently

spaced the required distance apart, and so the ideal frequency re-use cannot be achieved.

35. Numbers of local TV channdlsto be carried for each DMA: There

are a certain number of TV dations associated with each DMA and dl of these are potentid
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candidetes for carriage under SHVIA rules if any one of them is carried. Therefore it is
necessary to serve, within a angle beam, an aggregate number of channds tha jud fills the
alocated number of trangponders (e.g., one or two per beam). This may mean that, athough a
beam provides coverage of a particular DMA, there may be insufficient capacity in the dlotted
number of trangponders to actudly provide service to dl of the TV channds required by that

DMA. Inthat case, the DMA cannot be served at al by that beam.

V1.  Capability of EchoStar and DIRECTYV Satellites Already L aunched

or Under Congruction

36. In this section | address the claims made by Morgan concerning the amount of
loca programming that could be carried with the four spot beam satdllites aready launched or

under congtruction by EchoStar and DIRECTV. %%

37.  Inthetime available snce the Petitions were filed with the FCC it has not been
possible to replicate the detalled analyss presented by Morgan. Although Morgan has
endeavoured to describe an objective methodology for his analyss, he admits that certain of his
geps involved him making subjective determinations.  For example, he dates that “... the

assignment (if capacity was available) was made in concert with the other demands in

a These spot beams satellites are EchoStar-7, EchoStar-8, DIRECTV D4S and DIRECTV D7S.

z Only Morgan provides an analysis of the number of local TV stations (and DMAS) that he believes
could be carried by the existing spot beam satellites (including those under construction). Rusch
and Gould both hypothesize only about future new satellite designs when addressing overall local
TV channel capacity.
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each beam ..”’%, but he doesn’t define what those demands are. Elsewhere he states “... |
made educated decisions as to how the beams and frequencies could be used ..7%.
Therefore, Morgan's results cannot necessarily be replicated without full knowledge of some of
the decisons he was forced to make as he progressed in his andyss. But more importantly,
Morgan's results cannot be completely accurate as he made certain assumptions that are not
consgtent with the actua design of the spot beam satdlites. For example, he assumed that

DIRECTV 7S would use six DBS frequencies for loca spot beam service wheress in fact it is

designed to use only four DBS frequencies.

38. Despite the inevitable inaccuracies in Morgan's andyss, his conclusons, in
terms of the combined capacity of the DIRECTV 4S and DIRECTV 7S spot beam satellites,
are relatively accurate. However, in the case of the EchoStar-7 and EchoStar-8 spot beam
satellites, his conclusions regarding local channd capacity are considerably higher than the actud

satdllites are known to be capable of, and the reasons for this are not yet clear.

39. In any event, when Morgan proceeds beyond estimating the capacity of the
current satellites, he makes assumptions that are serioudy in error. These relate to the design of
his additiond satdllite, which he assumes would require only three additiona DBS frequencies
(see more details of thisin Section VII below). He clams, for example, that the three additiona

DBS frequencies on his third satdlite for DIRECTV can be used, in conjunction with

= Morgan Declaration, page 9.

Morgan Declaration, page 11.
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DIRECTV 4S and DIRECTV 7S, to provide full loca programming service to a total of 187

DMAs.

40. It should dso be pointed out that Morgan's andyss is based only on
condderations of the available spectrum, and it does not consder in any way the important
economic factors that are revant to the provison of locd TV service in the different DMAS.
Thisisin fact one of the main driversin deciding which DMAS can be served, and is addressed

in the Dedaration of Dr. Willig.

VIl. Potential New Satellite Designs Proposed by Petitioners

41.  All three Petitioners propose, in one way or another, new satellite designs that
they clam will enable the full complement of DMAS to be served. Each Petitioner takes a

different gpproach to this problem:

42.  Gould: Although Gould does not provide details of a new satdlite
design, his argument is essentidly that the available spectrum could be used, with a suitable new
satdllite design, and other changes to the system, to serve dl 210 DMAsS. Because of his lack
of specific desgn detall he is forced to estimate the capecity of the new sadlite by usng
capacity relaed parameters derived from the design of the existing (and under congtruction)

spot beam satellites. In this regard, he assumes that the average frequency re-use of the spot
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beams, for al 210 DMAs, is 7.33* This levd of re-use is derived from the DIRECTV 4S
satellite design, which serves only 41 DMAS. This same leve of re-use cannot be maintained if
more DMAS are served by adding spot beams because, as indicated above, the DMAS are not
conveniently located or sized to suit the spot beam re-use pattern.  Therefore the average
frequency re-use will become progressvely less as more spot beams are added and more
DMASs are served.  Without going through a detailed and complex spot beam satellite design

exerciseit isimpossible to quantify what average frequency-re-use factor could be achieved.

43. Rusch Rusch proposes a single dedicated locd TV broadcast satellite
that employs 58 spot beams (16 large and 42 smdll), with 12 transponder frequencies in use
and an average of 9.33 times frequency re-use to achieve a total capacity, usng 8PSK
modulation, of 1792 TV channds. This number of channds is presumed to be sufficient to
provide the 1475 local TV channds to the 210 DMAs alowing for the DMA “edge effects’.”®
This new satdlite is presumed to replace the existing spot beam satellites aready launched or
under congtruction. Because of the use of two Szes of spot beams on this new satellite, and the
inevitable sdf-interference between them, an interference cancellation technique is proposed.

To reduce the number of uplink Stesto six the system uses on-board processing. Thisdesign is

» Infact, Gould states on page 4 of his Declaration that the frequency re-use could be as high as 10

or greater. Thereisno basisfor such an assertion, and the exercise of going through the detailed
design of a spot beam satellite for service to all of the DMAswould demonstrate that such a high
level of average frequency re-useisfar from achievable.

Rusch uses the term “ edge effects” to describe the fact that the available channels do not fit
conveniently into transponders to achieve the required number of channelsin the required beam
for the DMASs. Rusch assumesthat afactor of 20% is sufficient for these “ edge effects”, but there
isno basisfor thisnumber. In practice the factor may need to be much greater than 20%,
depending on the specifics of the design.
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not viable for a number of reasons, which are addressed in detail in the following sub-sections.

44,  Morgan: Morgan proposes that each company should build another
spot-beam satdllite that complements its existing (and soon to be launched) spot beam satellites
in order to provide local TV sarvice to additiond DMAS. In the case of DIRECTV the tota
number of DMAS that Morgan asserts could then be served would be 187, and for EchoStar
the number is 160. These new satellites each use only three additiond DBS frequencies, and
either 50 beams (EchoStar) or 46 beams (DIRECTV). They are intended to achieve a high
level of frequency re-use (17:1 for EchoStar and 15:1 for DIRECTV). Again, such asdesgnis

not viable for the reasons noted in the following sub-sections.

VII.1 Specific Technical Problemswith the Proposed Designs

45, In this section | will explain why the proposed new satdlite designs of Rusch
and Morgan are flawed, and the performance levels clamed could never be achieved in
practice. These proposed designs are concepts only — they have not been through the scrutiny
of ared design by companies that manufacture satellites - and we are confident that if these
designs were ever explored in detail with a view to actua implementation then their predicted

performance leves (or even feasibility) would change dramatically.

VII.1.1 Realization of the Spot Beams

46. Rusch proposes spot beams that are significantly smaller than those used on any

of the DIRECTV or EchoStar spot beam satellites. The smaller the spot beams the larger the
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antenna reflectors on the satdllite, and Rusch States that his design requires a 6 meter reflector.
This compares with the antenna reflectors on the existing (and under congtruction) DIRECTV

and EchoStar spot beam satdlites, which have maximum antenna reflector dimensons as

follows
DIRECTV 4S: 2.8 meters
DIRECTV 7S 3.5 meters
EchoStar-7: 2.7 meters
EchoStar-8: 2.8 meters

47.  Accommodation of the antenna reflectors on the satellite is amgor driver in the
overdl satdlite design. Large reflectors can be very difficult to accommodate within the physical
envelope of the launch vehicle, and create other stability problems for the satdlite's attitude
control system. Although larger antenna reflectors have been used on some commercid
satdlites (e.g., ACeS, Thuraya), these satellites have operated at much lower frequencies where
unfurlable mesh antennas can be used. At the Ku-band frequencies used for DBS by EchoStar
and DIRECTV the sadlite antenna reflectors must be solid surfaced reflectors, and so
accommodeation of reflectors larger than about 3.5 meters requires breaking the reflector into
smaller pieces that are then hinged together. Such an gpproach is expensive, high-risk, and
suffers poor sidelobe performance. The latter problem is particularly important for a multi-beam

design with spatid frequency re-use, asit increases the self-interference within the system.

48.  Not only is the gze of an individud satdlite antenna reflector of critica
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importance, but the number of such reflectors is equdly important. The more large reflectors
there are on the satdlite the greater the problems in configuring them in a manner that orientates
them in the right directions relative to the feed postions, not to mention the additiona antenna
stowage and deployment problems. Both the Rusch and Morgan designs are based on an array
of contiguous beams, and such an gpproach requires multiple reflectors in order to achieve the
gddobe performance necessary to reduce sdf-interference (from co-frequency, spetialy
separaed beams) to an acceptable leve. Typicdly, in these designs, the geographicaly
adjacent beams will not be generated from the same antenna reflector, as otherwise the antenna
feed performance has to be compromised and the sidelobe performance suffers. Therefore, a
contiguous spot beam design will require at least three reflectors to generate an array of high
performance beams. In the case of the Rusch design this number could be as high as six
reflectors, because of the use of two different Szes of beams. In this case three smaller

reflectors would be needed to generate the array of larger beams.

49, In conclusion, the antennas required in the Morgan and Rusch satellite designs
could not be accommodated on a single spacecraft. No commercid satellites have been flown
with such large numbers of large solid reflectors operating a Ku-band frequencies. The
Petitioners do not seem to have given any condderation to this fundamenta faling in ther

designs.

50.  Anocther problem that is exacerbated by the use of smaller beams, asis used in
the Rusch designs, is the antenna pointing error.  All satdllite antennas are subject to pseudo
random pointing errors and perturbations.  On large beams the effect of this mispointing is
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inggnificant. However, as the beam sze becomes smdler, the relative effect of the mispointing
increases. In the case of a 0.3° spot beam, as proposed by Rusch, the typica pointing error
could be typicaly 0.12°, which means the beams may be pointing anywhere within 0.12° of the
nomind pointing direction.”” This has the effect of reducing the guaranteed service area of the
beam to only 0.06° (i.e, 0.3° minus 2 x 0.12°). In other words the useful beam area becomes
exceedingly smal and effectivdly usdess for a locd programming type of service®
Furthermore, the antenna pointing error will cause increased interference between spatidly
separated beams, if they are generated by different antenna reflectors that are prone to
uncorrelated pointing errors. In this case, a co-frequency beam would appear to be closer to
another beam operating a the same frequency than the nomina pointing directions would
indicate, and the sdf-interference would be correspondingly increased. Again, neither Rusch
nor Morgan even mention antenna pointing errors in relation to their proposed designs for new
oot beam satellites.  In particular, Morgan has ignored these effects when cdculating the

DMAS served by his spot beam design.

VII.1.2 Sdf-Interference

51.  Whenever frequency re-use is employed in a satdlite there is the potentid for

z Thisamount of pointing error istypical of open-loop designs. If sophisticated closed-loop RF

sensing is employed, the pointing error could be reduced to 0.05°, but this performance would be
very difficult, if not impossible, to maintain across the whole array of spot beams.

For DBS the users are stationary and the satellite beams are assumed to be stationary. Only in this
way can asubscriber’ sreceiver rely on receiving signals according to afixed frequency plan. This
isvery different from, for example, an MSS (Mobile Satellite Service) system, such as ACeS,
Thuraya, Global Star or Iridium, where the users are assumed to be moving across the boundaries
between beams, and the transmission scheme and frequency plan allows for the subscriber terminal
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sf-inteference. The higher the amount of frequency re-use the grester the risk of
unacceptable levels of sdf-interference. Thisis particularly important if higher order modulation
schemes (such as 8PSK or higher) are to be employed in the system, as these require higher

C/(N+I) (carrier to noisetinterference ratio) performance than if conventional QPSK is used.

52. In a spot beam satellite design, where spatid frequency re-use is employed (as
is the case with the EchoStar and DIRECTV spot beam satellites as well as the Rusch and
Morgan designs), great care must be taken to ensure that the co-frequency beams are
aufficiently far apart that they do not interfere with each other. When the spot beams are a
contiguous array, as in the case of both the Rusch and Morgan designs, a frequency re-use

scheme must be established that avoids co-frequency operation in immediately adjacent beams.

53. Rusch employs a four-frequency group scheme, which means that the available
gpectrum is divided (not necessarily equaly) into four parts, and each part is then assgned to
one of aset of four contiguous beams. This same assignment is then continued across the whole
array of beams to ensure that the maximum beam isolation is achieved. This is shown in Figure
2 where a section of an infinite array of beams operating with a four-frequency group schemeis
shown. (Note the proximity of the nearest co-frequency beam is one complete beamwidth
away and that there are four co-frequency beams that are this same distance away.) All these
beams, as well as those further away, contribute to the interference experienced in the center

beam. To maintain the aggregeate interference to an acceptably low leve, the sdelobes of these

to be frequency agile and capable of switching seamlessly between beams.
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co-frequency beams must be maintained to a very low level in the directions of the center beam

(aswdll as other co-frequency beams).

Figure 2. Four-Frequency Group Re-Use Scheme

54. Morgan, on the other hand, uses an even more aggressive approach,
presumably to keep the number of channels used by his spot beam satellite design to only three.
In his design, a three-frequency group schemeis used, as shown in Figure 3. Note that with this
scheme the nearest co-frequency beam is now closer than it was with Rusch’s design, and there
are now six co-frequency beams spaced this same distance away. The result of thisis that the
sf-interference levels are even higher with this three-frequency scheme than with the four-

frequency scheme.

Figure 3: Three-Frequency Group Re-Use Scheme
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55. Experience in the design of spot beam satdllites, however, has shown that the
theoretica four-frequency and three-frequency re-use schemes are impractica in many cases
because the aggregate sdf-interference is unacceptably high. Instead system designers have
resorted to schemes with less spatial re-use, such as seven-frequency re-use schemes. Such a
scheme is shown in Figure 4. Note that the nearest co-frequency beam is dmogt two full
beamwidths awvay and there are gill only six such beams in the immediae vicinity. The sdf-
interference with a scheme like this is much less than with the three or four-frequency schemes

proposed by Morgan and Rusch.

29



Figure4: Seven-Frequency Group Re-Use Scheme

56. Thereforeit is extremey unlikely that the spot beam designs and frequency re-
use schemes proposed by Rusch and Morgan will work in practice, as they would exhibit
extremey high sdf-interference levels.  As mentioned above, high sdf-interference is
incompatible with the use of high order modulation schemes (such as 8PSK and higher) as

proposed by Rusch, Morgan and Gould.

57. Findly, the sdlf-interference problem is made much worse when a mix of spot
beam szes is employed, as proposed by Rusch.  In these cases the small spot beams suffer
greater interference from the large oot beams unless they are given additional geographic

separation. The Rusch design does not provide this additiona separation, but rather resortsto a
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flawed interference cancellation technique that is addressed in the next section.

VII1.1.3 Interference Cancdlation

58. Rusch rightly points out that his mix of large and smdl spot beams, in a
contiguous spot beam array, will result in unacceptable levels of sdlf-interference. To overcome
this problem Rusch proposes the use of “... an accepted technique known as “ signal
nulling” or “signal cancellation.” This technique involves deliberate (directional)
coupling of a small part of the signal from the interference beam into a beam location
where the interference would otherwise occur. Snce the same signal appears in two
beams, a user on Earth receives the same signal from two sources.”®  Unfortunaely, this

scheme will smply not work.

59.  The interference cancelation technique proposed by Rusch is not an “accepted
technique’ in any sense, @ least in the commercid satdlite world. 1t has never been employed
in direct broadcast TV sadlites It may have limited gpplications in very specidized
government satdllite systems, but it cannot produce interference-free operation across the
sarvice area of the beam. At best it will cancel the interference over ardatively smal swath of

the beam, but it will in fact increase the interference in other parts of the beam.

VII.14  Frequency Re-Use Factor

60. A high frequency re-use factor in a Spot beam sadlite is the key to maximizing
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the capacity with the minimum usage of spectrum. EchoStar-7 re-uses the same fregquencies
five times in its gpot beam design. DIRECTV 4S re-uses the frequencies an average of 7.33
times across its beams. Both Rusch and Morgan push this parameter to impractica levels,
taking into account the DMA service areas and necessary spot beam characteristics.  Rusch
proposes a re-use factor of 9.33 and Morgan proposes a re-use factor of 15 times for his
DIRECTV design and 17 times for his EchoStar design. In redity, the ability to achieve a high
frequency re-use factor is condrained by practica limitations on the design and layout of the
spot beams and how this relates to acceptable levels of sdlf-interference, and this is addressed

in moredetall in SectionsV.5 and VI1.1.2.

61. Nether of these Petitioners shows the necessary judtification to support such
high frequency re-use factors. To adequatdly do this they would have to demondrate that the
levels of sdf-interference are a an acceptably low leve, taking account of redigtic antenna
sSdeobe performance and antenna pointing errors, as wel as the actud antenna configurations
that they propose (sngle or multiple reflectors, reflector mountings, etc). Without this thelr

clams of frequency re-use are baseless.

VII.1.5 On-Board Processor

62. Rusch proposes the use of an on-board processor with at least 71 active 16-

QAM on-board demodulators, each operating a approximately 100 MBity/sec. Thiswould be

» Rusch Declaration, Exhibit C, page 16, para. 27.
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the firg direct broadcast satdllite to employ such a device, and would be a huge technological

step for this type of gpplication.

63.

Although on board processng is technicaly feesble, the incluson of an on-

board processor of the type described by Rusch would negatively impact a satdllite project in

the following ways.

64.

High development, manufacturing and testing costs, probably in excess of $50
to $100 million, and possibly much more;

Long program schedule, adding at least two years to the norma satellite
schedule, and possibly more;

L arge demands on the spacecraft platform (or “bus’). The on-board processor
would be large, heavy, consume sgnificant eectrica power and dissipate large
quantities of heat. All of these factors will place additiona demands on the
gpacecraft platform, and lead to avery large and expendve satdllite;

Highrisk. Such acrucid item of equipment could result in a catastrophic falure
of the satdlliteiif it should fail. Such arisk isdgnificant and likely to be
unacceptable to a DBS operator.

Rusch’'s claims that “Implementation of a full local-into-local service would

require two or three years for design, construction and launch of appropriate new

satellites® is therefore completely incompatible with his proposal to include the on-board

processor that he describes.

Rusch Declaration, page 8, para. 23.
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VI1.1.6  Payload Capability of Currently Available Spacecraft Platforms

65. Rusch implies that his “1475" dedgn can be accommodated on a reedily
available spacecraft platform, but no evidence is presented to support this point. Based on my
initid caculations, usng the limited amount of information available concerning Rusch's design, it
far exceeds the payload capability of current platforms, and therefore would require the

development of alarge new spacecraft.

66. Morgan does not present any evidence to demondrate that his design will fit

onto any available spacecraft.

VI11.2 Unacceptable Technical Risk

67.  The satellite desgn proposed by Rusch is too complex and requires significant
advances in the date of the art for operators such as EchoStar and DIRECTV to consider
using. Its novel on-board processor and interference cancdlation techniques are fraught with
potentia problems, including high costs, long program schedules, and the risk thet they will not
work. The spot beam design has not been shown by Rusch to be viable in terms of sdf-

interference, or the ability to actualy serve the territories of the DMAs with the TV channd

capacities required.

68.  The additiond technica risk introduced by Rusch’'s design aso would severdly
impact the insurability of the satdlite, or result in insurance codts that are commercidly

unacceptable.
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VI11.3 Delayed Schedulefor Implementation

69.  Asmentioned in Section VI1.1.5 above, Rusch’s clams that ‘I mplementation
of a full local-into-local service would require two or three years for design, construction
and launch of appropriate new satellites’ is not condstent with the satdlite design tha he
suggests. If the satdlite he suggests were to be designed and built, it would likely be between
four and five years, if not more, before service could begin once a decison to proceed was
made. This assumes that ways could be found to overcome the technica problemsin his design

that are addressed in Section V11.1 above.

70. Such an extended schedule is incompatible with the objectives of EchoStar and
DIRECTV, which isto provide high quality programming and arange of TV broadcast services

to the public in atimely manner.

VII.4 Unacceptable Costs

71. Rusch's dams that “The new satellites would cost approximately $250
million each (satellite, launch vehicle and insurance). In addition, there would be the
need for four-to six additional uplink Earth stations that should cost approximately $30
million in total capital costs’.®® This esimate is much too low for the sysem design he

proposes. In particular:
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A satdlite with on-board processing, and the antenna configuration required for
his proposed spot beam design, would likely cost in excess of $400 million; and

The additiona uplink earth sations, and associated ground equipment for the
off-air reception and backhaul of the loca TV channels, would likely cost in
excess of $100 million, taking into account the trangtion to 8PSK and the

higher levels of compression.

72.  Furthermore, it should be noted that both EchoStar and DIRECTV have
dready committed to building and launching their spot beam satdllites, and these costs cannot be
recouped. These entire investments would be wasted if the companies were to attempt to build
the proposed Rusch satdllite design. Rusch suggests that the existing EchoStar and DIRECTV
gpot beam satellites that have not yet been launched could be modified to achieve the capability
of his proposed new satdlite, and States that “We would estimate that these modifications
would require no more than 18 months and cost $10-$20 million”.**  Although difficult to
quantify at this stage, bearing in mind the advanced sage of congtruction and testing of
EchoStar-8, Rusch’'s number is a gross underestimate, and the likdly cogt, if it were even
feadble, would bein excess of severa hundreds of millions of dollars per satdllite. The schedule

impact would aso likely be well in excess of 2 years.

Rusch Declaration, page 8, para. 24.
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APPENDIX 1

Resuméfor Dr. Richard J. Bar nett

Dr. Barnett graduated from Southampton University (UK) in 1973 with aB.Sc. (Hons) degreein
Electronic Engineering, and from the same university in 1977 with a Ph.D. degree based on research

into computer modding of microwave devices.

He then worked in the research and devel opment |aboratories of the Plessey Company and the
Independent Broadcasting Authority in the UK before moving to Francein 1981. There he was
employed by Thomson-CSF in Paris as the payload systems engineer on the Scandinavian Tele-X
satellite before joining EUTELSAT where, as operations engineer, he was responsible for the
operationd planning of the EUTELSAT satdllitesfor dl TV gpplications.

In 1982 he returned to the UK and joined British Aerospace where he held avariety of engineering
management positions during the period 1982 to 1990, dl involved with the communications engineering
and associated regulatory aspects for future commercial satellite communications projects. Dr. Barnett
cameto the USA in 1990 asthe Vice Presdent of Engineering for Ada Pecific Space &
Communicetions (a company affiliated to Orion Satellite Corporation).

Since 1991 Dr. Barnett has been President of Telecomm Strategies LLC - an internationd satellite
communications consultancy company specidizing in the technica design and technicd regulatory
agpects of satdlite projectsincluding nationd licenang and internationa (1TU) frequency registration and
coordination of satellite systems. In the domestic US arena he has chaired severd US industry working
groups that have devel oped consensus positions relating to Ka-band GSO/FSS, including the 1% round
Ka-band orbital assgnment plan, Ka-band blanket licensing rules and the preparation of US1TU filings
for Kaband and V-band satdllite networks. In the ITU forum heisaparticipant in the groups related
to satellite communications, particularly Working Party 6S and Working Party 4A, as well as the World
Radio Conferences. He regularly participatesin international frequency coordination meetings on behaf
of various satdllite operators, involving systemsat S, C, X, Ku and Ka-bands.
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