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ABSTRACT 

A low profile low cost mobile in-motion antenna system for 
satellite TV reception. 
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Exemplary Product Configurations 
• T3-Japan centric product, 16"X1.6" GT Odboleg K 
• T5-low cost linear product.20"X4" GT +2dbodeg K 
• T7- Small profile "Siren" 8"X4" GT -2dbdeg K 
• T9-Fully electronic CD size 5"X5" GT -8dbdeg K-Third generation 

product 

Fig. 9 

Relative performance of 
Exemplary Product Configurations 

Type G/T MSRP(S) FSS 48dbW BSS 54dbW 
T3 O S 1295 1.5Mbps 6Mbps 

O T5 +2 S995 2.5Mbps 10Mbps 
O T7 - 2 $695 1 Mbps 4Mbps 
O T9 - 8 $395 0.2Mbps 1 Mbps 

T3 is Japan version 
T5 is based On 2 SR1OOO Panel 
T7 is based On 4 SR1OOO Panel 
T9 is fully electronic version (FESA) with MMICs 
at large Quantities 
Most versions require spreading 

Fig. 10 
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Exemplary Product Configuration: T3 
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T3 - Exemplary Mechanical Design 

BOTTOM COVER 

437 A ANTENNA MOTER 

Fig. 12 
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Exemplary Product Configuration 
RaySat T3 
the in-motion, low-profile satellite TWantenna for cars 
RaySat T5 is the in-motion, low-profile (less than 4 cm or 1.6" high) 
Sotellite TV antenna capable of receiving signals from satellites such 
as JASI BS/CS at 110 East for the Japan domestic market. The 
Ontenna integrates with existing mobile satellite receivers such as 
Panasonic Strado receiver product line. It enables reception of all 
free-to-air and SkyPerfecTV SD (Standard Definition) channels all 
Over Japan and HD (High Definition) channels in the southern part of 
the country. 

RaySat T3 is also capable of receiving signals from other circularity 
polarized satellites such as JAST 110 East for Korea and US BSS 
satellites On spot beams. 
Specifications 
Frequency 11.7-12.75 GHZ 

Tracking type Azimuth - mechanical 
Elevation - electronics steering 

Polarization Circular 

Tracking Speed 60/sec elevation, 30/sec azimuth 
G/I 3db/K for 45 elevation, tracking off condition 
Interface One L-band cable (LNB Output) 
Weight 6 Kg (131bs) 
Power 15W 

Size Diameter 40 cm (16.0) 
Height 4 cm (1.6) 

Fig.13 
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Example of Antenna System 
LOW Cost, low profile antenna 

o 11.7-12.75GHZ 

• Circular or linear polarization (fits both BSS and FSS) 
• Size: 20" diameter,4" height 
e MSRP - $995 
e Cost to the channel < $500 
• Enables 2.5Mbps on FSS transponder 

- 23 MPEG 4 channels 
• Minimal requirement to fit in DTH eco system 

Fig.14 
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T5 - Exemplary Mechanical Configuration 
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T7 Exemplary Product Configuration 
o 8" X 4" 
O Very low cost 
o CP & LP 
o MSRP $695 
O 1 channel per FSS transponder 

O ODU 
- 5" diameter, .5" high 
- Fully electronic steering 
- Satellite switching time 50msec 
- G/T -8 db/deg K 
- 1 TV channel per 54dbW ERP (2-4 for 60dbW) 
- MSRP large quantities $399 (...) 

- STB with appropriate front end (MPEG 4) 
- Despreader ASIC 
- Antenna Controller 
- Optional EV-DO chip set (remote diagnostics, internet 

access) and Wi-Fi router 
- Cost < $100 . Fig.17 
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The Mobile TV Satellite: Exemplary System 
Configuration 

Multi-spot beam 54 - 60dbW 
BSS band (9 deg spacing) could ease ASI 

O Optional spreading on board (same sequence all 
transponders) or in the Uplink (channel switching) 
Possibility for double illumination (61.5 and 148) for 
increased diversity and availability through line of 
sight to the two satellites with two antennas, time 
shift (like XM Rock and Roll) 

Fig. 18 

Exemplary Antennas Configurations 
Lower profile (mechanical tracking in AZ, electronic 
in EL and POL) - 16" diameter by 1.6" height 

• Full electronic scanning - 10" by 1" for G/T of +2 
• Scale Could be achieved with MMICs 

Would appeal for passenger cars 
• Requires same spread-spectrum receiver 

Fig. 19 
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Exemplary Car Mounting Configurations 

Fig.20 

Exemplary Car Mounting Configurations 
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METHOD AND APPARATUS FOR PROVIDING 
SATELLITE TELEVISION AND OTHER DATA TO 

MOBILE ANTENNAS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present invention is a continuation-in-part of 
U.S. application Ser. No. 11/324.755, filed Jan. 4, 2006, 
entitled System and Method for Low Cost Mobile TV. U.S. 
application Ser. No. 10/752,088, filed Jan. 7, 2004, entitled 
Mobile Antenna System for Satellite Communications, U.S. 
application Ser. No. 11/183,007 filed Jul. 18, 2005, entitled 
Mobile Antenna System for Satellite Communications, U.S. 
application Ser. No. 11/074,754, filed Mar. 9, 2005, entitled 
Method and Apparatus for Providing Low Bit Rate Satellite 
Television To Moving Vehicles, U.S. application Ser. No. 
10/925.937, filed Aug. 26, 2004, entitled System For Con 
current Mobile Two-way Data Communications and TV 
Reception, U.S. Provisional Application 60/653.520, Filed 
Feb. 17, 2004, entitled Method and Apparatus for Incorpo 
rating an Antenna on a Vehicle, U.S. application Ser. No. 
11/071,440, filed Mar. 4, 2005, entitled Low Cost Indoor 
Test Facility and Method for Mobile Satellite Antennas, U.S. 
application Ser. No. , filed Sep. 6, 2005, entitled 
Tracking System for Flat Mobile Antenna (PCT/BG2004/ 
000004 filing in U.S. under S371), U.S. application Ser. No. 

, filed Sep. 6, 2005, entitled Flat Mobile Antenna 
System (PCT/BG2004/000003 filing in U.S. under S371), 
U.S. application Ser. No. 10/752,088, filed Jan. 7, 2004, 
entitled Mobile Antenna System for Satellite Communica 
tions, U.S. application Ser. No. 11/183,007, filed Jul. 18, 
2005, entitled Mobile Antenna System for Satellite Com 
munications, U.S. application Ser. No. , filed Oct. 
25, 2005, entitled Digital Phase Shifter (PCT/BG2004/ 
000008 filing in U.S. under S371), International Application 
Ser. No. PCT/BG2004/00011, entitled Flat Microwave 
Antenna, Filed Jul. 7, 2003, U.S. application Ser. No. 
10/498,668, Filed Jun. 10, 2004, entitled Antenna Element, 
U.S. Application Ser. No. . (Attorney Docket No. 
006681.00070) filed Dec. 30, 2005, entitled Applications for 
Low Profile Two Way Satellite Antenna System, each of the 
foregoing applications is hereby specifically incorporated by 
reference in their entirety herein. With respect to any defi 
nitions or defined terms used in the claims herein, to the 
extent that terms are defined more narrowly in the applica 
tions incorporated by reference with respect to how the 
terms are defined in this application, the definitions in this 
application shall control. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to methods and appa 
ratus for providing satellite television and other data broad 
casts to mobile platforms such as moving vehicles equipped 
with antennas that are substantially smaller than would be 
conventionally used for direct broadcast satellite reception 
(ultra Small mobile satellite antennas). Such antennas would 
be unobtrusive when mounted atop a vehicle or could be 
integrated into the vehicles and be invisible from the exte 
1O. 

0004 2. Description of the Related Art 
0005 Satellite television and data broadcast services 
from Direct Broadcast Satellites (DBS) operating in the 
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Broadcast Satellite Service (BSS) to homes with stationary 
antennas comprises well known art. Recently, mobile ter 
minals that can receive Such broadcasts on moving vehicles 
have become a commercial reality. Conventional mobile 
terminals are designed to operate with the signal strengths 
and parameters of DBS systems designed to broadcast to 
homes. 

0006 Consequently, these terminals are very large to 
compensate for their generally low height profile. This is 
particularly true when the satellite appears at low elevation 
angles above the horizon as would be the case for a 
geostationary satellite whose orbital longitude is over the 
southwest U.S. while the vehicle and mobile terminal are in 
the northeast parts of the U.S. Fundamental properties of 
antennas and communications links impose minimum size 
requirements on these antennas with the consequence that 
they are, for the U.S. BSS operating parameters in the 
12.2-12.7GHZ Ku-band, on the order of 75 cm in diameter. 
Terminals of this size, while acceptable to those with sport 
utility vehicles, motor homes, and other relatively large 
vehicles, are too expensive and too large to be widely used 
on automobiles or by OEMs for integration into the cars 
Structure. 

SUMMARY OF THE INVENTION 

0007 One solution for satellite broadcasting to smaller 
terminals is to launch one or more BSS satellites with 
substantially higher radiated power. This may be possible in 
ITU Region 2 (north and south America) where there is no 
imposed limit on the radiated spectral power density. Nev 
ertheless, the practical reduction in terminal size can be 
limited by such factors such as the tradeoff between satellite 
and launch costs, which are proportional to the satellite's 
power and bandwidth, and the mobile terminal cost, which 
in generally inversely proportional to the received power. 
0008 Abrute force increase in satellite radiated power is 
one solution to reducing mobile antenna dish size, but it has 
certain challenges Such as maintaining a cost effective 
solution to the overall system. Furthermore, in other ITU 
Regions, power spectral density limits do exist, thereby 
limiting the available downlink power for conventional 
broadcasts. As the mobile terminals are reduced in size, 
fundamental antenna properties dictate that they will have 
broader reception beams and be more susceptible to inter 
ference from adjacent satellites, from both co-polarized and 
cross polarized transmissions which are also in the same 
frequency bands. 
0009. These issues are most severe for satellite broadcast 
in the Fixed Satellite Service (FSS). For example, these 
satellites operate in the U.S., at the frequencies 11.7-12.2 
GHZ and they are spaced approximately 2 apart in longi 
tude in the geostationary orbit. These satellites have severe 
restrictions on their allowable radiated spectral power den 
sity from space to earth. The practical consequence is that, 
for conventional transmissions and capacity utilizations, the 
mobile terminals must be at least as large as those for use in 
the BSS. (Such terminals have the additional burden of 
operating with linear polarizations which must be continu 
ally adjusted depending on the vehicle orientation.) 
0010. In aspects of the invention, a method and associ 
ated apparatus is provided that allows satellite transmissions 
to Small, inexpensive mobile terminals while maintaining 
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transmission power spectral density limits and providing 
interference protection from adjacent satellite copolarized 
and cross polarized transmissions 
0011. Objectives of the invention include providing a 
method and apparatus for mobile satellite broadcast to 
mobile antennas that are relatively flat, have smaller size, 
have lower cost, could be easily embedded in the car roof 
(ultra Small mobile antennas), and have robust reception of 
the intended signals in the presence of strong interference. 
0012. In aspects of the present invention, these objectives 
may be achieved by a dedicated Satellite transmission sys 
tem that incorporates spread spectrum techniques for satel 
lite transmission of high quality video and data to mobile 
terminals. The method may include spreading of the spec 
trum of the transmission over a wider frequency band, for 
example, up to the full bandwidth of a satellite transponder, 
in order to utilize all of the transponder's power while 
keeping the power spectral density (PSD) relatively low in 
order to comply with regulations at the expense of band 
width efficiency. The method also allows for lower adjacent 
satellite interference due to the inherent processing gain 
feature in spread spectrum systems enabling interference 
reduction. Interference reduction is achieved by exploiting 
the properties of spread spectrum systems, for example, to 
first multiply the desired signal by a unique spreading code 
Such as a pseudorandom sequence upon transmission, and 
then, upon reception the receiver “despreads the desired 
signal by using the same code to achieve a high correlation 
with the desired signal while providing a high degree of 
rejection of signals that do not correlate with the intended 
code. 

0013 The present invention provides methods and appa 
ratus for satellite broadcast of high quality satellite televi 
sion and other data to moving vehicles with Small terminals. 
The method may include spreading the spectrum of video or 
data channels in the transponders so that the full power of 
the transponder can be made available even for a low bit rate 
carrier thereby reducing the required size of the reception 
terminals. The spreading broadens the bandwidth of the 
transmitted signal in order to keep the spectral density 
within regulatory limits. In systems according to the present 
invention, although the satellite transponders operate at 
Substantially reduced capacity, the mobile antenna size and 
cost is Substantially reduced, making this system practical 
for large scale deployment. 

0014 For example, a conventional BSS satellite using 
MPEG 2 signal compression can transmit more than 12 
standard definition TV channels in a transponder with 24 
MHz bandwidth (this capacity will increase with MPEG 4). 
However, the reception terminal generally would have an 
effective area approximately equivalent to a 45 cm dish. To 
transmit Successfully to a much smaller aperture, each 
channel must have more of the transponder's available 
power (typically 100-200 W). Then, since the same power is 
being used for fewer channels, the power density, i.e. the 
W/MHz for each channel is higher. With conventional 
modulation such as QPSK and 8 PSK, the fewer signals only 
occupy a fraction of the transponder bandwidth and the 
equivalent isotropically radiated power (EIRP) spectral den 
sity may exceed regulatory limits. 
0015. However, by using spreading, a much smaller 
mobile antenna may be used to receive the stronger signals 

Mar. 8, 2007 

and not be nearly as susceptible to interference. By spread 
ing the fewer signals over the entire transponder bandwidth, 
the spectral density is reduced and yet the full power of the 
transponder is used for the signals, allowing for reception by 
terminals that may be only 20 cm in diameter or less and, 
with Suitable use of phased array technology, may be only 
2.5 cm high or less. The tradeoff is that the transponder 
capacity may now be limited to only a few, e.g. 1-4 standard 
definition TV channels. 

0016. In other application, the use of spread spectrum 
methods and their properties is well known. The subject 
invention describes the unique embodiments and overall 
system to apply spread spectrum techniques to the broadcast 
of satellite video and data to small mobile terminals. Each 
example embodiment addresses issues unique to the satellite 
TV broadcast system. These issues include: spreading of all 
signals radiating for a satellite such that the mobile receivers 
may acquire and tune quickly among them; combinations of 
spreading and satellite spot beams; spatial and time diversity 
using multiple satellites; and use of terrestrial transmissions 
to Supplement and “fill coverages in urban environments. 
The embodiments described below will be understood to 
exemplify the methods and apparatus. 

0017. One embodiment is to spread the signals in the 
feeder uplink ground station, which comprises a set of 
parallel channels to process the signals provided by the 
plurality of base band video sources. Each of the channels 
may include source signals that have been compressed or 
encoded using standard methods such as MPEG4, MPEG 2, 
MPEG 4 HD Windows Media 10, or other similar tech 
niques. Currently, MPEG 2 is common, but MPEG 4 has 
many advantages. 

0018) A number of compressed video signals are com 
bined and destined for one transponder. At the same time, 
other groups are combined and destined for other transpon 
ders on, for example, a dedicated satellite. The signals are 
processed with Forward Error Correction and modulated for 
transmission to the satellite using, for example, the trans 
mission standards; DVBS, DVBS2 or other similar tech 
nique. For the parallel processing in this embodiment, all 
transponder channels may be spread over a wide bandwidth 
by being multiplied by same direct sequence generator at the 
same time. The signals may then be combined, upconverted 
and sent to the satellite. The mobile receiver can now switch 
channels among all the transponders almost instantly 
because it is already “tuned to the same sequence whereas, 
if each transponder used a different spreading sequence, the 
receiver might take several seconds to synchronize to a 
signal from another transponder. The use of the same spread 
spectrum direct sequence in the same exact timing, in the 
uplink or in the satellite, guarantees that the acquisition time 
will be short because the subscriber is already locked on the 
Sequence. 

0019. Another embodiment is to incorporate signal pro 
cessing on the satellite. In this preferred embodiment a 
standard DVB modulated signal received by the satellite 
receiving antenna is divided by a Switching matrix and a 
proper power dividing circuit to a set of parallel channels 
sampled by the same exact direct sequence generator that 
could use several types of sequences for example 7, 15, 31 
chips per bit. In another exemplary embodiment the direct 
sequence generator may be bypassed by ground command. 
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The signals in each channel then may be amplified, com 
bined and then delivered to the satellite transmit antenna. 
The transmit signal is then received by subscriber's termi 
nals and despread and decoded by the subscriber's receiver. 
0020. In another preferred embodiment, a set of terres 

trial repeaters may be used in order to support service in 
areas when a direct line of site to the satellite selected for 
communication is not available. Such as within a city where 
no line of site is available. The system in accordance with 
this aspect of the invention may utilize terrestrial repeaters. 
These repeaters may be variously configured, and in some 
embodiments, may operate in the Ku band at the same exact 
frequency of the satellite. In this case, there is often a need 
to change the spread spectrum direct sequence Such that the 
sequence in the satellite which is received in the repeater and 
the spread spectrum sequence in the terrestrial radiated 
signal will be different so that no oscillations will occur if 
the received and transmit signal in the repeater will be 
identical. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 Embodiments of the invention are described below 
in detail with reference to the following drawings in which 
like reference numerals refer to like elements wherein: 

0022 FIGS. 1a and 1b Illustrate the spreading technique 
used according embodiments of the invention; 
0023 FIG. 2 illustrates the block diagram of the de 
spreading process in the Subscriber's receiver according 
embodiments of the invention; 
0024 FIG. 3 illustrates the spreading process in the 
ground station according to embodiments of the invention; 
0.025 FIG. 4 illustrates a block diagram of a spreading 
process on the satellite's according another embodiment of 
the invention; 
0026 FIG. 5 illustrates schematically the mobile com 
munication using a small size subscriberantenna according 
to embodiments of the invention; 
0027 FIG. 6 illustrates the block diagram of the sub 
scriber's terminal wherein terrestrial repeaters working in 
Ku band are used according embodiments of the invention; 
0028 FIG. 7 illustrates the block diagram of the sub 
scriber's terminal wherein terrestrial repeaters working in L 
band are used according to embodiments of the invention; 
0029 FIG. 8 illustrates the implementation of an addi 
tional outer coding technique in order to avoid signal short 
fades; 
0030 FIGS. 9-20 illustrate exemplary configurations in 
accordance with the present invention of the ultra small 
mobile satellite terminal. 

TECHNICAL DESCRIPTION OF THE 
INVENTION 

0031. The following describes in detail exemplary 
embodiments of the invention, with reference to the accom 
panying drawings. 

0032. The claims alone represent the metes and bounds of 
the invention. The discussed implementations, embodiments 
and advantages are merely exemplary and are not to be 
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construed as limiting the present invention. The description 
of the present invention is intended to be illustrative, and is 
not intended to limit the scope of the claims. Many alter 
natives, modifications and variations will be apparent to 
those skilled in the art. 

0033 Aspects of the present invention provide a system 
and method for providing low cost, low profile, mobile 
satellite antennas for use with satellite television transmis 
Sion. Hereinafter, in describing the structure and operations 
of an apparatus for providing satellite television to moving 
vehicles with Small terminals according to the present inven 
tion. 

0034 Aspects of the present invention relate to satellite 
TV and data services directed toward cars including after 
market & OEM. The invention comprises a system shown in 
FIG. 5 wherein a hub feeder station 31 transmit the properly 
processed signal toward a selected satellite 32 (e.g., geosta 
tionary) in order to achieve a signal strength in the downlink 
to be received by an ultra Small size antenna for example 
with a diameter/cross section less than 20 cm. In one 
embodiment of the invention the signal processing (e.g., 
spreading) may be done on the satellite 32. In this embodi 
ment, standard DVB signals are transmitted by the hub 
station. The signal retransmitted by the satellite 32 is than 
received by a low profile small size antenna 37. In one 
preferred embodiment of the invention the antenna may be 
embedded in the car roof. 

0035. The antenna 37 may be a flat antenna array with 
fully electronic steering. In other preferred embodiments, 
the antenna may have mechanical or semi mechanical semi 
electronically beam steering in order to track the satellite, 
while the vehicle is moving. The antenna 37 is connected to 
the indoor equipment. The indoor equipment may comprise 
an antenna control box integrated with the satellite receiver 
38 and user interface. The receiver 38 is connected to the 
user equipment 39 for example rear seat entertainment, TV 
screen or laptop. In one preferred embodiment of the inven 
tion the connection between the antenna 37 and the receiver 
38 and between the receiver 38 and the subscribers equip 
ment 39 may be wireless. The antenna 37 may receive 
signals from a terrestrial repeater 33. The repeater may be a 
part of a set of terrestrial repeaters arranged to ensure 
communication in areas where it is not possible to have a 
clear line of site toward the selected for communication 
satellite. The repeater may be arranged on a tower or on the 
roof of a tall building in order to have a clear line of sight 
toward the selected for communication satellite 32. The 
repeater 33 may be configured to receive the satellite signal 
through the receiving antenna 34 and then retransmit it using 
a transmit antenna 35 toward the shaded area. 

0036). In one preferred embodiment the satellite transmit 
ter and the terrestrial transmitter may transmit at the same 
frequency in Ku band, since a spread spectrum technology 
is used. The satellite and the repeater may transmit the same 
data (video), but using different PN codes for spreading the 
signal referring to FIG. 6 where the embodiment is illus 
trated. The Ku band signals coming from a terrestrial 
repeater and (or) from the satellite are received by subscrib 
ers, mobile antenna 51, down converted by built in down 
converter and then delivered to the L band tuner 52, then the 
signal is spited and despread in parallel in two despreaders 
53 using different PN sequences, each one dedicated to the 
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satellite or terrestrial repeater signals. In one exemplary 
embodiment the two despread signals are processed by the 
receivers 54 and then compared in a signal level detector 55. 
The selected stronger signal is delivered to a video decoder 
56 and then to the subscriber's video display 57. 
0037. In another preferred embodiment, illustrated in 
FIG. 7 the terrestrial repeaters radiate signals in L band, and 
a Subscriber's terminal may be supplied with two antennas 
58 for Ku band satellite signals and for example, L band 
terrestrial repeater signals. The Ku band satellite signals are 
downconverted by a LNB (Low Noise Block). In other 
embodiments, the LNB may be integrated into the antenna. 
The two L band signals (Downconverted satellite signal and 
L band terrestrial repeater signal) may then be compared in 
a signal level detector 55 and the stronger one is selected for 
further processing in L band tuner 51 and receiver 54. The 
signals from the receiver 54 may then be output in a video 
detector 56 and displayed on the subscriber's screen 57. 
0038 FIG. 1a) illustrates one preferred spread spectrum 
technique, which may be implemented according embodi 
ments of the invention, for example, by multiplying the 
DVB signal by a PN (pseudo noise) sequence 1, -1. The 
length of the pseudo noise sequence may be 3.7.15.31, 
(2n-1). The chip rate Rc determines the bandwidth of the 
spread signal BW=1/Rc and the processing gain Rc/Rs. One 
simple embodiment of the spread spectrum technique is 
illustrated on FIG. 1b) wherein as the sequence of +1, -1 
may be used, the multiplier can be implemented using an 
inverter amplifier. 
0039 FIG. 4 illustrates one preferred embodiment of the 
signal processing in the uplink. In one exemplary embodi 
ment it may be done using the equipment of the hub station 
wherein a set of video signal sources are connected to the set 
of encoders 21. The set of source encoders 21 may compress 
the source signals using for example MPEG4, MPEG 2, HD 
or another similar coding standard. Then the compressed 
signals may be transferred to the set of modulators 22 which 
modulates the set of signals according to DVBS, DVBS2 or 
another proper modulation and forward error correction 
standard. The modulated signals may then be spread using a 
set of multipliers 23 and a direct sequence generator 29 and 
then through the set of filters 24 are upconverted using a set 
of upconverters 25 to form a set of transmit signals. The 
transmit signals are combined in combining device 28, 
amplified in the high power amplifier 26 and transmitted by 
hub antenna 27 toward selected satellite. 

0040 FIG. 3 illustrates another preferred embodiment of 
the signal processing, processing on satellite. A standard 
DVB signal, transmitted by a ground hub station is received 
by a satellite-receiving antenna and then divided to a set of 
signals using a proper Switching matrix and dividing circuit 
12. The set of signals are then transferred through the set of 
filters 13 and spread using set of multipliers 14 and a direct 
sequence generator 19. Then the spread signals are trans 
ferred through the set of filters 15 amplified in the amplifiers 
16 and combined in a combining circuit 17. The combined 
signal is then transmit by the antenna 18 to form a spot beam 
on the earth Surface having enough power to be received by 
Small, mobile Subscribers antennas. 
0041 FIG. 2 illustrates an exemplary dispreading process 
in the subscriber's receiver. The received by small mobile 
antenna spread spectrum signal is down converted by the 
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built-in LNB (Low noise block) to first intermediate fre 
quency in L band and transferred to a DVB RF front end 1 
of the specialized satellite receiver and downconverted to 
the second intermediate frequency. Then the signal is 
sampled by A/D device 3 and feed to a shift register 2. In one 
preferred embodiment the sampling frequency is 2*Rc (chip 
rate). The shift register odd (or even) outputs are multiplied 
by the PN (pseudo noise) sequence and summed in the 
summation device 8 and feed to the threshold detector 9. If 
the summation exceeds a threshold the receiver is declared 
locked and then the sum signal is feed to an off-the-shelf 
DVB receiver 5 via a D/A 6 or in another preferred embodi 
ment digitally. In one exemplary embodiment the time 
tracking may be done using an early-late algorithm. 

0042. In another preferred embodiment of the invention 
an additional outer coding technique may be implemented in 
order to avoid short fades or blockages of the signal, FIG. 8 
illustrates the block diagram of one example of a preferred 
embodiment of the additional outer coding technique 
applied to the transmit signal. We could also refer to off the 
shelf techniques for recovery of blocked signals by FEC and 
interleaving methods offered by Digital Fountain or Ken 
Cast). 
0043. The additional outer code should me much longer 
then the length of the fade. For example a Reed Solomon 
outer code RS(15.2) may be used. The Reed Solomon code 
can fix any erroneous block inside a received 15 blocks. If 
the blocks of 1 sec are used, then the RS code could fix any 
1 sec of fade inside any 15 sec of reception. 

0044) Embodiments of the invention have substantial 
advantages and allow configurations that have never before 
been possible using conventional mobile transmission sys 
tems. For example, FIGS. 9-20 illustrate numerous configu 
rations of the ultra Small satellite mobile terminal enabled by 
the present invention. It is specifically contemplated that 
these examples form a part of the invention. 
0045. The use of spectrum spreading allows the use of 
Small antennas in a high interference environment by lim 
iting the Power Spectral Density (PSD) of the carrier to 
levels acceptable to the FCC. Small antenna are desirable 
from an aesthetics perspective especially on vehicles, how 
ever Smaller antennas have lower gain to noise temperature 
ratios (G/T) and suffer greater levels of interference from 
adjacent satellites. To overcome the limitations the downlink 
PSD level must be high, however FCC and coordination 
limitations set the PSD levels. To overcome this limitation 
the use of spread spectrum is often useful. 

0046) An example of the antenna size, G/T, and maxi 
mum data rates are shown in the table below assuming 
operation with typical FSS and BSS satellites. 

Antenna Size Antenna GT Maximum Data Rate 

12.6 cm x 12.6 cm -4.0 dBK 1024 kbps 
17 cm x 17 cm -2.6 dBK 1340 kbps 

22.4 cm x 22.4 cm 0 dB.K. 2100 kbps 
28 cm x 28 cm 2.0 dB.K. 3000 kbps 

0047 The foregoing embodiments and advantages are 
merely exemplary and are not to be construed as limiting the 
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present invention. The description of the present invention is 
intended to be illustrative, and is not intended to limit the 
Scope of the claims. Many alternatives, modifications, and 
variations will be apparent to those skilled in the art. 

1. A method comprising transmitting consumer multi 
channel television signals to a large number of mobile 
terminals using the BSS, FSS, or similar frequency bands 
and formatting the signals using spread spectrum formatting 
to mobile terminals that are 20 cm in cross section or less. 

2. The method according to claim 1 wherein the signal is 
spread over a wide band Such that a single transponder 
makes its full power available to 1 to 4 television channels 
while maintaining the radiated spectral power density from 
the satellite within regulatory linits. 

3. The method according to claim 1 wherein the signals 
are combined and spread at the ground hub station using a 
direct code sequence code generator. 

4. Method according claim 3 wherein the signals are then 
Summed, amplified and transmitted to a communications 
satellite. 

5. Method according to claim 3 including using a satellite 
arranged on LEO (Low Earth Orbit) or MEO (Medium Earth 
Orbit). 

6. Method according claim 2 wherein the signal is spread 
on a satellite using a Switching matrix power divider, a set 
of filters, multipliers and a direct sequence code generator. 

7. Method according to claim 1 wherein the mobile 
terminals sample the signals and use shift register registers 
and a sampling frequency of 2*Rc (chip rate) and a PN 
(pseudo noise) sequence. 

8. Method according claim 7 including Summing the 
signals in a signal level register and wherein if the Sum of the 
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signals exceed a threshold level the receiver is locked and 
the signal is processed by a standard DBS receiver. 

9. Method according claim 1 wherein a set of terrestrial 
repeaters are used in order to Support communication in the 
areas where there are not clear line of site to a satellite 
selected for communication. 

10. Method according claim 9 wherein the terrestrial 
repeaters are working in Ku band and are coded by a 
different PN code. 

11. Method according claim 9 wherein the signals from 
satellite and terrestrial repeaters are compared by a level 
detector in the mobile terminal and the stronger one is 
selected for communication. 

12. Method according claim 9 wherein the terrestrial 
repeaters are working in L band. 

13. Method according claim 12 wherein an intermediate 
frequency signal received from the satellite and terrestrial 
signal in L band are compared in a level detector in the 
subscriber's terminal receiver and the stronger one is 
selected for communication. 

14. Method according claim 1, including providing the 
signals with an additional outer coding in order to avoid 
short shadings. 

15. Method according claim 14 wherein a Reed Solomon 
outer code with the length much longer then the length of the 
fade is used. 

16. Method apparatus according to claim 14 wherein 
commercially available FEC and interleaving processes are 
used to recover the signal in the event of short outages. 
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