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METHOD AND APPARATUS FOR MOBILE STATION-TO-MOBILE STATION CALLS IN A MOBILE

SATELLITE COMMUNICATIONS SYSTEM WITH ON-BOARD TOMA FORMAT CONVERSION.
EiELD OF THE INVENTION

The present invention relates to time division multiple access (TDMA)
communication systems and, more specifically, to TDMA communication systems with
asymmetrical TDMA frame structures. '

BACKGROUND OF THE INVENTION

Celluiar telecommunications is one of the fastest growing and most demanding
telecommunication applications ever. Today it represents a large and continuously
increasing percentage of all new telephone subscriptions arcund the world.

In Europe and in North America, there are several large analog cellular systems
operating such as NMT (Nordic Mobile Telephone) in the Nordic countries, TACS (Total
Access Communication System) in the United Kingdom, and AMPS (Advanced Mobile
Phone System) in the United States. Quality, capacity and area of coverage vary widely, but
demand has outstripped estimates almost universally. To address the capacity limitations of
the existing analog cellular systems, many operators are migrating to digital cellular
systems, Digital cellular systems are generally ciassified as either TDMA, CDMA (Code-
Division Multiple Access), or hybrids thereof. TDMA systems, such as the pan-European
GSM (Groupe Spécial Mobile, or Global System for Mobile communication) system and
D-AMPS (Digital Advanced Mobile Phone System) in the United States, provide
increased capacity by dividing each frequency band into time slots, multiple users being
allocated a different timeslot on the samé frequency. CDMA systems, on the other
hand, provide increased capacity by allfowing muitiple users to operate simultaneously
across the same frequency range through the use of orthogonal spreading codes. In
the long-term perspective, cellular systems using some form of digital technology will
become the universal way of communication.

TDMA systems, such as GSM and D-AMPS, are currently the most widely deployed'
digitai cellular systems. in GSM, for example, each frequency is divided into 8 timesilots. As
shown in Figure 1, base station 100 broadcasts a signal on frequency F1 to mobile station
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system employing orbiting satellites in place of, or to supplement coverage from, temrestrial

base stations. Generally, mobile satellite communication systems employ a satellite which is

in low earth orbit (LEO), intermediate circular orbit (ICO), or geostationary earth orbit (GEO).

A ground station serves as the gateway between the satellite and the public switched

telephone system (PSTN), or a terrestrial celiular system. Ideally, the satellits functions as a

“bent pipe”, that is, the satellite is a transponder, relaying signals recsived from a mobile

station down to a ground station and, similarly, relaying signals received from the ground

station to the mobile station. Often, a frequency translation in the satellite is required as

communications between the ground station and the satellite occur across a different

frequency range (e.g. C-band, Ku-band) than do the communications between the sateliite

and the mobile stations (e.g. L-band). It is generally desirable to design the system such

that the satellite has a simple architecture.

TOMA may be used to increase the capacity of communications between the

sateilite and the mobile stations. As mentioned, TDMA formats are generally symmetrical,

that is, the uplink and the downlink have the same TDMA timesiot structure. However, for

reasons of perfformance, the uplink TDMA structure couid be different than that of the

downlink TDMA structure, that is, the bandwidth, number of timeslots, and data rates may

ditfer significantly between the uplink and downlink.

Where mobile siation to mobile station communications are required, passing

through the ground station to effect the mapping between asymmetric TOMA formats results

in unacceptable time delays. Normally, in an ICO system, the time delay experienced in a

connection between the PSTN, or temestrial celiular network, and a mobile station in

communication with the satellite is on the order of 400 milliseconds, which is perceptible to

the users, but not quite a hinderance to normal conversation. Where a link between two

SUBSTITUTE SHEET (RULE 26)



shown in Figure 1, base station 100 broadcasts a signal CP—LLQQHEDCy F1 to
nobi e—stat+er———r— WO 96/ 28900 S 2 ;
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timeslot 2 and to nobile station 120b on tineslot 5. Up )
stations maywssmasgonodated on a single frequency. Signals tted Tr
base statioﬁwgoo to the nobile stations 120a, 120b, are calflTPS®5%ownl i nk
signals, or nore sinply, the downlink. For two-way conmuni cation, there
nmust al so be a corresponding set of frequencies and tinmeslots in the
opposite direction which are called the uplink signals, or nore sinply, the
uplink. Cenerally, TDMA systens enploy a symmetrical frame format, that is,
the TDVA frame structure (i.e., bandw dth, nunber of tinmeslots, data rates,

etc.) is the ,sanme,on the uplink as it is on the dowlink.
: .) mobu?e stations is et?ecterc)l through the ground station, 319 dem can be as much as 1.2

seconds which results in a unacceptable hinderance to normal conversation.

SUMMARY OF THE INVENTION

The aforementioned problem of reducing the time delay in a maobile satellite
communications system is solved in accordance with the present invention.

A method is presented in which a satellite is conditioned to map uplink signals
having a first TDMA format which are received from a mobile station to downlink signals
having a second TDMA format for transmission to another mobile station.

A first mobile station transmits a first signal to a satellite, the first signal having a first
TDMA format. The satellite receives the first signal and downconverts the first signal to
produce a first IF signal having a first bandwidth, BW. The first IF signal is sampled by an
analog to digitai converter at a rate of N x BW where N is an integer greater than or equat
to 2 to produce an input bitstream. The input bit stream is coupled to a buffer which receives
and stores the input bit stream. The butfer clocks a bit stream out at a rate M x N x BW,
where M is an integer value greater than 1 to produce an output bitstream with a bandwidth
equal to M x BW and a second TDMA format. The output bitstream is coupled to a low pass
filter, upconverted and rebroadcast as a second signal, having a second TDMA fommat, to a
second mobile station.

These and other features and advantages of the present invention will be
readily apparent to one of ordinary skill in the art from the foliowing written description
when read in conjunction with the drawings in which like referance numerals refer to
like elements.

Brief Description of the Drawings

An exempiifying embodiment of the invenﬁon will now be described in more detail with
reference to the accompanying drawings, in which:

Figure 1 illustrates the downlink of a terrestrial TDMA cellular communications system;

Figure 2 illustrates a mobile satellite communication system in which the present invention
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Reéently, t here have been proposals to construct a nobile satellte
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system Ideally, the satellite functions as a "bent pipe", that is, the
satellite is a transponder, relaying si dhal s received froma nobile station
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ground station to the nobile station. Oten, a frequency translation in the
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downl i nk. Where nobile station to nobile station conmunications are
required, passing through the ground statlon to effect t he mappi ng bet ween
asymmetric TDVA formats resubESCRIP N i delays. Normally, in
an | CO system the tine delay experi enced in a connection between the PSTN,
or terrestrial cellular network, and a nobile station in comunication with
the satellite islotha followingedesofiptibf) fori purpeses osfdexplanatiarh ahd not rlimitatior)l e t o

specific details are set forth, such as particular circuits, circuit components, techniques,
etc. in order to provide a thorough understanding of the invention. However it will be
apparent to one of ordinary skill in the art that the present invention may be practiced in
other embodiments that depart from these specific details. In other instances, detailed
descriptions of well-known methods, devices, and circuits are omitted so as not to
obscure the description of the present invention with unnecessary detail.

In Figure 2 is shown a mobile satellite communications system. In the present
invention, satellite 200 is situated in an intermediate circular orbit (ICO) (ie.
approximately 10,000 kilometers above the earth.) Feeder links 205a and 205b are
transmitted to, or received from, satellite 200 via dish antenna 215 which is part of
ground station 220. Ground station 220 functions as a gateway between satellite 200
and the public switched telephone network {PSTN) 225, or mobile telephone switching
office (MTSO)} 235. Access to MTSO 235 may be effected through PSTN 225 or
directly to ground station 220 through a dedicated link 240. PSTN 225 routes calfls to
the landline telephone network in the usual manner and cails to cellular telephones are
effected through MTSO 235 in the usual manner.

Satellite 200 is intended to provide coverage to mobile users 120 who are
located beyond the coverage area of the terrestrial celiular network 100. Mobife station
120 may be a car-mounted cellular telephone as shown in Figure 2, a hand-held
cellular telephone, a wireless modem installed in a laptop computer, or generally any
radio communications device.
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mobil e stations is effected through the ground station, the delay can be as
much as 1.2 seconds which results in a unacceptable hlndrance to norma
conver sat i oo ogedde Sat el lite repeaters in TDVA communi cat i §E
process received signals in one TDVA format and transmt signals 1 n another
5 TDVA format. For exanple, EP-A-0 139 034 discloses a nethod for
transmtting comruni cations services via satellites where the satellite is
equi pped with a plurality of receiving gnd transmtting units which can be
sel ectively connected to one another via a switching matrix. Each
transmtting unit in the satellite has a denodul ator which initially

demodul ates 10, utmusvﬁﬁ@ ftxusga@e%ﬁi o&%ﬁﬁhféﬁﬁkﬂ‘ i) da i€ fasw' utnw innﬂs BRd i X

and stores t hat
denodul at edeanversatans; atrefes to mg(pstabllshment O‘M wmmwnmmnswmey V@&htﬁ!ﬂ@ous |y

at a | over Qi viddoCof m.ﬂmﬁhatoﬁd%ay be exchaﬁééﬁ‘%e loRGiAAIBRS! PSalTafbrd e N
wi-tten into that nenor
to the device from which a call is initiated, and the receiver of a call refers to the device
with which the originator wishes to communicate. With regard to the flow of information
during a call, the forward uplink refers to the uplink to the satellite from the originator of
the call; the forward downlink refers to the downlink from the satellite to the recsiver of
the call; the reverse uplink refers to the uplink back to the satellite frqm the receiver of
the call; and reverse downlink refers to the downlink from the satellite back to the
originator of the call.

Telephone calls which originate from PSTN 225 or MTSO 235 are routed to
ground station 220 where they are processed and subsequently transmitted to satellite
200 via forward uplink 205a according to known techniques. Satellite 200 receives
forward uplink 205a and frequency translates the forward uplink to another
frequency/format which is then transmitted to mobile station 120 over forward downlink
210b. Frequency translation is usually required because the forward uplink and forward
downlink usually operate in different frequency ranges. In this embodiment, for
example, forward uplink 205a is fransmitted to satellite 200 in C-band; forward downiink
210b is transmitted from satellite 200 in L-band; reverse uplink 210a is transmitted from
mobile station 120 in L-band; and reverse downlink 205b is transmitted from satellite
200 in C-band. Signals transmitted from mobile station 120 over reverse uplink 210a
are received by satellite 200 which, as before, frequency translates and re-formats the
reverse uplink signal for transmission to ground station 200 over reverse downlink
205b. With an ICO satellite, the propagation delay between ground station 220 and
mobile station 120 (and vice-versa) is on the order of 400 milliseconds. it is obvious to
one skilled in the art that a mobile satellite communications system as illustrated in
Figure 3 may comprise several ground stations 220, more than one satellite 200, and
hundreds, or thousands, of mobile stations 120.

The mobile satellite communications system may employ a TDMA format similar
to that shown in Figure 1. Indeed, so that existing hardware may be re-used, it is
advantageous to empioy a TDMA format which is compatible with existing digital
cellular systems. Use of a GSM format, for example, on the forward downiink 210b
allows mobile station 120 1o re-use the existing IF (intermediate frequency) receiver
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I nformation read out fromnmenory is then renodul ated in a nodul ator before
15 bei ng frequency upcanverted and retransmtted via an antenna.

GBi2 221 368 uses a dual port RAMto rearrange tine slots of an incom ng
TDVA frane to generate a sequence in an outgoing frane.

The di fficul tyolshsbosUCh an approach is a separate denndulatg and 20
nodul ator are required for each channel or ‘carrier frequency. Fo8RSSs
undesirabl e for a nunber of reasons including increased cost, increased

har dwar e, i ncreased conplexity, increased volune taken up in the satellite,
and increased weight added to the satelligte. What is needed is a solution
that maps uplink signals having a first TDVA format to downlink signals 25
having a second TDVA fornmat w thout denodul ating, storing, and
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are recei Vedlmqsll_gh grchitasture, the forward downlmk 21 Ob can accommodate two ditferent
speech coder rates (i.e., 4 kbps, or half-rate GSM), or alternatively two different
channel coding rates (i.s., 1/3, or 2/3).

On the reverse uplink 210a, use of the downlink TDMA format is preciuded due
to peak transmit power limitations of mobile stations, particutarly battery-operated,
hand-held mobile stations. For reasons of user safety and to prolong battery life, the
peak power transmitted on reverse uplink 210a is desired to be less than 2 Watts with
an average power of approximately 250 inilliWatts to 500 milliwatts With a peak power
of 2 Watts, the duty cycle needed to achieve the aforementioned average powers is
easily calculated to be 0.125 to 0.25 respectively which resuits in an 8/4 timesiot TOMA
frame structure. Therefore, an asymmetrical TDMA format is advantageously used in
the present invention. To assist in synchronization between forward downlink 210b and
reverse uplink 210a, and to keep the overall system complexity as low as possible, the
bandwidth of the reverse uplink 210a is an integer fraction of the bandwidth of the
forward downlink 210b. The present invention therefore employs a S0kHz bandwidth on
the reverse uplink 210a. in the following the downlink TDMA format refers to 200kHz
channels spacings having a 32/16 timeslot TOMA frame, whereas the uplink TDMA
format refers to S0kHz channel spacings having a 874 timesiot TDMA frame.

In addition to calis originating from, or terminating in, PSTN 225 or MTSO 235,
the mobile satellite communication system must also be able to provide mobile station-
to-mobile station communications. One method of providing mobile station-to-mobile
station communication in a mobile satellite communication system using an
asymmetrical TDMA format requires use of ground station 220 to perform the mapping
from the uplink TDMA format to the downlink TDMA format. For example, referring to
Figure 3, if mobile station 300b is the originator and mobile station 300a the receiver of
a call, mobile station 300b transmits over forward uplink 310a using the uplink TDMA
format. Satellite 200 frequency translates forward uplink 310a and broadcasts forward
downlink 305b. Forward downlink 305b is received by ground station 220 where the
uplink TDMA format is mapped to the downlink TDMA format and broadcast back to
satellite 200 over reverse uplink 305a. Satellite 200 frequency translates the reverse
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ANENDED SHEET station to downlink signals having a second
TDMA format. for transm ssion tao anot her nmobile station.

A.first nobile station transmts a first signal to a satellite, the first
signal having a first TDVA format. The satellite receives the first signal
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havi ng a first bandwi dth, BW The first IF signal

anal og to digital converter at a rate of N x BWwhere Nis an

i nteger greater than or equal to 2 7 to produce an input bitstream
the input bit streamis coupled to a buffer whi ch receives and
stores the input bit stream The buffer clocks a bit 10 streamout at a
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: much as 1 second including the processing and propagation delays through ground
station 220. Such a lengthy delay is unacceptable for two way voice communication.
in the present invention, the mapping from the uplink TDMA format to the
downlink TDMA format is performed in satellite 200. For example, if mobile station 300b
is the originator and mobile station 300a the receiver of a call, mobile station 300b
broadcasts forward uplink 310a using the uplink TDMA format to satellite 200; satellite
200 processes the forward uplink signal as shown in Figure 4 which converts the uplink
TDMA format to the downlink TDMA format and broadcasts forward downlink 310d
using the downlink TDMA format to mobile station 300a. Similarly, mobile station 300a
broadcasts reverse uplink 310¢ using the uplink TDMA format to satellite 200, satellite
200 processes the reverse uplink as shown in Figure 4 whidh converts the uplink TDMA
format to the downlink TOMA format and broadcasts reverse downlink 310b using the
downlink TDMA format to mobile station 300b. By mapping the uplink TDMA format to
the downlink TDMA format in satellite 200, the round trip delay can be more than cut in
half over the aforementioned method of providing mobile station-to-mobile station
communications via ground station 220.
The apparatus for mapping the uplink TOMA format to the downlink TDMA
format is shown in Figure 4 which is a more detailed illustration of satellite 200. Satellite
200 comprises, inter alia, antenna 400 which, in this example is an L-band antenna,
and processing circuitry for effecting the conversion from uplink TOMA format to
downlink TDMA format. Satellite 200 may aiso have a separate C-band antenna (not
shown) for communicating the ground station 220, attitude control circuitry (not shown),
solar panels and/or batteries (not shown), and various other spacecraft management
circuits.

Referring to the mobile station-to-mobile station communications link shown in
Figure 3 where mobile station 300b is the originator and mobile station 300a the
receiver of a call, forward uplink 310a is received at satellite 200 by antenna 400.
Forward uplink is, as previously mentioned, an L-band signai having 50kHz (i.e., BW is
50 kHz) channel spacing and 8/4 timeslots. Referring to Figure 4, the received forward
uplink signal is coupled to downconverter 405 which filters, amplifies, and mixes the
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Figure 1 illustrates the dowmlink of a terrestrial TDVA cellular 25
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received signal to produce a first IF signal according to known techniques. The first IF

signal is passed through a 50 kHz anti-aliasing low-pass filter 410 and coupled to A/D
converter 415 where the first IF is sampled at a sampling rate of N x BW. Preferably,
the integer N is greater than 2, so the first IF is being oversampled. The IF samples are
coupled to elastic buffer 425 which may be a shift register. The IF samples are then
clocked out of elastic buffer 425 as output samples at rate of N x M x BW, where M is
an integer. In the present embodiment M=4, which is. the. ratio between the uplink
TOMA format (8/4 timesiots) and the downlink TDMA format (32/16 timesiots). The
output samples are coupled to control processor 430 which may add additional
overhead bits to the output bit straam to produce the downlink bit stream. The downlink
bitstream is coupled to A/D converter 440 and low pass filtered in low pass filter 445
which produces an analog downlink signal. The analog downlink signal is upconverted
to L-band in upconverter 450 according to known techniques and broadcast as the
forward downlink 310d to mobile station 300a.

The function of elastic buffer 425 is illustrated in greater detail in Figure 5. After
downconversion in downconverter 408, the S0kHz signal is coupled to anti-aliasing low
pass filter 410 whose output is coupled to A/D converter 415. A/D converter sampies
the 50 kHz signal at N x 50 kHz, where N is greater than or equal to 2. The time and
frequency spectrum of the output of A/D converter 415 is shown in illustration 510.
Elastic buffer, which may be a simple shift register, receives the output samples which
are stored and clocked out at, for example, 4 times the rate of the input (i.e., M=4). The
time and frequency spectrum of the output of elastic buffer, shown in illustration 520, is
coupled to control processor 430. The control processor allows satellite 200 to add
additional information to bitstream'sueh as SACCH messages. The output of control
processor 430 is coupled to D/A converter 440, low pass filtered, upconverted, and
broadcast by antenna 400. The use of a shiit register, or elastic buffer 425, allows
satellite 200 to map the uplink TDMA format to the downlink TDMA format without
demodulating and re-modulating.

While the present invention has been described with respect to a parlicular
embodiment, those skilled in the art will recognize that the present invention is not
limited to the specific embodiments described and illusirated herein. Different TDMA
formats, embodiments and adaptations besides those shown and described as well as
many variations, modifications and equivalent arrangements will now be reasonably
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AMENDED SHEET WO 96/ 28900
PCFHUSS6+6255—— - 4 Fiqgure 3
il{ustrates a nobile station-to-nobile station conmunications link in a

nobil e satellite comuni cations system Figure 4 is a bl ock diagram of

satel lite 20golohhdsgg rating in detail the circuits for for cgaverllng,a

first TDVA fornat to a second TDVA format; and

suggested by the foregoing specification and drawings without departing from the
substance or scope of the invention. While the present invention has been described.
herein in detail in relation to its preferred embodimaents, it is to ba understood that this
disclosure is only illustrative and. exemplary of the present invention and is merely for
the purposes of providing a full and enabling disclosure of the invention. Accordingly, it
is intended that the invention be limited only by the spirit and scope of the claims
appended hereto.
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Figure 5 is a block diagramillustrating in greater detail the function of
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circuit conpwwmtechni gues, etc. in order to provide a %%#@5%?
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ordinary. skill in the art that the present invention nmay be practiced in
ot her enbodi nents that depart fromthese specific details. In other
I nstances, detail ed descriptions of well-known nethods, devices, and
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i nvention with unnecessary detail. In Figure .S, . shown a nobi
satellite conmunications systém In the present i nve# mﬂl’g’mmu"m'yzoo S

situated in an internediate circular orbit (1CO (i.

10, 000 ki | orgmar is ciififecfist he earth.) Feeder |inks 205a and 205h ar e
transmtted to, or received from satellite 200 via dish antenna 215 whi ch
is part of ground station 220. G ound station 220 functions as a gateway

bet ween satqllitgn2g0 mulet baemblmmd 0 O NMethod Widr K prdvidiny) 225,
g;fgg?leljet Lel e hone SW tg"ﬂ?Pg‘d\?f fi c%(sfl\%gg)m% . Ac es . b%&ﬂgﬁggZ% o(rgay be
dedi cat ed | mk\pﬁshﬁb. PSTN 225 routes calls to the | andl i ne tel ephone net wor k
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coverage to satelitd;e users 120 who are
receiving, in the sateliite, the first signal and downconverting the first signat to a first
IF having a first bandwidth, BW,;
sampling the first IF at a rate N x BW, where N is an integer greater than or equal to
2 to produce an input bit stream: '
storing, in a buffer, the first bitstream and clocking out of the buffer said first
bitstream at a rate M x N x BW, where M is an integer greater than or equal to 2 to produce
an output bitstream having a bandwidth M x BW:
fitering said output bitstream to produce a second {F having a second TDMA
format;
upconverting said second IF to produce a second signal: and
transmitting said second signal having a second TDMA format to a second mobile
station.

This Sheet Has Been Re
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| ocat ed beyond the coverage area of the terrestrial cellular network 100.
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2. A mobile satellite communications system for providing communications between a
first mobile station and a second mobile station, comprising:

a first mobile station conditioned to transmit a first signal having a first TDMA format
to a satellite;

a receiver in said satellite, for receiving the first signal and downconverting the first
signal to a first IF having a first bandwidth, BW;

an analog to digital converter for sampling the first IF at a rate N x BW, where N is
an integer greater than or equal to 2 to produce an input bit stream:

a buffer for receiving the first bitstream and clocking out the first bitstream at a rate
M x N x BW, where M is an integer greater than or equal to 2 to produce an output
bitstream having a bandwidth M x BW;

a low pass filter for filtering said output bitstream to produce a second IF having a
second TDMA format;

an upconverter for upconverting said second IF to produce a second signal: and

a transmitter for transmitting said second signal having said second TDOMA format to
a second mobile station.

3. The mobile satellite communications system of claim 2, where said buffer is a shift
register,

4. The mobile satellite communications system of claim 2, where said second TDMA
format is a GSM format.
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In-the following, telephone calls, communication |inks, calls, data Iinks,
| 4 al | refer to the establishnent of a communications

link over which voice, data, video, or any other information may be
exchanged. The originator of a call refers to the device fromwhich a cal
is initiat he receiver of a call refers to the dev ich

t he origin:ﬁ%& W shes to conmunicate. Wth regard to the f*éﬁp%$b£”¥h
information during a call, the forward uplink refers to the uplink to the
satellite fromthe orjginator of the call; the forward downlink refers to
the downlink fromthg~satel|ite to the f#ceiver of the call; the reverse
uplink refers to the ck to the satellite fromthe receiver of the
call; and reverse do s to the downlink fromthe satellite back
to the originator of{filhe sé T8k gscalls which originate from
PSTN 225 or MISO 23 e pouted to und station 220 where they are
processed and subs fy transmtted™No satellite 200 via forward uplink
205a according to techni ques. SatelW te 200 receives forward uplink
205a and frequency | ates the forward uplink to another 0
frequency/ f ormat whi is then transmtted to nobile station 1 over
forward downlink 210b. Frequency translation is usually requifed because
the forward uplink and forward downli nk usually operate in dfferent
frequency ranges. In this enbodf plkimk 205a is
transmtted to satellite 200 in ek i _
transmtted fromsatellite 200 in L- band reverse upllnk 210a is
transmitted fromnobile station 120 in -band and reverse downlink 205b is
transmtted fromsatellite 200 in C bgnAd. Si gnals trangmitted from nobile
station 120 over reverse uplink 210a/are received by satellite 200 which,
as before, frequency translates ang/reformats the reverse uplink signal for
transm ssion to ground station 200" over reverse downlink 205b. Wth an | CO
satellite, the propagation del ay’between ground station¥220 and20b

Figure 1
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nobil e station 120 (and vice-versa) is on the order of 400 mlliseconds. It

i ' i in.the ' ' | ions .
~systemas illustrated in Figure 3 may conprise several ground stations 220,
nore than one satellite 200, and hundreds, or thousands, of nobile stations
120. Ile satellite communi cations system may Q TDVA

format si mr@:ﬁ?@?hat shown in Figure 1. Indeed, so that m%ﬁggﬁardmre
may. be re-used, it is advantageous to enploy a TDVA format which is

conpatible with existing digital cellwughgnr systens. Use of a GSM format, for

exanple, on the forward downlink 210b all ows nobilsggstation 120 to re-use
the existing IF (internmedi ate frequency) ver WO 96/ 28900

[dcei
PCT/ US96/ 02553 / 6

220

‘ Ground
Station

120

Public Switched ;30
s Telephone
40 / Network

-N\J Mobile Telephone
Switching Office

Figure 2
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circuits and A/D (analog to digital) converters with m nor nodification for
. . it Ul |

present jnvention a GSM fornmt
wi.t h 200kHz channel spacings and 32 or 16 tineslots per TDVA frane is
enpl oyed. By having a variable tineslot architecture, the forward downlink
210b can a%’;\)ggmgﬁte two different speech coder rates (i.@crndodiddfss: OF
hal f-rate GSM), or alternatively tw different channel coding rates (i.e.
1/3, or 2/3). On the reverse uplink 210a, use of the downlink TDVA
format is precluded due to peak transmt power limtations of nobile
stations, particularly battery-operated, hand-held nobile stations. For
reasons of user safety and to prolong battery life, the peak power
transmtted on reverse uplink 210a is ¥8sired to be less than 2 Watts with
an average power of approximately 250 mlliWatts to 500 mlliWatts Wth a
peak power of 2 Watts, the duty cycle needed to achieve the aforenentioned
average powers is easily calculated to be 0.125 to 0.25 respectively which
results in an 8/ 4 tineslot TDVA frane structure. Therefore, an asynmetri cal
TDVA format is advantageously used in the present invention. To assist in
synchroni zation between forwarg downlink 210b and reverse uplink 210a, and
to keep the overall systemconglgxity as |ow gs possible, the bandw dth of
the reverse uplink 210a is an fntweger fracti:@;of t bandw dth of the
forward downlink 210b. The presentquventio, eréf & e enpl oys a 50kHz

1 | owi ng the downl i nk TDVA

bandw dt h on the reverse uplink 21Qa=—Tn t hisl
format refers to 200kHz channgl aciwgs by
frame, whereas the uplink T f t refersN0 50kHz channel spacings

g a 32/16 tinesl ot TDVA
having a 8/ 4 tinmesl ot TDVA . In addition to calls originating
from or termnating in, PSTN 225 or\ MISO 235, the nobile satellite
comuni cation system nust 8l so be ablégto provide nobile station- to-nobile
station congynications. Cﬁ%‘hgiifd of providing nobile station-to-nobile

N \'\ . . )

——— P

300a

Figure 3

305b
S
220
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station communication in a nobile satellite comunication system using an

as-qu%{-H-ea.l__T.DMA_f_g;_m_Leqw res_use.of ground stafion 220 to performthe

mappi ng fromthe uplink TDVA format to the downlink TDVA format For
exanple, referring to Figure 3, if nobile station 300b is the originator
and nobi | e §igAsl 300a the receiver of a call, nobile stafion 300b
transmts over forward uplink 310a using the upI I nk TDVA f #ﬁgﬁﬁ%ﬁ?el lite
200 frequency translates forward upli nk4 10a and broadcasts forward

downl i nk 305b. Forward downlink 305b isreceived by ground station 220

where the upl ed t he downl i nk TDVA fornmat and
broadcast b atellite 200
frequency tfanslates the reverse WO 96/ 28900
RCT/ US96/ 02p53 £ upl i nk 305a
and broadcapts re\érse dpwnl I nk- 310d to nobijl e stati on 30@k using the
n
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downl i nk TDVA format. The cunul ati ve propagati on del ay between nobile
St-at--R———t-g=sat-aldite - 1 0 ground station - back to satellite - and down

to- nobil e station may be as much as 1 second including the processing and
propagation del ays through ground station 220. Such a lengthy delay is
unaccept abI? way Vvoi ce communi cati on. In the present

i nventi on, Re mappi ng fromthe uplink TDVA format to the

format is performed in satellite 200. For exanple, if nobile station 300b
is the originator and nobile station 300a the receiver of a call, nobile
station 300b broadcasts forward upl§ 310a using the uplink TDVA format to
satellite 200; satellite 200 procesSes the forward uplink signal as shown
I'm Figure 4 which converts the uplink TDVA format to the downl i nk TDVA
f:ormat and broadcasts forward downlink 310d using the downlink TDVA fornmat
to.mobile station 300a. Simlarly, nobile station 300a broadcasts reverse
uplink 310c using t uplink TDVA format to satellite 200, satellite 200
processes the revergeguplink as shown in Figure 4 which converts the uplink
TDVA format to the | i nk TDVA format and broadcasts reverse downlink
310b using the downld nk TDVA f or ngt—toTobrtestation 3000} By mapping the
uplink TDVA format o the downlink TDVA format in sateglitg 200, the round

station 220.
the downlin
illustrati on of

trip del-ay can be nmprg than cut hal f over the af ent { oned net hod of
400 which, in this sing circuitry

dg station comunic ia ground
i's shO\AQ‘b
200. Sd
for effecting the ’Mﬂi nk TDVA

~mappiy,ng the up DVA format to
format. Satellite 2 . . ; hna (not shown)

re detailed

er alia, antenna
for communi c&J ng circuitry (not
shown) , b

Lo
(O]
g =
\\\\ E§>
i.l-:
-1 Z 0
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sol ar panel s and/ or batteries (not shown), and various other spacecraft

managenent circuits. Referring to the nobile station-to-nobile
station communications |ink showmn in Figure 3 where nobile station 300b is
the originator and nobile station 300a the receiver of a call, forward

uplink 310a is received at satellite 2003by antenna 400. Forward uplink
is, as previously nentioned, an L-band signal havi ng 50kHz (i.e., BWis 50
kHz) channel smehilersiations igefleatedithsoughsthemsound station, dherdgjay sanbe@se recei ved

forward wuplink signal, is coupled to downconverter which filters,

anpl i fi es, and“‘r‘ﬁi%%? gﬁgcongs \B;nch Wgugg }rbggaeccepttaeble ﬁl%%rance% no}mél

PCT/ US96/ 02553, .. ; ' : ; icats cei ved
Of wersa?an. SStorr]erast?lhtr? ereaters na iTDMA cowmumcat.on §yster‘h§

signal to produce a gnal according to known techni ques. The
first I'F process received signals in one TDMA format and transmit signals in another
5 TDMA format. For example, EP-A-0 139 034 discloseé a method for
transmitting communications services via satellites where the satellite is
equipped with a plurality of receiving and transmitting units which can be
selectively connected to one another via a switching matrix. Each
transmitting unit in the satellite has a demodulator which initially demodulates
10 the received signal received from the switching matrix, and stores that
information in a memory. Thereafter, the demodulated informatton is read
out from that memory continuously at a lower bit rate than demodulated
signal information had been written into that memory. The lower bit rate
information read out from memory is then remodulated in a modulator before
16 being frequency upconverted and retransmitted via an antenna.
GB 2 221 368 uses a dual port RAM to rearrange time slots of an incoming

TDMA frame to generate a sequence in an outgoing frame.

The difficulty with such an approach isa sebarate demodulator and
20 modulator are required for each channel or carrier frequency. This is
undesirable for a number of reasons including increased cost, increased
hardware, increased complexity, increased volume taken up in the satellite,
and increased weight added to the satellite. What is needed is a solution

that maps uplink signéls having a first TDMA format to downlink signals

25 having a second TDMA format without demodulating, storing, and REPLACEMENT SHE_H

demOdUlaﬁng. o | | 25 FEB 1997 ‘:

SUMMARY OF THE INVENTION

The aforementioned problem of reducing the time delay in a mobile
30 satellite communications system is solved in accordance with the present
invention. _
A method is preseﬁted in which a satellite is conditioned to map

uplink signals having a first TDMA format which are received from a mobile
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signal is passed through a 50 kHz anti-aliasing | owpass filter 410 and
coupled to A/D converter 415 where the first IF is sanpled at a sanpling
rate of N x BW Preferably, the integer Nis greater than 2, so the first
|F is being oversanpled. The |F sanples, are coupled to elastic buffer 425
which may be a shift register. The | F | es are then cl ocked out of

it eger . In SRICPe oM HoRRBRYnGA Fechi TAMAOral oL rREEDBEREGR ( ho
uplink TDVA f slots) and the downlink TDVA format (32/16
tinmeslots). e%{'{cﬁ{“égyﬂgﬁes are coupled to control processor 430 which

may add addltlonal A\ﬁeétlm@csiefst-mnttmfshﬁtswmm il to atsatedite,tthe firspduce t he
downlink bit stream The downlink bitstream:i s coupled to A/ D converter 440

and | ow pass sigrial baving arﬁrStJ\D%ﬁa’ﬂtﬂl irbe smmtwacewepihmtrétesgmi agfal og
d i nk_si | . Th [of [ i t to L-band i
upconverd or *ABungeRarin iy b SRHENA Aredied st A PABR BRS¢ he T or war ¢
downl i nk 310% h?w@ﬂpléw sﬁ.‘gtﬂ.g t%?‘?' is saE‘P' _5%@%?‘93’8% el astic buffer

425 is illustra reater wnconversion in

downconver t eicof(drteriab@ r5féldﬂ1N % BWWher@Nd@ummbér@reauei thahioregog tb@w pass
filter 410 whose output is coupled to A/D converter 415. A/ D converter

sanpl es t he 30 pkaduce aphirput hitstream.sthekinpyt bifstreamnisicoupledde arbuffebin or equal

to 2. The t df t, f th t., of D t 415
Shown 1 ' | | NicterENeS 0 Seratife i atreat: HiY SHIP Socks 8ol o shi (¢
[eg1 St &g T Cqfbdftut BPa fRtb Rk NP W@hm' gaﬁﬁ\tégﬁt@@eﬁga@m%eﬂ out at,

for exanpl e, rate o e i npu e time and

frequency Sp@&bi‘ddﬁ!ib@‘antohﬁptmhitﬂtﬁan@fovlth|a3c$§r1dw|d!hli=.&&él toMRBWiandiad | ustration
520, is coupled to control processor 430. The control processor allows

satel lite 208ecenditidMAfdrmatoTdie aulputrbitaiream is coupledstora:low passifites SACCH

nmessages. The out put of contr I rocessor ;430 js coupl ed t converter
440, |gOW pas ypptprp\{()-: d @nd feprn 88 a seggnd signal, ﬁawng & second’ TB‘V&

format, to a second moblle station.

15 These and other features and advantages of the present invention
will be readily apparent to one of ordinary skill in the art from the written
description when read in conjunction with the drawings in which like

reference numerals refer to like elements.

20 ri ti he Drawi
| An exemplifying embodiment of the invention will now be described in more

detail with reference to the accompanying drawings, in which:

Figure 1 illustrates the downlink of a terrestrial TOMA cellular

25 communications system;

Figure 2 illustrates a mobile satellite communication system in which the

present invention may be advantageously employed,;
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25 FEB 1997

AMENDED SHEET
IPEA/EP



'br oadcast by

425, allows sat gl t the uplink TDVA format to the—dow
TDMVA format w tﬁmmwmmd@!ﬂml and re-nodul ati ng. iTHES RF‘LFGED
i L

present inve
enmbodi nent ,
i nvention i s

antenna 400 The—use—of a shift register, or elastic buffer

ntior hd&s beem desofibed with respect to a parti¢ular

those skilled in the art wif§
not limted to the specific enbodi irents described and

=

recogni-ze that the present

i | lustrated herein. 1Dilhfacmebite seelitefcommeunications systamaadnethad fafapt at i ons

besi des t hos
and equi val e
1. In a nobi
provi ding co

e shown and descri bed as well as many vari as |“lg§élarmdifications

d °¥Pm@&m%'ga%$!v'%mpwlqg§gm% gtions sate y
a4 TR R0 S ikl

muni catl ons via an O

CLAI M5

rel ay

station bet WeEDMA digrizh forfi kh@ asegbhd mobild Slalios 30Da) condifioried tor ansnit a

first

TDVA signal format and a second nobile:station (300a)

condi ti ofled treceiBe a secened ThdlAsignaldonmatie reethad incusingransmilings hod

including tr
a first band

10

15

20

\?ﬁ}g{g‘ééa{l ?}%yiﬁg & fﬁtr'gqﬂc/lkrfg;mastia%gaal ﬁrsht V;n%ié‘thff}orn'? EheTlrs f
mobile station to the satellite (200), and rebeiving in the satellite the first -
signal using a receiver adapted to receive the bandwidth, characterized by
the further steps of:

sampling the first received signal at a first rate generating a first
bitstream having a first number of samples per second; -

storing in a buffer (425) the first bitstream;

clocking out of the buff_er t_he first bitstream at a second different
rate to produce a set_:ond bitstream having a second number of samples per
second, the samples in both the first and second bitstreams being

representative of the received first signal;

ormat and

filtering the second bitstream to produce an output signal havinga .

second different bandwidth; and

transmitting from the satellite to the second mobﬁe station thef REPLACEMENT SHEET J‘

output signal using the second TDMA format, -

25 FEB 197

2. A mobile satellite communications system for providing

i

communications between a first mobile station conditioned to transmit a first

- TDMA format and a sécond mobile station conditioned to receive a second

25

30

TDMA format including a first mobile station (300b) conditioned to transmit a
first signal having a first TDMA format and a first bandwidth BW, a second

mobile station (300a) conditioned to receive a second signal having a second

TDMA format and a s_econd bandwidth M x BW, a receiver in the satellite

(200) for receiving the first signal, and a transmitter for transmitting an 'output

signal from the satellite to the second mobile station usihg the second TDMA

format, further characterized by:
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| IPEAEP

[
eet Has Been Replaced

TH



' rmblle statlon—te—t—h%airei—u—t—e—(ZOO) and receiving in the satellite the

first e ver adapted to receive thefiandw-dth
¢haracteri zed m ﬂt er steps of: 10 ans SHEIEI HAS BEEN
first recei ved rate generati, ng a first MEPsACEPaAmM
having a first nunber of sanples per sg tond; . stor rmg—+f—a

buffer (425) the first bitstream ’ cl ockin H (gf t he
buffer the first biansanalogtoadigital cenvsrier t15) éarsampling the rng‘f’E %E? produce a

second bitstreamh b f
sanpl es i nsbégﬂamtﬂgv"lﬂng@tx é&d‘”@%’@ i l"g g(ezgﬁ%tgﬁhﬁﬁror édual o ?gg’?ggent Qte ive
of the r ece| % Ié% Eﬁst%ltgﬁ%m havma r?é ,eaﬁt N x BW gdnl,érgg b&&hécbﬁds econd

bitstreamto ce an ou avi ng second di fferent

bandwi dth; “and a buffer (425 gfor reteivingithe ﬂusgbtstman ard clacking outtheo t he
second rmbl | e station the 2 out put signal using the second TDVA f or mat .
2. A nobi | e first bitstieam gtarate MaN 0BW, where M is@n ipteger aheatpr than or

Firat o el £ 4 peugma spodn prararsbneana EERMENE B onca 1o 1 ecei ve
a second 25 f%mﬁ?gﬁ SECBAG, fh@céaﬂfﬂlé‘ﬂelﬂg in bsth tHﬁ'ﬂHt%nﬁ%ééérﬁﬂ (300b)

condi ti oned st “signal having a first TDMVA format

and a first piggifban¥ repfidentatives 6bthe received firsbsighat; amat i on (300a) conditioned
to receive a second S|gnal haV|ng a second DVA format .and a second

bandwi dth M x BW a lowsss ilter (44ohfor Gisering the second b'tSt"@EUDtP R'8HUGE cei vi ng

the first signal and tr tt
10 _gn ouf uts:gngl avﬁ\gsa andew1dt"\ci\5| té\ﬁpsmtt' ng an output

3. The mobile satellite communications system of claim 2, where

said buffer is a shift register.

15 4. The mobile satellite communications system of claim 2, where

said second TDMA format is a GSM format.

5. The method according to claim 1, wherein the first bandWidePLACEMENT SHF‘ﬁTﬁ

less than the second bandwidth. T
20 25 FEB 1997
| 6. The method in claim 1, wherein the first rate at which the
received first signal is sampled is less than the second rate at which the first
bitstream is clocked out of the buffer.
25 7. The method of claim 1, wherein a number of time slots in the

 first TDMA format and the second TDMA format varies with different frames.

8. The method of claim 1, wherein the first rate is N x BW where N _
is an integer greater than or equal to 2 and BW is bandwidth and the second

30 different rate is M x N x BW where M is an integer greater or equal to 2.
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30 si gnal
second TDVA
1o

recei ved first
greater than or equal

| east N x BW sanpl es_p
recei ving the flrst i

arate Mx N

to produce a seco
second, the s&m@tmaﬁa@mﬂamgh the first and second
representative of the received first signal;
filter (445) for filtering the second bitstreamto produce 10
si gnal having a bandw dth M x BW

gltal converter (415) f of Tﬁ
.x BW whe re Nis a Eﬁ%g%’
peruce a, flrst bi t st r

TG L AT

e'ﬂ?éteMA%rﬁ?ét%hdttH@Eeﬁnd TDMA fofiatal to 2
sanpl es per
bi tstreans
a | ow pass
an out put

niririrm

hﬁé@ﬁél

Itstream | east M X

he second nobile station using the
characterlzed by:
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3. The nobile satellite cormunl cat i ons syst em of | Jf Peseriptiopaged .. 10 P53 % -
buffer is ammwunm“ﬂmam“ 4. Gl saeged ilf.do pir d A3,
comuni cat i i m 2, where shi @ Brawingts) -ped Gi.fatpzi s: &
GSM format. * _ 5. The nethod accof dibstracic| aipagdd ..mhe rpaged
the first bandw dth |s ‘less than the1§eco d bandw dth. 20 0 8 SEP 1998
6. The nethod in 1 wherein the first rate ab '@?EB@EIPT

recei ved first si Hgm}]

) t&ﬁ;, m
first bltstreamls g.{?lgﬁgiéé%ﬁ :5-3?\? §ys Sa " .
The nmet hod of cl aigiwidin Mwmmmmsﬁsbnammmmnm satelite relay first
TDVA format and the second TDVA format varies with different frangs.

8. The method of ctatiombetweercs firshmohile stafian (3p0R)conditigned
s an integer oreaga AR RimSHH a ddbord AbICHAN PROE LHdloRd he second

5 receive a second TDMA signal format, the method including transmitting a
first eignal having a first TDMA format and a first bandwidth from the first
mobile station to the satellits (200), and receiving in the sateliite the first
signal using a receiver adapted to receive the bandwidth, characterized by
the further steps of:
10 ‘sampling the first received signal at a first rate generating a first
' bitsﬁ*eam having a first number of samples per second;
storing in a buffer (425) the first bitstream;
clocking out of the buffer the first bitstream at a second different
rate to produce a second bitstream having a second number of éampl'es per
15 second, the samples in both the first and second bitstreams being
representative of the received first signal, '
filtering the second bitstream to produce an output signal having a
second different bandwidth; and
transmitting from the satellite to the second mobilé station] theepL ACEMENT SHEE
20 autput signal using the second TDMA format.

08 SEP 1998

2. A mobile satellite communications system for providingl
communications between a {irst mobile station conditioned to transmit a first
TDMA format and a second mobile station conditioned to receive a second
25 TDMA form_at including a first mobile station (300b) conditioned to transmit a
first signal having a first TDMA format and a first bandwidth BW, a second
mobile station (300a) conditioned to receive a second signal having a second
TDMA format and a second bandwidth M x BW, a receiver In the satellite

(200) for receiving the first signal, and a transmitter for transmitting an output
30 signal from the satellite to the second mobile station using the second TDMA
format, further characterized by: |
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30 different rate is Mx N x BWwhere Mis an integer greater or equal

to 2. 12 9 The nobil e
satellite comunications system of claim2, wherein a—nurb of—t7T e Stots
in the first TDVA format and the second TDVA format v nn“ ‘m Tm
Fares. i

11

an analog to digital converter (415) for sampiing the received first
signal at a rate N x BW, where N is an integer greater than or equal to 2, to
produce a first bitstream having at least N x BW sampies per second;

a buffer (425) for receiving the first bitstream and clocking out the

5 first bitstream at a rate M x N x BW, where M is an integer greater than or

equal to 2 to produce a second bitstream having at least M x N x BW
samples per second, the sample being in both the first and second
bitstreams representative of the received first signal; and

a low pass filter (445) for filtering the second bitstream to produce

10 an output signal having a bandwidth M x BW.

3. The mobile satellite communications system of claim 2, where

said buffer is a shift register.

15 4. The mobile satellite communications system of claim 2, where

said second TDMA format is 2 GSM fortnat.

5. The method according to claim 1, wherein the first bandwi WEPLACEMENT SHEE

less than the second bandwidth.
20 08 SEP 1998

8. The method in claim 1, wherein the first rate at which the

received firgt signal is sampled is less than the second rate at which theTirs
bitstream Is clocked out of the buffer.

25 7. The method of claim 1, wherein a number of time siots in the

first TDMA format and the second TDMA format varies with different frames.

8. The method of claim 1, wherein the first rate is N x BW where N
is an integer greater than or equal to 2 and BW is bandwidth and the second

30 different rate is M x N x BW where M is an integer greater or equal to 2.
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9. The mobile satellite communications system of claim 2, wherein
a number of time. slots in the first TDMA format and the second TDMA format -

vary with different frames.
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