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TDMA/FDMA/CDMA HYBRID RADIO ACCESS METHODS

Field of the Invention
The present invention relates to duplex

communication systems for cellular radiotelephone

5 systems for simultaneous two way voice
communications. The present invention is also
relevant to certain simplex systems, for example,
landmobile radio systems that provide “press-~to-talk"
communications facilities between a plurality of

10 correspondents in a radio net. The presenﬁ invention
is also relevant to satellite communications with
portable or mobile terminals.

Background of the Invention

The prior art contains several examples of
15 duplex radio communlcatlons using Frequency Division
Multiple Access (FDMA) in which different radio
telephones each have a unique pair of frequencies for
transmissions in the transmit and receive'directions,
for example, the U.S. AMPS cellular telephone system.
20 The-prior'art also discloses duplex radio
communication systems using Time Division Multiple
Access (TDMA) in which each radio telephone has a
unique time slot on a first shared freguency for
communicaﬁion in one direction, and a second unique
25 time slot on a second shared fregquency for
communication in the other direction, for example,
the European GSM digital system or the U.S. Digital
Cellular standard IS-54. In these systems, the time
-slots in the respective directions are furthermore
30 offset in time from each other so that the portable
radiotelephones do not need to transmit and receive
simultaneocusly. . This eliminates the need for a



5. ‘'systens for simultaneous two way voi-ce communi cat i ons. The
present invention is also _ rel evant to certain S|nnlex syst ens,
exanpl e, | andnobi | e radi o systens that provide "press-to- talk

comuni cations facilities between a plurality of Imssmm@meem
radio net. The present invention is also re I|te
communi cations with portable or nobile term

Background of the Invention The prior, art contalns severa
exanpl es of 15 dupl ex radi o comruni cati ons using Frequency Di vision;
Mul tiple Access (FDVA) in which different radio t el ephones each have
a uni que pair of frequencies for transm'ssions in the transmt and
recei ve diretténsnit/receiﬁerdapaepﬁag fﬁétUrSwhAhﬁSisekbqhdreﬂelephpne
system 20 Tgergéégﬁeié%héhﬁo EF§8E9§8519“Q'%ﬁuiagbgtem. conmuni cati on
systens u5|qu VI Si e
stead, a so-called "time duplex" phone, as
envisioned in the prior European Cellular System GSM,
5 uses a simpler transmit/receive switch to couple the

antenna alternately to the receiver or the

transmitter.
In certain applications, neither TDMA nor FDMA
provides an optimal solution. The TDMA system

10 requires higher peak transmitter power to compensate
for compressing the transmission into a time slot
that is only a fraction of the total time, since it
is the mean power that governs the range and quality
of the communication. This is not an issue for a

15 base station that in any case must have enough
transmitter power to support all mobile stations, and
the total power is the same for FDMA and TDMA _
solutions. It is simpler and cheaper for the TDMA
base stations to have one high power transmitter and

20 one antenna which can be timeshared between all
base/mobile links using Time Divisibn Multiplexing
(TDM) . However, it is often inconvenient for TDMA
mobile stations to generate high peak power. On the
other hand, it is inconvenient for FDMA mobiles to

25 use antenna duplexing filters. Therefore, the
present invention seeks to provide a method of using
TDM on the base-to-mobile link (downlink) combined
with FDMA on the mobile-to-base link (uplink), while
avoiding the need for a duplexer. .

30 The prior art discloses examples of mlxed
TDM/FDMA systems, such as the British Army’s
PTARMIGAN Single Channel Radio Access System (SCRA).
The SCRA system is in fact a military radiotelephone
system, and uses TDM on the downlink on a first

35 frequency band while using FDMA on the uplink by



Access (TDMA) in which each radio tel ephone has a uni que tine slot on

a Tirst shared frequency for connunlcatlBﬁ“ﬁTTﬂﬂyﬂhﬂﬁﬁHﬁ4ng and a
second uni que 25 time slot on a second shareghif BIREYBDE

communj catison in the other direction, for exanpl F%pean GSM
dlgltaT systemor the U S. Digital Oellulamgu In these
systens, the tine slots in the respective furthernnre
30 offset in time fromeach other so that the portable

r adi ot el ephones do not need to transmt and receive si mul t aneousl y.
This elimnates the need for a - 3

allocating a separate frequency in a second frequency
band to each mobile uplink. The SCRA systen,
however, requires'either separate antepnas for the
uplink and downlink, respectively, or a duplexing
5 filter to permit simultaneous transmission and

reception through one antenna.
| Figure 1 illustrate the prior art transmission
format described in the U.S. Digital Cellular
standard IS-54. A base station transmits information

10 continuously in frames of data which are 20ms long.
The data in question is composed of digitized speech
information generated by a digital speech compression
algorithm interspersed with synchronization,
signalling and control symbols. Each 20ms frame of

15 data is divided into three time slots and each time
slot contains information destined for one of three
‘mobile stationms. Thus, a partigular mobile station
only needs to turn on its receiver for one-~-third of
the time since the data for the particular mobile

20 station is confined to one of three time slots that
make up the frame. 1In the reverse direction, the
20ms frame is likewise divided into three time slots.
Each mobile transmitter uses only one of the two time
slots in which it is not receiving, which leaves the

25 other third of the time which can be utilized to scan
other base station frequencies to see if another base
station is received more strongly. These signal
strength measurements are reported over the uplink
channel to the current base station, which makes a

30 decision on whether to hand off communications with
that mobile station to a stronger base station.
Utilizing signal strength measurements performed by
mobile stations in making handoff decisions is called
"Mobile Assisted Handover" (MAHO).
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In this prior art system, it can be seen that a
mobile transmits for only one-third of the available
time and therefore has to use three times the peak
power that otherwise might have been sufficient if
continuous transmission had been employed. If
continuous transmission had been employed, all three
mobile transmissions would be overlapping in time and
would therefore have to be given different frequency
channels as in the British Army’s PTARMIGAN SCRA
system. Furthermore, transmit/receive duplexing
filters would be needed to allow simultaneous
transmission and reception in the mobile station.

Summary of the Disclosure
The present invention relates to a radio access

method for facilitating communication between at
least one first station and a plurality of second
stations. First, each signal intended for
transmission is buffered at a first station. The
signals are then divided into equal length segments.
The signal segménts intended for a particular one of
the second stations is transmitted using a
corresponding time slot in a regularly repeating time
multiplex frame. The signal segments transmitted by
the first station are received at at least one of the
second stations and the signal segments are assembled
from successive'corresponding time slots to
reconstruct said intended signal. A transmit
frequency channel uﬁiquely associated with the
corresponding receive time slot is determined at the
second station. Finally, a signal intended for
transmission to the first station is buffered in the
second station and compressed for transmission using
the transmit frequency channel during substantially

2. = transmt/receive duplexing filter which is required by a
radlotelephone operating in a FDVA system I nstead, ‘a so-called "tine
dupl ex" phone, as envi sioned in the prior European Cellular System
GM & suses a sinpler transnit/receive swi U‘E:ElSlie&I—!hﬁ)B&hRe ldeed

In



i § the” nean power that governs the range and quality of the

communi cation. This is not an issue for a 15 -—{EﬁﬁiéﬂiﬂiiﬂLllEﬂTi n any
case nust have enough transmtter power- t%fs pport all nobile

stations, ard the total power is.the sane heg ™ BepldoddA
solutions. It is sinpler and cheaper for the T ations to
have one high power transmtter and 20 one an i 1 be

ti meshared between all base/ mobi | e 1inks using Tine D vlsion

Mul ti pl exi ng (TDM). However, it is often inconvenient for TDVA
nobil e stations to generate high peak power. On the other hand, it-is
i nconveni ent tfmsr driddrenbinespéridd thatiStheandarditd dstpatikongisi hoers.

Ther ef or e, resent i nvention seeks to provide a nethod of using
TDM on t he b c‘%’o" 11e link (downlink) conbined with FDVA on the

mobi | e-t o- base | i 'the ytesant imwéntion alsoydikclpséem aecadior a dupl exer

3 TR o TDM FDVA
such as tnﬁirt rfl ﬂﬁw%&mﬁaﬂﬁ@ %n both

systens, 1t1s
5 directions with a radlo network. The radlo

transmitter/receiver comprises a timing control unit
for sequencing transmit and receive functions. An
antenna switch alternately connects an antenna to the
' receiver and transmitter under the control of the
10 timing control unit. A receiver portion controlled
by the timing control unit receives a signal from the
radio network during an allocated time slot in the
time division multiplex frame period. Finally, a
transmitter portion capabie of being controlled by
15 the timing control unit transmits during the rest of
the time division multiplex frame period when the
receiver portion is not receiving.
The present invention also discloses a method of
_ communication for providing telephone communications
20 between at least one outstation and a subscriber in a
public switched telephone network comprising at least
one orbiting satellite and at least one ground
control station in communication with the satellite
and the public switched telephone network. First, a
25 signal from the satellite bearing time division
multiplex information comprised of time slots in a
repetitive TDMA frame period is transmitted, wherein
each time slot is allocated for reception by one of
the outstations. After receiving signal bursts from
30 the satellite, the outstations determine a transmit
frequency channel uniquely associated with said
allocated time slot. Finally, the outstation
transmits signal bursts using the transmit frequency
channel to the satellite using substantially all of
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the remaining TDM frame during which the outstation
is not receiving.
Brief Description of the Drawings _

The present invention will now be described in

5 more detail with reference to preferred embodiments
of the invention, given only by way of example, and
illustrated in the accompanying drawings in which:

Figure 1 illustrates a prior art TDMA format;

_ Figure 2 illustrates a TDM/FDMA format with
10 overlapping mobile transmissions according to one
embodiment of the present invention;
' Figure 3 illustrates a TDM/FDMA hybrid format
according to one embodiment of the present invention;
Figure 4 illustrates a TDM/FDMA hybrid format
15 according to one embodiment of the present invention;

Figure 5 illustrates the application of the
present invention to satellite communications with a
large number of time slots;

Figure 6 illustrates a 3-cell frequency re-use

20 plan;

- Fiqgure 7 illustrates a block diagram of a
portable radio according to one embodiment of the
presenf invention;

Figure 8 illustrates a base station for one

25 embodiment of the present invention;

Figure 9 illustrates satellite/mobile
communications in one embodiment of the present
inventlon,

Figure 10 111ustrates a hub-to-mobile satellite

30 transponder; and .
Figure 11 illustrates a mobile-to-hub satellite

transponder.
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al } ocati ng a separate frequency in a second frequency band to each
nmobi | e uplink. The SCRA system however,_requires either separate
antennas for the upl i nk and downli'nk, respectively, or—a—duplexing 5

filtercto permt sinmultaneous transm ssion andThszheet%%@PﬁWQ t hrough one

ant enna. Figure 1 illustrate the pri si on
format described in the U S. Digital Cellular I"I, ’u{mﬂw | S-54. A base
station transmts information 10 conti nuously data whi ch
are 20ms | ong. The data in question is conposed of digitized speech

I nformati on generated by a digital spegch conpr essi on al gorithm

i nterspersed with synchronization, signalling and control synbols.
Each 20ns frame of 15 data I s d|V|ded |nto three tlne slots and each

tinme s| dRetad A BpafenrednBml pend mobi | e
stations. Thus, eiﬂxytjigié% fﬁ&ﬁlébﬁﬁ&ﬁiégtlont?%é%%%a eturn on its

receiver for one-third of tinme since or t - parti cul ar
mobi | e Mobile Assisted Handover feature is not required, but

where simultaneous transmitting and receiving is to
5 be avoided so as to eliminate the transmit/receive |
duplex filter, the present invention extends the
transmit duty factor from one-third to two-thirds,
thus halving the peak power requirement. The uplink
- and downlink formats according to the present
10 invention are illustrated in Figure 2.

As illustrated in Figure 2, two of the three
mobile transmissions overlap at any one time. 1In
order to permit them to overlap in time, they must be
made orthogonal, i.e., non-interfering, in some other

15 domain such as the frequency domain. Since using
twice the time for transmission allows the
transmission data rate to be halved, it is possible
to accommodate two transmissions within the same
bandwidth by arranging that one of the transmissions

20 uses the top half of an allocated bandwidth while the
other transmission uses the bottom half, or vice
versa. For example, a first mobile station may use
the upper half of the channel bandwidth and halfway
through its two-thirds transmit period a second

25 mobile station can start transmitting in the lower
half of the channel. Then, after a further one-third
of the frame period, the first mobile station will
finish using the upper half of the channel and a
third mobile station can begin transmitting in the

30 upper half channel. After a further one-third
period, the second mobile station will finish using
the lower half channel, and the first mobile station
can start transmitting again. Howevef, the first
mobile station will be operating on the lower half



20; ~“station is confined to one of three tinme slots that ' make up the

frane In the reverse direction, the 20— +rame+s—tikewise divided
into three tine slots. Each nmobi | e transm ter uses onI one of the
two tine s slots in which it is not recei s the 25
other third of the tine which can be utilized ther base
recei ved nore

station frequencies to see if another base

strongly. These signal strength neasurenents are reported over the
~uplink channel to the current bage station, which makes a 30
deci sion on whether to hand off conmunications with that.nobile

-station to %h%rﬁ@]gqrnéi?éﬁ SORLEKRE . uﬁaper natt | édfge i gpal strength

neasurenents erforned e statlons I n makli ng handof f deci si ons
is called 91qa*%¥693§59?ﬁQmP¢bn dRET 'PROpiey arises only

when an odd number of time slot are used in
combination with channel bandwidth division by an
S even number, and may be solved by either of the two
methods described below. .
The solution in which two mobiles use the upper
and lower half channels respectively for two-thirds
- of the time while a third mobile station uses the

10 upper half channel for its first third of the time
and then switches to the lower half channel for its
second-third of the time is avoided since the aim of
any solution should be that all mobiles function
identically independent of time slot. It is

15 preferable, if frequency switching midway through the
transmit burst is to take place in any mobile station
that it takes place in all mobiles so that the system
has a uniform design. _ '

Figure 3 illustrates one embodiment of the

20 present invention in which a first mobile station
receives a firstlthird of the base station
transmission and then transmits to the base station
using the upper half of the uplink channel for the
first one-third of its two-thirds transmit period.

25 After the first third transmit period, the first
mobile station switches frequency so as to use the
lower half channel for its second one-third
transmission period. Meanwhile, a second mobile
station has received the second third of the base

.30 station’s 40ms frame and starts transmitting in the
upper half channel when the first mobile switches to
the lower half channel. Then, when the second mobile
station switches to the lower half channel midway
through its transmit burst, a third mobile station

35 begins transmission in the upper half channel. When
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the third mobile station switches to the lower half
channel, the first mobile station begins transmitting
again in the upper half channel. The mid-burst
frequency switch from the upper to lower half channel
is preferably accomplished not by means of a fast
switching frequency synthesizer, but rather by means
of applying a systematic phase rotation to the
transmitted signal in order to provide a plus or
minus frequency offset from the center of the
channel. This can be performed within the digital
signal processing used for generating the modulation
waveforms as will be discussed below.

A second embodiment of the present invention,
which avoids a mid-burst frequency shift, is
illustrated in Figure 4. Here, a first mobile
station first transmits in the upper half channel and
halfway through its two-third transmit frame a second
mobile station starts transmitting using the lower
half channel. Midway through the second mobile
station’s transmit period, the first mobile station
finishes transmission and a third mobile station
begins transmitting using the upper half channel.
Midway through the third mobile station’s transmit
period, the second mobile station finishes its
transmission on the lower half channel. At this
time, the first mobile station begins transmitting
again on the lower half channel which is opposite
from the channel it initially used. 1In this
embodiment, every mobile functions identically but
alternates between transmitting in the upper and
lower half channels on successive bursts. In this
system, the one-third receive period of 13.3ms
between successive bursts is available for changing
the transmit frequency, which can be accomplished by

mobi | e

tinme and therefore has
power that otherwi se m ght have been
: i Ci i,f 5 continuous transmn ssion had bed&tis équmkw
conti nuous transm ssion had been enployed, all thr Wﬂl"ﬁ“

transm ssions woul d be overlapping in tinme and- ore have



channels as in the British Arny's PTARM GAN SCRA 10 . system
Furthernore, transmt/receive dupl exing filters—would—-beneeded to

al I ow si nul t aneous transm ssion and reception_in, the nob st.ation.
summary, of the Disclosure The present in e
radi o access 15 met hod for facilitating conmunica

ile

'gﬁﬁ o a
| east one first station and a plurality of second First,
20

each signal intended for transm ssion is buffered at a first station.
The signals are then divided intq equal |ength segnents. "The
signal segnents intended for a particul™ar one of t he second stations

epeating 11 JiY ¥ tequency UARHRANGAI LA & diacck Tl eetYY ) by

the first stshabginge speesi.ved at at | east one of the 25 second stations

and the signal segfeRfid1ade ¥pprEYidted that the invention is not
limited to a system with three time slots. When an

5 even number of time slots is used, for example four,

and the mobile transmit time is three-fourths of a
frame, the transmissions of three mobile stations
overlap in frequency at one time. In such a
situation, the channel bandwidth can be divided into

10 three, and each mobile station can then use the. three
subbands in sequence. Alternatively, one mobile can
transmit for 2/4 of the time in 1/2 of the bandwidth,
while the other three use the other combinations'of
half-frame period and half-channel-bandwidth.

15 The above described solutions are in general
characterized by dividing the uplink channel
bandwidth into a number of subbands which is at least
one less than the number of downlink timeslots ’N’.

 For exémple, the three-~-timeslot case divides the

20 channel into uppér and lower halves, while the four-
timeslot case divides the channel into three
subbands. This is compatible with the reduction in
bit rate by the factor (N-1) when the transmitter
operates for N-1 timeslots instead of just one

25 timeslot. When N is small, it is difficult to divide
the number into N sub-bands without also reducing the
bit rate by N instead of only N-1. For example, in
the three-timeslot system, it would be difficult to
accommodate a half-bit rate transmission, obtained by

30 transmitting only 2/3rds of the time instead of
1/3rd, in only 1/3rd of the bandwidth. This
difficulty however disappears when N is large.

Figure 5 illustrates one embodiment of the
present invention which may be advantageous for
- 35 satellite-mobile communications. In this embodiment,



fir@m sugcessi ve corresponding tine slots to reconstruct said intended

signal. Atransmt frequency channel un|quéry‘HSSOtfafeﬂF¥wL¢L1he
corresponding receive tinme slot is determ ned at tHg econd station.
Finally, a signal intended for transm ssion t %bn IS
buffered in the second station and conpressed ,” "# |on usi ng
the transmt frequency channel during substantially

11

a 512-slot TDM downlink is combined with a 512-
subband FDMA uplink. To avoid using a duplex filter
in the mobile station, the signal for transmission is
compressed into the 511/512ths of the time remaining

5 over after the mobile has received its 1/512th of the
downlink TDM format. However, the 0.2% increase in
the information rate does not hinder it from being
accommodated in 1/512th of the bandwidth. Without
this signalling format, either the mobile would have

10 to transmit and receive at the same time,
necessitating a duplex filter which results in
undesirable signal losses, or else use TDMA on thé
uplink involving the mobile transmitting, for
example, for 1/512th of the time using 512 times the

15 - peak power which results in an undesirable increase
in the peak power and current requirements from the
power supply. The present invention may, of course,
also in such a case permit transmission for 510/512
of the time or even less, without severe

20 difficulties, the compression of the information not
being restricted to clearing one timeslot for
receiving if there are other demands on time, such as
providing guard times between transmit and receive.

It can also be advantageous to consider other

25 hybrids of TDMA and FDMA and even CDMA for the uplink
in the case of satellite communications. Satellites
orbiting at altitudes which are lower than the
geostationary altitude exhibit significant velocities
relative to stationary or mobile terminals on the

30 ground. This can result in the Doppler shifts of the
frequency received at the satellite from the ground
terminals that are significant compared with the
narrow transmission bandwidths of a pure FDMA uplink.
It is therefore sometimes desirable to increase the

35 uplink bandwidth to make Doppler shift relatively



S -, theentire tinme period that the second station is not

recei vi ng. The present invention al so discloses a radio
transnitter/receiver for communicating in both ThisSheettHas BeshiRepigedVi t h a
radi o network. The radio transmtter/rece : a timng
control unit for sequencing transmt and r ans. An
antenna switch alternately connects an antenna to the recei ver and
transmtter under the control of the 10 timng control unit. A receiver
portion controlled by the timng_control unit receives a signal from
t he -radio netmork during an allg@ated time slot in the tinme

capabl o of  bPAGIRIAERte Hrrpu® Pdnbifthe sard ¢4 el T 0]
during the rsyStein. A smald tfackah virsinease,l tsusheas r2qfe 932r8 od when t he

may often suffice. One method of accomplishing a 2:1

increase in bandwidth while accommodating the same

5 number of transmitters would be for each uplink

transmission to be compressed into 256/512ths of the

time on one of 256 available subbands; two

transmissions in each subband would then be

accommodated by TDMA through a first mobile station’s

10 transmitter using the 1/512th timeslots numbered 1 to
256 and a second mobile station’s transmitter using
timeslots 257 to 512. The first mobile station
receives on timeslot 257, while the second mobile
station receives, for example, on timeslot 1, thus

15 avoiding the need for being able to simultaneously
transmit and receive. This principle‘may be extended
to 4 timeslots on each of 128 subbands, or 8
timeslots on each of 64 subbands, and so on.

However, The mobile station’s peak transmitter power

20 must be increased as its duty factor is reduced by
using more TDMA and less FDMA on the uplink.

The bandwidth may instead be expanded by the use
of Code Divisional Multiple Access (CDMA) on the
uplink. In CDMA, each of the original information

25 bits is transmitted a number of times with or without
a polarity inversion according to the bits of an
access code. For example, a four-times increase in
bandwidth is achieved by using the access code 1100
and transmitting, in place of the original bit B1,

30 the sequence B1B1B1B1l; B2 is also replaced by
B2B2B2B2 and so on, giving a fourfold increase in bit
rate. Another mobile transmission may be allowed to
overlap this by use of a different access code,
preferably an orthogonal code such as 1001. The

35 other mutually orthogonal codes are 1111 and 1010,



receiver portion is not receiving. - The present invention also
di scl oses a net hod of communi cation for prOV|d|ng telephone
conmuni cat i ons 20 bet ween at | east one outstak di ber in a

public .switched tel ephone network conprising at 'l orbiting
satellite and at | east one ground control s. ni cation
wth the satellite and the public sw tched telephone network. First,
a 25 signal fromthe satellite bearing time division - mul tipl ex

i nformati on conprised of tine slots in repetitive TDVA frame period
Is transmtted, wherein each time slot is allocated for reception by

one of 660 P13 athoBgur N beer 1£65LMLNOnShoRAkebybstagfrom S0 the

satellite, the out statjons detéerm ne ransm t freguéncy channel
uni quel y assd@?%ﬁ%ﬂlﬁf%ﬂn§aFBarlng aa??BEaPﬁBe§|W%dEFoﬁubPFﬂgrly, t he

outstation Thistichbevés ai poatrfoldSincreasg iheupliARnsighakquency
channel to trﬁ%ﬁﬁ%fﬁéﬁtghféﬁngsS&eéi@@é €£|¥eg eroﬁoppler shift
5 relatively insignificant while preserving capacity
without requiring higher peak transmitter powers from
the mobile station.
The capacity in a cellular telephone system or
in a mobile-satellite communications system, depends
10 on being able to re-use the limited number of
 allocated frequencies for more than one conversation.
The service area to be covered is usually divided
into a number of cells each served by a base station
(or illuminated by a satellite antenna spot-beamn).

15 Ideally, it should be possible to utilize the whole
of the allocated spectrum immediately in each
adjacent cell, however this is not conventionally
possible due to the interference of neighboring cells
used in the same frequencies. As a result, a

20 frequency re-use plan must be employed to control
interference levels. For example, a so-called 3-cell
frequéncy re-use plan may be employed, as illustrated
in Figure 6. A 3-cell frequency re-use plan
guarantees a certain minimum desiréd Signal-to-

25 Interferende (C/I) ratio that may suffice if adequate
error-correction coding is employed on the
transmitted signal. In general, the C/I is better
for a 3-cell re-use plan in the satellite case than
in the ground cellular case, due to the sidelobes of

30 the satellite’s cell illumination profile' tapering
off more rapidly out-of-cell than the signal strength
reduction with increasing distance in ground
propagation.

A problem can arise in applying frequency re-use

35 plans to a TDM downlink. A limited allocated




6 . * ., the remaining TDM frane during which theoutstatiaon i s not

recei vi ng. Bri ef Description of the EXaMAn S
The present invention will now be described in 5~ Thi i Re
reference to preferred enbodi nents of the |nv+ ' nIy by
way of exanple, and | '
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frequency spectrum has to be divided into three to
permit a 3-cell re-use plan. As a result, the
bandwidth of a full TDM solution can no longer be
accommodated. This problem is solved according to an
S aspect of the present invention, by using a time-
reuse plan instead of a frequency reuse plan on the
TDM downlink, combined with a corresponding frequency
reuse plan on the FDMA uplink.
In the time-reuse plan, cells designated ‘1’ in
10 Figure 6 are illuminated from the satellite or from
their respective ground base stations using the first
1/3rd of the timeslots in the TDM format, using the
full available frequency spectrum. The cells
labelled ‘2’ then receive illumination during the
15 second 1/3rd of the TDM format, and so-on. In this
way, adjacent cells are not illuminated with the same
frequencies at the same time, but the full TDM signal
bandwidth is still transmitted. For example, in a
512 timeslot TDM format, cells numbered ‘1’ are
20 illuminated for the first 170 time slots. Each
mobile terminal, after receiving its respective
1/512th time slot may transmit for the remaining
511/512ths of the frame using a designated one of the
first 170 out of 512 uplink FDMA channels. The cells
25 numbered ‘2’ are then illuminated for the second 170
out of the 512 timeslots, and corresponding mobiles
in those cells reply using FDMA and respective uplink
channel frequencies 171 to 340. ' The cells numbered
3’ then become illuminated for the third 170 out of
. 30 512 timeslots, and their mobiles reply on uplink
' - frequencies 341 to 510. The remaining two timeslots
can be reserved for illuminating all cells with a
special signal used for paging and call set-up.
Likewise, the two correspondingly unused uplink
35 channel frequencies can be reserved for mobiles



|Ilustrated I n the acconpanyi ng draw ngs in which: Figure 1
il lf'ustrates a prior art TDMA format; Figure 2 iTTustrates a
TDM FDVA format with 10 overlapplng mobi | et #shad: $iad BUesReRedr di ng to

one enbodi ment of the present invention; ure 3
illustrates a TDM FDVA hybrid format acco &M“U odi nent of

the present invention; Figure 4 iIIu DVA hybrid
format 15 according to one enbodi nent of the present invention;
Figure 5 illustrates the application of;g he present invention to
iatelllte comuni cations with a Iarge nunber of tinme slots;

igure 6 illug atld cBifHAL © &rd

Figure 7 illust ?12{11?5& ?!Ir@k di agr am of g?.tﬁ posr}{saif)lill'niei radi o according to
one enbodi nepersormiag a soqgaklad YaRA9N jasress. Figure 8

: ln{/grsé ,rg;es a basgyStiaiin tHY dBuve System BIP ki iréfudd pramsent
on the downlink combined with a matching frequency
5 reuse plan on the uplink, the described TDM/FDMA
| hybrid access method can be employed while
controlling the interference levels between adjacent
" cells.
As previously disclosed, it can be desirable to
10 ‘widen the uplink channel bandwidths by employing TDMA
or CDMA on the otherwise FDMA uplink and reducing the
‘number of FDMA channels commensurately, in order to
correct for Doppler shifts. It will be appreciated
by those of ordinary skill in the art that the actual
15 numbers used above are exemplary and do not imply a
‘restriction of the present invention to those
examples. |
Figure 7 illustrated a preferred implementation
of a mobile or portable radio suitable for use in the
20 present invention. An antenna 10 which operates at
both the uplink and downlink frequencies is connected
alternately to receiver 30 and transmit power
amplifier 120 by means of a T/R switch 20, which is
- controlled by the TDM timing generator S50. In the
25 alternative, transmit/receive duplexing filters can
be used if uplink and downlink frequencies are
sufficiently separated to permit simple filters with
low loss. When uplink and downlink frequencies are
widely separated, a single antenna may not be
30 efficient, in which case separate transmit and
receive antennas may be necessary. This does not,
however, change the principle of the present
invention, which is to avoid having the transmitter
active during receiving instances.



Figure 9 illustrates satellite/ nobile communi cations in one

enbodi nent of the present I nventi on; Figure 10

illustrates a hub-to-nobile satellite 30 t ransponder; and

Figure 11 illustrates a nobile-to-hub satellite t ransponder.
16

The timing generator supplies timing and control
pulses to the switch 20, the receiver 36 and the
digital demodulator and decoder 40 in order to
provide them with power to select the signal in

5 allocated timeslots on the downlink. The receiver 30
has sufficient bandwidth to receive the entire TDM
downlink signal spectrum, but only one timeslot per
40ms frame of this bit rate stream is selected for
processing in the digital demodulator and decoder 40.

10 During this selected timeslot, the signal from the
receiver is digitized in A to D converter 31 and
recorded in a buffer memory contained in the
demodulator 40. The digitization technique
preferably preserves the complex vector nature of the

15 signal, for example, by splitting the real(I) and
imaginary (Q) parts by means of a quadrature mixer,
and then digitizing each part. An alternative to
this so-called I, Q, or Cartesian method is the -
LOGPOLAR method described in U.S. Patent No.

20 5,048,059 which is assigned to the same assignee and
is hereby incorporated by reference. Another
alternative technique is the co-called homodyne or
zero-IF receiver such as described in U.S. Patent No.
5,241,702 which is hereby incorporated by reference.

25 The complex vectors recorded in the buffer
memory are then processed by the digital demodulator
and decoder 40 during the rest of the frame time
before collection of the next timeslot’s complex
signal samples. The demodulation stage of the

30 processing can involve channel equalization or echo-
cancelling to mitigate the effects of multipath
propagation. Typical algorithms suitable for this
are disclosed in U.S. Patent Nos. 5,355,250 and
5,331,666 assigned to the same assignee which are

35 incorporated herein by reference. \-ﬁ~“‘“*‘-—~h§“
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T T Det ai | ed Description of the Pr ef erred—Enbodinent s
In a 3-slot TDMA conmuni cati on system where the Mobi | e Assi sted

Handover feature is not required, but whehis Shes ced
transmtting and receiving is to 5 be avoi de I ﬁ% m nat e t he
transmt/receive duplex filter, the presen Lends t he
transmt duty factor fromone-third to two-thirds, t hus hal ving the
peak power requirenent. The uplink and downlink formats according
to the present 10 invention are illstrated in Figure 2.

As illustrated in Figure 2, two of the three nobi | e transm ssi ons

overlap at any on&Qq ihalp |hridge fadigigicrenwpyrgonrechionteneodedap in

tinme, they MgeDGrames may Bl SPrdid Bidr dore - tREN -bhé OE{gesgt | N Sone
ot her 15 domai n such, as the frequency domain. Since_using

tii ce the ti Y MfANT AfintgOieayingys s fhat a number of

~ timeslots have to. be collected and deinterleaved
-5 before the first frame of speech data is error-
correction decoded. The demodulation of the signal
samples in each timeslot should preferably be
optimized together with the error-correction decoding .
algorithm for best performance at low signal-to-noise
10 ratios, for example, by passing soft-decision
information from the demodulator to the decoder, or
by combining demodulation with decoding in a so-
called decodulator.
After demodulation and error correction
15 decoding, using for example, a soft-decision based
convolutional decoder, a frame’s worth of error-
correction decoded speech data is passed to the
speech coder/decoder 60, where it is turned into PCM
speech samples at 8 kilo samples/second using a
20 decoder that matches the encoder at the originating
transmitter. The speech_coding/decoding technique
‘ ‘can for example be Residual Pulse Excited Linear
Predictive Coding (RELP) or Code Book Excited Linear
Predictive Coding (CELP) which compresses an 8 kilo
25 sample/second PCM voice signal down to 4.2
kilobits/second at the transmitter, and conversely
expands the 4.2 kilobits/second sigﬁal from the
decoder 40 to 8 kilobits/second PCM signal again for
D to A conversion in D to A convertor 130 and audio
30  amplification for driving an earphone 132.
In principle, the receiver only needs to receive
a .single frequency on which all signals from all
mobiles are multiplexed and modulated. As a result,
the receiver does not have to tune to alternative
35 frequencies, but rather, selects between all



transm gsion data rate to be halved, it is possible to accommodat e
two transm ssions within the sane ~ bandwi dt h by arranging that one
of the transm'ssions 20 uses the top half of an allocated bandw dth

while the | ot her transmi ssion uses the bot t T $hedt H '

Reen Replaged
versa. For exanple; a first nobile station may use M |ii“j‘|ﬁ" Ber hal f
( s

of the channel bandw dth and hal f way t hr oug II“&

transmt period a second 25 nobil e station can start transmtting in

t he | ower hal f of the channel.18hen, after a further one-third

of .the frame period, the first nobile station wll finish using the
upper hal f oavahtablentdmesidts. The copnftirod milgriopracassar ddd begi n

e L o0gkleilie Heormdtith BA & CAANIHY/paliirly Adt/ddifngre (N 1o

period, the Second no station w ower hal f
channel , andcahd setsupndesignatingoithe slot teabesugad thamdliq ting again.

Egrfver’ thechhiSt The cont?®i Wl ctopiroeesWor 119 UM igrddreing he | over
the timing generator accordingly, to generate all
control pulses necessary to power the receiver and
transmitter on and off according to the inventive
TDM/FDMA hybrid formats described herein. The
- control microprocessor also programs the transmit

10 synthesizer 90 to generate an FDMA channel uplink
' frequency associated with the allocated downlink
timeslot with the help of upconvertor 80. The
. upconvertor 80 can operate in several manners.
First, the upconvertor 30 can operate by mixing a
15 fixed modulated frequency (TX IF) with the variable
frequency produced by a programmable frequency
synthesizer to generate a sum or difference frequency
at the desired transmit channel frequency, wherein
either the sum or the difference is selected by a
20 filter. In the alternative, the upconvertor 80 can
operate by mixing a signal from a voltage controlled
oscillator with the synthesizer frequency to produce
a difference frequency that is phase-compared to the
fixed modulated frequency in a phase error detector,
25 the phase error then being amplified and applied to
the VCO in order to lock it to the modulated TX IF,
thus causing the VCO phase to follow phase modulation
on the TX IF. The determination of which method teo
select depends on whether the selected transmit
30 modulation technique is pure phase modulation, i.e.,
| constant amplitude modulation, or whether the
selected modulation involves a varying amplitude
conponent.
In the reverse direction, a speech signal from
35 the microphone 131 is first amplified and converted



8 ‘ channel instead of the upper half channel it ortginally
opératet on. This problem arises only when an odd nunber of tine

slot are used in conbi nati on wi t h channelThisghes eplaced on by an
5 even number, and may be sol ved by either of |"ﬂnr I inethods

descri bed beél ow,

19

to 8 kilobit sample/second PCM using A to D convertor
13 and then compressed to a reduced bit rate using
the speech coder 60. Speech compression fechniques
such as RELP and CELP that compress speech to as low
5 as 4.2 kilobit samples/second generally operate on
40ms frames of speech samples at a time. A frame is
typically compressed to 163 bits, that are then
error-correction coded in digital encoder 70 before
being modulated onto a radio frequency. The _
10 modulated radio frequency may be a fixed intermediate
frequency locked to an accurate reference oscillator
100. The signal is then upconverted in upconverter
80 by mixing with transmit synthesizer 90 to the
final uplink frequency signal which is then amplified
15 by transmit power amplifier 120 and passed by the
switch 20 to the antenna 10. The digital encoder and
modulator 70 includes buffering (and if used,
interleaving) in order to compress the transmission
into the available time left over after receiving the
20 downlink timeslot, so as to implement the aspect of
the present invention, thus avoiding simultaneous
transmitting and receiving. The timing of this
compression, modulation, and activation and
deactivation of the power amplifier at appropriate
25 instances is also controlled by timing generator 50
so as to achieve the coordination between transmit
and receive timing. _
In some applications, the receiver may have to
be able to tune to alternative channel frequencies as
30 well as to select between the TDM timeslots on those
channels. In those instanées, the receiver 30 would
also contain a frequency synthesizer programmed by
control microprocessor 110 and locked to the accuracy
of the reference frequency oscillator 100. The
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I n which two nobil es use the upper and | ower half
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pectively for two-thirds of thetine while a thi

on uses the 10 upper half channel for its first third of the
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in which
tion

| e stat.io receives a first third of the base s
%%ﬂ?QﬁﬁH#%r?ﬁ%ﬂﬁﬁ?FT%Pthe base station usi ng the upper
hal f of t he gplinmnﬂﬁandnoﬁiietrugio appIicatianu&ﬁéﬁm@ @fpﬁsh-tmojthirds
transmt perieqde A% opdifdtifon Neild 'Mindll Mebid ARSI dapasdof. the first

member of a group or net of correspondents sharing a
trunked radio system with other groups. In trunked
systems, all idle radios listen to a call set-up
channel. When a radio transmits by activation of the
talk switch, a short message is transmitted on the
corresponding call set-up uplink channel requesﬁing a
channel allocation. The receiving base station
network immediately replies on the downlink call set-
up channel with a currently idle frequency/timeslot
allocation to which the mobile terminal then adapts
for the rest of the transmission. _ﬁhen the press-to-
talk switch of the transmitting radio is released, an
end of message signal is transmitted to-expedite the
reversion of the base network and other members of
the group to idle mode in which they listen to the
call set-up channel. This procedure is fast and
automatic, within a fraction of a second, so that it
is completely unseen to the human operators.

In cellular or satellite telephone applications,
idle mobile terminals listen to a particular
timeslot/frequency designated by the calling/paging
channel. Moreover, transmissions on the
calling/paging channel timeslot may be further
submultiplexed to form less frequently repeated slots
each associated with particular groups of mobiles,
designated, for example, by the last few digits of
their respective telephone numbers. These so called
sleep mode groups are only paged in a particular
submultiplex slot, which control microprocessor 110
is able to identify from received data and can thus
program the timing generator 50 to wake up the



Aobi le station switches frequency so as to use the | ower hal f channel

fof its second one-third transm ssi on pertod:—Manwhite, a Second
nobi | e station has received the second thlrd of t he base 3

station's 40nms frame and starts transnlttlng i'n T ee Has Be al f
channel’ whef the first nobile switches to ||HIH ul channel
Then, when the second nobil e station SMAtCh hal f
channel m dway through its transmt burst, a third nDblle station 35
begins transm ssion in the upper half Qannel. When

receiver only at these instances, which results in
considerable standby power current consumption
savings.
Furthermore, the digital demodulator/decoder 40
5 can, after processing of each new received timeslot,
produce an estimate of the frequency error of the
receiver caused by inaccuracies of the reference
oscillator 100 as well as Doppler shift, which can be
significant in satellite systems. By using broadcast
10 information from a satellite, the microprocessor 110
can correct for the Doppler shift and determine the
error due solely to reference oscillator 100. The
microprocessor 110 can then correct the error by
sending a correction signal such as a tuning voltage
15 to the oscillator, in order to insure that the
transmit frequency which is referenced to the
reference oscillator by transmit frequency
synthesizer 90 is accurately generated. The process
of correcting for Doppler shift involves determining
20 the position or bearing relative to the satellite’s
orbit by utilizing any or all of the following
parameters: measured rate-of-change of Doppler
shift; satellite and antenna beam identification
| signals; broadcast information on the satellite’s
25 instantaneous three dimensional coordinates; previous
mobile terminal position; elapsed time since last
position estimate; and mobile terminal velocity.
In addition to the frequency correction
mechanism mentioned above, the demodulator produces
30 information on the position of signal samples in the
buffer memory deemed to correspond to known sync
symbols, which yields information on the accuracy of
the timing produced by the timing generator 50. The
microprocessor 110 performs sanity checks on this
35 information and then uses it, if deemed valid, to



9 .

the first nobile station begins transmtting

the third nobile station switches to the |ower half
again in the upper half

channel ,

channel . The m d- bur st frequency switch fromthe upper—to-tower half
channel 5 is preferably acconplished not by ﬁEﬁPS~Of a fast

switchi'ng ffequency synthesizer, but rather by meahspeetHasBees Replesd i ng a
systemati c phase rotation to the transmttedmlﬂtmmwﬂqm rto
provi de a plus or m nus frequency offset fro the 10
channel . This can be performed w thin,the digital si gnal processing
gst for generating the nodul ation wavefornms as will be di scussed

el ow.

avoi ds a nidg%ﬂaggA§ﬁ§iin@iﬁqﬁﬁ?%ﬁ?&%g@&oh@eo&r%ﬁﬁnhihﬂﬁﬁntion,
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r requency s
generator 50 so as to correct for any drift.

Figure 8 illustrates a block diagraﬁ of a base
station implementation suitable for use in the
present invention. A common antenna 210 is connected
to a receiver low noise amplifier 230 and a transmit
power amplifier 260 by a duplexing filter 220. The
low noise amplifier passes the entire uplink
frequency band to a bank of FDMA channel receivers
240. After digitizing the signal in each channel
using one of the aforementioned complex vector
digitizing techniques, the signals are processed in a
bank of receive Digital Signal Processing devices 520
in order to perform demodulation and equalizing,
error correction decoding, and speech decoding for
each active channel. The resulting 8 kilobit’
samplés/second speech signals are then time
multiplexed using a standard digital telephone
standard such as the T1 format for convenient
connection to a digital switch or exchange 280 such
as the ERICSSON AXE switch.
| An alternative to the analog implementation of
the FDMA receiver bank is to digitize the entire
composite signal and to process it digitally to
separate the individual FDMA signals. This is
practical so long as the signal strength differences
between the signals are not too great for the A to D
convertor’s dynamic range. Another aspect of the
present invention is the inclusion of power control

‘means to restrict the signal level differences

between different FDMA signals in order to facilitate
digital implementation of the FDMA receiver filter
bank with potential simplification of the base
station. The power control means proposed is known
to the prior art and is based on the mobile stations

whi ch



15, ~-illustrated in Figure 4. Here, a first nobile ~station first
transmts in the upper half channel and halTway th through its two-third
transmt frane a second nobi | e station startfhtg ﬁ&ﬁ jab&dl ng t he
| ower . .half channel. M dway through the secon statlon S
transmt period, the first nobile station ‘ SIOﬂ and
a third nobile station begi ns transnlttlng u [ hal f
channel . M dway through the third nobile station' s transn1t

period, the second nobile station finiﬁggs its 25 transm ssion on the,

| ower half channel. At this tie, the first nmobile station begi ns
transmtting, I Mﬂgﬁ ite
fromthe chafn ﬁumt an-ﬁ% | a%]a use &ﬁ tné é‘l\rl\Tgt ry nobile

functions mma;am yExam tzme basgg tﬁaraws m@m ﬂmln ﬁmggth t he

upper

system
bursts is avdfcHfase dn Sighp

and
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t he one third recelve:ﬁerlod of. 13. 3np bet ween succ

gf en received from the base
station is acted upon by a mobile station by reducing
its transmitter power and vice versa. This is
complemented by a slower power controi means at the
base station which includes up/down power control '
information 1n the signalling samples interleaved
with voice symbols in each mobile station’s timeslot.

The exchange/switch 280 selects between uplink
signals received from the public switched telephone
network or signals from an operator or control room
for transmission on the downlink, according to call .
set-up information, requested routing, or preset
information. The switch 280 supplies the selected
signals multiplexed together according to some known
digital telephone trunk format such as Tl and
delivers the signals to the transmit DSP bank 270.
The transmit DSP bank separately encodes each speech
signal in the multiplex stream using a voice
compression algorithm such as RELP or CELP. The
transmit DSP bank then error correction codes the
signals and remultiplexes the signals into the
downlink TDM format for modulation using modulator
290 onto the downlink radio frequency and
amplification using-high power amplifier 260. The
switch 280 also extracts call setup information for
the uplink calling channels and inserts call setup
information corresponding to paging slots in the
downlink TDM format. This information is identified
as data and not as speech to the respective DSP
devices so that it bypasses RELP coding and instead
is subjected to a more powerful form of error

correction coding.

essi ve



the transmt frequency, which can be acconplished by

10¢° ! usi ng a frequency synthesizer with a nodest_freguency
changi ng speed. It will be appreciated that the invention is
not o l'imted to a systemwi th three tine

i

A land based system may furthermore include
separate antennas and associated receive signal
processing in order to effect space-diversity .
reception to improve range and to combat fading. The

5 combination of signals processed from remote antennas
with signals processed with antenna 210 can take
place either within the demodulation and equalizing
algorithm, or by means of a simple diversity.
selection on a speech frame by speech frame basis

10 according to signal quality. Likewise, in the
transmit direction, a second distant transmitter may

24

receive signals from transmit DSP bank 270 for
transmitting on the same frequency so as to improve
area coverage. The mobile receiver illustrated in

15 Figure 7 is able by means of its equalizing
demodulator algorithm to perceive delayed signals
received from a second transmitter as echoes of the
first transmitter and to utilize these signals in
order to improve reception.

20 Figure 9 jllustrates a block diagram.of
satellite communications system for one embodiment of
the present invention. An orbiting satellite 410 is
in communication with at least one ground station or
outstations called the HUB 400 as well as with a

25 number of portable mobile phones 420. The phones are
each serviced by an appropriate antenna beam from a
multiple spot-beam antenna on the satellite providing
high gain in the direction of each phone. The HUB
communicates with the satellite using, for example,

30 c-band or Ka-band frequencies, while the satellite
communicates with the phones using, for example, L-
band (uplink) and S-band (downlink) frequencies. In
most cases, most calls will be between satellite
phones and ordinary phones belonging to the public

35 switched telephone network. The HUB station accepts



5 even nunber of tinme slots-is used, for exanple four, and the

nmobile Yransmit tinme is three-fourths of a fra_—_‘The‘TTansnlsS|ons

of three nobile stations overlap in frequ In such
a ~situation, the channel bandw dth can be three,
and eath nobile station can then use the three . n sequence.

Alternatively, one nobile can transmt for in 1/2 of
t he bandw dt h, whil e the other three use the other conblnatlons of
hal f-frame period and hal f-channel - bangdgi dt h. 15 The above

descri bed solutions are in general characterized by dividing the

uplink channghjls fromb&RAWPEN hﬁHOrélayﬁbthe&f tollkhendobillech i s at | east
' N t he

one |less than the ny nk tineslots anmpl e,
t hr ee- t|neslBP°8§s¥1&|$P&e§agﬁgq a@ﬁgﬁﬁ@WeFﬁF&YUﬁﬁﬁfgﬁﬁjqqy}ﬁ'nﬁalves,
while the fogfrom the mobucmsbhbnesseeaayedefrmetmamemm tamdee

TS iR Yo . ST plrcantagdd 15 0 (1

calls can be mobile to mobile calls, and the HUB
directly connects them to each other without
necessarily involving the PSTN. In some systems, two
or more HUBS located in different parts of the world
communicate with the same satellite. In this case,

10 mobile to mobile calls may involve Hub-to-Hub
conneétions which can be accomplished through
international trunk lines that may be part of the
PSTN system. Alternatively, the satellite HUB links
can allocate some capacity for Hub-to-Hub '

15 communication via the satellite for such occurrences
thus avoiding landline tariffs.

Figures 10 and 11 illustrate a satellite
communications payload suitable for one embodiment of
the present invention. Figure 10 illustrates the

20 downlink to the mobile phones while Figure 11
illustrates the uplink from the mobile phones.
Referring now to Figure 10, an antenna 360 receives a
number of signals from the HUB which are demodulated

) or coherently downconverted using a bank of receivers

25 340. The receiver output signals are then coherently
upconverted in a bank of upconvertors 320 by mixing
with a common local oscillator 330. The upconverted
signals are now at the downlink frequency and are
amplified by a bank of power amplifiers 310, wherein

30 each amplifier is coupled to one element, 'a group of
elements, or a feed of a multi-beam antenna or phased
array. In one embodiment of the present invention,
the amplifiers are class C transmit power amplifiers
operated at maximum efficiency. In one embodiment of

35 " the present invention, the satellite transmitter



operates for

N1 timeslots instead of just one 25 timeslot. When-Nis

small, It is difficult to divide the nunber Tnto N sub-bands wit hout
al so reducing the bit rate by Ninstead of o §N&iﬂmﬁﬁax aeedl e, in
the three-tinmeslot system it would be difficult to te a
hal f-bi't rate transm ssion, obtained by 30 transmﬂ“& % rd's of
the tinme instead of - 1/3rd, in only 1/3rd of t hi s
difficulty however disappears when N is |arge. Figure 5

il lustrates one enbodi nent of the 26pr esent inventlon whi ch may be
advant ageous for 35 satellite-nmobile communi-cations. In this

enbodi nent ,

comprises saturated travelling wave tubes. The HUB is

.thus able by sending appropriate signals to the

10

15

20
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satellite antenna 360 to determine what signals will
be broadcast by a multi-beam antenna 300 at what time
and in what direction. In this manner, it can be
determined, for example, that in any particular time
slot of the down TDM format only a subset of regions
of the earth receive the signals, the regions being
sufficiently separated in boresight angle so that
they do not suffer interference from one region to
another. In this way, independent signals can be
sent to one phone in each region in each timeslot
without interference. In the next timeslot, a
different set of regions, i.e., those in between the
first set of regions, are illuminated so that all
regions receive the signal from some timeslots in the
frame. Copending U.S. Patent Application No.
08/179,953, entitled "A Cellular/Satellite
Communication System With Improved Frequency Re-use",
filed January 11, 1994, which is incorporated herein
by reference, discloses how one to one re-use can be
used for the present embodiment wherein every
timeslot is used in all of a number of sub-regions.
When the system is operating at less than full

-capacity, not all of the timeslots in the frame will

be active. Moreover, one half of a two party
conversation is generally silent at any time so that
an advantage can be gained by turning off the signal

.in the corresponding timeslot momentarily. When the

30

35

number of timeslots is large, i.e., 512, "it is
statistically accurate to assume that only
approximately 50% will be active at the same time.
The power amplifiers 310 are arranged to draw little
or no current during inactive or unallocated
timgslots so that the mean consumption from the



11 - a 512-slot TDM downlink is conbined with a 512- _ subband

FDMA upltink. To avoid using a duplex filter ——i-n—the-mebiHle—station,
the signal for transmissionis * conpressed into the 511/512ths of the
time remaining 5 over after the nobil th
downl i nk TDM format. However, the 0. 296|ncrease | fornatlon
rate does not hinder it frontbelng acconnn h of the
bandw dt h. Wt hout- this signalling format, either the nobi | e woul
have 10 to transmt and receive at the sane tlne neceSS|tat|ng a
duplex filter which results in @ddesirabl e signal |osses, or else

use TDMA on the ) .
satellite prime power supply corresponds, even when

fully loaded, to only half the power amplifier peak
power consumption. For a given size solar array, the
power amplifier peak power can thus be dimensioned to

5 twice the value which the solar array otherwise would
support.

Furthermore, peak capacity is reached only at
certain times of the day, whereas the solar array
converts the sun’s energy into electrical power

10 during a full 24 hour period. By using a
rechargeable battery to average the power consumption
in 24 hours, a further factor increase in peak
transmitter power can be made relative to the
continuous load the solar array can support. An

15 advantage of TDM downlink used in the present
invention is that. current consumption reduces in
direct proportion to the under-utilization factor, in
contrast with an FDMA or CDMA downlink which use
power amplifiers which only reduce their current

20 consumption by the square root of the'under—
utilization factor, if at all. Therefore, using a
TDM downlink allows the full benefit to be taken of
the average under-utilization factor.

In one embodiment of the present invention, the

25 active time slots of any TDM signal are packed
together to occupy adjacent time slots in a subframe
period which is a portion of the TDM frame period.
The inactive time slots form the rest of the TDM
frame period. The subframe of any TDM s1gnal

30 retransmitted in one of the multiple satelllte
antenna beams does not overlap the subframes of the
TDM signals transmitted in the neighboring beams.

Referring now to Figure 11, a multi-beam antenna
or multi-element phased array 400 receives signals on

35 the uplink frequency from a plurality of mobiles.



uplink involv

of*the tinme using 512 tinmes the 15

ing the nmobile transmtting, for _ . exanple, for 1/512th

peak power which results in an

undesi rabl e i ncrease in the peak power and Chis Ste&tHas BeghiRé ts from
t he power supply. The present invention nay, al so
in such a case permt transnission for 510/512 or even

| ess, without severe 20 difficulties, the conpres formation
not being restricted to clearing one tineslot for receiving if
there are other demands on time, such as provi di ng guard tines
between transmt and receive. 28 |t can also be advant ageous to
consi der ot her, 25 hybrids of TDVA .and E and en ODQA r the uplink
in the case o?logé'tlglsl i"?’e%mecﬁq% 219 i use "T‘T’rf% at

altitudes whi FDMAr ehamner]l tiregudmcies on teosipdtinknand addanding xhi bi t

significant v
the 30 gro
frequency rec

5
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B Ehe Thvention ff Hdt trhitil dBAng WndiR! P.teT ™
vecedved timesdialls jare theoEDthdoyndimk. Mobiles in a
different region of the earth use the same set of
frequencies as mobiles in the first region, therefore
the antenna 400 receives a plurality of signals on
each FDMA channel that arrive from different
directions. In the case of a multi-beam antenna such

as a parabola with space feeds, the different

__direétions correspond to different beams so that
- signals on the same frequency appear in different

15

20

25

. 30

35

beams and can thus be separated. This may require
that adjacent beams do not contain the same
frequencies, but that an adequate re-use factor is
employed such as the three to one frequency re-use
pattern illustrated in Figure 6. When uplink FDMA
channels are associated with corresponding downlink
TDMA timeslots, the use of a three-to-one time re-~use
pattern on the downlink as disclosed above
automatically gives rise to a three-to-one frequency
re-use pattern on the uplink, thus achieving
separation of signals. On the other hand, a one-to-
one re-use frequency pattern can be achieved for the
uplink using the configuration of Figure 10
particularly when antenna 400 is a phased array.

The antenna 400, whether a multi-feed parabola
or multi-element phased array, presents a number of
RF ports containing a plurality of mobile uplink
signals. A bank of low noise amplifiers 410 and
downconvertors 420 amplify these signals and
coherently downconverts them using a common local
oscillator 470 to a suitable intermediate frequency
for amplification and filtering. The downconverted
filtered and amplified signals are then applied to a

nal s on



term-nals that are significant conpared mﬁth the———-—marrow transm ssi on

bahdmﬁdihs of a pure FDVA upli nk. Is therefore sonet s desirable
to increase the 35 wuplink bandwidth to nake Dofivisl “ ively
12 . |nS|gn|f|cant wi t hout reducing the ca i m

29

bank of upéonvertors or transmitter modulators 430
which translate the signals to the C or Ka bank while
preserving their phase relationships before adding
them in a combiner 440 and amplifying them in a

5 traveling wave tube TWT power amplifier 450 for
transmission to the HUB station through an antenna
460. It should be noted that the antenna 460 in
Figure 11 may be the same as the antenna 360 in
Figure 10, the C/Ka bank receiver then being

i0 separated from the transmitter by means of a duplex
filter. Moreover, both polarizations may be used in
both directions in order to increase bandwidth
utilization. Each polarization would then have

. associated with it half of the receiver bank 340 and

15 half of the transmitter bank 430 connected to a

: separate traveling wave tube. Furthermore, a
downlink antenna 300 and the uplink antenna 400 can
also in principle be one and the same with the
addition of transmit/receive duplexing filters for

20 each beam, array element or sub-array, thus achieving
double use of the same antenna apertufe.

A description of the corresponding HUB station
equipment may be found in the aforementioned U.S.
Patent Application Number 08/179,953, entitled "A

25 Cellular/Satellite Communication System With Improved
Frequency Re-use", which is hereby incorporated by'
reference.

It will be appreciated by those or ordinary
skill in the art that the number of timeslots,

30 frequency bands and applications mentioned above are
primarily for the purpose of illustration and are not
meant to imply any limitation of the present '
invention. The present application contemplates any
and all modifications that fall within the spirit and



system_,Z A small factor increase, such as 2,4 or 8 may often suffice.
One net hod of acconplishing a 2:1 i ncrease in bandwi dth while
accommodating the sanme 5 nunber of transmtters would be. for each uplink
transm ssion to be conpressed into 256/ 512t hs of the time on one of
256 avai |l abl e subbands; two transm ssions in each subband woul d then
be accommodated by TDVA through a first nobile station's 10
transmtter using the 1/512th tineslots nunbered 1 to 256 and a
second nmobile station's transmtter usipn timeslots 257 to 512. The
first nobile station recei ves onJ nesl ot 257, while the second

nobi | e station receiv for example..on ti lot, 1 hus 15

avoi di ng theﬁ%§§?1é§' %lﬂfﬁ%ﬁ%yﬁqgsﬁﬁ§%§§ﬂﬁﬂnéﬂégihsed M nsnit and

recei ve. Thi slaimed hexeim. be extended to 4 tinmeslots on each of 128
subbands, or 8 - ti meslots on each of 64 subbands, and so on.

However, The nobile station's peak transmtter power 20 must be
increased as its duty,.factor is reduced by
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usi ng nore TDMA and | ess FDVA on the uplink. ——————The _bandwi dth may
I nst ead be expanded by the use of Code Divisional Miultiple Access

(CDMA) on the uplink. In CODMA, each of the "ﬂ”ﬂ" ion 25
bits is transmtted a nunber of tinmes with or with "'m’mmrity

I nversion according to the bits of an access code." Fdr éxanple, a
four-times increase in bandwi dth is achi eved by using the access
code 1100 and transmtting, in place of the original bit Bl, 30

t he sequence B1B1B1Bl1 B2 is al so replaced by B2B2B2B2 and so on
giving a fourfold increase in bit 3lrate. Another nobile transmni ssion
may be allowed to overlap this by use of a different access code,

preferably arFlA¥M®gonal code such as 1001. The 35 ot her nutually
ort hogonal codes are 1111 and 1010,

1. A radio access method for facilitating
communication between at least one first station and
a plurality of second stations, comprising the steps
S of:
buffering at said first station each signal
intended for transmission respectively to each of
'said second stations;
dividing said signals into equal length
10 segments;
transmitting signal segments intended for a
particular one of said second stations using a
corresponding time slot in a regularly repeating time
multiplex frame;

15 receiviﬁg at at least one of said second
stations said signal segments transmitted by said
first station in its corresponding time slot and
assembling said signal segments from successive
corresponding time slots to reconstruct said intended

20 signal; '

determining at said second station a transmit
frequency channel uniquely associated with said
corresponding receive time slot; and

buffering in said second station a s1gnal

25 intended for transmission to said first station and
compressing it for transmission from said second
station using said transmit frequency channel during
substantially the entire time period that said second

station is not receiving.

30 2. A radio access method for facilitating
communication between a fixed station and a given
number of mobile stations, comprising the steps of:

Sheet Has Been Rerlaced
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3. - resulting in four, overlapping, non- |nte$ er-hg
transnlsS|ons—§har|ng a"Tour ti mes wi der subband Thi s acth“B
t o

fourfold incre [ nal bandwi dth mm ‘ ﬂ“/
render, Doppl e rh” cen X lactle‘?gatlvely i nsi gni fi cant “& ‘

capacity l |HH ring higher peak transmtter powers from
the nobil e stat -The capacity in a cellular tel ephone system
or in a nDblle satellite conmunications system depends

| 32

buffering at said fixed station signals to be
transmitted to said mobile stations;

dividing said signals into segments;

transmitting the segments intended for a

5 ‘particular mobile station on time slots which are

allocated for receiving at the particular mobile
station, wherein said time slots regqularly recur in a
repetitive time multiplex frame which contains a
number of time slots equal to said given number;

10 determining at each mobile station a transmit
frequency channel uniquely corresponding to the
mobile station’s allocated time slot; and

buffering in at least one of said mobile
stations a signal to be transmitted to said fixed

15 station and transmitting the signal on said transmit
frequency channel during more than one time slot in
which said mobile station is not receiving. -

3. A radio access method for facilitating
communication between a first station and a

20 predetermined number of second stations, comprising

the steps of:

buffering in said first station signals to be
transmitted to said second stations;

dividing said signals into segments;

25 transmitting the segments intended for a
particular one of said second stations using only
time slots that are allocated to said particular
second statlon for receiving, wherein sa1d time slots
regularly recur in a repetitive time multlplex frame

30 containing a number of time slots equal to said given
number; and

buffering in at least one of said second
stations a signal to be transmitted on said first
station and transmitting said signal during more than



i0 * on being able to re- use the limted nunber of al | ocat ed
frequenC|es for nore than one conversati on. rV|ce area to be

covered is usualTy dIVIded ~™~Tnto a nunber of ceII Ved by a
base statlon This i u I nat ed by a satell |ﬂm“ m &m ean) 15
Ideal Iy, it shou|3 %9 utilize the wh W Ofs t he al | ocat ed
spectrunllnnedlate " adj acent cell, homever this is not
conventional ly ue to the interference of nei ghbori ng cells
used in the sane frequencyes As a.resylf, a 20 frequency re-use plan
nmust be enployed to control I nt erence |l evels. For exanple, a
so-called 3-cell C3 . enmpl oyed

illustrated ©°°€ tz.nfe "Iq—‘]rgur %ﬁjf/ﬂ{ f%%flé)é‘?%&%a%% %n ut? %‘? n

guar ant ees a mesedatingd ni mum desired Signal -to- 25 Interference (C1)
ratio that may suffice if adequate error-correction coding is

enpl oyed on the transmtted signal. In general, the C/| is better

for a 3-cell re-ude pl #n §adigacgess methed £o¥ arilitating

communication between a fixed station and a
5 predetermined number of mobile stations, comprising
the steps of: |
buffering in said fixed station signals to be
transmitted to said mobile station;
dividing said signals into segments;

10 transmitting the segments intended for a
particular mobile station on time slots allocated for
receiving at that mobile station, wherein said time
slots regularly recur in a repetitive time multiplex
frame containing a number of time slots equal to said

15 given number; :

determining at each mobile station a transmit
frequency channel uniquely corresponding to the
mobile station’s allocated time slot; and

buffering in at least one of said mobile

20 stations a signal to be transmitted to said fixed
station and transmitting said signal using said
transmit frequency channel.

§. A radio access method according to claim 4,
wherein said predetermined number is equal to 3.

25 6. A radio access method according to claim 5,
wherein said mobile stations have a receive period
for approximately one-third of the time and a
transmit period for approx1mately two-thirds of the

time.

30 7. A radio access method according to claim 6,
wherein said transmit period is composed of a first



i*'n the,ground cel lul ar case, due to the-sidelobes_B?ﬁﬁﬁ“““T+mrfﬁ&£ﬂI|te's

cell illunination profile tapering of f nDre t of -cel | than
the signal strength reduction with |ncreaS| ound

pr opagat i on. A problemcan arise in app yln reluse
35 plans to a TDMdownlink. A limited allocated

34

part in which said transmission occupies a first-half
of said transmit channel frequency and a second part
in which said transmission occupies a second-half of
said transmit channel frequency.

5 8. A radio access method according to claim 6,
wherein the transmit signal spectrum during said
transmit period occupies a first-half of said
transmit channel frequency spectrum during alternate
transmit periods and a second-half of said transmit

10 channel frequency during the other transmit periods.

9. A radio access method according to claim 3,
wherein said second station transmissions that
overlap in time are arranged so that they do not
overlap in frequency during the time overlap.

15 10.. A radio access method according to claim 9,
wherein said non-overlap in frequency is arranged by
division of the transmit frequency channel bandwidth
into subbands and allocating a unique subband to each
transmission overlapping in time with at least one

20 other transmission.

11. A radio access method according to claim 9,
wherein said non-overlap in frequency is arranged by
frequency division of the transmit frequency channel
bandwidth into a number of subbands one less than

25 said predetermined number and each transmission
occupies said subbands sequentially during an equal
number of subdivisions of its transmit time period in
a sequence does not overlap with sequences used by
other transmissions.
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14 - frequency spectrum has to be divided |nto t hree — pern1t

a 8-cell re-use plan. As a result, the bandw of a fuI

solution can no | onger be accommdat ed. Thi s pr g
according to an 5 aspect of the present |nvent|on\ I me-
reuse plan irnstead of a frequency reuse plan on the cTDMo'I‘ownIlnk
conbined with a correspondi ng frequency reuse plan on the FDVA

upl i nk. _ In the tinme-reuse plan, cells designated '1" in 10
Figure 6 are illumnated fromthe satellite or from their respective
.ground base stations using the first 35 1/3rd of the tineslots in the
TDNIfornat usi ng _t he avai | abl e freque spectrum The cells
label led '2' then ltzeceﬁ/é"'qq’i%rﬁ‘?ﬁ;ﬁﬁ%ﬁm’cﬁ}?‘?‘%ga qq%r‘ijé‘ g tea I 198rd of the

TDM f or mat , sheéreinisaid mdrivwerlap inafrequirienis cattangsd Mot
11 uni nat ed ¥il1di%h W the traddfi¥'F ity (AT Sddfuidiyf the full

TDM si gnal )
into a number of subbands one less than said
5 predetermined number and each transmission occupies a
| unique subband during each of its transmission time
periods.

13. A radio access method according to claim
12, wherein said unique subband used by a particular
10 transmission is varied from one transmit period to
another in a nonoverlapping sequence relative to
other transmissions.

14. A radio transmitter/receiver for

communicating in both directions with a radio
15 network, comprising:

a timing control unit for sequencing transmit
and receive functions;

an antenna switch for connecting an antenna
alternately to the transmitter/receiver under the

20 control of said timing control unit;

a receiver portion controlled by said timing
control unit to receive a signal from said radio
network during an allocated time slot in a time
division multiplex frame period; and

25 a transmitter portion capable of being
controlled by said timing control unit to transmit
during the rest of said time division multiplex frame
period when said receiver portion is notlfeceiving.

15. A radio transmitter/receiver according to
30 claim 14, wherein said timing control unit includes a
microprocessor and an application specific integrated

circuit.
This Sheet Has Been Replaced




bandwrdth is still transn1tted For exanple, in a - 512 tinmesl ot TDM

format,' cells nunbered '1'" are 20 illumnated for the first 170 tine
slots. Each nobile termnal, after receiving

1/512th time slot may transmt for the remaining ”mm Wmﬂlmﬂﬂm the
franme Using a designated one of the first 170 dut ‘of*51% upl i*nk FDVA
channels. The cells 25 nunbered '2' are then illumnnated for the second
170 out of the 512 tinmeslots, and correspondi ng nobil es in
those cells reply using FDVA and respective uplink channel
frequencies 171 to 340. The cells nunbeyed '3" then becone

illumnated for the third 170 out of 30 512 tinmeslots, and their nobil es
reply on uplink 16 fAexpdimitEaﬁbMittefobcéimer(ﬂﬁ&d&dﬂhqvtbtineslots

can be reser | ecial signal used
for paging an ca I dset%mfﬁﬁn&f{ ifn\?d'éi %'%&:?lv\o c:'b r%:g%ondl ngly unused
upl i nk 35 fﬁ*l&]mfé%l @ENLRYT (EERIURNEY MIf msid es
transmitter in dependence on said allocated received
5 time slot.

17. A radio transmitter/receiver according to
claim 14, wherein said receiver portion performs
amplification, filtering,ldown—conversion, sampling
and analog digital conversion of the received signal,

10 buffering of said digitized signal samples in a
buffer memory and comprises digital signal procéssing
means to process said samples in said buffer memory.

18. A radio transmitter/receiver according to
claim 17, wherein said digital signal processing
15 = means operates to determine time synchronization and
frequency accuracy, demodulate and error correét
received data symbols, and process said corrected
data to obtain digital voice samples.

19. A radio transmitter/receiver according to
20 claim 18, further including means to convert said .
digital voice samples to an acoustic voice sample.

20. A radio transmitter/receiver according to
claim 14, wherein said transmitter portion comprises:
means for converting an acoustic voice signal to
25 digital voice samples; ,
digital signal processing means for processing
said digital voice samples to obtain a digitally
modulated signal for transmission;
up-converting means including a programmable
30 frequency synthesizer for translating said digitally

This Sheet Has Been Replaced




15 - wishing to initiate contact with the systeﬁfby———————pef+e+ﬁ¥ng a

so-cal I'ed random access

re-use plans

reuse plan on the uplink, the described TDM FDVA
can be’ enplbyed while

10

15

20

25

30
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modulated signal to the final selected transmit
channel frequency; and

transmit power amplifier means for amplifying
said translated final frequency signal to a power
level suitable for transmission compatible with the
desired communications range.

21. A radio transmitter/receiver according to
claim 20, wherein said up-converting means comprises
a phase lock loop to translate said digital
modulation from a first modulated signal frequency to
a final selected transmit channel frequency.

22. A radio transmitter/receiver according to
claim 20, wherein said digital signal processing
means operates to compress said digital speech
samples to a reduced number of data symbols by means
of a speech coding algorithm, encode said reduced
number of data symbols using an error correction
code, buffer said coded symbols in a memory so as to
affect their transmission using only that portion of
the time in which said receiver is not receiving, and
modulate said encoded and buffered samples by
conditioning them so as to represent a sequence of
smoothly varying phases or amplitudes or both of a
carrier frequency signal such that the spectrum of

.said modulated carrier signal is contained within a

desired frequency region or subband.

23. A radio transmitter/receiver aééording to
claim 22, wherein said desired-frgquency range is a
subdivision or subband of a shared transmit frequency
channel used by other transmitter/receivers in

.communication with said radio network station.

Sheet. Has Been RTlaced
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eontrolling the interference |evels between adjacen

As previously disclosed, it can be deS|rabIe to 10 den the upllnk
channel bandw dt hs by enpl oyi ng TDVA M’g FDVA
upl ink and reducing the nunber of FDNA chann y, in
order fo ~ correct for Doppler shifts. It will be appreC|a ed by
those of ordinary skill in the art that the actual 15 nunbers used above
are exenplary and do not inply a restriction of the present invention
to those exanpl es. Fi,gure 7 illustrated a preferred

I mpl enent ati on of a nobile or portable radio suitable for use in the
20 present invenptio DRALAL both the
upl i nk and downl i %% frg'qlfea?g'logs IS connect aqﬁ er nal%gel y to receiver

30 and trans®leipoRanr Wherelnamqna@omzm gt snbhemd, IF R switch 20,
which is detet@iheal b§d sAvdt &g gheMat Iﬂqﬂm%ﬁé&n@o agpLy iRy 25

alternative, transmt/recCei ve dupl'exing fillters can
a phase ramp during sa1d modulation conditioning
5 equating to the desired frequency offset of said

subband from the center of said shared channel.

25. A radio transmitter/receiver for
communicating in both directions with a radio
network, comprising: _

10 a timing control unit for sequencing transmit
and receive functions repetitively with a given frame
period;

a receiver unit activated by said timing control
unit to receive a signal from said radio network

15 during a first allocated time slot with a length
equal to a first portion of said frame period; and

a transmitter unit capable of being activated by
said timing control unit to transmit during a second
allocated time slot with a length equal to a second

20 portion of said frame'period which does not overlap
said first portion and in which said second time slot
is substantially longer than said first time slot.

26. A radio transmitter/receiver according to
claim 25, wherein said timing control unit includes a
25 microprocessor and an application specific integrated
circuit.

27. A radio transmitter/receiver according to
claim 25, wherein said timing control unit also
controls the channel center frequency of said

30 transmitter in dependence on said allocated received
time slot.
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be used if uplink and downlink frequencies are sufficiently

separated to permt sinple filters with | ow | 0ss. Vhen—uptimnk and
downl i nk frequencies are wi dely separated, a single antenai ﬂﬂg not

be 30 efficient, in which case separate transmt ““““!

antennas nmay be necessary. This does not, wam“

principle of the present invention, whi ch |s t o* avfoi d haV|ng t he
transmtter active during receiving instances.

39

28. A radio transmitter/receiver according to
claim 25, wherein said receiver portion performs
amplification, filtering, down-conversion, sampling
and analog-to—-digital conversion of the received

5 signal; buffering of said digitized signal samples in
a buffer memory and digital signal processing means
to process said samples in said buffer memory.

29. A radio transmitter/receiver according to
claim 28, wherein said digital signal processing
10 means operates to determine time synchronization and
frequency accuracy, demodulate and error correct data
symbols, and process said corrected data to obtain
digital voice samples.

30. A radio transmitter/receiver according to
15 claim 29, further including means to convert said
digital voice samples to an acoustic voice signal.

31. A radio transmitter/receiver according to
claim 25, wherein said transmitter portion comprises:
means for converting an acoustic voice signal to
20 digital voice samples; '
digital signal processing means for processing
said digital voice samples to obtain a digitally
modulated signal for transmission;
up-converting means including a programmable
25 frequency synthesizer to translate said digitally
modulated signal to the final selected transmit
channel frequency; and |
transmit power amplifier means for amplifying
said translated final frequency signal to a power
30 level suitable for transmission and compatible with
the desired communications range. -
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i6 - The tim ng generator supplies ti

pul ses ‘to the switch 20, the receiver 30 and the di gi tal denodul at or
and decoder 40 in order to provi de them wit m"ﬂlmu"lﬂuﬂﬁlﬂm t he
signal in 5 all ocated tineslots on the downlin k

has sufficient bandwidth to receive the entire TDM “do%nlS nk signa
spectrum but only one tineslot per 40ns franme of this bit rate
streamis selected for processing in the digital denodul ator and
decoder 40. 10 During this selected tineslot, the signal fromthe
receiver is digitized in Ato D convert 31 and recorded in a
buffer menory contained in the denodul at or 40. The_digitization

t echni que Aref ePapadin dxansuitber/rageisern aqqgrdingrkoof the 15

signal, for eiadm 81,bwhedldild igiid hp-Riludptidiyfl means comprises
a phase lock loop to translate said digital
modulation from a first modulated signal frequency to
5 said final selected transmit channel frequency.

33. A radio transmitter/receiver according to
claim 31, wherein said digital signal processing
means operates to compress said digital speech

' samples into a reduced number of data symbols by

10 means of a speech coding algorithm, encode said
reduced number of data symbols using an error

 correction code, buffer said encoded symbols in a

memory so as to affect their transmission using only
that portion of the time in which said receiver is

15 not receiving, and modulate said encoded and buffered
samples by conditioning them so as to represent a
sequence of smoothly varying phases or amplitudes or
both of a carrier frequency signal such that the
spectrum of said modulated carrier signal is

20 contained within a desired frequency region or
subband.

34. A radio transmitter/receiver according to
claim 33, wherein said desired frequency region is a
subdivision or a subband of a shared transmit
25 frequency channel used by other transmitter/receivers
in communication with said radio network station.

35. A radio transmitter/receiver accsrding to
claim 34, wherein operation of said subband is
determined by said digital signal process applying a

30 phase ramp during said modulation conditioning
equating to the desired frequency offset of said

subband from the center of said shared channel.
' This Sheet Has Been Replaced -




Bmagimnary (Q parts by neans of a quadrature m xer, and t hen

di'giti Zing each part. An alternative to thIS serea¥+ed—+——€}—e#——
Cartesian method is the LOGPCLAR net hod described in U S

20 5,048,059 which is assigned to the sarre assi gnemmmluluujulllwml
hereby’ i ncorporated by reference. Another - alter S
the co-call ed honodyne or zero-1F receiver such as described in U S.
Pat ent No. 5,241,702 which is hereby incorporated by reference. 25
The conpl ex vectors recorded in the buffser menory are then processed
by the digital denodul ator and decoder 40 during the rest.of the
frame tine 3907 & GAld el Wedtifo' Por |ddHtIica: TR fh

si gnal sanpl es. _The _.denodul ati on stage of the 30 processing can involve
channel equaPlP&PF@#%&YGQﬁuPutStatl° (ﬁﬂqﬂqﬁf%wgwntlgate the effects of
mul ti pat h muARAGTidxinhg Beamlfcﬁ} gl ipIexdng adlod tfided i s

? (r)et ﬂgsg;ﬁzeggﬁgﬁggqﬁﬁlﬁ éﬁré:or cdr3r5e5cit2’5 ion co%ed speec?i 5119‘19616 assi gned
intended for said outstations into corresponding time
slots in a TDM frame;

modulating means to impress said multiplex
digital signals on a transmitter carrier frequency
signal;
10 transmitter means coupled to antenna means to
transmit said modulated carrier signals; and l
a plurality of receiver means coupled to an
antenna means for receiving signals from said
outstations on a corresponding plurality of signal
15 frequencies within a shared channel bandwidth, each
receiver means receiving a signal from a particular
outstation only when said transmitter means is not
transmitting the time slot intended for reception at
said particular outstation.

20 37. A radio base station according to claim 36,
wherein said plurality of said receiver means is at
least one less than said plurality of outstations.

38. A radio base station according to claim 36,
in which said plurality of receivers are coupled to
25 digital signal processor means that sort the signals
received from said plurality of receivers in order to
decode signals each having originated from different
ones of said outstation transmitters.

39. A radio base station according to claim 38,

30 wherein said sorting and decoding reconstructs a
digitized voice signal transmitted from at least one
of said outstations.
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35 * incorporated herein by reference.

17 ' To hel p bridge fading, error-correctionencoded dat a
frames may be spread over nore than one tinmeslot neans of
interleaving, so that a nunmber of tineslots ha\mmmlﬂ Immll m",d and
dei nter| eaved g

42

40. A radio base station according to claim 39,
‘wherein said reconstructed, digitized voice signals
from a plurality of outstations are remultiplexed for
connection to a digital exchange'employing time slot

5 interchange.

41. A radio base station according to claim 36,
wherein said multiplexing means is a digital exchange
employing time slot interchange.

42. A radio base station according to claim 38,
10 wherein signals received from a second plurality of
receivers located at one or more remote sites are
also sorted and processed to prdvide improved
reception of signals to said outstations.

43. A radio base station according to claim 3§,

15 wherein said plurality of receivers is constructed by
means of digitizing the composite of all received
signals, processing said digitized composite signal
with the aid of a digital filter bank to separate
individual subband signals, sorting samples from said

20 subband signals according to their originating
outstations, and processing sorted samples
corresponding to each outstation in order to
reconstruct a digital voice signal transmitted by
that outstation.

25 44. A radio base station according to claim 43,
wherein said processing includes the operations of
demodulation, error correction decoding and speech
decoding.

—_—

—
T —

This Sheet Has

i



©5  -before the first franme of speech data is error- ~~ correction
decoded. The denodul ati on of the signal sanples 1 n each tinesl ot

shoul d preferably be optim zed together with t

decodi ng al gorithm for best perfornmance at | owﬁlﬂ'ﬁﬂﬂﬂﬂﬂ“ﬂ%l&
rati os, fot exanple, by passing soft-decision orcrati om f#omt he
denodul ator to the decoder, or by conbi ni ng denodul ation with
decoding in a so- : cal | ed decodul at or. After denodul ation
and error correction 15 decodi ng, using for exanple, a soft-decision
based convol utional decoder, a f43ane's worth of error-

correction decoded speech data is passed to the speech coder/ decoder

60, where it is t@&Pnedd Fedimhase StaﬁﬁﬂﬂxﬁFQRﬁﬁﬂngsﬁﬁ QJ4GM(ﬂ ‘

sanpl es/ secoaﬁeﬁauagsalaotp étf&eéaaé@m:ﬂahﬁ YIRS 3in L he
originati ter. .The ? agga codi ng/ decodi rig t echni que
can for exanﬁF@eEefF8?|&Gﬁ°qqﬁ§ﬁaq8< ST near Predictive Coding

(RELP) or Code Book Excited Linear
46. A radio base station according to claim 45,
5 wherein an already processed stronger signal is then
conditioned for subtraction from adjacent, weaker
subband signals in order to enhance the isolation
between adjacent subbands.

_ 47. A radio base station according to claim 38,
10 wherein said digital signal processor means jointly
demodulates or decodes received signals originating
from more than one of said outstations.

48. A method of communication for providing
telephone communications between at least one

15 outstation in a subscriber in a public switched
telephone network comprising at least one orbiting
satellite and at least one ground control station in
communication with said satellite and said public
switched telephone network, comprising the steps of:

20 transmitting from said satellite a signal
bearing time division multiplex information comprised
of time slots in a repetitive TDMA frame period, each
time slot being allocated for reception by one of
said outstations;

25 receiving signal bursts from said satellite at
said outstation during its allocated time slot in
said TDM frame;

determining a transmit frequency channel
uniquely associated with said allocated time slots;

30 and

transmitting signal bursts using said transmit
frequency channel from said outstation to said

This Sheet Has Been
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Predictive Coding (CELP) which conpresses an 8 kilo 25 sanpl e/ second PCM"

voi ce Signal down to 4.2 kil obits/second at the and
conversely expands the 4.2 kil obits/second signal from he '
decoder 40 to 8 kil obits/second PCM signal again for “","m,"
conversion‘in Dto A convertor 130 and audio 30 anmpllis "“Nm””",
driving an earphone 132. In principle, the receivel ohly needs
to receive a single frequency on which.all signals from al

mobi | es are nul tipl exed and nodul ated. 4% a result, t he receiver does
not have to tune to alternative 35 frequenci es, but rather, selects

between all gatellite using substantially all of the remaining
part of the TDM frame during which said outstation is

not receiving.

49. A method for providing telephone
5 communications between a number of outstations and a
subscriber in a public switched telephone network
comprised of at least one orbiting satellite and at
least one ground control station in communication
~with said satellite and the public switched telephone
10 network, comprising the steps of:
allocating to each of said outstations a time
slot in a repeating time division multiplex frame,
for reception from said satellite and an associated
frequency channel for transmission to said satellite;
15 receiving signal bursts from said satellite at
one of said outstations during its allocated time
slot in said TDM frame; and
transmitting signal bursts using said allocated
transmit frequency channel from said one of said
20 outstations to said satellite during one or more of
said time slots not allocated for reception at the
same outstation.

50. A method for providing telephone

communications between a first number of outstations

25 and a subscriber in a public switch telephone network
comprising at least one orbiting satellite and at
least one ground control station in communication
with said satellite and said public switch telephone
network comprising the steps of:

30 allocating to each of said outstations a time
slot in a repeating down-link time division multiplex
frame period for reception from said satellite;
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avail abl e tinmeslots. The control m croprocessor 110

recei vés i nformati-en—en—a calling/paging slot during  _ call set up
designating the slot. to be used for the call. The contro

M Cr Opr 0ces s ofnislshie: f i\‘(@iﬁ 5 the tim nOI

to genérate aII | pul ses necessary t Im mﬂﬂl Eéﬁl'z
transmtter g!m‘[“ ing to the inventive *

formats descrlbe erei m..The control m croprocessor al so prograns

I ngl y,
and
ybrld

the transmt 10 synt hesi zer 90 to nerate an FDVA channel uplink
frequency associated with the al.l ocated downl i nk timeslot with the

hel p of UpconvertQ%d@aviBQ951gnal bursts from said satellite at

10

15

20

25

- 30

one of said outstations during said allocated time
slot and said downlink TDMA frame;

determining a second number of transmit
frequency channels and a third number of transmit
time slots in a repetitive uplink TDMA frame to be
used by said outstations for transmitting to said
satellite, the product of said second and third
numbers being equal to said first number;

allocating to each of said outstations a unique
combination of one of said transmit frequency
channels and transmit time slots depending on their
respective allocated receive time slots such that the
transmit time slot and receive time slot at any
particular outstation do not overlap; and

transmlttlng signal bursts using said allocated
transmit frequency channel in ‘said allocated transmit
time slot from at least one of said outstations to

said satellite.

51. A method for providing telephone
communication between a number of outstations and a
subscriber in a public switched' telephone network
comprising at least one orbiting satellite and at
least one ground control station in communication

with said satellite and said public switched

telephone network, comprising the steps of:
allocating to each of said outstations a time
slot in a repeating down-link time division multiplex
frame period for reception from said satellite;
receiving signal bursts from said satellite at
one of said outstations during its allocated time
slot and said downlink TDM frame; _
determining a second number of transmit
frequency channels and a third number of transmit



upconvertor 80 can operate in several manners.

upconveértor 30 can operate by mxing a 15 fixed dulated frequency (TX
IF) with the variable frequency produced by w *Mﬂ"mm””'m guency
synt hesi zer to generate a sumor difference frequen esired
transn't cthannel frequency, wherein ' either the sum or The di*f f erence
Is selected by a 20 filter. In the alternative, the upconvertor 80 can
operate by mxing a signal froma voltage controlled oscillator with
t he synt hesi zer frequency to produce a difference frequency that is
phase- corrpar ed to the fixed nodA@ted frequency in a phase error

det ector, t he_phase error _then being anplified and applied to

the VOO in or%eﬁ of TR K@ | 32t °f heed® ddi st stomayltiple acceags causing t he
VCO phase to cfddés)vtqﬂfwmswwbﬁtsﬁu outsta®fonderdX tFandieteEhgr M nation

30 " odul st Tk STALTRS the Brotictoef s id merond and © TCONSTane
anpl i t ude nodiiiatd ommbersiieeing edquwal to said first number,

5 allocating to each of said outstations a unique
combination of one of said transmit frequency '
channels and one of said CDMA codes in dependence on
their respective allocated receive time slots; and
| transmitting signal bursts using said allocated

10 transmit frequency channel and CDMA code from at
least one of said outstations to said satellite using
parts of said TDM frame period during which time said
outstation is not receiving from said satellite.

52. A communication system for providing
15 telephone communications between a number of
outstations in a subscriber and a public.switched
telephone network comprising at least one orbiting
satellite and at least one hubstation in
communication with said satellite and said public
20 switched telephone network comprising:

' at least one orbiting satellite in communication
with at least one of said outstations and said
hubstation, said satellite including:

multiple beam antenna means for
25 illuminating different areas on the earth with
signals to be transmitted from said satellite to said
outstations;
multiple transmitter means for generating
said transmit signals associated with reséective
30  beams of said multiple beam antenna means; and
multiple receiver means for receiving
signals from said hubstation to be retransmitted by
said multiple transmitter means and respective beams
of said multiple beam antenna;

This Sheet Has Been Rep laced




sel‘ected nodul ati on invol ves a varying anplitude
I nfthe*everse direction,
first anplified and converted

19

10

15

20

25

30

3

to 8 kilobit sanple/second PCMusing Ato

a speech signa

47

from 35

t he nicrophbne 131 is

G

at least one hubstation in communication with at
least one orbiting satellite, comprising:
multiple multiplexed means for multiplexing
signals intended for retransmission from said
satellite using a particular beam of said multiple
beam antenna into respective active time slots of a

corresponding time division multiplex frame also

including inactive time slots to produce

corresponding TDM signals;

multiple transmitter means in radio
communication respectively with said multiple
satellite receiver means for transmitting said
corresponding TDM signals such that each TDM signal
is retransmitted from a corresponding one of said
multiple satellite antenna beams; and

time slot allocating means to allocate said
active time slots in each beam so that they coincide
with inactive time slots in neighboring beanms.

53. A communication satellite system for

providing telephone communications between a number
of outstations and a sﬁbscriber in a public switched
telephone network comprising at least one orbiting
satellite and at least one ground control station in
communication with said satellite and the public
switched telephone network, comprising:
at least one orbiting satellite in communication
with at least one of said outstations and said
control station, said satellite comprising:
multiple beam antenna means for .receiving
- uplink signals from groups of said outstations
located in respective regions of the earth and
transmitting corresponding downlink signals to said

outstations;
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¥3.«and then conpréssed to a reduced bit rate using t he speech coder

60. Speech conpression techni ques such as RELP ggg_ggiiijjnﬂ;_conpress
speech to as low 5 as 4.2 kilobit sanples/seeend T neraIIy operate on
40ms franes of speech sanples at a tinme. Afrane is y
conpressed to 163 bits, that are then error “L“ E‘“ in
digital encoder 70 before bei ng nodul at ed o w0 fsrequency. The
10 nodul at ed radi o frequency nmay be a fixed i nt er medi at e frequency
| ocked to an accurate reference oscillator 100. The signal is then
upconverted in upconverter 80 by g@xing wth transmt synthesizer 90
to the final uplink frequency signal which is then anplified 15 by

transnmt power anplifieflﬁeﬂ mm@tﬁpxeeﬂe631VQe means ea¢hch 20 to the
(and i1 used 25eos A1 FTER ke TOF saia piPEtRlt intehid DR ' (0
into the avaiﬁqablmettemm@fsamIeuphimerSimlﬂ ng the 20 downl i nk
timeslot, so as to inple{pat hiPef5PEtrhsmitter means coupled to
5 said first multiple receiver means for relaying said
received signals to said control station;
second multiple receiver means for

receiving time division multiplex signals from said

control station; and _

10 second multiple transmitter means each
associated with one of said multiple antenna beams
and coupled to said second multiple receiver means
for relaying said TDM signal to said outstation;

at least one control station in communication
15 with said at 1east'one orbiting satellite,
| comprising:
multiple receiver means for receiving said
relayed uplink signals from said satellite;
multiple transmitter means for transmitting

20 time division multiplex signals to said satellite for
retransmission by said satellite to said outstations
in corresponding downlink satellite antenna beams;
and

time slot and frequency allocating means to
25 associate uplink channel frequencies used by said
' outstations for transmitting with downlink time slots
used by said outstations for receiving such that
allocated downlink time slots and associated uplink
frequencies in one of said multiple antenna beams

30 correspond to unallocated time slots and frequeﬁcies

in neighboring beams.

S4. A satellite communication system according
to claim 52, wherein said satellite multiple

This Sheet Has Been Replaced
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&hes present invention, thus avoiding sinultaneous T and
recei veng. The timng of this conpr essi on, Iatlon and activation

and deactivation of the power anplifier at ap ”mLHI
instances is also controlled by timng generator 50 ﬂmml%"HChleve
t he coordrmati on between transmt and receive t|n1ng

sone applications, the receiver may have to be able to tune to

al ternative channel frequencies as 30 well as to sel ect between the TDM
timeslots on those channel's. I n t4gose instances, the receiver 30

woul d al so contain a frequency synthesi zer progranned by

control m cr gpaACGseerl i N ddifhkd Gdtirate el ling Wavde

ref erence frequency osci | l'ator
tubes.

55. A satellite communication system according
to claim 52, wherein said satellite multiple
S transmitter means comprise class C transmit power
amplifiers operated at maximum efficiency.

56. A satellite communication system according
to claim 55, wherein said transmit power amplifiers
are powered down to a low current during inactive or

10 unallocated time slots of the respective TDM signals.

57. A satellite communication system according
to claim 56, wherein said active time slots of any
TDM signal are packed together to occupy adjacent
time slots in a subframe period being a portion of
15 said TDM frame period and said inactive time slots
form the rest of said TDM frame period. '

58. A satellite. communication system according
to claim 57, wherein said subframe of any one TDM
signal retransmitted in one of said multiple

20 . satellite antenna beams does not overlap the
subframes of the TDM signals transmitted in the
neighboring beams.

e
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20«0 al l ocated frequency is given over a calling or paging

channgf at call set-up. " In landnobil e radi o applications using

a push- to-tal k operation, the nobile termnal nay be a 5 menber

of a group or net of correspondents sharing a . trunked radi o system

w th other-groups. In trunked . systens, all idle radios listen to a
~call set-up channel . Wien a radio transmts by activation of the

talk switch, a short nessage is transmtted on the 10 correspondi ng cal

set-up uplink channel requesting a 50

1o

15

20

ABSTRACT OF THE DISCLOSURE

A radio access method for facilitating
communication between at least one first station and
a plurality of second stations is disclosed. First,
each signal intended for transmission is buffered at
a first station. The signals are then divided into
equal length segments. The signal segments intended
for a particular one of the second stations is
transmitted using a corresponding time slot in a
regularly repeating time multiplex frame. The signal
segments transmitted by the first station are
received at at least one of the second stations and
the signal segments are assembled from successive
corresponding time slots to reconstruct said intended
signal. A transmit frequency channel uniquely |
associated with the corresponding receive time slot
is determined at the second station. Finally, a
signal intended for transmission to the first station
is buffered in the second station and compressed for
transmission using the transmit frequency channel
during substantially the entire time period that the
second station is not receiving.
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of the Inventlon

The present invention relates to duplex

communication systems for cellular radiotelephone

communications.

relevant to certain simplex systems,

systems for simultaneous two way voice _
The present invention is also

for example,

landmobile radio systems that provide "press-to-talk"

communications facilities between a plurality of

10

correspondents in a radio net.

The present invention

is also relevant to satellite communications with

portable or mobile terminals.

Background of the Invention
The prior art contains several examples of

15

duplex¥ radio communications using Frequency Division -

Multiple Access (FDMA) in which different radio
telephones each have a unique pair of frequencies for

transmissions in the transmit and receive directions,
for example, the U.S. AMPS cellular telephone system.

20

The prior art also discloses duplex radio

communication systems using Time Division Multiple

Access (TDMA) in which each radio telephone has a

unique time slot on a first shared frequency for

communication in one direction, and a second unique

25

time slot on a second shared frequency for

communication in the other direction, for example,
the European GSM digital system or the U.S. Digital

-Cellular standard Is-54. "

In these systems, the time

slots in the respectlve dlrectlons are furthermore

30

offset in time from each other so that the portable

: radiotelephones do not need to transmit and receive

simultaneously.

This eliminates the need for a
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30 desi gnated, for exanple, by the last few digit
respective tel ephone nunbers. These so called ]

only paged in a particular subnul ti pl ex sl ot,
- mcroprocessor 110 is able to identify fromrefe] ved data and jcgn
t hus® 35 program the timng generator .50 to wake up }hd 2 AUG 1996
21
2

transmit/receive duplexing filter which is required
by a radiotelephone operating in a FDMA system.
Instead, a so-called "time duplex" phone, as
envisioned in the prior European Cellular System GSM,
5 uses a simpler transmit/receive switch to couple the
antenna alternately to the receiver or the
transmitter.
In certain applications, neither TDMA nor FDMA
provides an optimal solution. The TDMA system
10 requires higher peak transmitter power to compensate
for compressing the transmission into a time slot
that is only a fraction of the total time, since it
is the mean power that governs the range and quality
of the communication. This is not an issue for a
15 base station that in any case must have enough
transmitter power to support all mobile stations, and
the total power is the same for FDMA and TDMA
solutions. It is simpler and cheaper for the TDMA .
base stations to have one high power transmitter and
20 one antenna which can be timeshared between all
base/mobile links using Time Division Multiplexing
(TDM) . However, it is often inconvenient for TDMA
mobile stations to generate high peak power. On the
other hand, it is inconvenient for FDMA mobiles to
25 use antenna duplexing filters. Therefore, the
present invention seeks to provide a method of using
TDM on the base-to-mobile link (downlink) combined
with FDMA on the mobile-to-base link (uplink), while
avoiding the need for a duplexer.
30 The prior art discloses examples of mixed
_TDM/FDMA systems, such as the British Army’s
PTARMIGAN gingle Channel Radio Access System (SCRA).
The SCRA system is in fact a m111tary radlotelephone
: system, and uses TDM on the downlink on‘a first .
.35' . frequency band wh;le.using -‘FDMA on thg_upllnk by -



receiver only at these instances, which results in REPLACHMENE SHERT

st andby power current consunption savi ngs. Furlhernnre,
the digital denodul ator/decoder 40 5 can, after pfoges i a new
recej ved tineslot, produce an estinmate of the frnquﬁ#ugglee 9r9§ of t he
recei ver caused by inaccuracies of the reference | as
wel | as Doppl er shift, which can be significanf in satelllte
systens. By using broadcast 10 informati on froma Satett+ite—the

m croprocessor 110 can correct for the Doppler shift and determ ne

t he error due solely to‘reference os§|llator 100. The

m cr oprocessor 110 can then correct the err sendi ng a

order to Insure AlieqEnd 4 Yendkaty  Aade en%yiﬁh%i‘%eﬁéﬁ'r'e' gpdfient,
t he r ef er elndo g |daxttomdlyi e anshink { r cfnen§gRA systepnt hesi zer 90
I's accurately gegprahed. WGnPIAGSSSither separate antennas for the
uplink and downlink, respectlvely, or a duplexing
5 filter to permit simultaneous transmission and
reception through one antenna.

Figure 1 illustrate the prior art transmission
format described in the U.S. Digital Cellular
standard IS-54. A base station transmits information

10 continuously in frames of data which are 20ms long.
The data in question is composed of digitized speech
information generated by a digital speech compression
algorithm interspersed with synchronization,
signalling and control symbols. Each 20ms frame of

15  data is divided into three time slots and each time
slot contains information destined for one of three
mobile stations. Thus, a particular mobile station
only needs to turn on its receiver for one-third of .
the time since the data for the particular mobile

20 station is confined to one of three time slots that
‘make up the frame. In the reverse direction, the
20ms frame is likewise divided into three time slots.
Each mobile transmitter uses only one of the two time
slots in which it is not receiving, which leaves the

25 other third of the time which can be utilized to scan
other base station frequencies to see if another base
station is received more strongly. These signal
strength measurements are reported over the uplink
channel to the current base station, which makes a

30 decision on whether to hand off communications with

| that mobile station to a stronger base. station.
Utilizing signél strength measurements performes by
mobile stations in making handoff dec151ons is called

' "Mbbile Assisted Handover" (MAHO). ' '



of correcting for Doppler shift involves determning 20 the position or

bear-ing relative to the satellite's
the foll ow ng

shift;

informati on on the satellite's 25 i nst ant anegus$ t hree di nensi ohal

coor di nat es;

previ ous mobi | e term nal position;4elgedPe i hej since

orbit by utilizing any or al
© paraneters: neasured rate-ofg ,
satellite and antenna beamidentification Rﬁffﬂfﬂﬁlﬁ Jgﬁgggg oadcast

of

| ast position estimate; and nobile term nal yYelocity. In
addition to the frequency correction mechani TENTUToNMed aboye, the

denodul at or produces 30 information on ghe pgsition of sighal.sanples

in the buf fer nmenory deened to correspond to known sync

symbol s, which yields rmftﬁfl@t;sﬁbxorhmesw@é&ﬁpcytoéan be skBA thatng

produced by the tim_ng generator

he: f
sanity checks onmohides ransq;ﬁﬁwﬁgg Qﬂ#¥uﬁp?ﬁ 1 8 gcgﬁgogvaégﬁgggvg{rz,
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time and therefore has to use three times the peak
power that otherwise might have been sufficient if
continuous transmission had been employed. If
continuous transmission had been employed, all three
mobile transmissions would be overlapping in time and
would therefore have to be given different frequency
channels as in the British Army’s PTARMIGAN SCRA
system. Furthermore, transmit/receive duplexing
filters would be needed to allow simultaneous
transmission and reception in the mobile station.

Summary of the Disclosure
The present invention relates to a radio access

method for facilitating communication between at
least one first station and a plurality of second
stations. First, each signal intended for
transmission is buffered at a first station. The
signals are then divided into equal length segments.
The signal segments intended for a particular one of
the second stations is transmitted using a
corresponding time slot in a regularly repeating time
multiplex frame. The signal segments transmitted by
the first station are received at at least one of the

second stations and the signal segments are assembled

from successive corresponding time slots to
reconstruct said intended signal. A transmit
frequency channel uniquely associated with the
corresponding receive time slot is determined at the
second station. Finally, a signal intended for-

 transmission to the first station is buffered in the

second station and compressed for transmission using
the transmit frequency channel during substantially



22 demand small timng corrections of the timng generator 50

So asS to correct

for any drift. Fig ?—€L+++¢ﬁﬁ bl ock
di agram of a base station |nplenentat|on sanBbA@EM&B dgggﬁﬁ the 5

present invention. A common antenna 210 is conn

to alrpceiver

| ow noise anplifier 230 and a transmt . power an?b Auﬁelilg%60 by a

duplexing filter

220. The

5 |

the entire time period that the second station is not
receiving. )

The present invention also discloses a radio
transmitter/receiver for communicating in both
directions with a radio network. The radio
transmitter/receiver comprises a timing control unit
for sequencing transmit and receive functions. Aan
antenna switch alternately connects an antenna to the

| receiver and transmitter under the control of the

10

15

20

25

30

timing control unit. A receiver portion controlled
by the timing control unit receives a signal from the
radio network during an allocated time slot in the
time division multiplex frame period. Finally, a
transmitter portion capable of being controlled by
the timing control unit transmits during the rest of
the time division multiplex frame period when the
receiver portion is not receiving.

The present invention also discloses a method of
communication for providing telephone communications:
between at least one outstation and a subscriber in a
public switched telephone network comprising at least
one orbiting satellite and at least one ground
control station in communication with the satellite
and the public switched telephone network. First, a
signal from the satellite bearing time division

'ﬁultiplex information comprised of time slots in a

repetitive TDMA frame period is transmitted, wherein
each time slot is allocated for reception by one of
the outstations. After receiving signal bursts from
the satellite, the outstations determine a transmit
frequency channel uniquely associated with said

‘allocated time slot. Finally, the outstation

transmits signal bursts using the transmit frequency

. channel to fhe,éatellite using substantially all of '



| ow noi se anplifier passes the entire uplink frequency band to a bank
of FDVA channel receivers 10 240. After digitipi Nal—rn each
channel usi ng one of the aforenentioned conp 5598Q¢E@Eﬁ595 EHT

di gi ti zi ng techni ques, the signals are processed i bank recei ve
Di gital Signal Processing devices 520 i n orderitd 2AUGTYE
denodul ati on and equal i zing, 15 error correctipnf decodi ng, and gpeech
decodi ng for each active channel. The resulfting 8 KrTobit
sanpl es/ second speech signals are then tineg tiplexed using a
standard digital telephone standard such as the T1 format for
convenient 20  gEnesid ihn® TPOMI gréme Qurifd PhieXcBABJeuZ8Batioh

as the ERI CSSON AXE sv\u;tch. . An alternative to the anal og

i npl enent ati on of*S NOC FYGRIFEHA recei ver bank is to digitize the entire
conposite signal and to proBediefi Dedicyipi&liion of Zhe Drasgpmsate the

i ndi vi dual FDVA si gnalg, ﬂ¥g§eﬁé inventiBh3§11$2hotCpeCidsa81bag §hanal

strength differences
5 more detail with reference to preferred embodiments

of the invention, given only by way of example, and
illustrated in the accompanying drawings in which:

Figure 1 illustrates a prior art TDMA format;

Figure 2 illustrates a TDM/FDMA format with

10 overlapping mobile transmissions according to one
embodiment of the present invention;

Figure 3 illustrates a TDM/FDMA hybrid format
according to one embodiment of the present invention;

Figure 4 illustrates a TDM/FDMA hybrid format

15 according to one embodiment of the present invention;

Figufe 5 illustrates the application of the
present invention to satellite communications with a
large number of time slots;

Figure 6 illustrates a 3-cell frequency re-use .
20 ' plan; '

Figure 7 illustrates a block diagram of a
portable radio according to one embodiment of the
present invention;

Figure 8 illustrates a base station for one

25 embodiment of the present invention;

Figure 9 illustrates satellite/mobile
communications in one embodiment of the present
invention;

Figure 10 illustrates a hub-to-mobile satellite

30 transponder; and

Figure 11 illustrates a mobile~to-hub satellite

transponder. ' )



bet ween the signals are not too great for the Ato D —convertor.s

dynami c range. Another aspect of the pr esent |nv§M§Lg@ﬂ&§§q SHEET
i ncl usi on of power control 30 means to restrict the |sijgnat

di fferences bet ween di fferent FDVA signals in orde ﬁkiﬁﬁ'h¢ ate
digital inplenentation of the FDVA receiver filter ba t!
potential sinplification of the base station. The tpower _control |
nmeans proposed i s known 35 to the prior art and is bgsed on the nobile

stati ons
7

Detailed Description of the Preferred Embodiments
In a 3-slot TDMA communication system where the

.Mobile Assisted Handover feature is not required, but
where simultaneous transmitting and receiving is to

5 be avoided so as to eliminate the transmit/receive
duplex filter, the present invention extends the
transmit duty factor from one-third to two-thirds,
thus halving the peak power requirement. The uplink
and downlink formats according to the present

10 invention are illustrated in Figure 2.

As illustrated in Figqure 2, two of the three
mobile transmissions overlap at any one time. 1In
order to pernit them to overlap in time, they must be
made orthogonal, i.e., non-interfering, in some other

15 domain such as the frequency domain. Since using
twice the time for transmission allows the
transmission data rate to be halved, it is possible
to accommodate two transmissions within the same -
bandwidth by arranging that one of the transmissions

20 uses the top half of an allocated bandwidth while the
other transmission uses the bottom half, or vice
versa. For example, a first mobile station may use
the upper half of the channel bandwidth and halfway
through its two-thirds transmit period a second

25 mobile station can start transmitting in the lower
half of the channel. Then, after a further one-third
of the frame period, the first mobile station will
finish using the upper half of the channel and a
third mobile station can begin transmitting in the

30 . upper half channel. After a further one-third

' H:perlod the second mobile statlon w111 flnlsh uSLng
-the lower half channel, and the flrst mobile station
can: start transmittlng agaln. However, the first
'mobile station will be operatinq on the lower half



23 assum ng correl ation between the signal strength they
recefve fromthe base station and the signal stren t-he

LTTS LI\JL’U
station receives fromthem Thus, an i ncrea |LA@MEHT ${EE gth
received fromthe base 5 station is acted upon| by a nmobiITéSTHtijon by
reduci ng Its transmtter power and vice verfal y Atk
conpl enented by a sl ower power control neans at the -ﬁ@ﬁugslgg(, tlatji on
whi ch i ncl udes up/down power control i nf or qat Tomrn—the—sidndl | i ng
sanples interl eaved 10 Wi th voice synbols in edch nobile stationys
timeslot. The exchange/ switch 280 sel ects bet weén uptTTk
signals received fromthe public swtched tel ephone net wor k or

signals froman ehanned isteadrof tRempper halfrchannehi £8i on on the
downl i nk, accor digig dihalaly dferate@ton’P | Phos Btéplen’ £AY8aECdn QUi ng, or
preset when an odd number of time slot are used in
combination with channel bandwidth division by an
5 even number, and may be solved by either of the two
methods described below. '

.The solution in which two mobiles use the upper
and lower half channels respectively for two-thirds
of the time while a third mobile station uses the

10 upper half channel for its first third of the time
and then switches to the lower half channel for its
second-third of the time is avoided since the aim of
any solution should be that all mobiles function
identically independent of time slot. It is

15 preferable, if frequency switching midway through the
transmit burst is to take place in any mobile station
that it takes place in all mobiles so that the system
has a uniform design.

Figure 3 illustrates one embodiment of the

20 present invention in which a first mobile station
receives a first third of the base station
transmission and then transmits to the base station
using the upper half of the uplink channel for the
first one-third of its two-thirds transmit period.

25 After the first third transmit period, the first
mobile station switches frequency so as to use the
lower half channel for its second one-third
transmission period. Meanwhile, a second mobile
station has received the second third of the base

30 station’s 40ms frame and starts transmitting in the
upper half channel when the first mobile switches to

- the .lower half channel. Then, when the second mobile:
..station sw1tches to the lower half channel midway '
_ _through 1ts transmit burst, a third mobile station
35 m ’_hegins transmission in the upper half channel. When  _



I nformati on. The switch 280 supplies the selected si.gnals
mul t-i pl exed t ogether according to sone known (ﬁgREPﬂA@BNﬁﬁﬁﬁQﬁﬁﬁfﬁunk
format such as T1 and delivers the signals to thertrafrstt— gnk
270 20 The transmt DSP bank separately encodes each .speech |gnal
in the nultiplex streamusing a voice conpr essi opn gl 602 Mﬁﬂggéch as
RELP or CELP. The transmit DSP bank then error cpriection.codesitHe
signals and renultiplexes the signals into the 25 dpbwnl i nk TDM f or mat
for modul ati on using nodul ator 290 on;o t he downtp—+ae-o—~Freguericy
and anplification using high power anplifier 260. The switch
280 al 50 ext ract gcald, o W OB b Gitches E5°cHE! {aker ahhi £

channel s and ins s ca setup ormat1 on correspondi ng to pagi ng
slots in the chagmed!,i mzmerm\msﬁ mabilestation leegbns| tranenpitring

as data and 0l ana3eaql i Wb dment | MaSR, | thedR¥acoirs (hat i

bypasses RELP coding and i nstea i S subjected owerful form
o¥perror fré%uency switch from the upper to owerngaffpchanne&

5 is preferably accomplished not by means of a fast
switching frequency synthesizer, but rather by means
of applying a systematic phase rotation to the
transmitted signal in order to provide a plus or
minus frequency offset from the center of the

10 channel. This can be performed within the digital
signal processing used for generating the modulation
waveforms as will be discussed below.

A second embodiment of the present invention,
which avoids a mid-burst frequency shift, is

15 illustrated in Figure 4. Here, a first mobile
station first transmits in the upper half channel and
halfway through its two-third transmit frame a second
mobile station starts transmitting using the lower
half channel. Midway through the second mobile

20 station’s transmit period, the first mobile station
finishes transmission and a third mobile station
begins transmitting using the upper half channel.
Midway through the third mobile station’s transmit
period, the second mobile station finishes its

25 transmission on the lower half channel. At this
time, the first mobile station begins transmitting
again on the lower half channel which is opposite
from the channel it initially used. In this
embodiment, every mobile functions identically but

30 alternates between transmitting in the upper and
lower half channels on successive bursts. In this
systen, the one-third réceive period of 13.3ns
between successive ‘bursts is available . for changlng

, the transmlt frequency, whlch can be accompllshed by



35 correction coding. ' e 24

A land based system may furthernore include s€ iéﬂ%ﬂﬁ@ﬁﬁTQ§ﬁs d
associ ated recei ve signal processing in order |t -

tfo at fam

TYREG 1956

space-diversity reception to inprove range an
The

10

using a frequency synthe51zer with a modest frefjuency
changing speed.
It will be appreciated that the invention is not

limited to a system with three time slots. When an

5 even number of time slots is used, for example four,
and the mobile transmit time is three-fourths of a
frame, the transmissions of three mobile stations
overlap in frequency at one time. 1In such a
situation, the channel bandwidth can be divided into

10 three, and each mobile station can then use the three
subbands in sequence. Alternatively, one mobile can
transmit for 2/4 of the time in 1/2 of the bandwidth,’
while the other three use the other combinations of
half-frame period and half-channel-bandwidth.

15 The above described solutions are in general
characterized by dividing the uplink channel
bandwidth into a number of subbands which is at least
one less than the number of downlink timeslots ’N’.
For example, the three-timeslot case divides the

20 channel into upper and lower halves, while the four-
timeslot case divides the channel into three
subbands. This is compatible with the reduction in
bit rate by the factor (N-1) when the transmitter
operates for N-1 timeslots instead of just one

25 timeslot. When N is small, it is difficult to divide
the number into N sub-bands without also reducing the
bit rate by N instead of only N-1. For example, in
the three-timeslot system, it would be difficult to
accommodate a half-bit rate transmission, obtained by

30 transmitting only 2/3rds of the time instead of
1/3rd, in only 1/3rd of the bandﬁidth. This
dlfflculty however dlsappears when N is large. &

' Figure 5 illustrates one embodiment of the
o _present anention whlch may be advantageous for _
35" '_satellite-mobile communications. In this embodiment,



5 conbi nation of signals processed fromrenote ant{ M
signal s processed with antenna 210 can take pl Q?§A“WM$P mﬂﬁmﬁ
denodul ati on and equal i zi ng al gorithm or by m

diversity

according to signal quality. Likewse, in the transmAt dﬁ?gct
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coverage. The nobile receiver illustrated in 15 Figure 7 1S abl e By

means of its equalizing

signal s
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denodul ator 1@ gorithmto perceive del ayed
received froma second transmtter as echoes of the

first transnittem &i@-tsdah iT0M daundsiankiighgoembined withoadsi2to i nprove

reception. 20

satellite conmuni,cations systemfor, one e od] nment
i nvention. An or Bt ith¢ @é’ckellllq tsFatiden s th
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| east one ground cthpredsed into the 511/512ths of the time remaining
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15

20

25

30

35

over after the mobile has received its 1/512th of the

downlink TDM format. However, the 0.2% increase in
the information rate does not hinder it from being

accommodated in i/512th of the bandwidth. Without
this signalling format, either the mobile would have
to transmit and receive at the same time,
necessitating a duplex filter which results in
undesirable signal losses, or else use TDMA on the
uplink'involving the mobile transmitting, for
example, for 1/512th of the time using 512 times the
peak power which results in an undesirable increase
in the peak power and current requirements from the
power supply. The present invention may, of course,
also in such a case permit transmission for 510/512
of the time or even less, without severe
difficulties, the compression of the information not
being restricted to clearing one timeslot for
receiving if there are other demands on time, such as
providing guard times between transmit and receive.
It can also be advantageous to consider other
hybrids of TDMA and FDMA and even CDMA for the uplink
in the case of satellite communications. Satellites
orbiting at altitudes which are lower than the
geostationary altitude exhibit significant wvelocities

_relative to stationary or mobile terminals on the

ground. This can result in the Doppler shifts of the
frequency received at the satellite from the ground

-terminals that are significant compared with the

narrow transmission bandw1dths of a pure FDMA uplink.
It is therefore sometimes desirable to increase the

. uplink bandwidth to make Doppler shift relatively

present
e signal c%%uﬁ?eae%ﬁswnhlﬁt

a



outstations called the HUB 400 as well as with a 25 q.m??awﬁﬁ—_ |l e
nobi-l e phones 420. The phones are each servi ¢BH wﬁ Ehﬂﬁﬂbg BETqt e
antenna beam from a mul ti pl e spot-beam antennd ¢n t he satettry «

provi di ng high gain in the direction of each
comuni cates with the satellite using, for exanple,
frequencies, while the satellite - commruni cat es tr—the—phanes
for exanple, L- band (uplink) and S-band (downlink) frequencieq.
nost cases, nost calls will be between satellite phones—and—oe+di nary
phones. belonglng to the public 35 swi t #2ed telephone network. The HUB
station accepts

gm'%%w Kal band

insignificant, without reducing the capacity of the
system. A small factor increase, such as 2,4 or 8
may often suffice. One method of accomplishing a 2:1
increase in bandwidth while accommodating the same

5 number of transmitters would be for each uplink
transmission to be compressed into 256/512ths of the
time on one of 256 available subbands; two
transmissions in each subband would then be
accommodated by TDMA through a first mobile station’s

10 transmitter using the 1/512th timeslots numbered 1 to
256 and a second mobile station’s transmitter using
timeslots 257 to 512. The first mobile station
receives on timeslot 257, while the second mobile
station receives, for example, on timeslot 1, thus

15 avoiding the need for being able to simultaneously
transmit and receive. This principle may be extended
to 4 timeslots on each of 128 subbands, or 8
timeslots on each of 64 subbands, and so on.

However, The mobile station’s peak transmitter power

20 must be increased as its duty factor is reduced by
using more TDMA and less FDMA on the uplink.

The bandwidth may instead be expanded by the use
of Code Divisional Multiple Access (CDMA) on the
uplink. In CDMA, each of the original information

25 bits is transmitted a number of times with or without
a polarity inversion according to the bits of an
access code. For example, a four-times increase in
bandwidth is achieved by using the access code 1100
and transmitting, in place of the original bit B1,

30 the sequence B1B1B1Bl; B2 is also replaced by
BZBZBZBZ and so on, giving a fourfold increase in blt
rate. Another moblle transm1551on'may be allowed to
overlap this by use of a different access code,_
preferably an orthogonal code such. as 1001. The |

35 other mutually orthogonal codes are 1111 and 1010,



25 calls fromthe PSTN and relays themto the nobile \ phone
via-the satellite, and conversely accepts calls

phones relayed fromthe satellite and connects AGEﬁBﬁTEﬁﬁ@jJ\
smal | percentage of 5 calls can be nobile to nobilp palTs, anda—tt UB
directly connects themto each other without ne essalr%Ag @égl vi rig
the PSTN. In sone systens, two or nore HUBS | oclat Pf rt
parts of the world comuni cate with the sane s H-e b3~ 4-his S
case, 10 nobile to nobile calls may invol ve Hub-to-[Hub

connections which can be acconplished through? I Nt er nat i oratr—truomk

| i nes that may berpart of the . .
esulting in four, overlapping, non-interfering

transmissions sharing a four times wider subband.
This achieves a fourfold increase in uplink signal
bandwidth which is desired to render Doppler shift

5 relativeiy insignificant while preserving capacity
without requiring higher peak transmitter powers from
the mobile station. '

The capacity in a cellular telephone system or

in a mobile-satellite communications system, depends

10 on being able to re-use the limited number of |
allocated frequencies for more than one conversation.
The service area to be covered is usually divided
into a number of cells each served by a base station
(or illuminated by a satellite antenna spot-beam).

15 Ideally, it should be possible to utilize the whole
of the allocated spéctrum immediately in each
adjacent cell, however this is not conventionally
possible due to the interference of neighboring cells
used in the same frequencies. As a result, a ’

20 frequency re-use plan must be employed to control
interference levels. For example, a so-called 3-cell
frequency re-use plan may be employed, as illustrated
in Figure 6. A 3-cell frequency re-ude plan
guarantees a certain minimum desired Signal-to-

25 Interference (C/I) ratio that may suffice if adequate
error-correction coding is employed on the
transmitted signal. In general, the C/I is better
for a 3-cell re-use plan in the satellite case than
in the ground cellular case, due to the sidelobes of

30 the satellite’s cell illumination profile tapering
off more rapidly out-of-cell than the signal strength
reduction with 1ncrea51ng distance in ground '

propagation. _
. A problem can arise in applylng frequency re-use
'35 _plans to a TDM downlink. A limited allocated



PSTN sysfen1 Alternatively, the satellite HUB |inks can all ocate
sone-capacity for Hub-to-Hub 15 communi cati on vi a ghe-sat-eldi-t-e-f-or such

occurrences thus avoiding landline tariffs. .REPLACENEE§T77?“ i10
and 11 illustrate a satellite conmuni cati ons pay r
one enbodi nent of t he present invention. Figur ‘he
20 downlink to the nobile phones while Figure 11 the
uplink fromthe nobile phones. Ref erring now tjo £k

antenna 360 receives a nunber of signals fronﬂthe HUB whi ch areﬁ
denodul at ed or coherently downconver %d u5|ng s 25
340. The receiv out put s | s are then coh converted in
a bank of upconng ﬁé%é% é%%nbﬂt?oEafeﬁsE?llator
330. The upconvepesthit a 3<neﬁ&ﬂne€userpmant tms aoresubk, f tkguency and

i er (oL RERRARDUE SleporcinfBLLLELS 340 puNsERka o | poch

anplifier is cou to Ohe ele of a feed
of a nulti-bean1anpgmmgdatqﬁuﬁxghis problem is solved according to an

5 aspect of the present invention, by using a time-~
reuse plan instead of a frequency reuse plan on the
TDM downlink, combined with a corresponding frequency
reuse plan on the FDMA uplink.
In the time-reuse plan, cells designated 71’ in
10 Figure 6 are illuminated from the satellite or from
' their respective ground base stations using the first
1/3rd of the timeslots in the TDM format,‘using the
full available frequency spectrum. The cells
labelled ‘2’ then receive illumination during the
15 second 1/3rd of the TDM format, and so-on. In this
way, adjacent cells are not illuminated with the same
frequencies at the same time, but the full TDM signal
bandwidth is still transmitted. For example, in a
512 timeslot TDM format, cells numbered ‘1’ are
20 illuminated for the first 170 time slots. Each
mobile terminal, after receiving its respective
1/512th time slot may transmit for the remaining
511/512ths of the frame using a designated one of the
first 170 out of 512 uplink FDMA channels. The cells
25 numbered ‘2’ are then illuminated for the second 170
out of the 512 timeslots, and corresponding mobiles
in those cells reply using FDMA and respedtive uplink
channel frequencies 171 to 340. The cells numbered
737 then become illuminated for the third 170 out of
30 512 tlmeslots, and their mobiles reply on uplink
 frequencies 341 to §10. The remaining two timeslots
can be reserved for 1lluminating all cells with a
. special signal used for paging and call set-up.
bikewise,:the two_gorrespéndingly unused uplink
i_'35 . _qhénnel;ffeéuencieS'can be-tese:ﬁed fer-mobiles-



array. In one enbodi nent of the present invention,
are-class Ctransmt power anplifiers oper ated at maxi
I n one enbodi nent of 35 t he present invention, the satel
conprises saturated travelling wave tubes. The HUB is
sendi ng appropriate signals to the

15
wishing to initiate contact with the system by
performing a so-called random access.
By using the above system of time re-use plans
on the downlink combined with a matching frequency
5 reuse plan on the uplink, the described TDM/FDMA
hybrid access method can be employed while
controlling the interference levels between adjacent-
cells.
As previously disclosed, it can be desirable to
10 widen the uplink channel bandwidths by employing TDMA
or CDMA on the otherwise FDMA uplink and reducing the
‘number of FDMA channels commensurately, in order to
correct for Doppler shifts. It will be appreciated
by those of ordinary skill in the art that the actual
15 numbers used above are exemplary and do not imply a
restriction of the present invention to those
examples.
Figure 7 illustrated a preferred implementation
of a mobile or portable radio suitable for use in the
20 present invention. An antenna 10 which operates at
both the uplink and downlink frequencies is connected
alternately to receiver 30 and transmit power
amplifier 120 by means of a T/R switch 20, which is
controlled by the TDM timing generator 50. In the
25 alternative, transmit/receive duplexing filters can
be used if uplink and downlink frequencies are
sufficiently separated to permit simple filters with
low loss. When uplink and downlink frequencies are
widely separated, a single antenna may not be
30 efficient, in which case separate transmit and
receive antennas may be necessary. This does not,
however, change the principle of the presént' .
invention, which is to avoid having the transmitter
'_active:during receiving instances.



satellite antenna 360 to determ ne what signals wll be broadcast by

a mul ti-beam antenna 300 at what tinme 5 and in what direction. In this
manner, it can be determ ned, for exanple, that ifp& (= 1 s
tinme sl ot of the down TDNIfornat only a subset of ﬁ Léﬁ@bﬂﬁffS§EﬁT
the earth receive the signals, the regions being qufificiently.
separated in boresight angle so that 10 they do not qufif eq 2 AuGr9%g ence
fromone region to another. In this way, independgnt signals can be
sent to one phone in each region in each tineslot wi Thout
interference. In the next tinmeslot, a 1§i fferent set_of regions, i.el,
t hose in between the 15 first set of Ke] are jl)Jum nated so that
al | regi ons recefhe FHEl§Eg93PeFFGHFé%Mgﬂﬁﬁﬁﬁﬂqu9491qqﬂac°ntr°1
frame. pils&s ot €Ak Bwikeh 20, the T¥Eedlfer ,3nind Itk "A

Col 01/ S0Le1 11 g cay SORANYSREL S0 eBBal T Tl Gt frguency
by reference di sprogidehthemnwith pnweretussemawﬁxthe signal in
5 allocated timeslots on the downlink. The receiver 30
has sufficient bandwidth to receive the entire TDM
downlink signal spectrum, but only one timeslot per
40ms frame of this bit rate stream is selected for
processing in the digital demodulator and decoder 40.

10 During this selected timeslot, the signal from the
receiver is digitized in A to D converter 31 and
recorded in a buffer memory contained in the
demodulator 40. The digitization technique
preferably preserves the complex vector nature of the

15 signal, for example, by splitting the realtI) and
imaginary (Q) parts by means of a quadrature mixer,
and then digitizing each part. An alternative to
this so-called I, Q, or Cartesian method is the
LOGPOLAR method described in U.S. Patent No.

20 5,048,059 which is assigned to the same assignee and
is hereby incorporated by reference. Another
alternative technique is the co-called homodyne or
zero-IF receiver such as described in U.S. Patent No.
5,241,702 which is hereby incorporated by reference.

25 The complex vectors recorded in the buffer
memory are then processed by the digital demodulator
and decoder 40 during the rest of the frame time
before collection of the next timeslot’s complex
signal samples. The demodulation stage of the ]

30 processing can involve channel equalization or echo-
cancelling to mitigate the effects of multipath
propagation. Typical algorithms suitable for this’
are disclosed in U.S. Patent Nos. 5,355, 250'and

_ 5,331, 666 a551gned to the same assignee whlch are

255" - incorporated herein by reference.-



used for the present enbodi ment wherein every timesl
all of a.nunber of sub-regions. _ When the syste
| ess than full 25 capacity, not all of the tineslots in

be active. Moreover, one half of a tw party conver sptj on Z%U G
generally silent at any tinme so that an advant age c be galned 89
turning off the signal I n the correspondi ng tinesl ot] nomer

When the 30 nunber of tinmeslots is large, i.e., 512, itllis,
statistically accurate to assune that only 17 approxinately 509
active at the sane tine. The power anplifiers 310 are arranged to
draw little or T® Kelpebridgei fadingct eyeoercoraiectGaire éntoded

timeslots so tfmudtégePeqﬂe§Qﬂ§¥ngélggréggnbggg more than one timeslot

by means of interleaving, so that a number of
timeslots have to be collected and deinterleaved
5 before the first frame of speech data is error- _
correction decoded. The demodulation of the signal
samples in each timeslot should preferably be
optimized together with the error-correction decoding
algorithm for best performance at low signal-to-noise
10 ratios, for example, by passing soft-decision
information from the demodulator to the decoder, or
.by combining demodulation with decoding in a so-
called decodulator.
After demodulation and error correction
15 decoding, using for example, a soft-decision based
convolutional decoder, a frame’s worth of error-
correction decoded speech data is passed to the
speech coder/decoder 60, where it is turned into PCM
speech samples at 8 kilo samples/second using a
20 decoder that matches the encoder at the originating
transmitter. The speech coding/decoding technique
can for example be Residual Pulse Excited Linear
Predictive Coding (RELP) or Code Book Excited Linear
Predictive Coding (CELP) which compresses an 8 kilo
25 sample/second PCM voice signal down to 4.2
kilobits/second at the transmitter, and conversely
expands the 4.2 kilobits/second signal from -the
decoder 40 to 8 kilobits/second PCM signal again for
D to A conversion in D to A convertor 130 and audio
30 amplification for driving an earphone 132.
In principle, the receiver only needs to receive
a 51ng1e frequency on which all signals from all
mobiles. are multiplexed and modulated. As a result
the recelver does not have to tune to alternative
35 . freguenq;eq,.hut rather, selects between all’



27 satellite prinme power supply corresponds, even when fully

| oaded, to only half the power anplifier peak powerr-cersupt For
a given size solar array, the power anplifier peak ﬁﬁﬁéﬁf@hﬁ;ﬁﬁgr~—-
di mensioned to 5 twi ce the value which the solar arragy

support . Furthernore, peak capacity is reach d oni :

certain tinmes of the day, whereas the solar array opve és'\li&é%n S
energy into electrical power 10 during a full 24 hour | pé~-ad By ugLng

a ' 18 i

available timeslots. The control microprocessor 110
receives information on a calling/paging slot during
call set-up designating the slot to be used for the
call. The control microprocessor 110 then programs
5 the timing generator accordingly, to generate all
control pulses necessary to power the receiver and
transmitter on and off according to the inventive
TDM/FDMA hybrid formats described herein. The
control microprocessor also programs the transmit
10 synthesizer 90 to generate an FDMA channel uplink
frequency associated with the allocated downlink
timeslot with the help of upconvertor 80. The
upconvertor 80 can operate in several manners.
First, the upconvertor 30 can operate by mixing'a
15 fixed modulated frequency (TX IF) with the variable
frequency produced by a programmable frequency
synthesizer to generate a sum or difference frequency
at the desired transmit channel frequency, wherein
either the sum or the difference is selected by a
20 filter. In the alternative, the upconvertor 80 can
operate by mixing a signal from a voltage controlled
oscillator with the synthesizer frequency to produce
a difference frequency that is phase-compared to the
fixed modulated frequency in a phase error detector,
25 the phase error then being amplified and applied to
the VCO in order to lock it to the modulated TX IF,
thus causing the VCO phase to follow phase modulation
on the TX IF. The determination of which method to
select depends on whether the selected transmit
30 modulation technique is pure phase modulation, i.e.,
constant amplitude modulation, or whether the
selected modulation involves a varying amplitude.
component. |
_ o In the reverse dlrection, a speech szgnal from
':35 _ the m;c:ophone_131 .is first amplified and converted



rechargeabl e battery to average the power consunptio , a
furt-her factor increase in peak transmtter pgQ

relative to the continuous | oad the solar array.fcap . ANf15
-advant age of TDM downlink used in the present ]

current consunption reduces in di rect propor

under-utilization factor, in . contrast with 4 i nk
whi ch use power anpllflers whi ch only reduce their

consunption by the square root of the under- utilization factor, if
at all. Therefore, S|ng a TDNIdomnI%nk alloms the full benefit to

be taken of h rage ﬁﬂgf o n one
enbodi nent of thé:o ﬁB z( |J‘Flat’\ien é/%%é&%)%éﬁ ?ﬁ%eAtF?reDs 8{“sregr'°gny
TDM si gnal are pack@md then qqmpx¢ﬁ§e¢ot@c%u5§d%9?@cbht rahe 4sdng in a

‘subframe %?;é&?ﬂrp edde 661t '%leé’éht@@mﬂ%éiéﬁﬁtééﬁhﬂéues
The inactive tlne s formthe_ rest of the T peri od. The
subfr anme Of any ;gmnyqﬁuﬂELP and CELP that compress speechngo as 8

5 as 4.2 kilobit samples/second generally operate on

40ms frames of speech samples at a time. A frame is
typically compressed to 163 bits, that are then
error-correction coded in digital encoder 70 before
being modulated onto a radio frequency. The
10 modulated radio frequency may be a fixed intermediate
frequency locked to an accurate reference oscillator
100. The signal is then upconverted in upconverter
80 by mixing with transmit synthesizer 90 to the
final uplink frequency signal which is then amplified
15 by transmit power amplifier 120 and passed by the
switch 20 to the antenna 10. The digital encoder and
modulator 70 includes buffering (and if used,
interleaving) in order to compress the transmission
into the available time left over after receiving the
20 downlink timeslot, so as to implement the aspect of
the present invention, thus avoiding simultaneous
transmitting and receiving. The timing of this
compression, modulation, and activation and
deactivation of the power amplifier at appropriate
25 instances is also controlled by timing generator 50
so as to achieve the coordination between transmit
and receive timing.
In some applications, the receiver may have to
be able to tune to alternative channel frequencies as
30 well as to select between the TDM timeslots on those
channels. In those instances, the receiver 30 would
. also contain a frequency synthesizef’programméd by
control microngCessor_;IO'and locked to the accuracy
of.the refetende frequency oscillator 100. The



30 retransmtted in one of the multiple satellite ' ant enna beans

does*not overlap the subfranmes of the TDM si gnalf§n S SRt he
nei ghbori ng beans. Referring now to Figure hPLgEE@Tﬁﬂ?gﬁgﬂl
“ant enna or nulti-elenent phased array 400 receiJeg signals on 3%
the uplink frequency froma plurality of nobiles. 1 2 AUG 1995
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allocated frequency is given over a calling or paging
channel at call set-up. - '
In landmobile radio applications using a push-
to-talk operation, the mobile terminal may be a
S member of a group or net of correspondents sharing a
trunked radio system with other groups. In trunked
systems, all idle radios listen to a call set-up
channel. When a radio transmits by activation of the
talk switch, a short message is transmitted on the
10 corresponding call set-up uplink channel requesting a
channel allocation. The receiving base station
network immediately replies on the downlink call set-
up channel with a currently idle frequency/timeslot
allocation to which the mobile terminal then adapts
15 for the rest of the transmission. When the press-to-
talk switch of the transmitting radio is released, an
end of message signal is transmitted to-expedite the
reversion of the base network and other members of
the group to idle mode in which they listen to the -
20 call set-up channel. This procedure is fast and.
automatic, within a fraction of a second, so that it
is completely unseen to the human operators.
In cellular or satellite télephone applications,
idle mobile terminals listen to a particular
25 timeslot/frequency designated by the calling/paging
channel. Moreover, transmissions on the
calling/paging channel timeslot may be further
submultiplexed to form less frequently repeated slots
each associated with particular groups of mobiles,
30 desigﬁated, for example, by the last few digits of
' their respective telephone numbers. These so called
. sleep mode grbups are only paged. in a particular
submultiplex slot, which control microprocessor 110
is able to identify from received data and can thus.
" 3s 1f 'pfég:aq the timing generator 50 to wake up the - .



Mobiles in the same region of the earth use different

EDMA. channel

frequenci es on the uplink and according to the i %ﬁﬁiﬁ@ﬂ N R4
transmt during their received tineslots on the TDN e Ifes
ina_. 5 different region of the earth use the same detj of

frequencies as nobiles in the first region, therefore 124G 39%6enha
400 receives a plurality of signals on each F annel that afrfve
fromdifferent directions. In the case of a nul{i-beam antenna sugh

10 as a parabola with space feeds, the different tdr-eett-ons.

correspond to different beans so that
appear in different

o

2kjgnals on the same frequency
beans and can fhus be separated. This may require

that adjacent be&®Sedysforrtohidl Fhere shptances, (YRycREPEULty int hat an
adequat e re-use camisiddrable staigHy)\svertCburteitecbhsatpt fofne frequency

re-use

pattern illustrated in Figure 6. Wen uplink FDVA

channel s are ass§&VAFEF wi t h correspondi ng downl i nk
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Furthermore, the digital demodulator/decoder 40
can, after processing of each new received timeslot,
produce .an estimate of the frequency error of the
receiver caused by inaccuracies of the reference
oscillator 100 as well as Doppler shift, which can be

-significant in satellite systems. By using broadcast

information from a satellite, the microprocessor 110
can correct for the Doppler shift and determine the
error due solely to reference oscillator 100. The
microprocessor 110 can then correct the error by
sending a correction signal such as a tuning voltage
to the oscillator, in order to insure that the
transmit frequency which is referenced to the
reference oscillator by transmit frequency
synthesizer 90 is accurately generated. The process
of correcting for Doppler shift involves determining”
the position or bearing relative to the satellite’s
orbit by utilizing any or all of the following
parameters: measured rate-of-change of Doppler
shift; satellite and antenna beam identificatiohn

- signals; broadcast information on the satellite’s

instantaneous three dimensional coordinates; previous
mobile terminal position; elapsed time since last
position estimate; and mobile terminal velocity.

In addition to the frequency correction
mechanism mentioned above, the demodulator produces
information on the position of signal samples in the
buffer memory deemed to correspond to known sync

'symbols, which yields information on the accuracy of

the timing producéd“by'theftiminé genérato: 50. The
microprocessor 110 performs sanity checks on this

h infofma;ion and thenlugés it, if deemed valid, ‘to’



TDVA tineslots, the use of a three-to-one tinme re-use_20 pattern on the

downl i nk as di scl osed above aut omat’i cal | I ve np

three-to-one frequency re-use pattern onytﬁe u Bﬁgkﬁ f HASHEET'ng
separation of signals. On the other hand, a one-to- one re-Uuse€
frequency pattern can be achieved for the 25 upl-i pk | ust 2oAId99954 '
configuration of Figure 10 particul arly when afténna 400 is a phhased
array. The antenna 400, whether a mnulti-fped parabota » {or
nmul ti-el enent phased array, presents a nungﬁf of L RE ports contaﬂning
a plurality of nobile uplink 30 si gnal s.“ A bank of |ow noise &nprtfiers

410 and downcon ertorm%ﬁ@gg%éé%éiﬁa %?ag%l?% . coherently

downconverts the fiep gsga& OSCi sui tabl e
i nternedi ate fregemerator 50 fsor ammiid fedrnecih fow any (drifly. The

downconverted 35  figitared gand ARlidisd S1NGER Bi&gtdfNofPRbeseto 2
station implementation suitable for use in the '
5 present invention. A common antenna 210 is connected
to a receiver low noise amplifier 230 and a transmit
power amplifier 260 by a duplexing filter 220. The
low noise amplifier passes the entire uplink
frequency band to a bank of FDMA channel receivers
10 240. After digitizing the signal in each channel
' using one of the aforementioned complex vector
digitizing techniques, the signals are processed in a
bank of receive Digital Signal Processing devices 520
. in order to perform demodulation and equalizing,

15 error correction decoding, and speech decoding for
each active channel. The resulting 8 kilobit
samples/second speech signals are then time
multiplexed using a standard digital telephone

_ standard such as the T1 format for convenient

20 connection to a digital switch or exchange 280 such
as the ERICSSON AXE switch.

An alternative to the analog implementation of
the FDMA receiver bank is to digitize the entire
composite signal and to process it digitally to

25 separate the individual FDMA signals. This is
practical so long as the signal strength differences
between the signals are not too great for the A to D
convertor’s dynamic range. Another aspect of the
present invention is the inclusion of power control

30 means to restrict the signal level differences
between different FDMA signals in order to facilitate
digital implementation of the FDMA receiver filter
bank with potential simplification of the base

_ _ 'station. ' The power control'méans proposed is known

35 'to the prior art and is based on the mobile stations



29 bank of upconvertors or transmtter nodul ators 430 whi.ch
translate the signals to the C or Ka bank while preserﬁtﬁ@iAﬂEﬁﬁﬂﬂ‘SHEET
phase rel ati onshi ps before addi ng themin a conbi ner 440 fan

anplifying themin a 5 travel i ng wave tube TWI power anpliffifer édﬁifor
transm ssion to the HUB station through an antenna 460 L

noted that the antenna 460 in Figure 11 may be the sa

antenna 360 in

23

assuming correlation between the signal strength they
receive from the base station and the signal strength
the base station receives from them. Thus, an
increase in signal strength received from the base
5 station is acted upon by a mobile station by reducing
its transmitter power and vice versa. This is
complemented by a slower power control means at the
base station which includes up/down power control
information in the signalling samples interleaved
10 with voice symbols in each mobile station’s timeslot.
The exchange/switch 280 selects between uplink
signals received from the public switched telephone
network or signals from an operator or control room
for transmission on the downlink, according to call
15 set-up information, requested routing, or preset
information. The switch 280 supplies the selected
signals multiplexed together according to some known
digital telephone trunk format such as T1 and
delivers the signals to the transmit DSP bank 270.
20 The transmit DSP bank separately encodes each speech
signal in the multiplex stream using a voice
compression algorithm such as RELP or CELP. The
transmit DSP bank then error correction codes the
signals and remultiplexes the signals into the
25 downlink TDM format for modulation using modulator
290 onto the downlink radio frequency and
amplification using high power amplifier 260. The
switch 280 also extracts call setup information for
the uplink calling channels and inserts call setup
30 information corresponding to paging slots in the
downlink TDM format. This information is identified
as data and not as speech'to the respective DSP
.devlces so that it bypasses 'RELP cod;ng and 1nstead
is subjected to a more powerful form of error B
35 - "correction coding.



Figure 10, the C/ Ka bank recei.ver then being 10 separated fromthe

transmtter by neans of a duplex filter. MNoreovigimp! AT

pol ari zati ons may be used in bot h direct.ions i %gﬁiggEmﬂﬂgLiﬂ €
bandw dt h utilization. Each polarization wuld tjhen have
associated with it half of the receiver bank 340 and 15| 1HAAUGARI6N
transmtter bank 430 connected to a separate travel i ng wave tubg.
Furthernore, a downl i nk antenna 300 and the uplijnk antenna 400 caf
also in principle be one and the sanme with the dition of

transmt/receive duplexing filters for 20 24 cach beam array el ement or
. sub-array, thus achievin

oubl e use of _t he sane ant.enna erture.
A description of the cﬁr?%gﬂoﬁaﬁﬁg ﬁﬁﬁggﬁapﬁgnfur hermore ﬂﬁﬁﬂ@“ﬁgy be
found in the af orespatateecdntefinas and aBsbedatelumeereive FIYnad0,

gntitled A 25 “pra ngkﬁé/EﬁtSghgketSDgﬁ%@h%ag%g%éaﬁﬁGgPQgég‘|nproved
requency Re-use"§ FCh™l er eby i ncor porated by ref er ence.

" reception to improve range and to combat fading. The
5 combination of signals processed from remote antennas
with signals processed with antenna 210 can take
place either within the demodulation and equalizing

algorithm, or by means of a simple diversity
selection on a speech frame by speech frame basis

10 according to signal quality. Likewise, in the
transmit direction, a second distant transmitter may

. receive signals from transmit DSP bank 270 for
transmitting on the same frequency so as to improve
area coverage. The mobile receiver illustrated in

15 Figure 7 is able by means of its equalizing
demodulator algorithm to perceive delayed signals
received from a second transmitter as echoes of the
first transmitter and to utilize these signals in

_ order to improve reception.

20 Figure 9 illustrates a block diagram of
satellite communications system for one embodiment of
the present invention. An orbiting satellite 410 is
in communication with at least one ground station or
outstations called the HUB 400 as well as with a

25 number of portable mcbile phones 420. The phones are
each serviced by an appropriate antenna beam from a
multiple spot-beam antenna on the satellite providing
high gain in the direction of each phone. The HUB
communicates with the satellite using, for example,

30 C-band or Ka-band frequencies, while the satellite
communicates with the phones using, for example, L-'
band (uplink) and S-band (downlink) frequencies. In
most cases, host_callé'will be between satellite

- phonés'aﬁd ordinary phones belénqing to. the public
35 ‘swiﬁched.teléphone:netﬁcrk. The HUB station acceﬁtsj



It wll be appreciated by those or ordinary 7 A e t hat )
the nunber of tineslots, 30 frequency bands an gégg@§g$gnfﬁﬁﬂ1tioned
above are primarily for the purpose of illustyation and arg rnot
nmeant to inply any linitation of the present Ve AUBN998hd [r esent
application contenpl ates any and all nodifikalions that faljl wthin
the spirit and '

25

calls from the PSTN and relays them to the mobile
phone via the satellite; and conversely accepts calls
from the mobile phones relayed from the satellite and
connects them to the PSTN. A small percentage of

5 calls can be mobile to mobile calls, and the HUB
directly connects them to each other without
necessarily involving the PSTN. In some systems, two
or more HUBS located in different parts of the world
communicate with the same satellite. 1In this case,

10 mobile to mobile calls may involve Hub-to-Hub
connections which can be accomplished through
international trunk lines that may be part of the
PSTN system. Alternatively, the satellite HUB links
can allocate some capacity for Hub-to-Hub

15 - communication via the satellite for such occurrences
thus avoiding landline tariffs.

Figures 10 and 11 illustrate a satellite
communications payload suitable for one embodiment of
the present invention. Figure 10 illustrates the

20 downlink to the mobile phones while Figure 11
illustrates the uplink from the mobile phones. _
Referring now to Figure 10, an antenna 360 receives a
number of signals from the HUB which are demodulated
or coherently downconverted using a bank of receivers

25 340. The receiver output signals are then coherently
upconverted in a bank of upconvertors 320 by mixing
with a common local oscillator 330. The upconverted
signals are now at the downlink frequency and are
amplified by a bank of power amplifiers 310, wherein

30 each amplifier is coupled to one element, a group of
elements, or a feed of a multi-beam antenna or phased
array. ' In one embodiment of the present invention,

‘the amplifiers are class C transmit power amplifiers
operated ‘at maximum efficiency. In oqe'embodimanf of

35 the present invention, the satellite transmitter



30 scope of the underlying invention disclosed and cl ai ned herein.
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comprises saturated travelling wave tubes. The HUB is
thus able by sending appropriate signals to the
satellite antenna 360 to determine what signals will
be broadcast by a multi-beam antenna 300 at what time
In this manner, it can be
determined, for example, that in any particular time
slot of the down TDM format only a subset of regions
of the earth receive the signals, the regions being
sufficiently separated in boresight angle so that
they do not suffer interference from one region to

In this way; independent sighals can be

region in each timeslot
the next timeslot, a

i.e., those in between the

illuminated so that all

regions receive the signal from some timeslots in the
Copending U.S. Patent Application No.

.08/179,953, entitled "A Cellular/Satellite

Communication System With Improved Frequency Re-use'.,
filed January 11, 1994, which is incorporated herein
by reference, discloses how one to one re-use can be
used for the present embodiment wherein every
timeslot is used in all of a number of sub-regions.
When the system is operating at less than full
capacity, not all of the timeslots in the frame will
Moreover, one half of a two party
conversation is generally silent at any time so that
an advantage can be gained by turning off the signal
When the
number of timeslots is large, i.e., 512, it is
statistically accurate to assume that only

in the corresponding timeslot momentarily.

approximately 50% will be active at the same time. -

" The paower ampliflers ‘310 are arranged to draw llttle

or no current during inactive or unallocated
timeslots so that the mean consumption from_the



buffering at said first station each signal intendeg ”T?%\ SR
respectively to each of said second stations; , "“u*-"i sijgnal s
into equal |ength segnents; transmitting sigha nded

for a particular one of said second stations using §
slot"in aregularly repeting tinme multiplex frane; receivi t at
| east one of said second stations said signal segne té‘rrﬁﬁsn1tted by sai d
first station in its corresponding tine slot and asslenbl i b-eh-si-gnal
segments from successive corresponding time slots to reconstruct sai d

I nt ended signal ; determ ning at sai2l7 second station a transmt

frequency channel uni quely associated with said correspondi ng receive tine
sl ot; and sangXkitagprime apdwer canppP Ly acPoreaPongdfRal eVaneWbER f or

transni ssion to Sﬁiﬁlg ié&aé&attenoﬁﬂg ﬁQﬂ?réﬁé'ﬂSWéi- hRp14Faegnpesakon from
sai d second statio sai d transmt frequency c¢hannel durin

substantial |y tfuPQ#ﬁ#r@PB$ﬂ§PEéPPOd FaRt2as9tYeRet bk §Pé?FoﬁngYnthe

recei ving. powex- aﬁpiﬁﬂieraﬁé&ﬁSpBﬁéhOdaﬁOthﬁel beatingnedomed ¢ation
between a fixed stafion an

the stepe o wiedpoRecyad vRICR (IRE, eflafCerpRvCbEhaties BRI 0

transmitted to sasuppedtle stations;
Furthermore, peak capacity is reached only at

certain times of the day, whereas the solar array
converts the sun’s energy into electrical power

10 during a full 24 hour period. By using a
rechargeable battery to average the power consumption
in 24 hours, a further factor increase in peak
transmitter power can be made relative to the
continuous load the solar array can support. An

15 advantage of TDM downlink used in the present
invention is that current consumption reduces in
direct proportion to the under-utilization factor, in
contrast with an FDMA or CDMA downlink which use
power amplifiers which only reduce their current

20 consumption by the square root of the under-
utilization factor, if at all. Therefore, using a
TDM downlink allows the full benefit to be taken of
the average under-utilization factor.

In one embodiment of the present invention, the

25 active time slots of any TDM signal are packed
together to occupy adjacent time slots in a subframe
period which is a portion of the TDM frame period.
The inactive time slots form the rest of the TDM
frame period. The subframe of any TDM signal

30 retransmitted in one of the multiple satellite
antenna beams does not overlap the subframes of the .
TDM 51gnals transmltted in the nelghborlng beams. _
. Referrlng now to Flgure 11, a multi-beanm antenna

L or multz-element phased array 400 receives s;gnals on
35 " the’ uplink frequency . from a plurality.of mobiles. .-



dividing said signals into segnents; transmtting the segnents

I ntended for a particular nobile station on tine sl otg—
for receiving at the particular nobile station, wher ejf#
in arepetitive time nmultiplex frame mwh
nunber of time slots equal to said given nunber;
each nobile station a transmt frequency channel unidu
the nmobile station's allocated tinme slot; and

32 buffering in at | east one of said nobile
transmitted to said fixed station and trans@®ting t
transmt frequenc
nobile station is

regul arly recur
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tations a signa
& ST gTat—of—Sai-ghd
ﬁ channel, during nore than one tine slot in which said

abilescdnyithg Same region of the earth use different

3
I.

FDMA channel frequencies on the uplink and according
to the invention do not transmit during their
received timeslots on the TDM downlink. Mobiles in a
different region of the earth use the same set of
frequencies as mobiles in the first region, therefore
the antenna 400 receives a plurality of signals on
each FDMA channel that arrive from different
directions. In the case of a multi-beam antenna such
as a parabola with space feeds, the different
directions correspond to different beams so that
signals on the same frequency appear in different
beams and can thus be separated. This may require
that adjacent beams do not contain the same
frequencies, but that an adequate re-use factor is
employed such as the three to one frequency re-use
pattern illustrated in Figure 6. When uplink FDMA
channels are associated with corresponding downlink
TDMA timeslots, the use of a three-to-one time re-use
pattern on the downlink as disclosed above
automatically gives rise to a three-to-one frequency
re-use pattern on the uplink, thus achieving
separation of signals. On the other hand, a one-to-
one re-use frequency pattern can be achieved for the
uplink uéiné the configuration of Figure 10
particularly when antenna 400 is a phased array.

The antenna 400, whether a multi-feed parabola
or multi-element phased array, presents a number of
RF ports containing a plurality of mobile uplink
signals. A bank of low noise amplifiers 410 and
downconvertors 420 amplify these signals and
cdherently'downconverts them using a common local

‘oscillator 470 to a suitable intgrmediate-freduencg_
for amplification and filtering. The downconverted

filtered and amplified SIQngis'aréltheﬁfappliedftd a

<h--are.allgcated



3. Aradio access nethod for faciIitating'connunication between a first
statton and a predeterm ned nunber of second st P%E ﬁ @ﬂﬂﬁﬂ the steps
of : buffering in said first station sign bod tited to
-said,second stations, said fijrst and second statijons havin q for
transnitting and receiving signals; di vidijg1 §bAHG§ﬁaﬁals into .
segnment s; transmtting the segments intended for a partilcyl ar one of
sai d second stations using only tine slots thatjare allocated tolsaid
particul ar second station for receiving, whggei ‘regul arly
recur in a repetitive tinme nultiplex frane containing a nunber of tinme

sl ot Sf equaLI to sabalnltarfﬁlehgaahoeﬁtaw@?@&-b t&tadxsmtter (ﬁ&dﬁﬂdﬁ lcﬂ;oﬁt | east
one of said second statjons gn Q be ed to _sai ir

station and tr ans‘%‘%?pn{jrgﬁﬁgaiﬁgﬁgle Sn%l"e%r? &fe K& hank

whi ch said secondpnéaérvﬁni;stheurr phaisel mglatlonshlps hef@rreactdﬂnﬂg:ess

nmet hod accordi ng {Qe nﬁ?’coﬁgghgkn]ﬁ@ Qntﬁe%%q. ?%Ln[ 'ﬁme'ﬁaa\i% 3 receive

period for approxlinate one- the ti me~an ansm t—period for
appr oxi mat ey tmotrauVeblanf wave tupe TWT power amplifier 450 for

transmission to the HUB station through an antenna
460. It should be noted that the antenna 460 in
Figure 11 may be the same as the antenna 360 in
Figure 10, the C/Ka bank receiver then being ‘

10 separated from the transmitter by means of a duplex
filter. Moreover, both polarlzatlons may be used in
both directions in order to increase bandwidth
utilization. Each polarization would then have
associated with it half of the receiver bank 340 and

15 half of the transmitter bank 430 connected to a

: separate traveling wave tube. Furthermore, a
downlink antenna 300 and the uplink antenna 400 can
also in principle be one and the same with the
addition of transmit/receive duplexing filters for .

20 each beam, array element or sub-array, thus achieving
double use of the same antenna aperture. '

A description of the corresponding HUB station
equipment may be found in the aforementioned U.S.
Patent Application Number 08/179,953, entitled "A

25 Cellular/Satellite Communication System With Improved
Frequency Re-use", which is hereby incorporated by
reference.

It will be appreciated by those or ordinary
skill in the art that the number of timeslots,

30 frequency bands and applications mentioned above are
primarily for the purpose of illustration and are not
meant to imply any limitation of the present
‘invention. " The present appllcation contemplates any
and all modlflcations that fall w1th1n the spirlt and

3
|

: -f. This Sheet Has Been Reilaced :

AR




5. Aradio access nethod according to claim4, wherein said transmt period
‘i's conposed of a first part in which said transm ssion occupies a
first-half of said transmt channel frequency and a second part in which
sai d transm ssion occupies a second-half of said transmt channel

frequency. 6. A radio access nethod according to claim4, wherein
the transmt signal spectrumduring said transmt period occupies a
first-half of said transmt channel frequency spectrumduring alternate
transmt periods and a second-half of said transmt channel frequency
during the other transmt periods. 30

scope of the underlylng invention disclosed and
claimed herein.




33 7. Aradio access nethod according to claim3, wherein said
second station transm ssions that overlap in tine are arranged so that they
do not overlap in frequency during the tine overla crfepadi o
access nethod according to claln1g wherein said npéﬁgﬂéiﬁﬁﬁ@@ SH yency
is arranged by division of a transnit frequency chajnniel bandwi dt h ijnt{o
subbands and al |l ocati ng a uni que subband to each trifansm{szAUG 996 ljagpi ng
intine with at | east one other transm ssion. 9. Aradio dcdess
met hod according to claim7. wherein said non-overljgp Tn Trequéncy I S
arranged by frequency division of a transm t3frequ i2dt h

i nto a nunber of subbands one | ess than said predeterm ned nunber and each
transm ssi on occumIdsIMsai d subbands sequentially during an equal nunber of
subdivisions of its transmt time period'in a sequence that does not

overlap with sequences used by other transm ssions.
1. A radio access method for facilitating

communication between at least one first station and
a plurality of second stations, comprising the steps
5 of: :
buffering at said first station each signal
intended for transmission respectively to each of
said second stations;
dividing said signals into equal length
10 segments;
transmitting signal segments intended for a
particular ocne of said second stations using a
corresponding time slot in a regularly repeating time
multiplex frame;

15 receiving at at least one of said second
stations said signal segments transmitted by said
first station in its corresponding time slot and
assembling said signal segments from successive
corresponding time slots to reconstruct said intended

20 signal;

determining at said second station a transmit
frequency channel uniquely associated with said
corresponding receive time slot; and

buffering in said second station a signal

25 intended for transmission to said first station and
compressing it for transmission from said second .
station using said transmit frequency channel during
substantially the entire time period that said second
station is not receiving.

30 2. 2 radio access psthod.for facilitating
communication between a fixed station and a given-
.number of moblle stations, compris;ng the steps of._
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10. A radio access nethod accordingufmeTETﬁT7T wherein said nonoverlap in |
frequency is arranged by di viThisSheeffias Rednr2 sn%t f r egEncychanrnel-bandw dt h

i nto a nunber

of subbands one i br edet @HLACEMENDSHRET] each
transm ssi on occupies a uniqu H g each Joff 1ts tramsnrssgi ¢n tine
peri ods. 11. Aradio a accordi g [ 0] yherein
12 A6 s |

sai d uni que subband used by a particular transm sgign
transmt period to another in a nonoverl appi ng sequence—+el-ative. ]

transm ssi ons.

comuni cating in both directions with a radB8 network, conprisimg:
a timng control

n one

0
o} ot her

12. Aradio transnmtter/{eceiver for

unit for sequencing transmt_ and receive functions;

an antenna switch for bBfferinggaknsaidefixesd sdatdan sighalm to be
transmtter/recei ¥pansnideed ke eaRlr abbiflesSaitdtiigngyy control wunit;

10

15

20

25

30

dividing said signals into segments;

transmitting the segments intended for a
particular mobile station on time slots which are
allocated for receiving at the particular mobile
station, wherein said time slots regularly recur in a
repetitive time multiplex frame which contains a
number of time slots equal to said given number;

determining at each mobile station a transmit
frequency channel uniquely corresponding to the
mobile station’s alloéated time slot; and

buffering in at least one of said mobile
stations a signal to be transmitted to said fixed
station and transmitting the signal on said transmit
frequency channel during more than one time slot in
which said mobile station is not receiving.

3. A radio access method for facilitating
communication between a first station and a
predetermined number of second stations, comprising
the steps of: .

buffering in said first station signals to be
transmitted to said second stations;

dividing said signals into segments;

transmitting the segments intended for a
particular one of said second stations using only
time slots that are allocated to said particular
second station for repeiving, wherein said time slots
regularly recur in a repetitive time multiplex frame
containing a number of time slots equal. to said given

number; and’

buffering in_af11e&$t bﬁé of séid:secpnd'
stations a signal to be transmitted on said first

station and transmitting said. signal during more thah:_ _

A



a receiver portion controlled by said timng contr ¢ =mm =
sigrral fromsaid radi o network during an aI?ocated Aéﬁ%ﬁbﬁhﬁggg‘
division multiplex frame perqumg%ghhsBﬁtR ran>n1tter portlon
of being controlled by said ti
of a transmt time division nul
timeslots than in said receive
sel ected such that said transmt tlneslot coincides with a portion

€]
t
']%ﬂ aV| ng a ms?]erent nurﬁb_

mul ti pl ex—frame—pert+o

receive time division nmultiplex frame period in which saird recerver I s not

recei ving.

13. Aradio transmtte®3drecei ver according to claim

12, wherein said timng control

10

15

20

25

- 30

one time slot in which sa1d second station is not
receiving.

4, A radio access method for facilitating
communication between a fixed station and a
predetermined number of mobile stations, comprising
the steps of:

buffering in said fixed station signals to be
transmitted to said mobile station;

dividing said signals into segments;

transmitting the segments intended for a
particular mobile station on time slots allocated for
receiving at that mobile station, wherein said time
slots regularly recur in a repetitive time multiplex
frame containing a number of time slots equal to said
given number; :

determining at each mobile station a transmit
frequency channel uniquely corresponding to the
mobile station’s allocated time slot; and

buffering in at least one of said mobile
stations a signal to be transmitted to said fixed
station and transmitting said signal using said
transmit frequency channel.

5. A radio access method according to claim 4,
wherein said predetermined number is equal to 3.

6. A radio access method according to claim 5,
wherein said mobile stations have a receive period
for approximately one-third of the time and a
transmlt perlod for approxlmately two-thlrds of the

time.

7. A radio access method according to claim 6,

. wherein said transmit period is composed of a first.

T
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unit includes a m croprocessor connector to an application specific
integrated circuit. 14. Aradio transn1tter?FEETVEF*accefdpngeL
claim12, wherein said timng control unit al so control cent er
frequency of said transmtter in dependence on said all w ﬂﬂ”l me
sl ot . 15. Aradio transmtter/receiver accordi:ngct

wherein said receiver portion contains neans for anplifying said recelved
signal, filtering the anpllfying received signals,. down-converting the
filtered received signal, sanpling and anal og digital converting of the

down- converted received signal, buffering oP4said digitized received signa

in a buffer nmenory and conprises digital signal processing neans toQ process
sai d sanpl es in Ra%tpiniehighnHryd transmissiep ogcupdes a first-half

transmtter/ receladﬁrsaf&%ﬁaﬁgmie ehanaeleruﬁaeﬁbpda?ad adis@idodd yagral f
pr ocessi ng neans etermne roplzatlion_an re n y O
said received si ghal¥ hb‘é‘i‘mﬁﬁ?‘ggggaﬁﬁﬂlgﬁﬂﬁp O6FPRAES #nES f’ay\;’@é“g%
and processes saisabdrteshedit channel frequency.

5 8. A radio access method according to claim 6,
wherein the transmit signal spectrum during said
transmit period occupies a first-half of said
transmit channel frequency spectrum during alternate
transmit periods and a second-half of said transmit

10 channel frequency during the other transmit periods.

9. A radio access method according to claim 3,
wherein said second station transmissions that
overlap in time are arranged so that they do not
overlap in frequency during the time overlap.

15 10. A radio access method according to claim 9,
wherein said non-overlap in frequency is arranged by’
division of the transmit frequency channel bandwidth
into subbands and allocating a unique subband to each
transmission overlapping in time with at least one

20 other transmission.

11. A radio access method according to claim 9,
wherein said non-overlap in frequency is arranged by
frequency division of the transmit frequency channel
bandwidth into a number of subbands one less than

25 said predetermined number and each transmission
occupies said subbands sequentially during an equal
number of'subdivisions of its transmit time period in_

" a sequence doés not overlap with sequences used by
other transmlssions.
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received signal to obtain digital voice sanples. 17 A-radio
transmtter/receiver dccordi.ng to claim16, furthel Jﬂg&gﬁ@mgyﬁﬂﬁﬁfto
convert said digital voice sanpkSrelifis BlbnReSiia) | C YOI 2
35 18. Aradio transmt cord|1g to claim er ei n
said transmtter portion corrprlslw mmmrm ans f or | cohZeAU@ ﬂ@%an a,oustic
voi ce signal to digital voice di gi fall signal proc ng

mean for processing said digital voice sanples to gbtain a J

o

35

12. A radio access method according to claim 9,
wherein said nonbverlap-in frequency is arranged by
division of the transmit frequency channel bandwidth
into a number of subbands one less than said

5 predetermined number and each transmission occupies a
unique subband during each of its transmission time
periods.

13. A radio access method according to claim
12, wherein said unique subband used by a particular
10 transmission is varied from one transmit period to
another in a nonoverlapping sequence relative to
other transmissions.

14. A radio transmitter/receiver for
communicating in both directions with a radio
15 .network , comprising:
a timing control unit for sequencing transmit
| and receive functions;
an antenna switch for connecting an antenna
alternately to the transmitter/receiver under the
20 control of said timing control unit;
a receiver portion controlled by said timing
" control unit to receive a signal from said radio
network during an allocated time slot in a time
division multiplex frame period; and
25 a transmitter portion capable of being
controlled by said timing control unit to transmit
during the rest of said time division multiplex frame
period when said receiver portion is not receiving.

_ 15. A radlo transmltter/receiver accordlng to _
30 cla1m 14, wherein said timing control unit includes a
mlcroprocessor and an appllcatlon speciflc lntegrated

circuit. N o
_ S S
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digitally nodul ated signal for transm ssion; V5 C Ot vnggns
I ncl*udi ng a progrmuabl e frequency synthe5|zer for t -ﬁi ﬁh@*sai
digitally nodul ated signal to a flnaI Hed trangnt channel Trequency;
and |, transmt power anpl anpllf ng1q@Ang@§gslated
final frequency signal to a po bIe fo ransn155|on
conpatible with the desired co nge. +o—Aradi o
transmtter/receiver according to cIa|n118 wherei nf sai d up-converting
means conprises a phase lock loop to translate digital nodulatiron irom a
first nodul ated signal frequency to said figgal selected transmt channel
frequency. 20. Aradio transmtter/receiver according to claim
18, wherein said digitg. simﬁammmmwﬂaﬁe&cé@r&mr%s sai d
digital voice sanples to a reduced nu of. data ls b ans of a
speech coding al §ofrth rﬁ""eﬁ'&?d"ée’s’aﬁ?i;ge ’%’( %? g\ {yHBol s usi ng
an error correct contereds, ﬂhﬁfahannaljcEnEEtS&m$m¢sn¢m afnsmndy so as to

affect their tralﬁ.m q:q._éiSI 8.9&% ate sal téé){aggdligga%é ere Wé&h sai d

receiver is not recervin encod and sanpl es
by conditi8ni ng thas &3

17. A radio transmitter/receiver according to
. claim 14, wherein said receiver portion performs
amplification, filtering, down-conversion, sampling
and analog digital conversion of the received signal,
.10 buffering of said digitized signal samples in a
buffer memory and comprisesedigital signal procéssing
means to process said samples in said buffer memory.

18. A radio transmitter/receiver according to
claim 17, wherein said digital signal processing
15 ' means operates to determine time synchronizatiqn and
frequency accuracy, demodulate and error correct
received data symbols, and process said corrected
data to obtain digital voice samples. o

19. A radio transmitter/receiver according to
20 claim 18, further including means to convert said
digital voice samples to an acoustic voice sample.

20. A radio transmitter/receiver according to
claim 14, wherein said transmitter portion comprises:
means for converting an acoustic voice signal to
25 digital voice samples;
digital signal processing means for processing
said digital voice samples to obtain a digitally
~ modulated signal for transmission;
' up-converting means including a programmable
30 = frequency synthesxze: for translating sald digitally
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represent a sequence of smoothly varying phases or, h of a
carrier frequency signal such that the spectrum of B

Lﬁﬁi’iﬁﬁh’ﬁt&iﬁ‘ﬁz rrier
signal is contained within a ggkaggsﬁaﬁ ed/ reg Q
21. A radio transnltter/recel o claim® 1%ﬁ§ﬁf sgld

desi red frequency range is avg“m subbahd] o legg tir agnsmt
frequency channel used by h er/recelve waa@|on

with said radi o network station.
36 22. Aradio transnltter/recelver accordmg ro craim 21, *mhereln
operation in said 37

modulated signai to the final sélected transmit
channel frequency; and
transmit power amplifier means for amplifying
said translated final frequency signal to a power
5 level suitable for transmission compatiblé with the
desired communications range.

21. A radio transmitter/receiver according to
clgim 20, wherein said up-converting means comprises
a phase lock loop to translate said digital
10 modulation from a first modulated signal frequency to
a final selected transmit channel frequency.

22. A radio transmitter/receiver according to
claim 20, wherein said digital signal processing
means operates to compress said digital speech

15 samples to a reduced number of data symbols by means
of a speech coding algorithm, encode said reduced
number of data symbols using an error correction
code, buffer said coded symbols in a memory so as to
affect their transmission using only that portion of

20 the time in which said receiver is not receiving, and
modulate said encoded and buffered samples by
conditioning them so as to represent a sequence of
smoothly varying phases or amplitudes or both of a
carrier frequency Signal such that the spectrum of

25 said modulated carrier signal is contained within a
desired frequency region or subband.

23. A radio transmitter/receiver according to
claim 22, wherein said desired frequency range is a
subdivision or subband of a shared transmit frequency.
30 -nchannel used by other transmitter/receivers in
. communication with said radio network .station.

AR



subband is determined by said digital signal processing means applying a

phase ranp during said nodul atton—conditionminmg egquiiit: ed
frequency offset of said subband fromthe center oaﬂ E%wm,ﬁﬁ% nel .

23. Aradio transmtter/recelv'é*iﬂs ioniih both directijons with
a radio network, conpri si ng: H ontr pl | urfi 2 AU 1996quenici ng
a ﬁe
|

transnmt and receive functions thin gi ven franme perl od;

a receiver unit activated by sald timng control upit to receive a qignal
fromsaid radio network during a first allocated ttne.slot wth.a.length
equal to a first portion of said frane perid®; and atransmtter
unit capabl e of being activated by said timng, contyol unit t transn1t
during a second al | ocZtled 91ﬁ@d§PbﬁFﬁQﬁ?¥¥QQ§zﬁ?F%&ﬂEﬂ AR hﬁ°port|on
of said frame pegiladmv2iagh wiese im0 loparar ﬁ:amSﬁtChaidSéulwmhdoisand in which

4. A Tadi o 1 ranSREBERLRER BN, SR L AR LT RECeanbal WEEY RG] i ng

control a phase ramp during said modulation conditioning

S -equating to the desired frequency offset of said
- subband from the center of said shared channel.

25. A radio transmitter/receiver for
communicating in both directions with a radio
network, comprising: '

10 a timing control unit for sequencing transmit
and receive functions repetitively with a given frame
period;

a receiver unit activated by said timing control
unit to receive a signal from said radio network

15 during a first allocated time slot with a length
equal to a first portion of said frame period; and

a transmitter unit capable of being activated by
said timing control unit to transmit during a second”
allocated time slot with a length equal to a second

20 portion of said frame period which does not overlap
said first portion and in which said second time slot
is substantially longer than said first time slot.

26. A radio transmitter/receiver according to
claim 25, wherein said timing control unit includes a
25 = microprocessor and an application specific integrated
circuit.

27. A radio transmitter/receiver according to
claim 25, wherein said timing contrel unit also
coritrols the channel center frequency of said

<1 transmitter in dependence on sald allocated received

tlme slot. o o

AR



unit includes a mcroprocessor and connected to application specific

I ntegrated circuit.
claim 23, wherein said tinmng control
frequency of said transnmitter in dependence on said alrﬁﬁéféa_recelved

sl ot.

si gnal ,
si gnal ,

si gnal
si gnal

_ 26. A radio transmtter/receiver accordi ‘“ﬂ“
wherein said receiver portion contains neans for anpli fﬂm‘\s\ \a

25. Aradio transmtter/receiver according to
unit also controls the channel-eenter

i

filtering said anplified signal, down-converting said ﬂ1IPered
sanpling and anal og-to-digital converting of the down-converted
buffering of said digitized signal i3® a buffer nenory and digital

processing nmeans to process said sanples in said buffer

menory.

28. A radioc transmitter/receiver according to

claim 25, wherein said receiver portion performs

amplification, filtering, down-conversion, sampling

and analog-to-digital conversion of the received

5 signal, buffering of said digitized signal samples in

a buffer memory and digital signal processing means

to process said samples in said buffer memory.

29. A radio transmitter/receiver according to

claim 28, wherein said digital signal processing

10 means operates to determine time synchronization and
frequency accuracy, demodulate and error correct data

symbols, and process said corrected data to obtain

digital voice samples.

30. A radio transmitter/receiver according to

- 15 claim 29, further including means to convert said
digital voice samples to an acoustic voice signal.

31. A radio transmitter/receiver according to

claim 25, wherein said transmitter portion comprises:
means for converting an acoustic voice signal to

20 digital voice samples;

digital signal processing means for processing
said digital voice samples to obtain a digitally

modulated signal for transmission;

up-converting means including a programmable

25 . frequency synthesizer to translate said digitally
modulated signal to the final selected transmit

channel frequency; and

transmlt power ampllfler means for amplifying

said translated final frequency 81gna1 to a power
- 30 level suitable for transmlss1on and compatible with

. the desired co_mmunicati_on's- range. REFLACFMENT QHE;:T :
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27. A radio transmtter/recei-ver—acecordi-ng—to—ctaim 26 mhereln sai d dlgltal

si grnal processing neans detern1nes time synchronizat

accuracy of said received S|gn5W acgthd er'ﬁﬁﬂd%ﬁéggw
recej ved signal, and processes receiv [
digital voi ce sanples. ansm t e lr QﬁA M9%ccbr dli ng

to clam 27, further including neans to convert said !
to ah acoustic voice signal. 29. Aradio tr eceiveri
-according to claim23, wherein said transmtter porti ' .
means for converting an acoustic voice sigrd to digi ol ce sanpl es;
digital signal processing neans for processing said digital voice sanples
to obtain a digitally asmdulzteatiss grecdnsmitten/iseceiven; according to
up-conver ting meaRs, S i e i 0N AITEPL Cok v EALERSG YmEY AL NEShARY sBY

transl ate

a phase lock loop to translate said digital
modulation from a first modulated signal frequency to
5 said final selected transmit channel frequency.

33. A radio transmitter/receiver according to
claim 31, wherein said digital signal processing
means operates to ccmpress said digital speech
samples into a reduced number of data symbols by

10 means of a speech coding algorithm, encode said
reduced number of data symbols using an error
correction code, buffer said encoded symbols in a
memory so as to affect their transmission using only
that portion of the time in which said receiver is

15 not receiving, and modulate said encoded and buffered
samples by conditioning them so as to represent a
sequence of smoothly varying phases or amplitudes or
both of a carrier frequency signal such that the -
spectrum of said modulated carrier signal is

20 contained within a desired frequency region or
subband.

34. A radio transmitter/receiver according to
claim 33, wherein said desired frequency region is a
subdivision or a subband of a shared transmit
25 frequency channel used by other transmitter/receivers
in communication with said radio network station.

_ 35. A radio transmitter/receiver according to
claim 34, wherein operatlon of said subband is
determlned by sa1d digital 51gna1 process applylng a

-130 phase ramp- during sald modulation conditioning
o equating ‘to the desired frequency offset of said
'subband from the center of said shared channel.
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said digitally nodul ated signal—to -a final selected transmt channe
frequency; and transmt pomer anpllfler by
transl ated final frequency sig

transm ssion and conpatible wt

30. Aradio transmtter/receive
up-converting means conprises a phase Io
nodul ation froma first nodul ated signal frequenc -
transmt channel frequency. - 31, adi o ransnltter/recel er
according to claim?29, wherein said digital Signal *processTmg Neans

operates to conpress sgid dA%&&ioVBhﬁé §€H’E£8ﬁ fai-océmﬁﬁﬂ%ﬁﬂla&h”%“tlpf
data symbols by means of a speech coding algorithm encode said reduced

nunber  of data §yd56¥%ab%Fﬁg°§n°ﬁFFB?t 8RPecPPBRTASABI buffer sai d encoded

synbols in a nmenory S%@Etiﬂleﬁiﬁgcﬁehhel foir Ra38ipIeRingSaigietlzed, hat
portion of the tine receive and dul ate

sai d encoded amjQRHH¥5%§F§aﬁB&eﬁrBVrCSHHTFFgﬁPchPﬂsﬁs Beﬁghtﬁlg esent
a sequence ®f snuniténdedrfongsapbdseatstatiiphst inte cnrbesponﬂlagc &imeer

slots in a TDM frame,
modulating means to impress said multiplex

oop t

digital signals on a transmitter carrier frequency
signal;
10 transmitter means cdupled to antenna means to
' transmit said modulated carrier signals; and
a plurality of receiver means coupled to an
antenna means for receiving signals from said
outstations on a corresponding plurality of signal
15 frequencies within a shared channel bandwidth, each
receiver means receiving a signal from a particular
outstation'only when said transmitter means is not
transmitting the time slot intended for reception at
said particular outstation.

20 37. A radio base station according to claim 36,
wherein said plurality of said receiver means is at
least one less than said plurality of outstations.

38. A radio base station according to claim 36,
in which said plurality of receivers are coupled to
25 digital signal processor means that sort the signals
received from said plurality of receivers in order to
decode signals each having originated from different
ones of said outstation transmitters.

_ 39. A radio base station according to claim 38;
30 wherein said SOrting'aﬁd deCOding“reconstructs a

_digitized voice signal transmltted from at least one

of said outstations.

(L



frequency signal such that the bpﬁbllUﬂ]Of said nodul ated carrier signal is

contained within a desired freq bband 32. A
radio transmtte/receiver accord é%hﬁ éﬂmhereln
frequency region is a subdivisi on HI f a share me(rim“m(nm" I“l

frequency channel used by other- t |vers I N commuenl eat hons wit h
said radi o network station. _ 33. A radro transmtter/receiver
according to claim 32, wherein operation of said subband is determ ned by
said digital signal processing nmeans applyigg a phase ranp

40. A radio base station according to claim 39,
wherein said reconstructed, digitized voice signals
from a plurality of outstations are remultiplexed for
-connection to a digital exchange employing time slot

5 interchange. .

41. A radio base station according to claim 36,
wherein said multiplexing means is a digital exchange
employing time slot interchange.

42. A radio base station according to claim 38,
10 wherein signals received from a second plurality of
receivers located at one or more remote sites are
also sorted and processed to provide improved
reception of signals to said outstations.

43. A radio base station according to claim 36,

15 wherein said plurality of receivers is constructed by
means of digitizing the composite of all received -
signals, processing said'digitized composite signal
with the aid of a digital filter bank to separate
individual subband signals, sorting samples from said

20 subband signals according to their originating
outstations, and processing sorted samples
corresponding to each outstation in order to
reconstruct a digital voice signal transmitted by
that outstation.

25 44. A radio base station according to claim 43,
wherein said processing includes the operations of
demodulation, error correction decoding and speech
decoding. - : ' o
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during said nodul ati on conditioning equatirg—to the desired.freqguency.

of fset of said subband fron1rﬁ§'6'nter of said shared*“@anﬁgp;iﬁ‘ﬁ§.$g.

34. A radio base station for thEmB % a pl ur at-+ y-ue' HH~S 'tiions,
conpyri si ng: nultlpIeX|n tipl exijng itized,
conpressed and error correction m m i gnal s i nteﬂ%eﬁ UBaI99& aif d
outstations into corresponding t slots in a TDM podul atijn
means to inpress said nmultiplex digital signals on aftransmtter carriér
frequency signal . transmtter neans coupled t

transmt said nodul ated carrier signals; arf® a plurality of
receiver means coupled to the antenna means for receiving signals from
sai d outstations on a 4é8rredpdid@ie hase Station acePrding ck@entam 484 hin

a shared channel Jhgaduica s Prod oI prEdiisde kit s piflink 1hom a
partl cul ar outstation onl Yy whén sai d transm tter neans IS not transm tti ng

the tine slot intoxded f&em sFnIastrte H#Kkeshticul ar outstati on.

46. A radio base station according to claim 45,
5 wherein an already processed stronger signal is then
conditioned for subtraction from adjacent, weaker
subband signals in order to enhance the isolation
between adjacent subbands.

47. A radio base station according to claim 38,
10 . wherein said digital signal processor means jointly
demodulates or decodes received signals originating
from more than one of said outstations.

48. A method of communication for providing
telephone communications between at least one

15 outstation in a subscriber in a public switched
telephone network comprising at least one orbiting
satellite arid at least one ground control station in
communication with said satellite and said public
switched telephone network, comprising the steps of:

20 - transmitting from said satellite a signal '
bearing time division multiplex information comprised
of time slots in a repetitive TDMA frame period, each
time slot being allocated for reception by one of
said outstations;

25 receiving signal bursts from said satellite at
said outstation during its allocated time slot in
said TDM frame;

determining a transmit frequency channel
unlquely associated w1th sald allocated t1me slots,'

'30 - and o . . _

transmitting signal bursts using said.transmit
' frequency- channel from,Said_cutstatioa'to said = .’

A L




said receiver

35. A radio base station acandLng—Le—e+a+ﬁ%3ﬁ— whetr: i g plurallty of
means is ‘at Ieast one | ess t sail AEPLAREME Y s
his Sheet Has Been Rep 39

out st ati ons.

36. JA radi o base station accor
receiver neans are coupled to

B oot v o o
procegsgr means that goft the

A

q
signals received fromsaid pIurallty of receiver ndans=H=oraer—to d¢code

signal s each having originated fromdifferent outstlati on transpitters.

10

15

20

25

30

44

satellite using substantially all of the remaining
part of the TDM frame during which said outstation is
not receiving.

49. A method for providing telephone
communications between a number of outstations and a
subscriber in a public switched telephone network
comprised of at least one orbiting satellite and at
least one ground control station in communication
with said satelliteiand the public switched telephone
network, comprising the steps of:

allocating to each of said outstations a time
slot in a repeating time division multiplex frame,
for reception from said satellite and an associated
frequency channel for transmission to said satellite;

receiving signal bursts from said satellite at
one of said outstations during its allocated time
slot in said TDM frame; and ‘

transmitting signal bursts using said allocated.
transmit frequency channel from said one of said
outstations to said eatellite during one or more of
said time slots not allocated for reception at the
same outstation.

50. A method for providing telephone
communications between a first number of outstations
and a subscriber in a public switch telephone network
comprising at least one orbiting satellite and at
least one ground control station in communication
with said satellite and said public switch telephone
network comprising the steps of:

allocating to each of said outstations a time
slot in a repeating down-link time division multiplex

frame period for reception from said satellite;
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37. A radio base station accoerdinrg—to—ctarm36,-wherein said sorting and
decodi ng reconstructs a digitized voice sﬁﬁial transmtted fromat |east

one of said outstations. This Shectdlas fde © aseigg“ A GORdRAg| t o
cl aim 37, wherein said reconst le I ed vofB& 'f‘%ﬁ‘éﬁfg Hh
plurality of outstations are r [

" ¢

X
Yy

or ‘cohngction to a dipital
exchange enpl oying ‘tine sl ot interchange. - $9.1 2 AuGinggake
station according to claim34, wherein said multipllexing means is a Higital

exchange enploying time slot interchange. A Tadio pbase
station according to claim 36, wherein sigﬁﬁ S recé¢ived fromone or re

remote sites are al so Sarled and REACCIIRLLS AEQN! 8514 BLRYEH; LEogRtion Of

signals to said outstations.

one of said outstatiohs‘during said allocated time
slot and said downlink TDMA frame;
determining a second number of transmit

5 frequency channels and a third number of transmit
time slots in a repetitive uplink TDMA frame to be
used by said outstations for transmitting to said
satellite, the product of said second and third
numbers being equal to said first number;

10 allocating to each of said outstations a unique
combination of one of said transmit frequency
channels and transmit time slots depending on their
respective allocated receive time slots such that the
transmit time slot and receive time slot at any

15 particular outstation do not overlap; and

transmitting signal bursts using said allocated
transmit frequency channel in said allocated transmit
time slot from at least one of said outstations to
said satellite.

20 §1. A method for providing telephone
communication between a number of outstations and a
subscriber in a public switched' telephone network
comprising at least one orbiting satellite and at
least one ground control station in communication

25 with said satellite and said public switched
telephone network, comprising the steps of:

allocating to each of said outstations a time
slot in a repeating down-link time division multiplex
frame period for reception from said satellite;

30 receivihg signal bursts from said satellite at

' onie of said outstations during its ‘allocated time
slot and said ‘downlink TDM frame; o '
_ determining a second number of transmit
frequency channels and a third numbeﬁ'of transmit

LR




41. A radio base station according to claim 34, wherein said plurality of
recei ver means is constructed by nmeans for d|g|t|2|ng the conp05|te of all
recei ved signals, processing said digitized conpos E= T UGN

of a digital filter bank to separate individual su
sanpl es from said subband signals according to the
outstations, and processing sorted sanples corresp
in order to reconstruct a digital voice signal trapsjritted by thaj
out station. 42. A radi o base station accprding to CTarHT 4
wher ei n sai dprocessing perfornms the operatdé®ns of| denpdul ating the
digitized conposite signal, error correction decoding said dermodul at ed
si gnal and speecleafedirep saiserobrecade rétvisiongmaltiple access

codes to be used by said outstations for transmitting

orlgfnatlhg#J~
ndi M WYGeReh dutistation

to said satellite the product of said second and
third numbers being equal to said first number;

5 allocating to each of said outstations a unique
combination of one of said transmit frequency
channels and one of said CDMA codes in dependence on
their respective allocated receive time slots; and

transmitting signal bursts using said allocated
10 transmit frequency channel and CDMA code from at
least one of said outstations to said satellite using
parts of said TDM frame period during which time said
outstation is not receiving from said satellite.

52. A communication system for providing
15 telephone communications between a number of
outstations in a subscriber and a public switched
telephone network comprising at least one orbiting
satellite and at least one hubstation in
communication with said satellite and said public
20 switched telephone network comprising:
at least one orbiting satellite in communication
with at least one of said outstations and said
hubstation, said satellite including:
multiple beam antenna means for
25 illuminating different areas on the earth with
signéls to be transmitted from said satellite to said
_outstations;
multiple transmitter means for generating
said transmit signals associated with respective
30 'beams of said multiple beam antenna means; and
' multlple recelver means for rece1v1ng
signals from said hubstatlon to be retransmitted by
said multiple transmitter means and respectlve beams

of. said multiple beam antenna,_
|III|II| |||I|| W lIII




40 43. A radio base station according to claim4l, wherei rd
processing processes subband signals in order fron;ELLgngesr’TB/ﬁggizgt.
44. A radi o base station according to claim43, wherein an

processed stronger signal is then conditioned for su \g \!ﬁ%\\\‘*\\
adj acent, weaker subband signals in order to enhanceqa 3 w o1t bet ween

adj acent subbands. . 45. A radi o base station ac¢cording to claim 36,
wherein said digital signal processor neans jointly denodul ates received
signals originating fromnore than one of sérd outstations. 46. A

met hod of comuni cation for providing tel ephone communi cati ons between at

| east one outstation idt a]8a0ECehdSHubstatpohl ifi evmnah¢adatdbapkdth i wor k
conprising at |east one orbitin .satelééifiggd at | east _aone ground control
14

station in comum<€aft PG PFPiting sa comprising:
multiple multiplexed means for multiplexing

signals intended for retransmission from said

5 - satellite using a particular beam of said multiple
beam antenna into respective active time slots of a
corresponding time division multiplex frame also
including inactive time slots to produce
corresponding TDM signals;

10 multiple transmitter means in radio
communication respectively with said multiple
satellite receiver means for transmitting said
corresponding TDM signals such that each TDM signal
is retransmitted from a corresponding one of said

15 multiple satellite antenna beams; and

time slot allocating means to allocate said
active time slots in each beam so that they coincide
with inactive time slots in neighboring beans.

53. A communication satellite system for
20 . providing telephone communications between a number
of outstations and a subscriber in a public switched
telephone network comprising at least one orbiting
satellite and at least one ground control station in
communication with said satellite and the public
25 switched telephone network, comprising:

" at least one orbiting satellite in communication
with at least one of said outstations and said
control station, said satellite comprising:

multiple beam antenna means for receiving
30 uplink signals from groups of said outstations
located in respective regions of the earth and
transmitting corresponding downlink signals to said

outstations; o REPLACEMENT SHEET
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said satellite and said public switched tel ephone network, conprising the
st eps of: transmtting fromsaid satellifhend,stanal bageiag time
division multiplex information conprised of at | -Eﬁﬁu &&ghnsﬂgyé_ in a
repetitive TDVA franme period, each tinme slot beijnd all ocated fof feception

by one of said outstations; recei vi ng sijgrial 42uA¥64996 oin $ai d
satellite at said one outstation during its allgcdgted tine slot iin said
TDVA frane; determining a transmt frequency channel uni qgely
associated with said allocated tine slot; and transmtiimg signal

bursts using said transmt frequency channei,fromsaid one outstation to
said satellite using substantially all of the remaining unused parts of the

TOMA frame during which Sai g Put ShaitoP1eSragkiveschbhis: each A7 A
met hod for providing tel ephone conmunicati gns between a nunber_ of

outstations and RSFAEEATeRA WikhoRaLPEcSadfi BRABLPLL-BRERBNACPRAMR
conpri sed of at|fﬁgﬂreé§¢Vﬁﬁ@i§&ﬂa ﬁplghkigggﬁamsgt | east one ground

control station in connunlcgtlo mﬁiﬁ S?Idt satekg#ag %ggnghgoguggacto
swi t ched tel ephone network, %Bﬁgr?% iP{RetERRFRGH! P
1 said first multiple receiver means for relaying said
received signals to said control station;
second multiple receiver means for
receiving time division multiplex signals from said
control station; and
10 second multiple transmitter means each
associated with one of said multiple antenna beams
and coupled to said second multiple receiver means
for relaying said TDM signal to said outstation;
' at least one control station in communication
15 with said at least one orbiting satellite,
comprising:
multiple receiver means for receiving said
relayed uplink signals from said satellite; .
multiple transmitter means for transmitting
20 time division multiplex signals to said satellite for
retransmission by said satellite to said outstations
in corresponding downlink satellite antenna beanms;
and '
time slot and frequency allocating means to
25 associate uplink channel frequencies used by said
' - outstations for transmitting with downlink time slots
used by said outstations for receiving such that
allocated downlink time slots and associated uplink
frequencies in one of said multiple antenna beams
30 corresﬁond to unallocated ﬁime slots and frequencies
in neighboring beams. '

- 54. A satellite communication system according
' to claim 52, wherein said satellite multiple

—_—

] HW |



41~ allocating to each of said outstations a tinme slot in a
repeating time division multiplex frame, for receptiQD_LLgﬂlgaLd~saLe+++{e
and an associ ated frequency channel for transm ssion to said satellite

receiving signal bursts fromsaid satellite at one of. ﬂMq
during its allocated tine slot in said TDM frame; and [L“n“‘ “mmn
signal" bursts using said allocated transmt frequency ‘chanrel L rbm $ai'd one
of said outstations to said satellite during one or nore of said tine slots
not allocated for reception at the sane oaé tation. 48. A net hod

for providing tel ephope comuni cation bet n a first nunber of
transmitter means comprise saturated travelling wave
tubes. '

55. A satellite communication system according
to claim 52, wherein said satellite multiple
5 transmitter means comprise class C transmit power
amplifiers operated at maximum efficiency.

56. A satellite communication system according
to claim 55, wherein said transmit power amplifiers
are powered down to a low current during inactive or

10 unallocated time slots of the respective TDM signals.

57. A satellite communication system according

to claim 56, wherein said active time slots of any

TDM signal are packed together to occupy adjacent

time slots in a subframe period being a portion of

15 said TDM frame period and said inactive time slots
form the rest of said TDM frame period. -

58. A satellite communication system according
to claim 57, wherein said subframe of any one TDM
signal retransmitted in one of said multiple

20 satellite antenna beams does not overlap the
subframes of the TDM signals transmitted in the
neighboring beams. '

e
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outstations and a subscriber in a public swtch tel ephone network
conprising at |east one orbiting satellite and at |east one ground control
station in communucation with said satellite and said public switch

t el ephone network conprising the steps of: - ~ allocating to each of
said outstations a tine slot in a repeating down-link tinme division

mul tiplex frame period for reception fromsaid satellite; recei vi ng
signal bursts fromsaid satellite at one of said outstations during said
allocated tine slot and said downlink HgM frane; determning a
second nunber of transmt frequency channels and a third nunber of transmt
time slots in arepetitive uplink TDMfrane to be used by said outstations
for transmitting TDMAAFDMAACRNA | HEBRE)RADIY AGCESS METH™ S ond and third
nunbers being equal to said first nunmber; all ocating to each of
sai d outstations a uni que conbi ABSTBACST Ofn It REFEASHE Mt frequency
channel s and transmt, at rgai%l Qictedepaietiigl ofor heacilbspetagve al | ocated
receive time slots such that the transmt i slot and recgive tine,slot
at ary particularc°HEP§%§FF&ﬁ“d%%%§9%RM§#eifégﬁmPne first ?€3ﬁ§ﬂ?t??ﬂg |
signal bursts usi agplardldltyooft etconshsstiat foresjubmodisthosed. i nFinst,

al located tgansm L, Rs3hah Gr@0ed $4Y Ondhi S8 Gn 04 ShakEOPSa! Qe Sai d

satellite.

a first station. The signals are then divided into
equal length segments. The signal segments intended
for a particular one of the second stations is
transmitted using a corresponding time slot in a

10 regqularly repeating time multiplex frame. The signal
segments transmitted by the first station are
received at at least one of the second stations and
the signal segments are assembled from successive
corresponding time slots to reconstruct said intended

15 signal. A transmit frequency channel uniquely
associated with the corresponding receive time slot
is determined at the second station. Finally, a .
signal intended for transmission to the first station
is buffered in the second station and compressed for

20 transmission using the transmit frequency channel
during substantially the entire time period that the
second station is not receiving.

Figure 4

o |1 12mu8%9%
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42 49. A nethod for providing tel ephone comunication between a
nunmber of outstations and a subscriber in a public swtched tel ephone
network conprising at |east one orbiting satellite-and at |east one ground
contsol station in communication with said satellite and said public

swi tched tel ephone network, conprising the steps of: allocating to-
each of said outstations a tine slot in a repearing down-link tine
division multiplex frame period for réb@%kion fromsaid satellite;
receiving signal bursts fromsaid satellite at one of said outstations
during its allocated tinme slot and said downlink TDM frane; _
determ ning a second nunber of transmt frequency channels and a third
nunber of transmt codes froma set of code division nultiple access codes

to be used by said outstatigas for transmtting to said satellite, the
product of said second and ;\ird '
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nunbers being equal to said first nunber; allocating to each of
said outstations a uni que conbination of one of said transmt frequency
channel s and one of said CDVA codes in dependence on their respective

al l ocated receive time slots and transmtting signal bursts using
said allocated transmt frequency channel and CDVA code from at | east one
of said outstations to said satellite usjng unused parts of said TDM frane
period during which tinme said outstati or?’i]gl not receiving fromsaid

satellite.
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43 45. A radi o base station according to claim 43,

wher'ei n sai d processing processes subband signals in order from
strongest to weakest. 46. A radi o base station according to
claimd45, 5 wherein an al ready processed stronger signal is then

condi tioned for subtraction from adjacent, weaker - subband signals in
order to enhance the isolation bet ween adj acent subbands.

47. A radio base station according tozgigi m38, 10 wherein said digital
signal processor neans jointly denodul ates or decodes received
signals originating fromnore than one of said outstations.
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48. A nethod of communication for providing t el ephone conmuni cati ons
bet\vieen at | east one 15 outstation'in a subscriber in a public swtched
t el ephone network conprising at | east one orbiting satellite and at

| east one ground control station in comruni cation with said satellite
and said public swi tched tel ephone network, conprising the steps of:
20 transmtting fromsaid satellite a signal bearing tine
division multiplex information conpri 9gd1 of tinme slots in a
repetitive TDVA franme period, each time slot being allocated for
reception by one of said outstations; 25 recei ving signal
bursts fromsaid satellite at said outstation during its allocated
time slot in said TDM frane; determning a transmt

frequency channel uniquqéy associated with said allocated tine slots;
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part

bursts using said transmt
of the remaining

transm tting signal
‘fromsaid outstation to said
satellite using substantially all

of the TDM franme during which said outstation is

. and

frequency channel
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20

slots not allocated for

50. A ysrethod for providing tel ephone

of outstations 25
conpri sing at

station in comuni catjon

nunber
net wor k

one ground control

said public switch tel ephone

and a subscri ber
| east one orbiting satellite and at

netmo?klkonprising the steps of: 30

outstations to said satellite during one or
reception at the

all ocating to.each of said outstations a tine
down-1link time division nmultiplex
said satellite;

nor e of

said tine

sane outstation.
conmuni cati ons between a first

in a public switch tel ephone

| east

with said satellite and

sl ot

frame period for
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1 2 AUG 1996 45 recei ving
signal bursts fromsaid satellite at one of said outstations during
said allocated tine sl ot and said downlink TDVA frane;

- determ ning a second nunber of transmt 5 frequency channels and a
third nunber of transmt time slots in a repetitive uplink TDVA
frame to be used by said outsé? Lons for transmtting to said
satellite, the product of said secon thd third nunbers bei ng equal
to said first nunber;
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10 allocating to each of said outstations a uni que

contfi nati on of one of said transm.t frequency channel s and transm t
ti'me slots depending on their respective allocated receive tine

sl otss such that the transmt time slot and receive tine slot at any
15 particul ar outstation do not overlap; and transmtting
signal bursts using said allocated transmt frequency channel in
said allocated transm t time sl &/ Mlyom at |east one of said
outstations to said satellite. 20 51. A nethod for
provi di ng tel ephone comuni cati on between a nunber of outstations
and a subscriber in a public switched tel ephone network

conprising at |east one orbiting satellite and at | east one ground
control station in conmunication 25 with said sateklite and said public

swi t ched t el ephone network, conprising the steps\of:

420
PORTABLE /HOBILE
STATIONS

AN

SATELLITE
L 1

10 PSTH



allocating to each of said outstatlons atinme slot in a repeating

downZlink tine division mul tipl ex frame period for reception from
said satellite; 30 receiving signal bursts fromsaid satellite at
one Of said outstations during its allocated tine slot and said
downl i nk TDM fr ane; determ ning a second nunber of transmt

frequency channels and a third nunber of1 transm-t
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46 codes froma set of code division mul ti pl e access codes

to be used by said outstations for transnmitting to said satellite
t he product of said second and ‘ third nunbers being equal to said
first- nunber; 5 allocating to each of said outstations a unique
~combination of one of said transmit frequency channel s and one of
said CDMA codes in dependence on 11Ateir respective allocated receive
time slots; and transmtting signal bursts using said allocated
10 transmt frequency channel and CDVA code from at | east one of
said outstations to said satellite using parts of said TDM frane
period during which tine said outstation is not receiving fromsaid
satellite.
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52 A co O n
o Oigb%s) Pos

] Mg)qqte@gﬁfpg prsgvi di ng 15 t el ephone conmuni catq

bet week ) &@ﬂju@&ﬁﬁa LL.eng in a subscriber and a publ

swi t ched ar iggg, rising at |east ,_Qn,e,__(mm.u,ugm,W,.
satel | | t S Be hﬁg I__Q_I’l i N com‘runT'rqat$m{§TV\HA$1_MﬁNc
satel it %Y‘b‘ %% tch d tel ephone nef wor k REPIREEDS| NY:

at | east jo Bﬁﬁ"fl ng ggg é1 [ | tg n ni cation - le of

said outdgtations and said w1y hubsta |og said satellite including:
mul ti pl e jbaATRARE RECERIN® G085 finating different areas on the

earth win——_ oigngls ;gtﬂgu#anﬁg‘a Tl WaVE Sl g fh ol

out st ations; % & redhs ener at
said transnmit sthislabhesbyi aeadmgt nppe'gpemalbpe sd@nalshdunsthd said

mul tiple beamfﬁﬁfﬁ&fhegagﬁteﬁﬂg 360 to determlnéﬂuﬁﬁﬂﬂéi ﬁgfgu@ilgeans

for receiving g fromsaid Q ubstation to be retransnitte

be broa cast by a multi-beam antenna 300 at what time

S and in what direction. 1In this manner, it can be
determined, for example, that in any particular time
slot of the down TDM format only a subset of regions
of the earth receive the signals, the regions being
sufficiently separated in boresight angle so that

10 they do not suffer interference from one region to
another. 1In this way, independent signals can be
sent to one phone in each region in each timeslot
without interference. In the next timeslot, a )

different set of regions, i.e., those in between the

15 first set of regions, are illuminated so that all
regions receive the signal from some timeslots in the
frame. '+ U.S. Patent "Number -

5,539,730 - entitled "A cellular/satellite
Communication System With Improved Frequency Re—use",
20 filed January 11;° 1994, which is incorporated herein
by reference, discloses how one to one re-use can be
used for the present embodiment wherein every
timeslot is used in all of a number of sub-regions.
When the system is operating at less than full
25 capacity, not all of the timeslots in the frame will
be active. Moreover, one half of a two party
conversation is generally silent at any time so that
an advantage can be gained by turning off the signal
in the corresponding timeslot momentarily. When the
30 number of timeslots is large, i.e., 512, it is
statistically accurate to assume that only
approximately 50% will be active at the same time.
The power amplifiers 310 are arranged to draw little
or no current during inactive or unallocated
35 timeslots'sq fhat the mean.consumptiqn'from fhe'
\\'_.
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said multiple transmtter means and respeCtive beans. of said
mul t4.pke beam ant enna;

at | east one hubstation in connun|Cat|on withat - Feast—one—orbtie
satellite, conprising: multiple multiplje Wé %ﬁs%gﬁtm
mul ti pl exi ng signals intended for retransm ssion [from K&PHACED

29

bank of upconvertors or transmitter modulators 430
which translate the signals to the C or Ka bank while
preserving their phase relationships before adding
them in a combiner 440 and amplifying them in a

5 traveling wave tube TWT power amplifier 450 for
transmission to the HUB station through an antenna
460. It should be noted that the antenna 460 in
Figure 11 may be the same as the antenna 360 in
Figure 10, the C/Ka bank receiver then being

10 separated from the transmitter by means of a duplex
filter. Moreover, both polarizations may be used in
both directions in order to increase bandwidth
utilization. Each polarization would then have p
associated with it half of.the.receiver bank 340 and

15 half of the transmitter bank 430 connected to a
separate traveling wave tube. Furthermore, a
downlink antenna 300 and the uplink antenna 400 can
also in principle be one and the same with the
addition of transmit/receive duplexing filters for

20 each beam, array element or sub-array, thus achieving
double use of the same antenna aperture.

A description of the corresponding HUB station
equipment may be found in the aforementioned U.S.
Patent Number 5,539,730, entitled " A~

25 Cellular/Satellite Communication System With Improved
Frequency Re-use", which is hereby incorporated by
reference.

It will be appreciated by those or ordinary
skill in the art that the number of timeslots,

30 frequency bands and applications mentioned above are
primarily for the purpose of illustration and are not
meant to imply any limitation of the present
invention. The present application contemplates any
and all modifications that fall within'the spirit and
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Bloqb3-2 1Pes

5 -satelli urar beam of said ful t REPBACEMENTOSMBEESt ersea

into respectiv ts of a col r EsPesedption { paged di. oSpaped .....
mul ti pl ex frawgm ﬂmnlmll udi ng inactive tink¥ Chin@) t o: piged Ut 8o aged .
corr espondi ng - nul t § plieDtamaigsh {32264 TR '

radi o conmuni cati on respecti vel y WI th sai ¢ Hudbstate aged SALE! E‘ﬁ """
receiver for transmtting said corr gspondi ng TDI\ﬁ Si gnal S s """
t hat eac%ﬁg%sm gnal is retransmtted fronﬁA%rbﬁsQBBEhplg

said 15 multiple satellite antenna beans; ant i 31 -0t
all ocating neans tqQ allocate said ‘active tj sI ot S eact}_gbeam SO
that they coihchgadio access pyethad for-fasilitating copmupicaton;

gngﬁnnga [ onﬁﬁbd @ﬁnﬁ% g#%%ewrw&x%ut stati ongI ggdt gl SEBSQEI ber in a
publ i c swi t cheuffering at said first station each signal mtq_xded for transmission respectively to
each of said second stations;
dividing smd signals info equal length segments;
transnumng signal segments intended for a pamcular one of said second stations
using a corresponding time slot in a tegularly repeating time multiplex frame;
receiving at at least one of said second _sta_tions said signal segmeats transmitted by
said first station in its corresponding time slot and assembling said -signal-segments ﬁom
successive corresponding time slots to reconstruct said intended signal;
determining at said second station a transmit frequency channel umquely associated
with said corresponding receive time slot; and
buffering in said second station a signal intended for transmission to said first station
and compressing it for transmission from 'said second station using said transmit frequency
channe} during substantially thc entire time period that said second station is
not receiving.

2. A radio access method for facxluaung commuaication between a fixed statlon and
a given number of mobile stations, comprising the steps of:

buffering at said fixed stanon signals to be transmitted to said mobile stations;

dividing saxd signals into scgncnts

lransmxttmg the segments intended for a paruc\ﬂar mobile station on time slots
which are allocated for receiving at the particular mobile station, wherein said time slots -
regularly recur in a repetitive time multiplex frame which contains a number of time slots
equal to said given number;

determining at each mobile station a transmit frequency channel uniquely
correspondir;g to the mobile station's aliocated time slot; and

-
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t el ephone network conprising at least one orbiting ~  satellite and at

| east ,one .,ground control station in comruni

satellite and the public 25 swi t ched teI ephonejmmﬂ mlmmﬂm ng:

at | east one orbiting satellite in co * east one of
said outstations and said cont ro at | on said satellite conprising:

mul tipl e beam a pa rreas for lin nal s, from groups
of said outstat"’t‘){(fg‘mgmat té’é‘ﬁf’é ‘f W@é‘ﬁg@g‘f’é’ﬁ agfm{“ﬁ%me n%h and
transmtti ﬂﬂe@ﬁiﬁ&ﬁﬂﬁﬂﬁn@&tﬂﬂg\%'siﬁﬁaﬁrﬂﬁﬁi thas@itTrdqHency channePdirfipahéons;

than one time slot in which said mobile starion is not receiving.

3. A radio access method for facilitating communication between a first station and a

predetermined number of second stations, comprising the steps of:
 buffering in said first station signals to be transmilted to said second stations, said

first and second stations having means for transmitting and receiving signals;

dividing said signals into segments;

transmitting the segments intended. for a particular one of said second stations using
only time slots that are allocated to said particular second station for receiving, wherein
said time slots regularly recur in a répetitive time multiplex frame containing a
number of time slots equal to said predetermined number; and

buffering in at least one of said second stations a signal to be transmitted to said first
station and transmitting said signal during more than one time slot in which said second
station is not _réceiving. | h ' '

4, A radio access method according to claim 3, wherein said second stations have a
" receive period for approximately one-third of the time and a transmit period for
approximately two-thirds of the time.

5. A radio access method according to claim 4, wherein said transmit period is
composed of a first part in which said transmission occupies a first-half of said transmit
channel frequency and a second part in which said transmission occupies a second-half of
said transmit channel frequency.

6. A radio access method according to claim 4, wherein the transmit signal spectrum
during said transmit period occupies a ﬁrst;haif of said transmit channel frequency
spectrum during alternate transmit periods and a second-half of said transmit- channel
ﬁ'equcncy during the other transmit periods. -
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48 first nmultiple receiver neans each ‘associ at ed

with one of said multiple antenna beans f v .0 uplink
si gnal s; first nultiple transmlmu!ﬂmelmﬂmlﬂa! dto 5
R § %

said first nultiple receiver nmeans for relaying sal

L ed
signals to said control station; _ i3 second mnul tiple receiver
nmeans for receiving tinme division nultiplex signals fromsaid

control stati oh; Aaadio a6cess method according ueddud}mh&rtiplscidtsmdmipar means
each 35808 8L 05 OF o5k bW ety AU W E Foquency
during the time overlap.

8. A radio access method according to claim 7, wherein said non-overlap in
' frequency is arranged by division of a transmit frequency channel bandwidth into subbands
and allocating a unique subband to each tra.‘nsmiss'.ion'overlapping_ in time wiﬂ_;. at least one
other tran;mﬁ#sion.

9. A radio access method according to claim 7., whetein said non-overlap in
frequency is arranged by frequency division of a transmit frequency channel bandwidth into
a number of subbands one less than said predetermined number and each transmission
occupies said subbands sequentially during an equal number of subdivisions of its transmit
time period in a sequence that does not overlap with sequences used by other transmissions.

10. A radio access method according to claim 7, wherein said nonoverlap in
frequency is arranged by division of a transmit frequency channel bandwidth fnto a mumber
of subbands one less than said predetermined mumber and each transmission occupies a
unique subband during each of its transmission time periods.

11. A radio aocéss method according to claxm 10, wherein said unique subband used
by a particular transmission is varied from one transmit period to another ina
nonoveriapping sequence relative to other transmissions.

© 12. A radio transmitter/receiver for communicating in both directions with a radio
network, comprising:
a timing control unit for sequencing transmit and receive functions;
. an antenna switch fog, connectihg an anténpa alternately to the transmitter/receiver
under the control of said timing control unit;

-
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and coupl ed to said second nultiple receiver or relaying said
TDM signal, to said outstation; at Iea ation in
comuni cation 15 with said at |east one orbiti E !|$E| l‘ |

rece

conpri si ng: mul tiple reggl ver SVI mg said

rel ayed uplink signals fromsaid satelll mul tiple
transmtter nmeans for trapnsmttin Jtinme dIVIS on nul tip|ex gnajsto
sai d satellite RJFCeIVEr portioncopty Said fimipe cantepl ¥ait &9 W’F’é“"f‘é‘ €°

out st at i ONgadio network Hull‘i% % cBi e@fﬁf"ﬂ b Blne Nigibh ifufti

and requency allocatin neans o 25
associ ate upli nlatlﬂnsmmstpﬁntmqmpable&fhgm@bqolwlby said ummgmtmlamuaas for

transmttin h me sl ots aid o atlon for
Fecei vi ng o estof S 4 it P i e e ting A et e
upl i nk of timeERBUBACINRId fecdvetiRb dRaish HiiltipleR| fRiniy e2idd and Sdetiedfich
correspond to unaflocated tine slots and frequencies,

that said transmit timeslot coincides with a portion of said receive time division multiplex

frame period in whn_:h said recezv_er is not receiving.

13. A radio transmitter/receiver according to claim 12, wherein said timing control
unit includes a microprocessor connector 1o an- application specific integrated Circuit.

14. A radm transmitter/receiver accordmg 0 clam 12, wherein sajd timing control
unit also controls the channel center frequency of said transmitter in dependence on said
allocated received time slot.

15. A radio transmitter/receiver according to claim 12, wherein said recciver
portion contains means for amplifying said received signal, filtering the amplifying received
signals, down-converting th filtered received signal, sampling and analog digitsl
converting of the down-converted received signal, buffering of said digitized received
signal in a buffer m@mory and comprises digital Signal processing means to process said
samples in said buffer memory. | |

16. A radio transmitter/receiver according to claim 15, wherein said digital signal
processing means determines time synchronizatit;n and frequency accuracy of said received
signal, demodulates and error corrects the received signal, and processes said corrected
received signal to obtain digital voice samples.

17. A radio tra.nsmnwtlrecelver according to claim 16, further mcludmg mnieans to
convert said digital voice samples to an acoustic voice sample.

-—
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i n nei ghboring beans. 54. A sat el Li-te-communication system
accordlng to cla|m52 wherein said satellite mjl\

o i
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18. A radio transmitter/recciver according to claim 12, wherein said transmitter
portion comprises:

means for convemng an acoustic voice s1gnal to dlgxtal voice samples;

dlgml signal proocssmg means for ptocessmg said dxgltal voice samples to obtain a
digitally modulated sxgna.l for transmlssmn, .

up—convermg means including a programmable frequency synthesizer for translating
said digitally modulated signal to a ﬁnal selected transmit channel frequency. and _

transmit power amplifier means for amplifying said translate¢ final frequency signal
t0 a power level suitable for transmission compatible with the desired communications
range.

19. A radio lransmittcrlreceivef according to claim 18, wherein said up-converting
means comprises a phase lock loop to translate digital modulation from a first modulated
signal frequency to said final selected transmit channel frequency.

20. A radio transmitter/receiver according to claim 18, herein said digital signal
processing means operates to compress said digita! voice samples to 2 reduced number of
data symbols by means of a speech coding algorithm, encode said reduced mumber of data
symbols using an error correction code, buffer said coded symbols in a memory $0.as 10
affect their transmission using only that portion of the time in which said receiver is not
receiving, and modulate said encoded and buffered samples by conditioning them so as to
represent a sequence of smoothly varying phases or amplitudes or both of a carrier
frequency signal such that the spectrum 6f said modulated carrier signal is contained within
a desired frequency region or subband. '

21. A radio transmitter/receiver according to claim 20, wherein said desired
frequency range is a subdivision ot subband of a shared transmit frequency channel used by
other transmitter/receivers in communication with said radio network station. '
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. . . ________‘__‘__________—
transnitter nmeans conprise saturated travelling wave t ubes.

55. A satellite comunication system according erein
said satellite nultiple 5 transm tter means corrt‘!!)m“m‘mwm“msm t
power anplifiers operated at nmaxi num effi ci A
satellite conmunication system accordin to claimb55, wherein said

transmt power anplifiers , are powered down to .a | ow current during
i nactive or 10 22. @Mvmw&etlmﬁ@@md%%@%bm P’gﬂ&{s

57. A satel] Wﬂﬁ@t ;&Q:dsdi 19ine! lﬁgéﬁmv\hereln
sai d actlve t rre&s ots o y Eiwg’f%l SI gn{i?gg?agsggﬁgmgat oget he
occupy adj durbng said modulation condmonmg equating to the desired frequency offset of said

subband fmmthc center of said shared channel.

23. A radio transmitter/receiver for communicating in both directions with a radio
network, compnsmg ' _ B .

a txmmg controllumt for sequencing transmxt and receive functions repetitively
within a given frame penod

a receiver unit activated by sald timing control unit to recewe a signal from said
radio network during a first allocated time slot with a length equal to a first portion of said
frame period; and '

a transmitter unit capable of being activated by said timing control unit to transmit
during a second allocated time slot with a length equal to a second portion of said frame
period which ddes not overlap said first portion and in which said second time slot is
substantially longer than said ﬁfst time siot.

24. A radio transmitter/receiver according to claim 23, wherein said timing control
unit includes a microprocessor and comwmd to application specific integrated circuit.

25. A radio transmitter/receiver according to claim 23, wherein said timing control
unit also controls the channel cesiter frequency of said transmitter in dependence on said
allocated received time slot.

26. A radio transmitter/receiver according to claim 23, wherein said receiver
portion contains means for amplifying said received signal, filtering said amplified signal,
down-converting said filtered signal, sampling and analog-to-digital converting of
the down-converted signal, buffering of said digitizeq signal in a buffer memory and digital
signal processing means to process said samples in said buffer memory.
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time slots in a subfranme period being a portion of 15 ~~ Sai d TDWvfrane

period and said inactive tine slots formthe r frame

peri od. : 58. A satellite communication ,mm, i@i l,im

to claimb57, wherein said subframe of ag;lf one TDM

retransmtted in one of said nultiple 2 satellite antenna beams does

not overlap th subfr s of the TDM signals. transmit. !

nei ghbor i ng begﬁ's?‘ ra:h tEanSmitier/receiver accord_mgtocia%n%. whcr%msm&&&% sl
processing means determmes time synchronization and frequency accuracy of said received
signal, demodulates and error corrects the received signal, and processes said corrected
received signal to obrain digital voice samples.

28. A radio transmitter/receiver according to claim 27, further including means to
convert said digital voice samples to an acoustic voice signal.

29. A radio transmitter/receiver according to cleim 23, Wherein said transmitter
portion comprises: '

means for converting an acoustic voice signal to digital voice samples;

digital signai brocessing means for proéessing said digiial voice samples to obtain a
digitally modulated signal for transmission; |

up-converting means including a programmable frequency synthesizer to translate
said digitally modulated signal to .a'ﬁna'l selected transmit channel frequency; and

transmit pbwér amplifier means for amplifying said translated final frequency signal
to a power level suitable for transmission and compatible with the desired communications
range.

30. A radio transmitter/receiver according to claim 29, wherein said up-converting
means comprises a phase lock loop to translate dlguxl modulatmn from a first modulated
signal frequency to said ﬁnal selected transmit channel frequency.

31. A radio transmitter/receiver according to claim 29, wherein said d1g1tal signal
processing means opérates to compress said digital voice samples into a reduced number of
data symbols by means of a speech coding algorithm, encode said reduced number of data
symbols using an error correction code, .buffer-said encoded symbols in a memory so as to
affect their transmission uSing only that portion of the time in which said receiver is not
receiving, and modulate said encoded and buffered samples by conditioning them so as to
represent a sequence of smoothly varying phases or amplitudes ;Jl' both of a carrier
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frequency signal such that the spectrum of said modulated carrier signal is contained within
a desired frequency region or subband.

32. A radio transmitter/receiver according to claim 31, wherein said desired
frequency region is a subdivision or a subband-of a shared transmit frequency channel used
by other transmitter/receivers in communication with said radio network station.

33. A radio transmitter/receiver accordmg w claim 32, wherein operation of said
subband is determined by said digital signal processing means applying  phase ramp
during said modulation conditioning equating to the desired frequency offset of said
subband from the center of said shérc_d channel. |

34. A radio base station for communication with-a plurality of outstations,
comprising: , |

multiplexing means for multiplexing digitized, compressed and error correction
coded speech signals intended for said outétatior_:s into corresponding time slots in a TDM
o .

modulating means to impress said multiplex dlgxtal signals on a transmitter carrier
frequency signal;

transmitter means coupled to anmnna. means to transmit said modulated carrier
signals; and . -

a plurality of 'reqei'ver means 'cduple.c-l to the antenna means for receiving signal§
from said outstations on a corresponding plurality of signal frequencies within a shared
channel bandwidth, each receiver mieans receiving a signal from a particular outstation only
when said transmitter means is not transmitting the time slot intended for reception at said
particular outstation. |

35. A radio base station aocordmg to claim 34, wherein said plurality of said
receiver means is at least one less than said plurality of outstations.
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36. A radio base station according 1o claim 34, in which said plurality of receiver
means are coupled to digital-signal processor means that sort the signals received from said
plurality of receiver means in order to decode slgnals each havmg ongmated from
different outstation transmnters

39

37. A radio base station according to claim 36, wherein said sorting and decoding
reconstructs a digitized voice signal transmitted from at least one of said outstations.

38. A radio base station accordmg to claim 37, whcrem said reconstructed, digitized
voice signals from a plurality of outstations are remuluplexed for connection to a d1g1tal
exchange employing time slot mterchange.

39. A radio base station according to claim 34, wherein said multiplexing means is a
digital exchange employing time slot interchange.

40. A radio base station according to claim 36, wherein signals received from one
or more remoté sites are also sorted and processed to provide improved reception of signals
to said outstations.

41. A radio base station -according to claim 34, wherein said plurality of receiver
means is constructed by means for digitizing the composite of all received signals,
processing said digitized composite signal with the aid of a digital filter bank to separate

| individual subband signals, sortiné samples from said subband signals according to their
’originating outstations, and processing sorted samples corresponding to each outstation in
order to reconstruct a digital voice signal transmitted by that outstation.

42. A radio base station according to claim 41, wherein said processing performs
the 0pcrat10ns of demodulating the digitized composite signal, error correcuqn decodmg
said dcmodulated sxgnal and speech decoding said error corrected s1gna1
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43. A radio base station according to claim 41, wherein said processing processes
subband signals in order from strongest to weakest.

40

44. A radio base station according to claim 43, wherein an already processed
stronger signal is then conditioned for subttacuon from adjacent weaker subband sxgna]s in
order to enhance the isolation between- ad_]acent subbands

45. A radio base station according 1o claim 36, wherein said digital signal processor
means jointly demodulates received slgnals originating from more than one of said
outstanons

46. A method of communication for provxdmg telephone commumcanons between at
least one outstation in a subscnber in a public sthched telephone network compnsmg at
least one orbiting satgllxte and at least one ground control station in communication with
said satellite and said public switched telephone network, comprising the steps of:

transmitting from said satellite a signal bearing time division multiplex information
comprised of at least one time slot in a repetitive TDMA frame period, each time slot being
auowted for reception by one of said outstations; )

receiving signal bursts from said satellite at said one outstation durmg its allocated
time slot in said TDMA frame;

determining a transmlt frequency channel uniquely associated with said allocated
time slot; and

transmitting signal bursts using said transmit frequency channel from said one
outstation to said satellite using substantially all of the remaining unused parts of the
TDMA frame during which said outstation is not receiving.

47. A method for providing telephone communications between a number of
outstations and a subscriber in a public switched telephone netwark comprised of at least
one orbiting satélliic and at least one ground control station in communication with said
satellite and the public switched telephone.network:_comprismg the steps of:
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‘allocating to each of said outstations a time slot in a repeating time division
multiplex frame, for receptmn from sa.xd satellite and an associated frequency channel for
transmission to said satellite;

reeelvmg sxgn‘al-bursts from said satellite at one of said outstations during its
allocated time slot in said TDM frame,

transmitting signal bursts using sald allocated Iransrmt frequency channel from said
one of said outstatlons to said satellite. dunng one or more of said time slots not allocated
for reception at the same outstation.

41

48. A method for providing telephone eomniﬁnications between 2 first number of
outstations and a subscnber in 2 public switch telephone -ﬁe;work coinpri_sing at least one
orbiting satellite and at least one ground control station in communication with said
satellite and said public switch telephone network comprising the steps of: |

allocating to each of said outstations 2 time slot in a repeating down-link time
division multiplex frame period for reeepuon from said satellite; |

receiving 51gnal bursts from said satelhte at one of said outstauons dunng said
allocated time slot and said downlmk TDM frame;

determining a second nnmber of transmit frequency channels and a third number of
transmit time slots in a _repeuuve uphnk TDM framie to be used by s_a1d outstations for
transmitting to said satellite, the product of said second and third numbers béing
equal to said first number, ' ' -

allocating to each of said outstations a unique combination of one of said transmit
frequency channels and transmit time slots dependmg on their respective allocated receive:
fime slots such that the transmit time slot and receive time slot &t any particular
outstation do not overlap; and

transmitting signal bursts using said allocated transmit frequency channel in said
allocated transmit time slot from at least one of said outsrations 10 said satellite.
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49. A method for providing telephone communication between a number of
outstations and a subscriber in a public switched telephone network comprising at least one
orbiting satellite and at least one ground control'station in communication with said

42

satellite and sa1d pubhc switched telephone netw0rk, comprising the steps of:
allocatmg to each ot‘said outstations a nme slotina repeating down-link time
division m\nnplex frame penod for reoepu_qn from said satellite;
receiving signal bursts from said satellite at ome of said outstations during its
allocated time slot and said downhnk TDM frame; |
determining asecondnumberoftransmnfrequency channels and ath:rdnumber of
transmit codes from a set of code division multiple access codes 10 be used by said
outstations for transmiitting to said satellite, the product of said second and third
numbers being equal to said first mumber; |
allocating to each 6t' said outstations a xinique combination of one of said transmit
frequency channels and one of saud CDMA codes in dependence on their. respective
_allocated receive time slots; and
transmitting signal bursts using said- allomed transmlt frequency channel and
CDMA code from at least one of said outstauons 10 sa1d satellite usmg unused parts of said
"TDM frame period during which time said outstation is not receiving from said
satellite.
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TDMA/FDMA/CDMA HYBRID RADIO ACCESS METHODS

ABSTRACT OF THE DISCLOSURE

A radio access method for facilitating
communication between at least one first station and
a plurality-of second stations is disclosed. First,
each signal intended for transmission is buffered at
a first station. The signals are then divided into
equal length segments. The signal segments intended
for a particular one of the second stations is
transmitted using a corresponding time slot in a
regularly repeating time multiplex frame. The signal
segments transmitted by the first station are
received at at least one of the second stations and
the signal segments are assembled from successive
corresponding time slots to reconstruct said intended
signal. A transmit frequency channel uniquely
associated with the corresponding receive time slot
is determined at the second station. Finally, a
signal intended for transmission to the first station
is buffered in the second station and compressed for
transmission using the transmit frequency channel
during substantially the entire time period that the
second station is not receiving.
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