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Field of the Invention

The present invention relates to communications systems and methods, in

particular, to satellite radiotelephone communications systems and methods.

Background of the invention

Satellite radiotelephone systems are used throughout the world
to provide dependable, high quality communications. Satellite
radiotelephone systems are increasingly being developed for areas where
population is sﬁarsely distributed over large areas or where rugged
topography tends to make conventional landline telephone or cellular
telephone infrastructure technically or economically impractical. In addition,
satellite radiotelephone systems are also being installed in developing
nations which do not have an existing communications infrastructure and
for which installation of a conventional landline telephone or cellular
radiotelephone system would be economically impractical.

As shown in Figure 1, a satellite radiotelephone system 100
typically includes one or more satellites 110, which may serve as relays or

transponders between a central earth station 130 and radiotelephones 120.
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Field of the Invention The present invention relates to

conmtuni cations systens and nethods, in particular, to satellite-
radi ot el e ni cati ons systens and net hods.
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150, each serving distinct geographical coverage areas 160 in the system’s
service region. Thus,-a cellular architecture similar to that used in

10 conventional terrestrial cellular radiotelephone systems can be implemented
in a satellite-based system. The satellite 110 typically communicates with a
radiotelephone 120 over a bidirectional communications pathway, with
radiotelephone communications signals being communicated from the
satellite 110 to the radiotelephone 120 over a downlink 170, and from the

15 radiotelephone 120 to the satellite 110 over an uplink 180.

As illustrated in Figure 2, in order to provide "duplex", i.e.,
two-way, communications, separate sets of carrier frequency bands 210, 220
~ in a carrier frequency spectrum 200 typically are allocated for downlinks
and uplinks. Design considerations such as transmitter peak power

20 capability, receiver capabilities and other features of the satellites and the
radiotelephones may make it preferable for these bands to be
asymmetrically distributed. For example, in the ACeS {Association of
Southeast Asian Nations Cellular Satellite), satellite radiotelephone
communications system produced by the assignee of the present

25 application, Ericsson Telecom, AB, Stockholm, Sweden, downlinks are
designed to use a set of carrier frequency bands having 200KHz bandwidth,
but uplink carrier frequency bands are designed with a 50KHz bandwidth,
in part because of the power limitations of the radiotelephones used in the
system, '

30 However, because duplex communications are typically
desired in a radiotelephone system, approximately the same uplink and

downlink information capacity is often desirable. For this reason, the
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As illustrated in Fi ' ; ' e 6.
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10 radiotelephones transmitted to by a satellite over a downlink carrier

frequency band can therefore respond to the satellite over a complementary
set of uplink carrier frequency bands.
in order to provide ample channel capacity and to efficiently
use the radio spectrum, conventional terrestrial radiotelephon.e systems
15 frequently operate using time division multiple access (TDMA), whereby
radiotelephone communications signals for several radiotelephones are time-
division-multiplexed on carrier frequency bands. As illustrated in Figure 3,
in a TDMA system, communications on each carrier frequency band occur
over a series of sequential time slots 320, with individual users allocated
20 one or more time siots such that during its allocated time slots, a user has
access to the entire carrier frequency band. The user communicates with
the base or hub station using "bursts,” i.e., discrete packets of information,
typically a finite stream of digital bits which are transmitted during its
assigned time slots. To serve multiple users, the time slots may be repeated
25 in successive frames 310, each including a predetermined number of time
stots. Thus, in a typical TDMA system, a communications “channel” is a
time slot aliocated in a given carrier frequency band.
As illustrated in Figure 3, time division multiplexing can
provide syminetrical uplink/downlink user capacity for an asymmetrical
30 downlink and uplink carrier frequency band allocation, by using a different
number of slots per TDMA frame for uplinks versus downlinks. For

example, the TDMA frame for the multiple uplink carrier frequency bands
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upl i nk and downl'i nk information capacity is often desirable. For
this reason, thefrequencyimanl;caypbe pperated using the number of time slots needed to

PCT/ US97/ 05604 provide the desired number of channels, as illustrated in Fig’u%é 3. An
example of such a time slot design is the aforementioned Ericsson system,
wherein the TDMA time frame for the downlink contains 32 time slots,

10  while the four uplink carrier frequency bands complementing the downlink

" carrier frequency band operate on a TDMA frame of the same duration,
subdivided into only 8 time slots. In this manner, 32 uplink channels can

' be provided corresponding to the 32 downlink channels defined by the
downlink TDMA frame.

15 Because it generally would be inefficient to permanently

. assign a TDMA channel to a radiotelephone, typical radiotelephone systems
assign channels on an as-needed basis to more efficiently use the limited
number of available channels. Therefore,-a critical task in radiotelephone
communications is providing a radiotelephone with access to the system,

20 i.e., assigning a voice or data channel to a radiotelephone when it desires to
communicate with another radiotelephone or with a landline telephone or
conventional cellular radiotelephone via the PSTN. This task is encountered
both when a radiotelephone attempts to place a call and when a
radiotelephone attempts to respond to a page from another radiotelephone

25 or conventional telephone.

Access to a radiotelephone communications system may be
provided in a number of ways. For example, a polling technique may be
utilized whereby a central or base station serially polls users, giving each an
opportunity to request access in an orderly fashion, without contention.

30 However, serial polling tends to be impractical for radiotelephone systems
because typical radiotelephone systems may have hundreds, if not

thousands, of users. Those skilled in the art will appreciate that serially
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repeat ed resolving protocols may also use a variety of predetermined delays and

15 similar techniques to reduce the likelihood of collisions subsequent to a first
collision. Contention logic used in the European GSM system is described
in The GSM System for Mobile Communications published by M. Mouly
and M., B. Pautet, 1992, at pages 368-72.

An example of a random access technique for a TDMA

20 radiotelephone communications system is that used in the GSM system. In
the GSM system, a set of Common Control Channels (CCCHs) is shared by
radiotelephones in the system and includes one or more Random Access
Channels (RACHs). In the GSM system, a RACH is a dedicated TDMA
channel used by radiotelephones to request access to the communications

25 system, Radiotelephones typically monitor the status of the RACH to
determine whether other radiotelephones are currently requesting access. if
a radiotelephone desires access and the RACH is idle, the radiotelephone
typically transmits a random access channel signal, typically including the
radiotelephone’s identification and an identification of the telephone the

30 radiotelephone desires to contact, in what is often referred to as a "RACH
burst.” The RACH burst is timed to fall within the assigned TDMA tifne slot

for the RACH, for example, by waiting a predetermined period after
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synchronization, however, typically occurs only after the base station
acknowledges the radiotelephone’s request for access, and the
10 radiotelephone is provided with signals transmitted from the base station in
response to the radiotelephone’s own transmissions which allow the
propagation delay between the radiotelephone and the station to be
determined. With this information, the radiotelephone can adjust its TDMA
bursts to prevent collision with bursts from other radiotelephones arriving at
15 the base station on adjacent TDMA slots.

However, a radiotelephone requesting access prior to such
synchronization generally suffers from a time ambiguity with respect to
other TDMA bursts in the system, because of the variation of propagation
time with position in the coverage area. Figure 4 illustrates timing

20 relationships between a first radiotelephone, closely synchronized and
communicating with the base station over a TDMA voice channel, and a
second radiotelephone located a distance from the base station which
desires access to system. Because the second radiotelephone is only
roughly synchronized, its internal timing may be significantly skewed with

25 respect to the TDMA frame of the base station, as illustrated.
Uncompensated, this time skew may cause, for example, a RACH burst
transmitted by the second radiotelephone to have a significant overlap 410
with voice or data communications transmitted by the first radiotelephone
on an adjacent time slot. This overlap may cause undesirable interference

30 and diminish communications quality.

As illustrated in Figure 5, conventional terrestrial TDMA

cellular radiotelephone systems may compensate for this problem by
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because the large area covered by a typical satellite beam and the farge
distance from the satellite to the radiotelephone can combine to create time
15 ambiguities far larger than those experienced in conventional terrestrial
TDMA cellular radiotelephone systems. For example, a radiotelephone
communications signal in a satellite beam Having a coverage area of an
approximate 500 kilometer radius may have a differential propagation delay
approaching 6 milliseconds for a radiotelephone located at the periphery of
20 the coverage area, resulting in a comparabie time ambiguity for RACH
bursts. As a typical TDMA time frame may be only tens of milliseconds
long and have a slot length of only a few microseconds, the number of
guard bits needed to prevent interference from unsynchronized RACH bursts
can be of a magnitude approaching the duration of an entire TDMA frame,
25 and far longer than an individual time slot. Increasing the TDMA frame
length and the time slot length to provide a sufficient number of guard bits
generally is not a practical alternative, as this approach would tend to

reduce the potential information rate of the communications channels.
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predet er mi ned delwhich eediice the probability of random access channel request collision.

These objects, advantages and other features are provided

10 according to the present invention by systems and methods for random
access in a TDMA satellite radiotelephone system which communicate
random access channel signals over a dedicated random access channel
uplink carrier frequency band separate from time division multiplexed
uplink carrier fréquency bands used for voice, data or other

15 communications. in a TDMA satellite radiotelephone communications
system in which the carrier frequency spectrum is allocated such that sets of
uplink carrier frequency bands are associated with each downlink carrier
frequency band, multiple dedicated uplink carrier frequency bands for
random access can be provided, preferably associated with a downlink

20 carrier frequency band used to communicate a synchronization or other
control signal from a satellite to raciioteiephones.

Using dedicated uplink carrier frequency bands for
communicating random access channel signals helps avoid time ambiguity
problems which may be associated with using a TDMA time slot for random

25 access, reducing the probability of collisions with other communication
signals. Using dedicated carrier frequency bands for random access also
can obviate the need to provide long guard times in TDMA time slots which
can reduce the potential information capacity of the TDMA channels.
Providing multiple dedicated uplink carrier frequency bands for random

30 access also can reduce the probability of collision of access request, and
intelligent reuse of multiple dedicated random access uplink carrier

frequency bands can further reduce the probability of access collision. By



15 simlar techniques to reduce the likelihood of collisions subsequent to
a firstx collision. Contention |ogic used in the European GSM system
is describedwO97/38502i n The GSM System for Mbile Comuni cat i onBCEHSOTEIe0H
by M Mouly . and M B. Pautet, 1992, at gmges 368-72.
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period after plurality of downlink carrier frequency bands and a plurality of uplink

10 carrier fiequency bands, downlink communicating means, responsive to at
least one satellite, communicates radiotelephone communications signals
over the plurality of downlink carrier frequency bands from the at least one
satellite to at least one radiotelephone. Uplink communicating means,
responsive to the at least one radiotelephone, communicates radiotelephone

15 communications signals over the plurality of uplink carrier frequency bands
from the at least one radiotelephone to the at least one satellite.

The uplink communicating means includes time division
multiplexed signal communicating means for communicating radiotelephone
communications signals over a time division multiplexed uplink carrier

20 frequency band of the plurality of upiink‘carrier frequency bands. Random
access channel signal communicating means, also included in the uplink
communicating means, communicate random access channel
radiotelephone communications signals from the at least one radiotelephone
to the at least one base station over a dedicated random access channel

25 uplink carrier frequency band of the plurality of uplink carrier frequency
bands, the dedicated random access channel uplink carrier frequency band
being different from the time division multiplexed uplink carrier frequency
band. The random access channel signal communicating means may
include means for communicating random access channel radiotelephone

30 communications signals from a first radiotelephone to the at least one
satellite over a first dedicated random access channel uplink carrier

frequency band, and means for communicating random access channel
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However, a radi okglefRBONE requesting access prior to such
synchroni zation generally suffers froma tinme anbi&ui ty with respect to
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comuni cating w radibbeleplocree sémmuiications signBBVd dicelephoneslocatdd i a first
coverage area, and means for communicating radiotelephone |
communications signal to radiotelephones located in a second coverage
area. The rando}n access channel signal uplink communicating means
15 includes means for communicating random access channel radiotelephone
communications signals from radiotelephones located in the first coverage
area over a first dedicated random access channel uplink carrier frequency
band, and means for communicating random access channe! radiotelephone
communications signals from radiotelephones located in the second
20 coverage area over a second dedicated random access channel uplink
carrier frequency band different from the first dedicated random access
channel uplink carrier frequency band. Thus, geographical reuse of
dedicated random access uplink carrier frequency bands is provided,
allowing intelligent frequency planning to reduce the likelihood of the
25 collision of random access channel radiotelephone communications signals
from adjacent coverage areas.

According to another aspect of the present invention,
the carrier frequency spectrum used by the radiotelephone communications
system is allocated such that a downlink carrier frequency band is

30 associated with a group of uplink carrier frequency bands. The downlink
communicating means may communicate radiotelephone communications

signals over one of the plurality of downlink carrier frequency bands and



second radi ot el ephone | ocated a di stance fromthe base station which
desires access to system Because the second radi otel ephone is only
roughly synolgoemisssod, its internal timng may be significant| yPEREREUOSH4 h
25 respect to.the TDVA frane of the base statipn, as illustrated.
Unconpensated, this tine skew may cause, for exanple, a RACH burst

transmitted by t he 15 et adteds dhaRhengghdl dRNMUAIGILIBRI rhess mayvedrhaiuridite
with voice or data comuni cations transm tted by the first radiotel ephone
on an adj acent ti meandam acresschapael signalspvenat teashaasirandp@ Jqees elanngle

C Bgure s, convenPHkeahie Pediéhick bandfrom the group of uplink cdiffel IreHBEAd) ¢
systens may conpengahds bSoctdied withothecondyf the plur&\@ygi‘/cﬁﬂﬁﬁ)ﬁnk carrier frequency

PCT/ US97/ 05604
i ncor porating gfar fandse P@fe@béy dhejone of theipluelity, ofréwr%mcasqgr freguency

bits are essential b%n{ik‘asf énjzgﬁg{,tu%qv,Pﬁ,ke@&PjeP Ee AHush &} b%%@e{- Oshich a

receiving . ecause corru

over | appi ng RACH buvmthmmzatnon sigvatl ns)tdnamtsrbu:meém Gédllotélepmmwc'ﬂmd?)eﬁam

the maximmtime arc‘ibeld?cglteal random access channel uplink carrier frequency bands may be
provided while efficiently utilizing spectral resources.

10 According to another aspect of the present invention, a
radiotelephone for communicating time division multiplexed radiotelephone
communications signals to a satellite includes time division multiple access
uplink communicating means for communicating time division multiplexed
radiotelephone communications signals to the satellite over a time division

15 multiplexed uplink carrier frequency band and random access channel
signal communicating means for communicating random access channel
radiotelephone communications signals to the satellite over a dedicated
random access channel uplink carrier frequency band different from the
time division multiplexed uplink carrier frequency band. If the satellite

20 communicates radiotelephone communicaiions signals to radiotelephones in
a first coverage area and communicates radiotelephone communications
signals to radiotelephones located in a second coverage area, the random
access channel signal communicating means may include means for
communicating random access channel radiotelephone communications

25 signals over a first random access uplink carrier frequency band when the
radiotelephone is located in the first coverage area, and means for
communicating random access channel radiotelephone communications
signals over a second dedicated random access channel uplink carrier
frequency band different from the first random access uplink carrier band

30 when the radiotelephone is located in the second coverage area. Thus,
geographical reuse of dedicated random access uplink carrier frequency
bands is provided, allowing intelligent frequency planning to reduce the
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5 a terrestrial radiotel ephone systemtends to be relatively small with
respect ° to a TDVA frame, the nunber of guard bits needed to ensure
accept abl e signal quality typically is small. For examn & in the
GSM syst eWO 9738502 apnroximately 68.25 guard bits are i ncof pOTovUBSe® each
ti-me slot, ensuring t hat RACH burstd2from a radi ot el ephones as far
as 35 kiloneters_away fraom 0. the base station wl| ngt cayse undue

i nterference on |M@P°¢I§W%I¢8ﬁ§.‘on ot random access ¢ annel (%Bﬂi??%fihiﬂf times or
bits to prevent Bég,—‘i ; be inpractical for
satellite TDVA rcg)\éﬁépgfkg%gne s?gﬁéérr':b?a%%%‘\}gﬂé%g%é&'because the | arge
area covered by a typical Aetcerdingt® desthenaspeche bateldite for commudiisitimg e
fromthe satellite to the radi otel ephone.ca onbine, to create tine . 15
ambi gui ties far rp_ﬁwg%irep PR CPMBUNIE %maga?? EP&%(/@HF@' &'&‘QFB*’P%H? i
TDMA cel | ulars r ggha iﬁiahqaﬁnfwffaee&s sERIIiRradRElephohd ¢ofifLiARAABAS
communi cations signal 1Tn a satellite beamhaving a coverage area of an

appr oxi mat e 500 ssteoyuiver arcadiiessfreqyencynspestrant insleding a1 pg&fa’ptagdtdmnﬂekay

approaching 6 mlliseconds fqr radi ot el epho . th i_.phery of
20 the coveragecaé’r'%'a{,':'eqwgbaﬂ Siahd2 ngfﬁg{}a%le@]?'ﬁ?né%g'ﬁg}fﬁﬁu?{)Qfg’PRB&CH
bursts. As a typheRided @¥vrilinkEcdrmimiciRingea foriconmahidatingi seconds

| ong and have a slot length of only a few m croseconds, the nunber of

guard bits needgddiatelepbore communicationscignals aven timelwahity f dowakinkour st s

can be of a jpgnitude ' kAl i | -rane,
25 and far ongcéf "grhfég&%?%grc%n@? éégﬁeg rrlr%ts {sﬁg?qgﬁ’%?:br‘g@s'?é}g a}@%ﬁ frame
|l ength and the tdgimmahidatihgmaédns; eespoasiveaoahe at feast ene raditelephbneufard
bits generally, is not ctical alternative, t hi s approach

a pr s
woul d tend to communjcalipgda ‘H’EBFiBB MR CAMMYRERYRAS Waﬁag@%p t he

communi cati ons %Qﬂﬂglleﬁhone to the satellite over a plurality of uplink carrier frequency
bands.
15 The uplink communicating means includes time division

multiplexed signal communicating means for communicating time division
multiplexed radiotelephone communications signals from a radiotelephone
to the satellite over a time division multiplexed uplink carrier frequency
band of the plurality of uplink carrier frequency bands, such as an antenna

20 and receiver positioned on the satellite. The uplink communicating means
also includes random access channel signal communicating means, such as
an antenna and receiver positioned on the satellite, for communicating
random access channe! radiotelephone communications signals
communicated from a radiotelephone to the satellite over a dedicated

25 random access channel uplink carrier frequency band of the plurality of
upl-ink carrier frequency bands, the dedicated random access channel uplink
carrier frequency band being different from the time division multiple access
uplink carrier frequency band. The random access channel signal
communicating means may include means for communicating random

30 access channel radiotelephone communications signals from a first
radiotelephone over a first dedicated random access channel uplink carrier

frequency band and means for communicating random access channel
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PCT/ US%7/ 05604 - 8- Summar.y of
t he | nventi owo 97/38502 In the |ight of the foregoi RGEI/USSTPS60AN
obj ect of the present i nvention to prodBde systens and net hods for
random access in a tine division multiple access (TDVA) satellite

radi ot el ephone systgiotliephohé comminitationsdigeslalficin tacsecord radivteléphpniebver

random access channel requests. ht i s anot her obj ect
of the present invehseeondidedicaiod gandgretacegss channel upjigk rarrerireqerngyhand

access in a TDVA s iﬁlz\ltain'i‘?rorr@%@ﬁ%'t ?BH&B?ecPV access .chaﬂ’ﬂEFDpﬁﬁg%ﬁﬁ'iérhe

probability of random access annel request co

These obj ects, advdrequensydaddot her features are provided 10 according
to the present invention by syste and net hods for rapdom access
in-a TDMA satel |9te radi ot el epFEAEING O AAHAT asPechtha dawrlink communicatiagm

access channel - si 0Nl OYethesaflilis b tpERBIHLARIE? oA ELting radiotelephone

uplink carrier frequency separ at romtinme division nu
uplink carrier frecignaly tdelistelephdnis located & adastacaverageharea andlimeans for
commni cations. 1N & N nicBhg radiotelbpiions ComPiunications Sighals to adiotelephones
located in a second coverage area. The random access channel signal
10 communicating means may include means for communicating
radiotelephone access channel radiotelephone communications signals from
radiotelephones located in the first coverage area over a first dedicated
random access channel uplink carrier frequency band, and means for
communicating radiotelephone access channel radiotelephone
15 communications signals from radiotelephones located in the second
coverage area over a second dedicated random access channel uplink
carrier frequency band different from the first dedicated random access
channel uplink carrier frequency band. Thus, geographical reuse of the
dedicated random access channel uplink carrier frequency bands is
20 provided, allowing the likelihood of collision of random access channel
radiotelephone communications signals from radiotelephones located in
adjacent coverage areas to be reduced.
The carrier frequency spectrum may be allocated into a
plurality of uplink carrier frequency bands and a plurality of downlink
25 carrier frequency bands such that each of the downlink carrier frequency
bands is associated with a group of the uplink carrier frequency bands. The
downtlink communicating means may include means for communicating
radiotelephone communications signals over a one of the plurality of
downlink carrier frequency bands and the random access channel signal
30 communicating means may include means for communicating random
access channel radiotelephone communications signals over at least one

dedicated random access channel uplink carrier frequency band of the
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systemin which the carrier frequency spectrumis allocated such that sets
of uplink carrier frequency bands are associated with each-downl.i nk
carrier frequency band, multiple dedicated uplink carrier frequency
bands for WO9738502  5,dom access can be provided, preferably BSEUSPHES60M i t h
a dowmnlink ° 20 <carrier frequency band usett o communi cate a
synchroni zati on or ot her ontrol signal froma satellite to

r adi ot el ephones.8roup of uplink carrier frequepgy handeassestated wyith the eae of he

frequency bands : ol Tyl | n o npel si,gnal s
hel ps avoid ti maf; lgﬁ%’f%tﬂftd;? wid y’%?gﬁ%gﬁé%?%gmﬁgé’%@ g@s‘g'&er 8? W th
usi ng a TDMA ti relusdlity of dowrlivdocarrier Zfequence bands idalsymechrohezaionlddiivhiihly
of collisions with,othe i ng, dedi cat ed

r co ni cation, . ignals. Us
carrier frequenc?88h §9T“3?C%Wb‘gﬁl"86&@§%h SI%BCE'O%'Z"“'Wb%fﬁ"% Wi ate the need
to provide | 00 @ARfintédIES 1o G‘a&?%bhér'ﬁes?"m&, Wa:ugbne dedicatedf.;;%@\?!bﬁ?%é@es&he

potential information capacity of the TDVA channel s. _

mul ti pl e dedi catehanngl HpEnkmmﬁmfréqmnwrhapdsanahs bemrovidedowhile efficieatlgess
al so can reduce t &Rl obat‘i Ilit of collision of access request, and

intel ligent reus®VEHPBAPECH JeMIC®%t ed random access uplink carrier

frequency bands can furthemethRedssf phsvidinghnRidibielegHorOWwRRSaceld iS4 Pffne BY
%?6/883?82604 division multiple access satellite radiotelephone communications system
10 according to the present invention include communicating random access
channel radiotelephone communications signals from the radiotelephone to
a satellite over a dedicated random access channel uplink carrier frequency
band. In response to the communicated random access channel
radiotelephone communications signals, a time division multiple access
15 channel on a time-division muiltiplexed uplink carrier frequency band
different from said dedicated random access channel uplink carrier
frequency band is assigned. Time division multiplexed radiotelephone
communications signals from the radiotelephone to the satellite are then
communicated over the allocated time division multiple access channel on
20 the time division muitiplexed uplink carrier frequency band.

The step of communicatirig random access signals may also
include communicating random access channel radiotelephone
communications signals to the satellite from a first radiotelephone over a
first dedicated random access channel uplink carrier frequency band or

25 communicating random access channel radiotelephone communications
signals from a second radiotelephone over a second dedicated random
access channel uplink carrier frequency band different from the first
dedicated random access channel uplink carrier frequency band. For a
system in which the satellite communicates radiotelephone communications

30 signals to radiotelephones located in a first coverage area and communicates
radiotelephone communications signals to radiotelephones located in a

second coverage area, communicating random access channel



-9- associating nultiple dedicated uplink carrier frequency bands

for " “conmuni cati ng random access signals to a conpl enentary downl i nk
carrier WO 9738803uency band, the present invention al so canBEIAISITOSG0dr
nore efficient. utilization of spectral-l5esources. 5

In particular, in a time division multiple access satellite

radi ot el ephone commadibtdephote sysinmunivhtions signals thayiredude communicating

radi ot el ephone comuni cations signals between at | east one satellite and at
| east one radi ot el EMHAME aseess ghannel radiotelephene gorRericationhsignals mvendcfirst
plurality of downliyk: ' ral by upl i nk
10-carrier frequengehbcgaﬁés?ﬂgém%?g%%mgééﬁ?ﬁﬁﬁgg%?’Ialr)gs%g{]esi ve to at

| east one satel | it eadiotsiephornaisdacaediint thledirsposveragerardacat commutiigating

over the plurality of downlink carrjer frequency, bands fromthe at | east
one sat €l | fandqry a&Fe?se'é’Qﬂotﬁ‘?QhPé‘&i‘gl'%ﬂ"é'\éFﬁ?ﬁ'@.“s StEnalkovemrsesend | ng

means, res ' doh§ Boliad ,e(f)&?[lﬁ WI ' S
radi ot el ephone %a?dggﬁrtﬂ cat iag%eségt?éhglgg 8{/'er C?Lrgép ura |c1yy 0 ﬁgﬁ?‘%{ﬁ‘
carrier frequency framsishe first dedidatedirardormtackcesssuplomic camitir daedepklomne to t he
at | east one satellif. | i nk co ni cating

e, . . The u
means includes timE? _P%ﬁ*gl?*aﬁf‘e is located, jp Q’Pp"legﬂ'ég C§’|"Bﬁ’§? ¥ermifuE8eeRIapBicAL
o SO 10 AN BRSO it ™
of uplink carrit@r baadsénpsovided]allomdngdhe likelihood af codisiam af mandarngreess
ﬁg?g‘sj?i ggHmngi g‘:‘? 2%parﬁrla%?ﬁaiggaglgfégﬁgﬂé%ﬂtg{}%uhji%la{ighs signals fror%orggyoqiel%%hmgs
located in adjacent coverage areas to be reduced.
According to another method aspect, a time division multiple
access satellite radiotelephone communications system is accessed from a
15 radiotelephone by communicating random access channel radiotelephone
communications signals from the radiotelephone to a satellite over a
dedicated random access channel uplink carrier frequency band. In
response to the allocation of a time division multiple access channel, time
division multiplexed radiotelephone communications signals are
20 communicated from the radiotelephone to the satellite over a time division
multiple access channel on a time division multipiexed uplink carrier

frequency band.

Brief Description of the Drawings

Some of the objects and advantages of the present invention
25 having been stated, others will be more fully understood from the detailed
description that follows and by reference to the accompanying drawings in
which: _
Figure 1 illustrates a satellite communications system
according to the prior art; _
30 Figure 2 illustrates allocation of a carrier frequency spectrum

for a radiotelephone communications system according to the prior art;




radi ot el ephone communi cations signals fromthe at | east one radi otel ephone
to the af | east one base station over a dedicated random access channel .

25 uplink carrier frequency band of the plurality of uplink carrier
frequency WO9R850B,5ds  the dedicated random access channel RSFVVSAR/OS@4, i er
frequency band being different from t1fe time division nulti pl exed
uplink carrier frequency . band. The random access channel si gnal
.communi cati ng means nay Figure 3 illpsttatesrtimesslotsrandofiames etilized in anBomA
access channel rad] : LGatl : Sl f.roma first

r adi ot el ephone tg'%#j E&etgi@aegﬂpgg?? momlg'%caﬁgmu}gegﬁglcfgl&?éﬁ \%?J'e;p °F 8% dedi cat ed
random access channel upl i nKigaee #iilustrates timing relgtiemstypoObeveennd neans f or
E,%T%ggg?to %gg 4r anl% Fétgfe%ﬁgrswescnf}!ag EFHMA rad iOtXBp?ly'lg EE:Et_))tqnzmunicatic_nm:_‘»ystem

radi ot el ephones c p&;ﬁgttbqﬁ@g;ioggﬂls froma second radi ot el ephone over
a second dedi cated randém access channel uplink carrier frequency band

different fromthe first debigoe Edllusimlembildesigpaﬁmh‘eb TipMAntimeasiol ef a
[reauency band. b R ARGk REBERRg o oS oo

Figure 6 illustrates a TDMA satellite radiotelephone
communications system according to the present invention;

10 | Figure 7 illustrates a carrier frequency allocation in a TDMA
satellite radiotelephone communications system according to the present
invention;

Figure 8 illustrates reuse of dedicated random access channel
uplink carrier fréquency bands according to the present invention;

15 Figure 9 illustrates geographical reuse of dedicated random
access channel uplink carrier frequency bands according to the present
invention;

Figure 10 illustrates a radiotelephone for accessing a TDMA
satellite radiotelephone communications system according to the present

20 invention;

Figure 11 illustrates a satellite for use in TDMA satellite
radiotelephone communications system according to the present inventions;
and

Figure 12 illustrates operations for accessing a TDMA satellite

25 radiotelephone communications system according to the present invention.

Detailed Description of {llustrated Embodiments
The present invention now will be described more fully

hereinafter with reference to the accompanying drawings, in which
embodiments of the invention are shown. This invention may, however, be
30 embodied in many different forms and should not be construed as limited to

the embodiments set forth herein; rather, these embodiments are provided



frequency bands, reducing the likelihood of collisions between random
access+channel radi otel ephone conmmuni cations signals at a receivin

satellite. WO97/38502 According to another aspect oFCFT P3604nt
i nventj on, 10 downlink communi cating neansl?-ncl udes neans for
communi cati ng radi ot el ephone conmuni cations signals to

radi ot el ephones | osmtleal this disdloswe will be thomghramglecmnpte,te,amﬂ wettfally aonvey
comuni cati ng radi

t el epho t]o to . .
r adi ot el ephones | og‘&&ﬂ’ﬁen" a‘@é%ﬂ?f‘%% ﬁ"le(ﬂ“ t §r¥g Irithe drgviings, like
access channel si galpdpd rdtky ﬁpﬁ@@l&%d@%@gﬁm 15 includes means for

communi cati ng random access channel radi otel ephone communi cati ons
signal s from radi ot el ephones Refersingdaw te fiigires 6tancb¥ea digee division maktiple

over a first dedicated s _«channel kK carrier freguen
band, and neans?f of€ ‘@Gﬁﬁ‘gﬁ?ﬂgﬁt@ '&?éﬁﬂ'&%’h‘? ﬁ%’@é’%‘g’ ﬂéﬁﬁﬁeﬁysﬁ%m ?’ fg‘:ghe
communi cations si gpadsénd frﬁ'@hfséﬂ'l?ilﬁlsﬁafwefl)bﬂﬁﬁhl?@ohﬂn&ﬂi%aﬁﬁg‘Pl'?éhns 630
coverage area over a second dedi cated random access channel uplink

carrier frequency temmuficates ealetaiethneacdmnwlcmmneatmlsr 638 droma sxellite
h | | i nk f Th |

Goai cat edr andom ad ke 3 FARepLARRI2 MR, YRR PRl ing means 640

allowing intelli geeémhﬁﬁqaaeex'adlb@vébmé@mmﬁohe sidriat) 6590669 frdmMhe

25 collision of random access channel radiotel ephone comruni cations
si gnal s 101 r tadiotefenhome T2/t theesatellites 110.  The uplink communicating means

pocordi g {0 anot"Eao ARG Rt Dbl AVERIHER s S St
is allocated such g5@foRceMmiunibdti@timecdivisicifiiritylekéd dadidtelephone

communications signals 655 from the radiotelephone 120 to the satellite
110, and random access channel signal communicating means 660 for

15 communicating random access channel radiotelephone communications
signals 665 from the radiotelephone 120 to the satellite 110.

As illustrated in Figure 7, the downlink communicating means

620 communicates radiotelephone communications signals over a plurality
of downlink carrier frequency bands 210 in a carrier frequency spectrum

20 200. As will be understood by those skilled in the art, downlink
communicating means 620 may include components commonly used in
satellite communications systems to communicate radiotelephone signals
from one location to another. These components may inciude, for example,
transmitters positioned in satellites 110 which transmit radiotelephone

25 communications signals over the downlink and uplink carrier frequency
bands, receivers positioned in radiotelephones 120 which receive the
transmitted signals, as well as other communications components, such as
antennas, amplifiers, switching devices, mixers, modulators, memory
devices, signal processors and the like, implemented in special purpose

30 analog and digital hardware, in general purpose computing devices running

computer software, or in combinations thereof.




30 associated with a group of uplink carrier frequency bands. The downl i nk
comruni cati ng means may conmuni cate radi ot el ephone communi cati ons .
signals over one of the plurality of downlink carrier frequency bands and

WO 97/ 3850 W0 97/38502 PCTUSY7/105604
PCT/ US97/ 05604 t he random access citl&nnel signal comunicating
nmeans nay conmuni cate random access channel signals over at |east

one random access channel The uplinkigbmrhurizating megans hddhcogmibmndcitesm t he
group of uplink canrier frequency . .. .bands assogi ated w t he qne of
Phe bl Ural Tty of ABAFPRROSS FRmEunicalions ERRE 58 3 Hiditpothbfiak artene
one of the pl Ura'fl'édbeﬂfcﬁ(ﬂﬁhﬂls 220 ifahe| @Fridr fPELRHRY spectrum 208N3S Will Be
synchroni zation downlink carrier f.rleegu.ency band over which a

synchroni zat i on sipgpnediated yothasaiskidleddint therastiithe dimeptbrision multiplexad sigpale
dedi cat ed random access. channel uplink carri.er fr bands may .be.

or ovi ded whi | & ol ErATBRIGING TS, eap spmRbyniFates rfiplelephorie' qémmbunications
Accordi ng to anotsigalofrBaf{everaltradictelephthed 128 NWithnthedignals to and from each
r adi ot el ephone for comunicating tinme djvision, r}ul tipl exed radiotel ephone
conmuni cati ons sirgdigtelepbone baing timedivisianumudtin ’I‘\%AGV% aiserienaf TDMA time

access stots. In this manner, multiple radiotelephones may utilize the same uplink

carrier frequency band with minimized co-channel interference, while

10 allowing more efficient spectrum utilization than traditional frequency
division multiple access (FDMA} systems which continuously assign an
entire carrier frequency band to a single user. The random access channel
signal communicating means 660 operates over dedicated uplink carrier
frequency bands 740, reducing interference of random access channel

15 signals with TDMA communications occurring on the time division
multiplexed uplink carrier frequency bands.

As will be understood by those skilled in the art, uplink
communicating means 630 may include components commonly used in
satellite communications systems to communicate radiotelephone signals

20 from one location to another. For example, the uplink communicating
means 630 may include transmitters positioned in the radiotelephones 120
which transmit radiotelephone communications signals over the uplink
carrier frequency bands 220, receivers positioned in satellites 110 which
receive the transmitted radiotelephone communications signals, and various

25 other communications components such as antennas, amplifiers, switching
devices, mixers, demodulators, memory devices, signal processors and other
communications components, implemented in special purpose analog and
digital hardware, in general purpose computing devices running computer
software, or in combinations thereof.

30 As illustrated in Figure 7, the carrier frequency spectrum 200
may be allocated among downlink carrier frequency bands 210 and uplink

carrier frequency bands 220 such that a group of uplink carrier bands 220 is



upl i nk communi cati ng nmeans for communicating time division nmultiplexed

r adi ot el ephone communi cations signhals to the satellite over a tinme division
15 nultiple;&QgHQ#hpk carrier frequency band and random accesecaessrs604
signal conmuni cating neans for comunicating rgagdom access channel

radi ot el ephone communi cations signals to the satellite over a dedicated

e vi s on murt istestad it aReh HowrlFik Catfiée RBRGg oy bHE Brgl," ATilTbe
20 comuni cat es I glippéahREIRNthoze RRIIRCGAL thentit, Sugh alnsallstatiof Pk RPH&dAble

in a first coverage area and communicates radiotel ephone i
conmuni cat i ons in a cemmuicatiansisysten 1 witen &4l duelexcerpability s elesired

coverage area, the *{#’ﬂggogﬁproxirg%tm%gs;aﬁecgﬁm Sbaea) oﬁqug@%@gngeans

may i nclude neans f ng randont access chann

r adi ot el ephone @muplinkadidensf the Kstensi deabrling 2o the breseht irvaiionatisess
uplink carrier frequency band when the radi ot el ephone is located in
the first caoverage @%@'}/nlaﬁqmﬁwnéatm means 620 rRayFOMMeWRICAle SyachspRiZzatiens
channel radiotele ' i : : | d

dedi cat ed random ggggg’st&gﬁgﬁﬁée?%mﬁat'coanrsrﬁ'%?ﬁg %% ﬂ‘é)%/ér%égﬁeeﬁg;@q%and
different from the rhidiotélephoResT 20 696Sa sphditbnizatiohaioviaslivk cadier fidigientche

Geogr aphi oal T eUse KMAEHR ORMMAIPIEAIY Al ACETENEHT ok HESRPREY bands,3dRcand the
bands i's providggl, BhUoM fi%ebd tiftdrdeY Sighal EGMIRIYatERYaRY 660 MY Einilificate
random access radiotelephone communications signals from radiotelephones
120 to a satellite 110 over at least one of the uplink carrier frequency bands
740 associated with the synchronization downlink carrier frequency band
730, thus efficiently utilizing spectrum resources. Those skilled in the art
15  will understand that synchronization radiotelephone communications signals
may be communicated on the entire downlink carrier frequency band 730,
or on one or more time slots of the downlink carrier frequency band 730.
For example, synchronization radiotelephone communication signals may
be communicated on a single time slot of the downlink carrier frequency
20 band 730, and random access radiotelephone communications signals may
be communicated on an uplink carrier frequency band having a time slot
complementary to the time slot used for the synchronization radiotelephone
communications signals. Those skilled in the art will also understand that
although the aforementioned carrier frequency band grouping is preferred,
25 other groupings of uplink and downlink carrier frequency bands may be
used with the present invention. For example, the random access channel
uplink carrier frequency bands may be associated with a different downlink
- carrier frequency band dedicated for communicating radiotelephone
communications signals from the satetlite to radiotelephones, such as other
30 timing or control signals.
The use of multiple dedicated random access channel carrier

frequency bands can reduce the likelihood of random access request
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l'i kel i hood of the collision of random access channel radiotel ephone
communi caW@E38sdznal s from adj acent coverage areas. PCT/US97/05604

According to another aspect, a satellite f 020eommuni cat i ng
r adi ot el ephone communi cations signals to at |east one radiotel ephone in a
5 tine divisiowoltisidnspl As adusteateds it Elgure 8, nladﬁvuilaiegdlomlephmnnm12ﬂd-dmm

system over a carrier fre enc ngl udi;n ur,al i ownl i nk
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i ncl udes downl i e NRAIQ

radi ot el ephone com‘rum catl onsﬁ%#g%g{i'?n%%trtﬁ? 'I_ﬁ?gl: fk?to randomly dlsf(nbute

carrier frequentlye biseof randamecgess| dmnebnérrlq ‘@I"@Whmds eﬁwuupgu nk
éormunl cati g rreanﬁ.bl T %a?ed BnH3ni Qgce% ch&ARéI Ik ag ?lle(aggﬂ )? ’bangs,

the likelihood of access request collisions is reduced because it is less likely
for two radiotelephones to simultaneously transmit RACH bursts on the
same carrier frequency band. As illustrated in Figure 9, a geographical
reuse plan may also be utilized, whereby different dedicated random access

10 channel uplink carrier frequency bands are used for different coverage areas
160a-d of the area served by a radiotelephone communications system. By
employing such frequency reuse planning, RACH bursts from adjacent
coverage areas are less likely to interfere with one another, thus reducing
the number of failed accesses and related problems caused by

15 radiotelephones in adjacent areas transmitting RACH burst on the same
frequency band simultaneously.

As illustrated in Figure 10, the radiotelephone 120 may
include time division multiplexed signal communicating means 650 for
communicating time division multiplexed radiotelephone communications

20 signals to a satellite 110 and random access channel signal communicating
means 660 for communicating random access radiotelephone
communications signals to the satellite 110. For example, as illustrated,
the time division multiplexed signal communicating means 650 may include
a synchronizer 651 which times the radiotelephone communications signals

25 to fall within an appropriate TDMA time slot,_and a transmitter 652 which
transmits time division multiplexed radiotelephone communications signals
655 via an antenna 653. Similarly, the random access channel signal
communicating means 660 may include a transmitter 661 which transmits
random access radiotelephone communications signals via an antenna 654.

30 Those skilled in the art will understand that various configurations of
transmitters, synchronizers, antennas may be used with the present

invention, such using a single wideband antenna and transmitter to transmit



communi cati ng radi ot el ephone communi cati ons signals froma

radi ot el ephone to the satellite over a plurality of uplink carrier

f requency WO 97/38500dS . 15 The uplink comunPEEMUSAE05604
means i ncludes .tinme division mul ti pl exeil-si gnal conmuni cati ng neans
for cormunicating tinme division mul ti pl exed radi ot el ephone

comuni cations si gngbth fimerdidisiondindiitgplerbdnd random adcess bhanséladigndle ovesill
a time division nultiplexed uplink, carrier freguency, .band of the |
plurality of uplinkalsabe understegddhattheoime divigian altiplexed signe!l compunigating
receiver positioned, an. ! @8oSalFiHe! r%:ﬁdo;w%é&g IRSnfa | QI UnTERRE means

al so includes random access channel 'signal conmuni catTng nmeans, suclt as

an antenna and r ece6@r magsildo inctude othdrecosmmahlidatiens tompomemtinswedt angwitching

random access channel radi otel ephone conmuni cati o sj,gnal s ) .
comuni cat ed fron a Mﬂ%@@!ﬁgﬁmé'gf@ tPTRCEAPES| 4’?‘?@’ » tpRleareptadin specia)

random access chann i | NN briA Qfard Ip ral |
uplink carrier freqﬁ%’ﬁéggé@%ﬂ%‘%gﬁu cat eg)brrangg% aaé%:eggmgﬁaﬁ*ng%a{%%?i nk
carrier frequency bpmgdseicognpitéserent fromthe tinme division nmultiple

St gnal cormuni cat | ngASILFRHTE 1 AIAd it SREDe OOy GHE
random 30 acceggsiifb agrphurieatiny feaRs G0, HETIHMECRE RS diVigion ﬁaufltl’i;ﬂ%kﬁd
first radi ot el ephone over a first dedi cated random access channe

uplink carrier 10 signal doremueicaginganearssné50andshe gandommaatesschargnelandom

access channel communicating means 660. For example, the satellite 110 may include a
receiver 656 which receives time division multiplexed signals 655 such as
those transmitted by a radiote!ephone 120 of the type illustrated in Figure
10, via an antenna 657 and demultiplexes the received signals in a

15 demultiplexer 654. Similarly, the satellite may include another receiver 658
which receives random access channel radiotelephone communications
signals 665 via an antenna 659. Those skilled in the art will appreciate that
other configurations may be used with the present invention, and that the
time division multiplexed signal communicating means 650 and the random

20 access channel signal communicating means 660 may also include
communications components such as switching devices, mixers,
demodulators, signal processors, and the like, implemented in special
purpose analog and digital hardware, in general purpose processors running
computer software, or in combinations thereof.

25 The downlink communicating means 630 of Figure 6 may be
also be included in the satellite 110. For example, as illustrated in Figure
11, the satellite 110 may include a transmitter 631 which communicates
radiotelephone communications signals via an antenna 642. It will be
understood that the downlink communicating means 630 may also include

30 other communications components such as equalizers, demodulators,

demultiplexers, signal processors and the like, implemented in special
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radi ot el ephone comuni cations signals froma second radi ot el ephone over

a second WEATBAS®d r andom access channel uplink carrier freBGERISH05604]
different fromthe first dedicated random &%ess channel uplink carrier
frequency band. 5 According to anot her aspect, the

downl i nk communperpasagnalog or digitahhardyfarelos ig sp8Ware eummingiorcgertsraheans f or
comuni cati ng radlotele hone signals to radiotel ephones located in
a first coverag‘é Spéﬁﬁesﬁgréns for comuni cati ng radi ot el ephone

comuni cations signals toQmtanss RIPIMBEEing access td QQ%SCHW@I&: M
coverage area. The randgm access channel signal 10 comruni catin means

may i ncl ude neaa@es%ﬁateﬁmdleéﬁewnecommum@ainqms(;v@pﬁbm;e dlustratedcinannel
r adi ot el epho§e & g}d&nﬁ('fd)gr@l 0{'1; gg&de cthaanefvl%gl&gfaqpiﬁhones | ocat ed

in the first COVgI’ age rea over m access

channel upli nk esmmuicdtiongsigas bmcbmmud:meuh&o'iwa radioteleph6A&M&IA Cat i ng
r adi ot el ephone accgss channel radj ot el ephone communi cati ons signals

from radiotel epftpitite pyera é@dlﬁt%@"ﬁ?&bﬁ@cess Cha"“‘*'d&ﬁﬂﬁﬂ‘a@%’ rigr §gqueney a
band di ffer ont TrshARER ATBES 1 BaRRke Phiriidivision mulile Actest LRI B
uplink carrier 4 t:amldmgobmﬁtipﬁm, uglirdgcaper frehuemysbanrl diffetent from the
10 dedicated random access channel uplink carrier frequency band is assigned
{Block 1220). After the channel is assigned, time division multiplexed
radiotelephone communications signals are communicated from the
radiotelephone to the satellite over the assigned time division multiple
access channel on the time division multiplexed uplink carrier frequency
15 band (Block 1230). The step of communicating random access channel
radiotelephone communications signals may be preceded by the step of
identifying if the radiotelephone is assigned a particular dedicated random
access channel uplink carrier frequency band or if the radiotelephone is in a
particular coverage area to which a particular dedicated random access
20 channel uplink carrier frequency band is assigned (Block 1205), and the
step of communicating random access channel radiotelephone
communications signals (Block 1210) may include communicating random
access channel radiotelephone communications signals based on the
assigned dedicated random access channel uplink carrier frequency band.
25 As shown in the illustrated embodiments, present invention
provides for communicating random access channel signals over a dedicated
random access channel uplink carrier frequency band, thus avoiding the
time ambiguity problems which may be associated with using a TDMA slot
for random access. Using dedicatéd carrier frequency bands can also
30 obviate the need to provide excessive guard time in TDMA time slots which
may decrease the potential information capacity of the TDMA channels used

for voice, data or other communications. Providing multiple dedicated



dedi cat ed random access channel uplink carrier frequency bands is 20
provided, allowing the |ikelihood of collision of random access channel
radi ot el ephoRg,G9AEay cations signals fromradiotel ephones | ocapegaisdroseos
adj acent coverage areas to be reduced. 23 The carrier
frequency spectrummay be allocated into a plurality of uplink
carrier frequency bands and a pluraljty.qgf downl.ink 5 ,carrier
frequency bands sucRCREE AEHEA € n?ﬁ'leu‘g'ﬂfahﬁrﬁ'l?r(f'éﬁq"@egf:y%flgaﬁéifeyca” reduce the
bands is associ at edoibaBily Bf Hebefdf rebistuddliisibnCand afiow foradRA6M ands. The
downl i nk conmuni cating nmeans nay include neans for comyunicating
radi ot el ephone conrggagraphisakcarrign frequeney band reusss whigh gan furtheryreduce the
downlink carrier fr access channel signal 30
SidkaBlity R aceadiiabag <Aidar

conmuni cat i ng mean ude rean i cating random

access channel rsdi ot el ephone i gherdriveinigs and spegifitationVier@hal € deen disclosed
dedi cat ed random access channel uplink carrier frequency band of the
WO 97/ 38502 typical embodiments of the invention and, although specific terms are

PCT/ US97/ 05604 . . . . - 14-
oroup of uplink carSTRIOVEdshey,are ysed in a generic and deseriptiys Kiise oply,and not for
purposes of limitation, the scope of the invention being set forth in the

following claims.




plurality of downlinkbi titas B ﬁ%y bands. Preferably, one of the
plurality of downlink l ncy bands is a synchronization,downli nk
carrier frequency ban synchroni zation signal is 5

comuni cat\¥@ 9788502di ot el ephones. Thus, I tiple dedicated r RERUSKOSEAS
channel uplink carri er; f{i BHEFT YHARBEEN ey 424- provi ded while efficiently
utilizing spectral re our Ceqepr ACED Met hods of providing a
radi ot el ephone with a CLAIMSvi sion nultiple access
satellite radi otel ephone cpnmmunicati ops. syste 10 accqr.ding.to the -
present invention include g’onnu’_hﬁb’ﬁ?i ‘é'sﬁoi'nﬁ'b'm%[&,a&g%ss satellite fag!%tﬁmhone
radi ot el ephone GMMBhfatibRY Systé@Bl Tohiminichtin ?ﬁi@i&éﬁ'ﬂﬂ%rﬁ unications 2
ency

satellite over a dedicated random access channel uplink carrier trequ
band. |n responsignals batwessnatigas ansdsatellitioand at least ehamadibtelephone over a

r adi ot el epho C ' | ons. Si I W1 LMi.Sl @ _mul,ti,pl e .access
15 channgl or}’ﬁ a&?ﬁ%&r%ﬁ%ﬂ%&gﬁzﬁﬂpﬁ %He@hgg&?‘ﬂﬁﬁ@é’?rﬂi‘)&nlm‘gﬁﬂ@ﬁﬁy band
di fferent from dpiclietiefibantsdnd anpiomalagf uplinkacirger feghékcyClBdrdse the
frequency band is assigned. Tine division nultiplexed radlotelephone

communi cati ons S$YSEH SOMPHRINBhe radi ot el ephone to the satellite are then

comuni cated over the all ogafl ' I Vel Syls i C el, on
20 the time division nultipl 'gﬁ(l%%kup 'ﬁ"r‘kakgt‘éﬁln{egr%%’r%éﬁ%ﬁ%ggg%ﬁ@’&ngaﬁ
The step of conmume sateliite) foracolomumicatig diptelephonay cansnunications sighalsude

i gnal s to (1t JERTBIMDE AL 1eabing el 1o 10t ot A RoR eadiplslepfione over he r ot
dedi cated randompigrip sf BbaMNRK caRlid oGy BandsCagncy band or - 25
comuni cati ng random-access channel radi otel ephone communi cati ons
: uplink communicating means, responsive to the at least one
radiotelephone, for communiéating radiotelephone communications signals
from the at least one radiotelephone to the at least one satellite over the
15 plurality of uplink carrier frequency bands, said uplink communicating
means comprising:
time division multiplexed signal communicating means
for communicating time division multiplexed radiotelephone
communications signals over a time division multiplexed
20 uplink carrier frequency band of the plurality of uplink carrier
frequency bands; and
random access channel signal communicating means
for communicating random access channel radiotelephone
communications signals over a dedicated random access
25 channel uplink carrier frequency band of the plurality of
uplink carrier frequency bands, said dedicated random access
channel uplink carrier frequency band being different from

said timed division multiplexed uplink carrier frequency band.

2. A system according to Claim 1:

30 wherein said downlink communicating means comprises:

O



signals froma second g
access-channel uplink cl
dedi cat ed r aW@RN38H2ess LRl el ]

systemin which the satellite conmuni cat

i ﬂ%‘i‘E r a second dedi cated random

: y band different fromthe first

LY ] ca@lrier frequency band. PEBAUSE7/05604
r aeBSet el ephone conmuni cati ons

30 signals to radiotel i a first coverage area and
conmmuni cat es r adi ot el ephoneeans foucomamundoating aohidbtelepghone signals to
radi ot el ephones located in a |, secqond .coverage, area, communi catin
random acgess channel V@'@‘?)%Wﬂocate Iy a fitst Coverage ares; and g
PCT/ US97/ 05604 means for communicating radioteléphtine

r adi ot el ephone communi cations signals may 1 ncl ude comruni cat'i ng

random access channel radi ot ebmphanicatimssignalatd oadiotalephoresdocated ihia st
dedi cat ed randog1 access uplink C%Fri er fre uency band if the

r adi ot el ephone Ps | ocated i n*¢408% FIEreSHYERaH" ar ea or communi cat i ng 5

random access radi ot el ephoneygreHaff b 2k8E8!chaRMEr signfSERfhunicating
dedi cat ed random access channel uplink carrier frequency band different

fromthe first dedineansgomgpnidesn access uplink carrier band if the
radiotel ephone is Tocated in the §ecg0qqf QY RtafficalrfradliidfordRad Rt c2
channel radiotelephone communications signals from
10 radiotelephones located in said first coverage area over a first
dedicated random access channel uplink carrier frequency
band; and
means for communicating radiotelephone access
channel radiotelephone communications signals from |
15 radiotelephones located in said second coverage area over a
second dedicated random access channel uplink carrier
frequency band different from said first dedicated random

- access channel uplink carrier frequency band.

3. A system according to Claim 1 wherein said random
20 access channel signal communicating means comprises:
means for communicating random access channel
radiotelephone communications signals from a first radiotelephone to the at
least one satellite over a first dedicated random access channel uplink
carrier frequency band; and
25 means for communicating random access channel
radiotelephone communications signals from a second radiotelephone to the
at least one satellite over a second dedicated random access channel uplink
carrier frequency band different from said first dedicated random access
channel uplink carrier frequency band.

g




reuse of the dedicat ' ¥ 2% channel uplink carrier frequency 10
bands i s provided, al “
channel radi ot el ephon

ﬁ el i hood of collision of random access

ns gnhal s from radi ot el ephones
| ocat ed i "WOATAB®Rt coverage areas to reduced. 1us97
Accarding to another njet hod REBpAGHD, a tijme d?&ision nultiple access
satellite radiotel ephone~TOMINI cat 1 ons systemis_accessed froma 15

r adi ot el ephone by conmuni c4ti ng A systesm acsoedisgdaHaun T winerrin thpcarrier

) £ . ; | jo
Gedi cat ea- r andonSaaeiey HFRRIWAF it & pRRARGFof SofnfRk Capidrefincy bands
response to the ahd agslurdlity of uplinkreardenvfrequenoybdrids! sitcratessudchhtiabehch tof e

di vision mul tipl exed radi ot el ephone co nications, signals are 20 .
communi cat ed froghec&@WF‘ ak seafesfrRaHency é’sé%lf’%PFlatt%‘?Wg}aéf eyR©f iplinki on

mul tiple accegs ghan | .division multiplexed uplink carrier
frequency bang. € - P?ﬂeqﬂ@nalbhﬂ&s. Brief Description of the

Dr awi ngs - wher@ipnsaid idowndinkb¢aromsinscatingimeansigemprises he
present invention 5 having.been stated, ,others will he nmore full

under st ood from 8Ny %gqr.gﬂuﬁuca?m.g T %‘EE%P&PP&F"{’HQP“F&BPBMSQ&E ‘5‘93:' one
reference to thesp{OFRRAY M dvVinldarridr frequency BAhAS) and ,
Figure 1 illustrates a satellite conmmunications system according to
the prior art; 30 wherein saidtirgndemaccessucharmeb signal ceawmunicating:

carrier fre ncy spectrum _—
qll'8 ¥neaRs comprises means for communicating random access channel

radiotelephone communications signals over at feast one dedicated random
access channel uplink carrier frequency band of the group of uplink carrier
frequency bands associated with said one of the plurality of downlink

carrier frequency bands.

15 ' 5. A system according to Claim 4:
wherein said downlink communicating means comprises
means for communicating synchronization radiotelephone communications
signals over a synchronization downlink carrier frequency band; and
wherein said random access channel communicating means
20 comprises means for communicating random access channel radiotelephone
communications signals over at least one dedicated random access channel
uplink carrier frequency band of the group of uplink carrier frequency bands

associated with said synchronization downlink carrier frequency band.

6. A radiotelephone for communicating time division
25 multiplexed radiotelephone communications signals to a satellite in a time
division multiple access satellite radiotelephone communications system, the
radiotelephone comprising:
time division multiplexed signal communicating means for

communicating time division multiplexed radiotelephone communications



for a radiotel ephone & “°§/stem according to the prior art;
W0 97/ 8502 -

PCT/ US97/ 05694 97138502 m‘“ﬁ f | - 16PCT/US97/05604
Figure 3 illustrates tine slots and franes uthhized in a TDVA
r adi ot’el ephone conmmuni rding to the prior art;

Figure 4 illustratgsid { (e LRdiftd SRGU Bd 8MVIGSH multx lexed Qi @l}r‘? ones

in a TDVA radi ot el ephone conmmuni cati ons system ccording e prior
art; frequency bﬁnguaBdS il ust rates bit deS| gnati ons i n a TDMA
time slot of a TDMVA r adi ot el ep rrrrunllcat I ons, s¥stem accordi ng
to the prior art; random access FF ej%gqq |QEIPHPESURBFRRA(S Tor

satel lite radiot elc@,m}anﬁ.catmg rand&rﬁrﬂ&aéscéﬂddﬁé? rﬁaﬁai&aw&r@&ém%&.eawﬁs

present invention; Figure 7 illustrates a carrier
frequency all odat |St8mailmtcathmlhte over a dedicateid mndam acerse whaneel uplink

Flgure 6 111 ust r ARatu JTRpey ettt SHFBeAA TR i ime il Gplexed wplink

carrier frequency band.

7. A radiotelephone according to Claim 6 wherein the
satellite communicates radiotelephone communications signals to

10 radiotelephones in a first coverage area over a first downlink carrier
frequency band and communicates radiotelephone communications signals
to radiotelephones located in a second coverage area over a second

" downlink carrier frequency band, and wherein said random access channel
signal communicating means comprises:

15 means for communicating random access channel
radiotelephone communications signals over a first random access uplink
carrier frequency band when the radiotelephone is located in the first
coverage area; and

means for communicating random access channel

20 radiotelephone communications signals over a second dedicated random
access channel uplink carrier frequency band different from said first
random access uplink carrier band when the radiotetephone is located in

the second coverage area.

8. A satellite for communicating radiotelephone
25 communications signals to at least one radiotelephone in a time division
multiple access satellite radiotelephone communications system over a
carrier frequency spectrum including a plurality of downlink carrier
frequency bands and a plurality of uplink carrier frequency bands, the

satellite comprising:

IR Y e R T TN YR Terrmmm—pmr
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Eﬁing to the present invention; 15

upljnk carrier frequBlifshe e
Figure 9 illustrates * [ use of dedicated random . access
channel uplink carrie Helg kR il

; - E

ds1according to the present
i nvent i on; WO 97/38502 - igure {10 illustrates a radi BCEUSPHOSs04 f OF
accessing a TDVA ] sREPLACEDR: r adilot el 28hone conmuni cati ons system
according to the present ZO0 - Thnvention; Figure 11

illustrates a satellite fodowsdinkrcoriBniatialglmesns for commuAitafhg! ephone
conmmuni cations s tozna according to, the r,esth i pven i ons,; . and

Figure 12 |11 ustPIIASIeBREP CPERRURisAtIaRt SERRIRGoANBiMeas PBE IPdistelephane
radi ot el ephone wmné?ﬂ«fﬂaﬁﬁﬁoﬁu&vﬁﬁhﬂ%%éﬁ f?gq&éhc’y"t?an%%ﬁé“ | nventi on.

Detail ed Description of Illustrated Enbodi ments The
present invention now w | | uplénkl commimidating endanks) responsive to tiee at keakt 6hew t h

nvent i on aré siadicieRRAGHE e SofiITZstng sfBlotilephone comiuaitregRalnany
1415 L, o oons Vo, St o
frequency bands, said uplink communicating means comprising:
time division multiplexed signal communicating means
for communicating time division multiplexed radiotelephone
10 communications signals over a time division muitiplexed
uplink carrier frequency band of the plurality of uplink carrier
frequency bands; and
random access channel signal communicating means
for communicating random access channel radioteleph'one
15 communications signals over a dedicated random access
channel uplink carrier frequency band of the plurality of
uplink carrier frequency bands, said dedicated random access
channel uplink carrier frequency band being different from

said time division multiplexed uplink carrier frequency band.

20 9, A satellite according to Claim 8:
wherein said downlink communicating means comprises:
means for communicating radiotelephone signals to
radiotelephones located in a first coverage area; and
means for communicating radiotelephone
25 communications signals to radiotelephones located in a
second coverage area; and |
wherein said random access channel signal communicating
means comprises:
means for communicating radiotelephone access
30 channel radiotelephone communications signals from

radiotelephones located in said first coverage area over a first

Ll
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that this dweod7sssoze wiili¥hiatn and conplete, and will ROTAISTEOS6S,
the scope of the invention to-those skillfed 294+he art. In the draw ngs,

li ke nunbers rdterto-LIRE"el enpmt s t hr oughout .

Referring now to Figures 6 dedicatecirdriduen dicvessi chvanmel uplihl carrierSfrégeass,
satellite radiotel ephone _cogmmi cations system according to the

present invention is illust abdigandownl i nk conmuni cat i ng neans 630

comuni cat es radi ot el ephone comnﬁl%ﬁ.ﬁ;tiop%Fﬁgﬁggﬁﬂgﬁd%@%ﬁoﬁ@%&%ﬁge

110 to a radiotel ephone 120. Simlar ni cat neans

communi cat es radi ot el ephone chanmel radistelephone gomraubications Sighalsnfroire 10
radi ot el ephone_ 120 to the satellite 110. The uplipk communi cati ng nmeans
640 further in%ludes tine df lgteéwhﬁnqﬁ's%tﬁédnsﬁatﬁ%%@m\mfeaﬁ AFRP AYema

650 for conmunicating tinme gdi -S4 ; ' % ARk ehshgeh :
comuni cati ons signals 655 géé(?nﬂﬁéeﬁ‘?g{f?o@g ep 8{:1e %L%Ost oatﬁtgﬁ%%fgrfelrte
110, and random access chanfrefuengnbind different frormspiddirstsdéditafedr randotr®

comuni cati ng random access channel radi otel ephone _conmmuni,cat,i ons
signals 665 fromthe radiot QF%HGEQ"T%“’P%"E‘E ﬁg"?é&qq”ﬁpgyi’fﬁfi'
As illustrated in Figure 7, the downlink conmunicating nmeans 620

communi cat es radi ot el ephone communi cations signals over a plurality
of downlink carrier frequendg. bardsateliite aacarding ta €faifir 8 wherein saidctandom

10 access channel signal communicating means comprises:

means for communicating random access channel
radiotelephone communications signals from a first radiotelephone over a
first dedicated random access channel uplink carrier frequency band; and
means for communicating random access channel
15 radiotelephone communications signals from a second radiotelephone over
a second dedicated random access channel uplink carrier frequency band
different from said first dedicated random access channe! uplink carrier

frequency band.

11. A satellite according to Claim 8 wherein the carrier
20 frequency spectrum includes a plurality of downlink carrier frequency bands
and a plurality of uplink carrier frequency bands atiocated such that each of
the downlink carrier frequency bands is associated with a group of uplink
carrier frequency bands:
wherein said downlink communicating means comprises
25 means for communicating radiotelephone communications signals over one
of the plurality of downlink carrier frequency bands; and
wherein said random access channel signal communicating
means comprises means for communicating random access channel
radiotelephone communications signals over at least one dedicated random

30 access channel uplink carrier frequency band of the group of uplink carrier

L



20 ,200.,As will be 'llﬂﬂdﬁd'esmaeﬁdenb(}é tidepse skilled in the art, downlink
conmuni cat i ng neans 6 conponents comonly used I n

satellite commruni catl com‘rum cate radi ot el ephone signal s
from one IWO&UB8SE2t O onents may i ncl ude, HGIUSITMHSH4e,
transmtters- positiongd in §€éﬁﬁkht es 0 WB0sh transmt .radi otel ephone
25 communi cations signals | ink and uplink carrier frequency
bands, receiver Sfrmddyfbwdislaﬁsdddbdtwitbﬁbﬁlm oPtheplurhlityestedovon fiie
transnitted si gnal s, ?s wel | as t her communi cati ons conponents, such as
ant ennas, anpli fgasrier frequendy Bandfevi ces, nixers, nodul ators, memory

devi ces, signal processors and the Iike, inplenented I n special pur pose

30 anal og and digital hardware, ?eneral pur pose conputing devices

runni ng conput er sofl2war A sabel itenacaordingaoi Glagmt tiker eof . WO

97/ 38502 PCT/ US97/ 05604
18- vriereim, saifidunting, FRmmYRcAing, Means COBIRFISRF cat es

radi ot el ephons CRERNG FSraddrimBinidatifg! syneNdniZatiinadidtédepRbnt Rl uRRGlibRS
signals over a synchronization downlink carrier frequency band; and
wherein said random access channel communicating means
comprises means for communicating random access channel radiotelephone
communications signals over at least one dedicated random access channel
10 uplink carrier frequency band of the group of uplink carrier frequency bands

associated with said synchronization downlink carrier frequency band.

13. A method of providing a radiotelephone with access to
a time division multiple access satellite radiotelephone communications
system of the type used to communicate radiotelephone communications
15 signals between at least one satellite and at least one radiotelephone over a
carrier frequency spectrum including a plurality of downlink carrier
frequency bands and a plurality of uplink carrier frequency bands, the
method comprising the steps of:
communicating random access channel radiotelephone
20 communications signals from the radiotelephone to a satellite over a
dedicated random access channel uplink carrier frequency band;
assigning a time division multiple access channel on a time-
division multiplexed uplink carrier frequency band different from said
dedicated random access channel uplink carrier frequency band, in response
25 to the communicated random access channel radiotelephone
communications signals;
communicating time division multiplexed radiotelephone
communications signals from the radiotelephone to the satellite over the
allocated time division multiple access channel on the time division

30 multiplexed uplink carrier frequency band.
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apprec! ated by those ski ‘
si gnal WOeNnsseR Cjt+,_ L muni cat es radi ot el eph@G3/USIT/05604

frequency bands 220 in T‘HSS“ s Been Rebeesdency spectrum 200. As will be
Ji é E the time division multiplexed

-

communi cat i ons Si gﬁai'é from several réali-otel ephones 120, with the
sighals to and fromedch.. ™" “radiot ellephone being tine division
mul ti pl exed over a series 0fi4TDVA inetitod accordirsg td €lailm13 WisereBniiRy satellite

mul ti pl e radi otel ephones may utilize the same uplijink | c%r.rg;er
frequency band wi €dMMAURIcAteEtRAIOLE | COMPWNiEAtions si8ngly Jacradiotglephones
allowing nore effjclLent: s # LId ha8%drh@ I L uency
di vision multipl efogégegs'g %ﬁw%t%tbed&éﬁ\%\h?&] coﬁplwr?ﬁ%ults? ;’/&gisegi %ﬁgan

entire carrier fresmmunicdiond signats ® rglisteleptronetecated dow second covaaipec!
si gnal comuni cating neans 660 op(gr ates, over dedicated uplink carrier
frequency band® 7area, andiyhesgin sHe stegrdeampunicaitiBrapdertaccesachanrnel 15

signals with T Wﬂﬁih i 4! t I b ke
mul ti pl exed. uplin ¢ carri e(rg)ﬂ r@ﬁgﬁgﬁggﬁgggﬂms &ﬁnﬁhé@% tﬂé\é&e% 8 As will be
under stood by those skill ed commsicating raptiomkaccess chanrel madiotelephoge neans

630 may i nclude conponents. conton used.in . satjellite . .
comuni cat i ons sy<PBRUNiICAtioR:,Enals.eYen 3 firs dedicited sandain 2ccess uplink carsigr

one location to aﬁﬂ%ﬁeﬁ{ Bad #REPAdiotdléfshotdl isNbcsedmH QhE %@t%verarggsarf%)r

means 630 may inc ansmtters positioned in the radi otel epho
whi ch t ransm 10 r achrotmeiniqatimgerandomuadaess raslietetephoriescammunitations|sigriats over

ier f bands, 220. i i i n. satell| 110 whi ¢h
Focel ve the i1 anchPerand fedleaedranacactamchruae kst ESSusnck Bmd s
25 other communi diffeten SroiR BRIt dedicatediandbhe REESSs L@nmkicfaiﬁérsbarﬁ«"ift:ﬁ%i ng

devices, mxers, denodul ators, nenory devices, signal processors and ot her
radiotelephone is located in the second coverage area.

15. A method according to Claim 13 wherein said step of
15 communicating random access channel radiotelephone communications
signals comprises the step of:
communicating random access channel radiotelephone
communications signals to the at least one satellite from a first
radiotelephone over a first dedicated random access channel uplink carrier
20 frequency band or communicating random access channel radiotelephone
communications signals from a second radiotelephone over a second
dedicated random access channel uplink carrier frequency band different
from said first dedicated random access channel uplink carrier frequency
band.

25 16. A method of accessing a time division multiple access
satelfite radiotelephone communications system from a radiotelephone, the
radiotelephone communications system including at least one satellite and

at least one radiotelephone, the method comprising the steps of:

I




e N e M D e TN o ARy, T

conmruni cati ons conponents, inplenented in special purpose anal og and
digital hardware, in general purpose conputing devices running conputer
software, or in conbi Lans..thereqf 30 As illustrated

in Fi gur e WOITIRS0% ar r i ETHIST SHEETNHAS BEENt)r um 200 nmay PEIT/USITOsesed

anong downl ink carrier} frequgpgpcdpands 410 -32d upl i nk carrier
frequency bands 220 s &-gro " uplink carrier bands 220 is
WO 97/ 38502 communicating random access channel radiotelephone

PCT/ US97/ 05604 o ) 100

associ at ed wi t h @XERuRsalions.sisnals from the radigielephonaito.a satellite quer ape

appr eci at ed by  tadicatatklandorh becesb ehaniel auifk &itiet KRGALRAPLTAY, e
upl ‘ex

desirabl e in a comunications systemin which fu
capability is desired commypigatigs Sigpe divisian enyltiphexedaradiatelephene

capacity on &he allen . ' | of the, sys According to
t he present fjnvgﬁﬁl}o@# lEﬁ%ﬂ%gnals ?mg'g\k/\}}# ﬁ]‘ﬁbggmectgttpﬁdaﬁgﬁ?&‘&@ Hme
communi cat e syndivision zatltiphe access chanmeéli & altihad dddsionWltigletdd0plink Inal s

a _

fromthe satellite 110 to r adi ot el ephones 120 over
synchr oni zat i onC¥/6iRRfiequensy band, thediype shiyision multiplp asgess3thapinel being

plurality of doymbédied GirédpBhst t& MELMnAHIERed 1ndER%adAEs channel

radiotelephone communications signals.

10 17. A method according to Claim 16 wherein the satellite
communicates radiotelephone communications signals to radiotelephones
located in a first coverage area and communicates radiotelephone
communications signals to radiotelephones located in a second coverage
area, and wherein said step of communicating random access channel

15 radiotelephone communications signals comprises the step of:

communicating random access channel radiotelephone
communications signals over a first dedicated random access uplink carrier
frequency band if the radiotelephone is located in the first coverage area or
communicating random access radiotelephone communications signals over

20 a second dedicated random access channel uplink carrier frequency band
different from said first dedicated random access uplink carrier band if the

radiotelephone is located in the second coverage area.
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10 random access channel signal comunicating neans 660 nmay communi cate
random.access radi ot el ephone comuni cations signals fromradiotel ephones
120 to a sat eWOI9788%20 over at |east one of the uplink carrier pppRids

bands. . 740 associated with the synp?r @#zatlon downlj nk carrier
frequency band 730, thus efficiently utilizing spe¢trumresources.
Those skilled in the art 15 w Il understand that synchrohization

radi ot el ephone comuni cations signals may be co ni cated on the
entire downlink carrier frequency band 730, or onfone or nore timne
slots of the downlink carrier frequency band 730. For exanpl e,
synchroni zati on radj_ot el ephone communi cation signals may [~ ) be

conmuni cated on a
band ¢30, and randomi
be coftfuni cated on a

le time slot of the downlink caL)
cess radi otel ephone comuni ca
upl i nk carrier frequency bapd/ﬁaV| o
sl ot used for the sypefironi zatfiegiffd| ot el ephone
se skilled in thesart wll a|SQ~JT

‘Fhquency 20

For~exanpl e, rando

uplink-garr frequengy be asso ed @LLh‘a ‘iz
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col I i sions. %,#Jggzst rated in Figure 8, individual radiotelephones 120a d
can eac assigned a particul ar dedi cated random accREHUSIMsHS

upl i'nk carrier frequency band for transmtting RACH bursts, to
random y distribute the use of rar@g®R access channel carrier
frequency bands. By using 5 multiple dedi cated random access channel
uplink carrier frgguency bands, the Iikelihood of access request
collisions is (ﬁed because it is less likely for two

r adi ot el ephon simul taneously transmt RACH bursts on the sane
carrier frequeney and. As illustrated in Figure 9, a geographical

reuse plan na I be utilized, whereby different dedicated random access
10 channel U= carrier frequency bands are used for different coverage
areas (B d of the area served by a I &l ot el ephone comuni cati ons
system By Q-enpl oyi ng such frequency ,geulse | @nni ng, RACH bursts

ointerfere with one
accesses and rel at ed
s.transnitting
4

coverage areas are | esg

from adj acent
t he nunber _ofOf

anot her, thus reduci&
probl ens caused by ™
RACH burst on the sa

i

/
%
Uplink Carrier
Frequency Bands

Downlink Carrier
Frequency Bands

210
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frequency band sinul t aneously. As illustrated in

Figure 10, the radiotel ephone 120 may i nclude tine division

mul ti pl exed wiogyredssezonmruni cati ng neans 650 for conuni CAT/OSH 7IGSG!
di vi si on nultipl exed radi ot el ephone comuni cati ons 20 signals to a
satellite 110 and random access channel siggzk%connunicating means
660 for conmuni cating random access radi ot e one conmuni cati ons
signals to the satellite 110. For exanple, as illustrated, the tine
di vision nultipl exed signal conmunicating nmeans 650 nay i ncl ude a

synchroni zer 651 which tines the radiotel ephone comruni'cati ons signals
25 to fall within an appropriate TDMA tinme slot, and a transmtter 652

whi ch transmits tinme division nultiplexed radiotel ephone
conmuni cations sig S 655 via an antenna 653. Simlarly, the
random access q@¥fgn si gnal communi cati ng neans 660 may include a
transmtter 661 wyhi transmts random access radi ot el ephone
comuni cati ons grfl's via an antenna 654. 30 Those skilled in the art
wi | | understan hquvarious configurations of transmtters,
synchronizers,h&utq!pas may, be used wi th tﬁe present i pvengion
such using a singrq;mﬁdgbanﬁ adtenra ajd tqansfitter to transnftU WO
97/ 38502
PCT/ US97/ 05604
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-21- .
sighals. It will
mul ti pl exed si&pal comuni cati ng
channel si g2 27888%uni cati ng neans
communi cati ons conponents such as swi tching 5 devi ces,
signal processors and the Iike, inplenmentggipn speci al
anal og or digital
pur pose conputers.
satellite 110 may incl ude

the time division multiplexed
random access channel

al so be understood that-the tine

As illustrated in

10 conmmuni cati ng

si gnal

upl i nk conmmuni cati ng neans 640,

comuni cati ng neans 660. For exanpl e,

both tinme division nmultiplexed and random access channel

di vi si on

means 650 and the random access
660 may al so i ncl uBET/HBHHYS604

anplifiers,
pur pose

hardware or in software running on general

Figure 11, the
i ncl udi ng
nmeans 650 and the
t he

satellite 110 may include a receiyer $56 phich receives tine
di vision nultipl exed signals uch as [ hose transmtted by a
r adi ot el ephone 120 of the typ ustratedq i n|Figure 10, via an
antenna 657 and demnul ti pl exes receiveq si@gnalpk in a 15
derul tipl exer 654. Simlarly, satellige nTy i hcl ude anot her receiver
658 whi ch receives ra access ¢hanpel fadiotel gphgne
conmuni cat i ons si gnal via anfant gnnaj 659. Thqsé:skilled in the
art will appreciate that t her cofpfi gprat) ons may jbe used with the
present invention, and that t t§me Hivision mul t§i pl exed si gna
comuni cati ng neans 6%g and t ndom 20 | &@cess chandel si gna
comuni cating nmeargfr6 may allso ifncl ude conmuni c4ti ons conponents
such as swi tching devites, m ; defodul at ors, dignal processors,
and the like, irrp@erﬂ.'ed in dpecilal ~
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purpose anal og and digital hardware, in general purpose processors running

conput’er software, or in conbinations thereof. 25 The
downl i nk cornwpe?sgs2 ng neans 630 of Figure 6 may be al BOT/0897/05604
included in the satellite 110. For exanple, as illustrated in Figure

11, the satellite 110 may include a transg%;kﬁr 631 whi ch communi cat es
r adi ot el ephone communi cations signals via A ntenna 642. It wll be
understood that the downlink conmmuni cating neans 630 nmay al so incl ude 30
ot her commruni cati ons conponents such as equalizers, denodul ators,
denul ti pl exers, signal processors and the like, inplenmented in special

WD 97/ 38502

PCT/ US97/ 05604 -22-
pur pose anal og or digital hardware or in software running on general
pur pose processors. Operations for providing access to
atinme division nultiple access satellite radiotel ephone
comuni cations systemare illustrated in 5 Figure 12 (Bl ock 1200).
Random access channel r@ ot el ephone :
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conmqmuni ¢ations signals are communi cated from a radi ot el ephone to a
satellite over a dedicated random access channel uplink cafrier fr.equency
band (Block“&; In response, a tine division nmultiple access channel on
a time division ﬁ%?ﬁiplexed uplink carrier frequency band di f PETAISH?/03604n
the 10 dedicated random access channel uplink carrier frequency band is
assi gned (Block 1220). After the cipnpel is assigned, time division
mul ti pl exed radi ot el ephone communi cati ons signals are conmuni cat ed
fromthe radi ot el ephone to the satellite over the assigned tine
division nultiple access channel on the tinme division nmultiplexed
uplink carrier frequency 15 band (Bl ock 1230). The step of comrunicati ng
random access channel radi ot el ephone comuni cations signals may be
preceded by the step of identifying if the radiotel ephone is
assigned a particul ar dedi cated random access channel uplink carrier
frequency band or if the radiotel ephone § particul ar coverage
area to which a particul ar dedicated random aCc€ss 20 channel uplink
carrier frequency band is assigned (Block 1205), and the step of
comuni cati ng random access channel radi otel ephone communi cati ons
signals (Block 1210) may i ncl ude connunicat% & random access channel
radi ot el ephone comuni cati ons signals based t he assi gned

dedi cat ed random access channel i frequency band. 25

As shown in the illu enb@di nents, present i J provi des
for comunicating r B, chagblligd 9n = i cat ed

random access changelit nk cagrier frequen b o £ avoi ding the
time anbiguity probl ens which y..bhe _associ atled mﬁtgi%iing a TDMA sl ot

for random access. Using dedicated farrf er ff requenc nds can al so

635
N\ 655
AN ! Z
650 660
/ /
Time Division Random Access
Downlink Multiplexed Channel
Communicating Signal Signal
Communicating Communicating
Uplink Communicating
655
5
o3 7 665
Z
Radiotelephone
N\
120
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30 obviate the need to provide excessive guard tinme in TDVA time slots

whi‘ch ° "may decrease the potential information capacity of the TDVA
channel s usedwo 97/38s502f or voi ce, data or other conmunications. PporiaddNneseos
mul tiple dedi cated WD 97/ 38502

PCT/ US97/ 05604 -23-

random access channel uplink carrier frequezzwabands al so can reduce the
probability of access request collision, and allow for random or
geographical carrier frequency band reuse which can further reduce the
probability of ess request col lision. 5 In the
drawi ngs and speci fication, there have been disclosed typi cal
enbodi ment s of ﬁﬁk i nvention and, although specific ternms are

enpl oyed, theym used in a generic and dessiiptive sense only ang not for
i t

purposes of i on, the scope of the igvgntion being set forthst n the

follow ng cl ai ns. > S ~
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1. Atime division multiple access satellite radiotel ephone

comuni cat i GRY 99 m for conmuni cating radi ot el ephone conmuni cati ons
signal s between at Teast one satellite _and at |easf one radiotg er
a b5 carrier frequency spectruminclu n@'hzblurallty of d_mnlln ca#ﬁ?ﬁx
frequency bands and a plurality of uplink carrier “"_ncy bands,

t he system conpri si ng: downl i 7

comuni cati ng radi ot el ephone communi cati ong si gfaElsErom Iégkt
one satellite to the at |east one radi ot el 'a pIuraL;Qﬁ
of downlink carrier frequency bands; and 10 HPEE —~
comuni cating neans for comunicating radiotel e ':ﬁrgétions
signals fromthe at |east one radiotel ephone t, i

aid uplink
I me

satellite over the plurality of uplink carri
conmuni cati ng neans conpri sing:

di vision mul tipl exed signal comrunicatin
for communicating tinme division nmultip
communi cations signals over a tinme divwsion nul
uplink carrier frequency band of the/lurality

......

0

)

7




frequency bands; and random access channel
si gnal comuni cating neans 20 for comruni cati ng
random acceswosgfrassaz| radi ot el ephone PCT/US97/05604
communj cations-signals over a dedicated#;?ang1access

channel uplink carrier frequency band o he plurality of

uplink carrier frequency bands, said dedi cated rando

access channel uplink carrier frequency band being different 25

fromsaid timed division nmultiplexed uplink carrier ffrequency

band, said dedi cated random access channel uplink cafrier

frequency band bei ng dedicated to comruni cati on of

random access channel radi otel ephone conmuni cati ons

signals. 30 2. A system according to Caim1:
wherein said downlink conmunicati ng nmeans conpri ses:

means for conmuni cating radi otel ephone signhals to

va)

v

160d

Fioure 9

T T e i b




radi ot el ephones located in a first coverage area; and 5
means for conmuni cati ng radi ot el ephone communi cati ons
signals to radiotel ephones | ocated in a second coverage area; and

wherein sai WO¥RBEM access channel signal comunicating neans PCI/US97/05604
conpri ses: means for comruni cati ng random access
channel 10 r adi ot el ephone ggﬁnynications signals from

radi ot el ephones | ocated 1 n said first coverage area over
a first dedicated random access channel uplink carrier
frequency band; and means for comuni cating random
access channel r adi ot el ephone communi cati ons signals
from radi ot el ephones 15 H(Ged]i(g sai d second coverage area
over a second dedi cat ed an access channel uplink
carrier frequency band different from said first

dedi cat ed randon1acce§§5channel uplink carrier frequency

band. 20 3. A system according to Caim aﬁherein sai d
random access chaﬁFBT~sL%$gL conmuni cati ng nmeans ¢ I ses:

means for communi cating rando cess channel radiotele

conmuni cations signgrs froma st radlroter eprione 1o 1t
satellite over |a first dedifkated random access chamnel uplink c
frequency band; and §25 means for_conmuni ¢ati ng randomnj access
channel radi ot el ephgdne co ni cationg signials fronya second

r adi ot el ephone %ﬁxgre at IeastnEFe satell}te

652 ) 661
\ /

"
\\\ Transmitter Transmitter ]

651

S~~~
Synchronizer

650 660

\ Time Division Random Access | |
Multiplexed Channel
Signal Signal
Communicating Communicating

120

Radiotelephone
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over a second dedi cated random access channel uplink carrier frequency band
dicfferent fromsaid first dedi cated random access channel uplink carrier
frequency wo 97nssat. 30 , PCT/US97/05604
AVENDED SHEET - - 26-

4. A system according to daim1 vynfr/el.'rzt he carrier frequency
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spectrumincludes a plurality of downlink carrier frequency bands and a

plurality of uplink carrier frequency bands al |l ocat ed such -t hat .each
of the downlink carrier frequency bands is associated with a group of
upl i nk carWP&738502quency bands: 5 wher ei n s ZCT/ERIMOS60a kK
coAmuni cati ng nmeans conprises neans for conmmuni cat i ng radi ot el'ephone
communi cations signals over one of the ppyri@ity of downlink carrier
frequency bands; and wherein said random access channe
si gnal comuni cati ng neans conprises neans for comuni cating random
access channel radiotel ephone 10 conmunications signals over at |east one
dedi cated random access channel uplink carrier frequency band of the
group of uplink carrier frequency bands associated with said one of
the plurality of downlink carrier frequency bands. 5.
A system according to Claim4: 15 wherein said downlink
conmuni cati ng neans conprises neans.- ig onmuni cati ng synchroni zati on
radi ot el ephone communi cati ons S|gnal l(Ei é' synchroni zati on downl i nk
carrier frequency band; and wherein said random access
channel conmuni cati ng neans conprises neans for comuni cating random
access channel radi otel ephone 20 comruni cati ons si18@@l s over at |east one
dedi cat ed random access channel uplink carrier y#equency band of the

group of uplink carrier fre ban OCI ted Wth said
synchroni zati on downl i nk cafri e?‘chﬁﬁ @M %ﬁ@em lo-

teiephona communicatnons system

1205
1 Z
identify if radiotelsphone is assigned a particular
random access channel uplink carrier frequency band
or if radiotelephone Is located in coverage area assigned
a particular random access uplink carrier frequency band

1210
Z
Communicate random access channel radiotelephone
communications signals from radiotelephone to
satellite over dedicated random access channei
uplink carrier frequency band

1220
1 -/

Allocate a time division muitiple access channel on
a time division multiplexed carrier fraquency band

1230
Z

Communicate time division multiplexed
radiotelephone communications signals over the
allocated time division muitiple access channel
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6. A radi ot el ephone for cgognmuni gating tinme division 25 mul ti pl exed

r adi-ot el ephone communi cati ons signals tgﬁa satellite in a tine

‘division nultiple access satell'it-e-radi6tel ephone conmuni cati ons system

t he r adi ot el ephone conpri si ng: time division

mul ti pl exed signal communi cating neans for comuni cating time division
mul ti pl exed radi ot el ephone communi cations signals 30 to the satellite over
~a tinme division multiplexed uplink c&ELA&%Sfrequency band; and

random access channel sig nouni cat ni cating

random access channel- rad‘fl‘gi”é‘f’ BMﬁi‘ﬂ%“@Hmrﬁ%%ﬁ%@@ﬁg’ﬁ&@e‘%on?o the
satellite %ﬁuﬁt&@i@h@?&%@%rﬁ mﬁﬁﬁﬁ%ﬁnghﬁaﬁﬁélegﬁbh? Eﬁgﬂhﬁéﬂéﬁ quency

band different fromsaid tine-division-mu | exe arrier frequency
band, signals between at least one satellite and at least one radxoteleﬁhone overasaid

dodi capod ENEETRAFEET sERUMT InlRURg ST B hs HRBA PR S st ey
comuni cathars nd)adlgrality of uplink carrier frequency bands, the system comprising:
downlink communicating means for communicating radictelephone
communications signals from the at least one satellite to the at least one
radiotelephone over the plurality of downlink carrier frequency bands; and
10 uplink communicating means for communicating radiotelephone
| commuunications signals from the at least one radiotelephone to the at least one
satellite over the plurality of uplink carrier frequency bands, said uplink
communicating means comprising:
time division muitiplexed signal communicating means
15 for communicating time division multipiexed rédiotelephone
communications signals over a time division multiptexed
uplink carrier frequency band of the plurality of uplink carrier
frequency bands; and
iandonxaccesschannels@nalconununbaﬁngrneans
20 for communicating random access channel! radiotelephone
communications signals over a dedicated random access
channel uplink carrier frequency band of the plurality of
uplink carrier frequency bands, said dedicated random
access channel uplink carrier frequency band being different
25 from said timed division multiptexed uplink carrier frequency
bénd, said dedicated. random access channel uplink carrier
frequency band being dedicated to communication of
random access channel radiotelephone cOmmunicatiops
signals. '
30
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5 7. A radi ot el ephone according to Claim6 for use with a

satellite wherein the -satellite co ni cat es radi ot el ephone
‘comruni cations signals to r adi ot el &Pones in a first coverage area
over a first downlink carrier frequency band and conmuni cat es

r adi ot el ephone conmuniycati gn Lan . r.adi ot el ephones | ocated in a
second coverage area g\'/er %gé%%%ﬁéﬁﬁﬁs& C_[lslrﬁg‘arri er frequency band, and

wher ei n sai d random aedessincd=iddelvniihk dmmunicating Mednsedipgdseans
conpri ses: means for communi cating random access channel
r adi ot el ephone comuni"t@ANIRE CoMyRanicaling radioteleghonr aidpatse® r andom

access uplink car (1 er radiotel 5 RAENEL R PRA B bRbebRgNone s

| ocated in the first coverage area; means for
comuni &at i ng random acces snedrenioe lcormadupicetieg madietelephom® nommwdt ators
i upl i nk carrier

signals over a second dedicated.random access channel

frequency band di fferéﬂn.a?sr %Haéjé(?tﬁpeﬂ?’%‘?sﬁ%?ﬁf@gn'%@c%%%o”@p?qvﬁka%?ﬁaérangand
when the radi ot el ephogggrsinl Rf@t&cHdmA 4 8s§%ﬁ§HHeP§§ﬁéla&ﬁ'nﬁfu%?cati% means
8. A satellite for comunicating radi otel ephone comuni cat irons

signal s to e@mpdass: one radi ot el ephone in a time division nultiple

access satellite radiotele e £0 lcations system over carrier
frequency spectrumii n%lb%sn@rwrﬂ?@fﬁﬁvg6?X%%quqcﬁl§sggﬁpf’§!r frequency
bands ggd a pluralityr@fiotel@bhst cotkniaiicatins sigARFeOMratdselephionsatel lite

. conpri sing: . downl i nk. conmmuni cat i n% means for .
communi cati ng radi ot elassfemin said firstaveiaga eremover grsstdedicatpd rapdomast

one 1 adi o el ephone. ovge L hechhitdlipliki Barrier fredlMly Bn i e frequency

bands; and
means for communicating random access channel

radiotelephone communications signals from radiotelephones

15 located in said second coverage area over a second dedicated
random access channel uplink carrier frequency band different from
said first dedicated random access channel uplink carrier frequency
band.

20 3. A system according to Claim 1-wherein said random access

channel signal communicating means comprises:
means for communicating random access channel radiotelephone

communications signals from a first radiotelephone to the at least one satellite
over a first dedicated random access channel uplink carrier frequency band; and

25 means for communicating random access channel radiotelephone -
commqnications signals from a second radiotelephone to the at least one satellite
over a second dedicafed random access channel uplink carrier frequency band
different from said first dedicated random access channel uplink carrier frequency
band.

30
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upl i nk communi cati ng neans for conmuni cating radi otel ephone 30

comuni cations signals fromradiotel ephones to the satellite over the
“plurality of uplink carrier frequeifcy bands, said uplink comrunicating
nmeans conpri sing: time division nultiplexed si gnal

communi cati ng neans f,or | v n
mul ti pl exed radi ot el é;phoné\ system according fo dg%rﬁﬁ%e&rbﬁ] %%P?FBR gg%\(/er

time divi sspactrumntinplugsed plpkalinkof downlink carrier frequency bands af@rd plgrality
frequency band of the plurali t%aOf uplink carrier freque

bands: and®f uplink carrier frequency nds ajlegaisdsyeb daat %afe{hchfeqhegqyyﬂan carrier
communi cat gggggﬁ%ﬁamé i associated with a group SPUHHW AibPBeHAL 246& SS

channel nnunlca I ons si‘gnal‘s over
dedi cat:ed random acce\ﬂsarehmméldownhnk communicating magplsi compreeas maﬁsé@l:uency
band of the pluralit of u k carrier ency. bands,

sai d dedi cEREYFR RRfEmniGakions signals over one of &gy
%F?Fgrgiegﬁﬁ%ﬁm}g%&ﬁrer q?r'&ga%g%@§ﬁ%rﬁjdt | gl; gl \cglefi: 82t ed random 10
access channel upli nkwhegein said rardpre mecgesanbabeéimignt diocamedicating means
comprises means for communicating random access channel radiotelephone
10 communications signals over at least one dedicated random access channel
' uplink carrier frequency band of the group of uplink carrier frequency bands

associated with said one of the plurality of downlink carrier frequency bands.

5. A system according to Claim 4:

15 wherein said downlink communicating means comprises means for
communicating synchronization radiotelephone communications signais over a
synchronization downlink carrier frequency band; and

wherein said random access channel communicating means
comprises means for communicating random access cﬁannei radictelephone

20 communications signals over at least one dedicated random access channel
uplink carrier frequency band of the group of uplink carrier frequency bands
associated with said synchronization downlink carrier frequency band.

6. A radiotelephone for communicating time division
25 multiplexed radiotelephone communications signals to a satellite in a time
division muitiple access satellite radiotelephone communications system, the
radiotelephone comprising:
time division multiplexed signal communicating means for
communicating time division multiplexed radiotelephone communications signals
30 to the satellite over a time division multiplexed uplink carrier frequency band; and
random access channel signal communicating means for
communicating random access channel radiotelephone communications signals
to the satellite over a dedicated random access channel uplink carrier frequency
band different from said time-division-multiplexed uplink carrier frequency band,
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communi cation of random access channel radi otel ephone signals.

9. -.Asatellite according to C aim 8: wherein said

-downl i nk communi cati ng means conpri ses:-215 means for
comuni cating r adi ot el ephone signals to radi ot el ephones
| ocated in a first coverage area; and nmeans for

comuni cat§3ig degifated rKIA@ceRtme g UpHBK carrier frequency band beignal s t o
radiotel e : ang%%ﬁ%bﬂlcg éﬁ%?quﬂcﬁﬂ(% 896 %gﬁnelqggxotelegh%n%O

wher ei n sal om access c anne | gna conmuni cat 1 ng

conpri ses: commumcatsons signals. nmeans for communi cating random access
channel r adi ot el ephone communi cations signals from

radi ot el ephones | ocated in said first coverage area over

a firsg dedi cated rapdom A radiotelephone accordirﬁ,cf&@%nﬁxk@%}ﬁ‘]se‘wth aks4afitd er
frequency band; and 25 means for communi cating rando

access chawhetein the satellite commumcartaalr@dzetaipmm@e communiicalioronsigeaigral s fr om
oL e R Tgeppones na frstcoverad S AL S RRRA ST AR R, OV
frequency hawtadd chatrmmticatesmadiotelephone communicatibik §lghéls tdedi cat ed random
access channel uplink carrier frequency 30 and.
radiotelephones located in a second coverage area over a second downlink
10  carrier frequency band, and wherein said random access channel signal
. commdnicating means comprises:
means for communicating random access channel radiotelephone
communications signals over a first dedicated random access uplink carrier
frequency band when the radiotelephone is located in the first coverage area;
15 and
means for communicating random access channel radiotelephone
communications signals over a second dedicated random access channel uplink
carrier frequency band different from said first random access uplink carrier band
when the radiotelephone is located in the second coverage area.
20
8. A satellite for communicating radiotelephone
communications signals to at least one radiotelephone in a time division muitiple
access satellite radioteléphone communications system over a carrier frequency
spectrum including a pIurality of downlink carrier frequency bands and a plurality
25 of uplink carrier frequency bands, the satellite comprising:
downlink communicating means for communicating radiotelephone
communications signals to the at least one radiotelephone over the plu}ality of
downlink carrier frequency bands; and
uplink communicating means for communicating radiotelephone
30 communications signals from radiotelephones to the satellite over the blurality of
uplink carrier frequency bands, said uplink communicating means comprising:
time division multiplexed signal communicating means for
communicating time division multiplexed radiotelephone
communications signals over a time division multipiexed uplink
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10. A satellite according to Caim8 wherein said random access

channel signal comruni cating: nmeans conpr,j ses: means for
s communi cating random access thannel r-adi“t’el ephone comuni cat i ons

signals froma first radi otel ephone over a first dedicated random 5

For - communi cat i ng r aratir disebenod RATRE! PEaselbioh ok camier freguenaveat i ons

signal s from a seconfandsh &icel ephone over a second dedi cat ed random

access channel uplink carrier frequenc% band different fromsaid first
dedi cat ed random access c FRIARID agpePhkheanel denglenawe|casasdneans for

1L Asatellite accesdiitnbaid Ali WRELEl EntifeicanidBbohbRguCICY

spectrum i ncl udes a p carrier frequen bands and a
plural Bty of upd:mmkxmeamorfsrsxgnalqmmya dedidateal da@dahedcsesﬁbﬂdiﬁte{ each
of the downlink carrier _frequency bands is associated with a group of
uplink carrier frequ@ﬁén))( BEGTGS freggency band OC; the piuraﬁ}y Fﬁ’”é‘&%“%fovml i nk
communi cating means g@ANELSPBaRBaNSid BEdicat é’(ﬁHB’FH@ ak ephone
communi cati ons si gnaﬁsagveﬁoér]le of @1 ict?r% i e %Eg Iq‘%idri:ﬁf’“(§arr| er
frequency bands; andcarrier frequency band bem@drfarﬁms&om saiddione divisies channel
signal communi cati N9 it f.ﬂaxed uplink carrier frequency band, said dedicated random
10 access channel uplink carrier frequency band being dedicated to

communication of random access channel radiotelephone signals.

9. A satellite according to Claim 8:
wherein said downlink communicating means comprises:
15 means for communicating radiotelephone signals to
radiotelephones located in a first coverage area; and
means for communicating radiotelephone communications
signals to radiotelephones located in a second coverage area; and
wherein said random access channel signal communicating means
20 comprises:
means for communicating random access channel
radiotelephone communications signals from radiotelephones
located in said first coverage area over a first dedicated random
access channel uplink carrier frequency band; and
25 means for communicating random access channel
radiotelephone communications signals from radiotelephones
located in said second coverage area over a second dedicated
random access channel uplink carrier frequency band different from
said first dedicated random ‘access channel uplink carrier frequency
30 band. |
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conprises neans for communi cating random access channel radi otel ephone 20
comuni cations signals over -at | east one dedicated random access channel
-uplink carrier frequency band of the .gr“é@p of uplink carrier frequency
bands associated wth said one of the plurality of downlink carrier
frequency bands. . 12. satellite accordi,ng to Caim
11: 25 10. \nérsateliteaeroadiiAte rﬁﬁa%méﬁ?'@éﬁ PAlg rﬁﬁgﬂg’ LIH5Fi ses
means for channef SIGANCERMMUINIcSIHLCMeaRs Z8hifesadi ot el ephone communi cat i ons
signals over a synchroni zatm on downlink carrier frequency band; and
wher ei n sai d r andom @eeasdoceammenicadimguandant accansatimnnel radioggphaee neans

for comunj i I Qm el,. radi | ephon 0 0 ni.cations
i anal s osarpR A SRS iRt A iR B e BB AT e R 3R
carries frrgeesenabasrusiink drier Pogueicyipandikarar rier frequency bands
associated wth said synchroni zati on downlink carrier frequency band.

13. A method of proWEaNsdoncommumicatiagandom escasscdwnnebradiefelrphone
communications signals from a second radiotelephone over a second dedicated

random access channel uplink carrier frequency band different from said first
dedicated random access channel uplink carrier frequency band.

10
1. A séteilite according to Claim 8 \;vherein the carrier frequency
spectrum includes a plurality of downlink carrier frequency bands and a plurality
of uplink carrier frequency bands allocated such that each of the downlink carrier
frequency bands is associated with a group of uplink carrier frequency bands.
15 wherein said downlink communicating means comprises means for

communicating radiotelephone communications signals over one of the plurality
of downlink carrier frequency bands; and
wherein said random access channel signal communicating means
comprises means for communicating random access channel radiotelephone
20 communications signals over at least one dedicated random access channet
uplink carrier frequency band of the group of uplink carrier frequency bands
associated with said one of the plurality of downilink carrier frequency bands.

12. A satellite according to Claim 11:

25 wherein said downlink communicating means comprises means for
communicating synchronization radiotelephone communications signals over a
synchronization downlink carrier frequency band; and

wherein said random access channel communicating means
comprises means for cof*nmunicating random access channel radiotelephone

30 communications signals over at least one dedicated random access channel
uplink carrier frequency band of the group of uplink carrier frequency bands
associated with said synchronization downlink carrier frequency band.
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division multiple access satellite radiotel ephone conmuni cati ons system of

t he - type used to communi cate radi qt el ephone comuni cati ons signals
‘bet ween at | east one satellite an%t |east one radiotel ephone over a
carrier frequency 5 spectrumincluding a plurality of downlink carrier

Lhe met hod comr | 81 ng X he A Ebtod,pf provRing'B'raBIbtSBRLE ik EREHo BOIRE, o1,

access chadnédion agliltiplel ®piees &atellite radioteipipheas oSGt Jystemtdiehe
radi ot el ephone to a satellite over a dedicated random access channel

upl i nk car B{RSr U$eGKUEFRIURIGATe fRf etelerhoneirmMEMicasions signaiebetwaen 6h of
random acc A 91{76’659 5@"&% i : i B :

assi gni ng ?a%}%@@ﬁ%@{eﬁ%ﬁ%ﬁhﬁp e af:é(?gss Hg?l’tr?e or%a %ar{xleﬁgr_b P%I}!S on

mul t i pléexedpegtrimikincladirigea piuralify ehdpwhiink cdirfdrdreententy dansaiahdde giuralitgd

d ch I I nk ' f d, i t
{he. communPEHBGEK Sa77er HRLRNSE BEAdS. dRAHENO ST B U HEEE M Cal i ons.

signals; - communicERTBTHHAOM bBBedd BRarhelirsdiote|aphdrid! exed
r adi ot el ephone comuni catlons signals fromthe radig%!k e’? ephone to the

satel | ite ovmmuymicatidonsaignals from the radietetiphiasieolo araatelijie ovacaekedicdiadnel on
the tinme division nmulti Rl ex%d ?’ﬁ*' nk. carrier fﬁ.eﬁuegcg. b?rhdf 20

14, A et FEAUREGFEPH 2 HURITH £3MIRE dregusnEr Halg whip i dedicated to
conmmunice at gsmhashieh§dre BNRIMIcHP BEBEYsCCHdnPRP radiSfdphdne dafhRinflagipRgnes

| ocated in a first coverage area and communi cates radi ot el ephone

comuni cat $ignElssi gnal s to radi ot el ephones located in a second coverage

area, 25  and wher el pahdl S AliskAMRNSEHB8sS BRGRIBROE B BRIASH

r adi ot el ephone
multiplexed uplink carrier frequency band different from said dedicated random

access channel uplink carrier frequency band, in response to the communicated
15 random access channel radiotelephone communications signals;
communicating time division multiplexed radiotelephone
communications signals from the radiotelephone to the satellite over the allocated
time division multiple access channel on the time division multiplexed uplink
carrier frequency band.
20
14. A method according to Claim 13 wherein the satellite
communicates radi'otelephone communications signals to radiotelephones
located in a first coverage area and communicates radiotelephone
communications signals to radiotelephones located in a second coverage area,
25 and wherein said step of communicating random access channel radiotelephone
communications signals comprises the step of:
. commun.icating random access channel radiotelephone
communications signals over a first dedicated random access uplink carrier
" frequency band if the radiotelephone is located in the first coverage area or
30 communicating random access radiotelephone communications signals over a
. second dedicated random access channel uplink carrier frequency band different
from said first dedicated random access uplink carrier band if the radiotelephone
is located in the second covérage area.
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i
comuni cations signals conprises the step of:

comauni cati ng random access channel radiotel ephone conmuni cati ons
s+signals over a first dedicated random avcless uplink carrier frequency

band if the radiotel ephone is located in the first coverage area or 30
communi cating random,acce diptele mu tiaons_sj over

. second dedi cat ed r&ﬁdon?a §§§Péﬂﬁﬁﬁ qﬁﬂ?@ﬁ?'Q%W%Fg?nﬁﬁ %@ band

di fferent comn‘fdr%@tﬁfy ﬂanfdorn‘q?bc@@ﬂ;l SR FAE RN FESRS EotPhimkaticHy dighaRand
i f the radiotel ephone is located in the second coverage area.

15. A net¢wupHeedir agnd: G ai m 13 wherein said step of
comuni cating random r ' Lons signals
F 8%@0&%%‘]%%%8&% m%ﬁl ca g ?éﬁﬁ{‘)g?n access

conprises the step o

channels r achrahelrégdtions s@naisammnmbcwa'soase segaaﬂas*rcbm 4 hsst addibeAsphome
satellite froma first |ot | ephone over a first dedicated random
access chaifya fifst |dl¢E“Q?é? m@&&@%@%‘%@@ yRlink carre bR eapamd Of andom

access Ch%ﬁth%ﬁtﬂ*g@a‘?ﬂ%%Sc&Mrﬁ%ﬁ +08teIb IS communications signals
from a second radiotelephone over a second dedicated random access channel
uplink carrier frequency band different from said first dedicated random access

10  channel uplink carrier fréquency band.

16. A method of accessing a time division multiple access
satellite radiotelephone communications system from a radiotelephone, the
radiotelephone communications system including at least one satellite and at

15 least one radiotelephone, the method comprising the steps of:

communicating random access channel radiotelephone
communications signais from the radiotelephone to a satellite over a dedicated
random access channel uplink carrier frequency band which is dedicated to
communication of random access channel radiotelephone communications

20 signals;

communicating time division multiplexed radiotelephone
communications signals from the radiotelephone to the satellite over a time
division muitiple access channel on a time division multiplexed uplink carrier
frequency band, the time division multiple access channel being allocated in

25 response to the communicated random access channel radiotelephone

communications signals.

17. A method according to Claim 16 wherein the satellite
communicates radiotelephone communication$ signals to radiotelephones
30 located in a first coverage area and communicates radiotelephone
communications signals to radiotelephones located in a second coverage ared,
and wherein said step of communicating random access channel radiotelephone
communications signals comprises the step of:
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}rom a second r adi ot el ephone over a second dedi cated random access channel
uplink carrier frequency band different fromsaid first dedicated random
access 10 channel uplink carrier frequené%‘band. R . 16.
A nmet hod of accessing a tine division nmultiple access satellite

radi ot el ephone comuni cati ons system.,from a radi ot el ephone, . the

radi ot el ephone commniC@é’?ﬁ“&ﬁ&%‘ﬁ&f@ﬂ??%@%ﬁﬁéﬂH?Lﬁof&f?@@a?e| lite and

at 15 | eastoRffuriedtions SRIPRANEver A ArstRieNR&tEP P dGth R b€ uBkRPsaier

comuni cati ng random access channel radiotel ephone conmuni cat i ons

si gnal s fr ofreghencudiaoddf beh@diotelsphosatieladated byihe firstieovaragedrea or r andom
access channel upLinﬁ carrier fregUﬁgcg band which ii dedjcafed tg _: d
communi cat i SRTEPYPGANLS AUV LALRER RIPPPAYF SPEIAERGREC SO RRTIAIS QNS Ghecsy

signal s;5 dedicated random acceeseHaheélifiBkidatBetirdtsérdy Hand dleexietrom
r adi ot el ephone communi cations signals fromthe radi otel ephone to the

satel | ite ogaid first padicated randamiasaesriplin earies bagddhtheradicselenhenenis
di vi si on w‘ééa%c?ﬁr?ﬁxé‘?é%% 83\5%1%5@& re frequency band, the tinme division
cat ed

nmul ti pl e access Cchanne eing a in 25 response to the comruni cated
random access channel radi otel ephone conmmuni cations signals.
17. A nethod according to Claim1l6 wherein the satellite conmmuni cat es

radi ot el ephone comuni cations signals to radiotel ephones.
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commMi-eat i ons si

located in a first coverage area and communi cates radi ot el .'.,
| s to radi ot el ephones | ocat ed |n a_second cd ‘“1"

RoMé o~
I coty

" ‘)
‘b i

area, and in said 3P8P

r adi ot el |

_gg_o € WAHONAL PLihy BB R RpE ~ :

conmmuNGY ditérostionst PryembiCisssiication &: f j r st dedi Fat)ammﬂnmw | nk czW(] 97[;85(?‘
frequencmmjj t he radiotel ephoneli& | ocated in the first coverage rea .
or communi cati ng random access t a4l ep hdRdntesrtion) i gn'l &7 (16.10.97,
seconf™5 _dedi cat ed random access C %I I Nk 2&0 i edue

di {1 of @1 nthnaional ApplcaSorNnibess o BETUBHEOH m%?é& E{,‘f“ﬁ@ g%rj,;éz oty
i f the(z{)qglerg&gtlmem‘%r}eﬂés e sec cover age area.
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{87) Abstract

In a time division mutiple access (TDMA) satellite ra-
diotelephone communications system, a radiotelephone communi-
cates random access channel radiotelephone communications sig-
nals to a satellite over a dedicated random access channel uplink
carrier frequency band. In response, a time division mutiple ac-
cess channel on a time division multiplexed uplink carrier fre-
quency band different from the dedicated random access channel
uplink carrier frequeucy band is assigned. The radiotelephone
communicates time division multiplexed ndxotehphom commu-
nications signals to the satellite over the allocated time division
multiple access channel. Random access channel radiotelephone
communications signals may be communicated to the satellite
from a first radi over a first dedicated random access
channel uplink carrier frequency band or from a second radiotele-
phone over a second dedicated random access channel uplink car-
rier frequency band different from said first dedicated random ac-
cess channel uplink carrier frequency band. For a system in which
the satellite communicates radiotelephone communications signals
to radiotelephones located in a first area and communi-
cates radiotelephone communications signats to radiotelephones
located in a second coverage area, random access channel ra-
diotelephone communications signals may be communicated over
a first dedicated random access uplink carrier frequency band if
the mdlowlephonets located in the first coverage area or commu-
nicating random access radiotelephone communications mgna!s
over a second dedicated random access channel uplimk carier
frequency band different from the first dedicated random access
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uplink carrier band if the radiotelephone is located in the second coverage area.




