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*Cl RCU TRY AND METHOD FOR | NI TI ATI NG COVMUNI CATI ON BETWEEN
COVMUNI CATI ON STATI ONS OF A RADI O COVMUNI CATI ON SYSTEM

5 The present i nvention rel ates generally to
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terrestrial-cellular communication systemor a satellite- . cel lular
comuni cation system Mre particularly, the present invention
relates to circuitry, and an associ ated 10 met hodol ogy, for initiating
conmmuni cations with a user termnal, i.e., a radiotel ephone, operable
in such a r adi ot el eph@FERCUIGRYUAND cMETHOD: \ROR: MNITIATING To

nitiate communicati ons couONELRTHOP BITHAEN SbapnzcaT oW G oRsoN2! i S
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5 The present invention relates generally to
radiotelephonic communication systems such as a
terrestrial-cellular communication system or a satellite-
cellular communication system. More particularly, the
present invention relates to circuitry, and an associated
10 methodology, for initiating communications with a user
terminal, i.e., a radiotelephone, operable in such a
radiotelephonic communication system.
To initiate communications with the user terminal,
a paging signal is transmitted to the user terminal to
15 page the user terminal. When the user terminal receives
the paging signal, the wuser terminal returns an
acknowledgment signal acknowledging reception of the
paging signal. The user terminal might be operating in
an environment in which the acknowledgment signal might
20 be significantly attenuated. The possibility of
significant levels of attenuation which prevent adequate
communication of the acknowledgment signal is particularly
problematical when the user terminal is operable in a
satellite-cellular communication system, and the
25 acknowledgment signal must be transmitted over a
significant distance to a satellite-based transceiver.
To facilitate communication of the acknowledgment signal,
the "“margin” of the acknowledgment signal is increased to
distinguish better the acknowledgment signal over
30 background noise. As the power level of the user terminal
is limited and cannot normally be increased, the margin
of the acknowledgment signal cannot be increased by
increasing its power level. Instead, by encoding the
acknowledgment signal according to a selected encoding
35 technique, the margin of the acknowledgment signal is
increased. Thereby, communication of the acknowledgment
signal is facilitated. By acknowledging reception of the
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10 BACKGRCOUND OF THE INVENTION

A communication system is formed, at a minimum, of
a transmitter and a receiver interconnected by a
communication channel. The communication system is
operable at least to transmit communication signals,

15 having an informational content, generated at, or applied
to, the transmitter. The communication signals are
transmitted to the receiver through the communication
channel. The receiver is operable to receive the
transmitted, communication signal and to recreate the

20 informational content of the communication signal.

A radio communication system 1s a communication
system in which the communication channel is formed of one
or more frequency bands of the electromagnetic frequency
spectrum. A transmitter operable in a radio communication

25 system generates a communication signal of characteristics
permitting its transmission through the c¢ommunication
channel, and the 1receiver operable in the radio
communication system permits reception of the
communication signal transmitted through the communication

30 channel.

Typically, the radio receiver includes tuning
circuitry tunable to the frequencies of the communication
channel through which the communication signal is
transmitted, down-conversion circuitry for down-converting

35 a receive signal formed of the communication signal from
a transmission freguency into a lower frequency signal,
demodulation, and decoder circuitry which permit the
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- 2- pagi ng signal, repeated transm ssion of paging signals to
the.user termnal, once the radio tel ephone has received t he pagi ng
signal, is av0|ded And, if an acknow edgnent signal is not detected,

t he pagi ng shgnahaﬂm7retransnitted 5 at a higher nargin [peraisy7/@ssh as
by Fncreasing the power | evel of the paging signal or by encoding the
pagi ng signal according to a different encoding schene or a

conbi nati on thereof. 10 BACKGROUND OF THE -1 NVENTI ON A

comuni cation systemis fornmed, at a mni num of a transmtter and a
receiver interconnéecifedmayianal contmrmefi dddel eommohanation sideal to be
comuni cation syst@em-ehfed. operable at least to transmit conmunication
signals, 15 havi ng an i nformati onal content, generated at, or Eglled
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recreate t between the transmitter and receiver. Communlcatlon can

be effectuated between remotely-positioned transmitters
and receivers without the need to form the hard-wired or
other fixed connections therebetween.

10 A cellular communication system is a type of radio
communication system. When the infrastructure,
hereinafter referred to as the network, of the cellular
communication system is installed in a geographical area,
a subscriber to the cellular system is generally able to

15 communicate telephonically in the system when positioned
at any location in the geographical area encompassed by
the system.

Cellular communication networks have been installed
throughout significant portions of at least many of the

20 world's population centers. Large numbers of subscribers
to cellular communication systems formed of such cellular
networks are able to communicate telephonically when
positioned in areas encompassed by such cellular networks.

However, in some areas, such as areas not proximate

25 to population centers, conventional, i.e., terrestrial,
cellular communication networks have not been installed.
In areas of low population density, for instance, a
terrestrial-cellular communication network might not be
commercially viable and is not installed.

30 The terrestrial-cellular communication networks which
have already been installed have also been constructed
pursuant to various different standards. A user terminal
operable in one of the cellular communication systems is
sometimes not operable in others of the cellular

35 communication systems.

Therefore, even in an area in which a cellular
communication network has been installed, a user might not
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Satellite-cellular communication systems have been
proposed which, when implemented, shall permit a user,
utilizing a user terwminal operable therein, to communicate
telephonically by way of the satellite-cellular
communication system when positioned at almost any
location. By transmitting down-link and signals between
a satellite-based transceiver and the user terminal and
up-link signals between the user terminal and the
satellite-based transceiver, telephonic communication
shall be possible between the user terminal and the
satellite-based transceiver. By effectuating additional
communication links between the satellite-based
transceiver and a ground station, the user of the user
terminal shall be able to communicate telephonically with
another party by way of the ground station and the
satellite-based transceiver.

Numerous technical obstacles must be overcome in
order to implement a workable, satellite-cellular
communication system. For instance, the user terminal
must be capable of tramsmitting communication signals to
a satellite-based transceiver orbiting the Earth at a
distance of perhaps thousands of kilometers above the
Earth's surface.

Also, costs associated with placing the satellite-
based transceiver in orxbit are quite significant, and the
satellite-cellular communication systems are being
designed in ways to minimize the number of satellite-based
transceivers required of such a system while still
providing a worldwide coverage area. Supervisory
communications between the satellite-based transceiver and
a user terminal should therefore be minimized.

When a call is to be placed to a user terminal, for
instance, supervisory communication signals are first
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transmits a paging signal to the user terminal. Repeated
10 transmission of a paging signal might unnecessarily occur
if the network station fails to receive timely indications

of reception by the user terminal of the paging signal.
The paging signal must be of a "margin” great enough
for the user terminal to detect the signal. The margin
15 of the signal is the amount of power of the signal
available to a receiver over a nominal level that permits
adequate detection by the receiver of the signal over
Gaussian noise levels. The margin of a signal is
sometimes expressed in terms of decibels (dB) over a noise
20 level. The wmargin of a signal can be increased by
increasing its power level, by encoding the signal, and
by repeating the signal. An acknowledgment signal can be
generated by the user terminal to acknowledge its receipt
of the paging signal. Analogous to the margin required

25 of the paging signal, the acknowledgment signal must be
of a margin great enough for the network station to detect
the signal.

As the user terminal is of a limited power capacity,

the power level of an acknowledgment signal transmitted

30 by the user terminal to the network station cannot be

increased indiscriminately to increase the margin of the

acknowledgment signal. Therefore, when the communications

must be effectuated upon a transmission channel exhibiting

a high level of attenuation, the acknowledgment signal

35 might not be able to be adequately communicated to the
network station.
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cel l ul ar communi cati on networ ks have not been install ed. I n areas of
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comuni cat e by wayTof e W Trmher of paging SianRd snersriRed tdebeser
attenpts to utilitZangmitted Dby a network station to initiate

communications between a network station and a user
5 terminal. What is also needed, therefore, is a manner by
which to acknowledge, with a high margin signal, reception
of a paging signal at a user terminal.
It is in light of this background information related
to communications pursuant to a radiotelephonic
10 communication system, such as a satellite-based or
terrestrial-based cellular communication system, that the
significant improvements of the present invention have
evolved.

15 SUMMARY OF THE INVENTION

The present invention advantageously provides
circuitry, and an associated methodology, for initiating
communications with a user terminal operable in a
radiotelephonic communication system.

20 Transmission of paging signals required to initiate
communications with the user terminal are minimized. A
paging signal is transmitted by a network station to page
the user terminal. When the user terminal receives the
paging signal, the user terminal returns an acknowledgment

25 signal acknowledging reception of the paging signal.

As the wuser terminal might be operating in an
environment in which the acknowledgment signal wmight be
significantly attenuated, the margin of the acknowledgment
signal is increased by encoding the acknowledgment signal

30 pursuant to a selected encoding technique. The margin of
the acknowledgment signal is thereby increased without
increasing the power level at which the acknowledgment
signal must be transmitted by the user terminal.

The communication bandwidth required of the network

35 station to initiate the communications with the user
terminal is minimized. The present invention is
advantageously embodied in both a terrestrial-cellular
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are being In one aspect of the present invention, communication
in a cellular satellite communication system having at
least a satellite-based transceiver and a user terminal
is initiated. The user terminal is paged with a paging

15 signal transmitted by the satellite-based transceiver.
An acknowledgment signal generated at the user terminal
ie vreturned to the satellite-based transceiver to
acknowledge reception by the user terminal of the paging
signal.

20 In another aspect of the present invention, a paging
signal is transmitted upon a forward-link channel at a
first power level. The paging signal includes a power
level indicating portion for indicating the power level
at which the paging signal is transmitted. If reception

25 of the paging signal is not acknowledged within a selected
time period, the paging signal is retransmitted at an
increased power level, thereby to increase the probability
of successful communication of the paging signal.
Alternatively, the paging signal is re-encoded by an

30 encoding scheme of increased robustness, or the margin of
the paging signal is increased in some other manner and
then retransmitted.

In these and other aspects, therefore, a
communication initiation method, and associated circuitry,

35 initiates communication by a first radio communication
station with a second radio communication station. A
paging signal is transmitted from the first radio



designed in ways to mnimze the nunber of satellite-based

transcei vers required of such a systemwhile still providing a

wor l.dwi de coverage area. Supervi sory comuni cati ons between the
satellite-based transceiver and 35 a user termnal should therefore be
mnim zed. wo 937507 When a call is to be placed to a usepciedvdias ., for

I nstance, supervisory conmunication signals are first WO 97/ 37507
- 5- PCT/ US97/ 04188 transmitted to the user term nal.
The user term nal nust be informed of the call placenent so that,
inter alia, the user termnal can be tuned to a proper comunication

channel to recei \t@uﬁﬂmltcattlbansahtwﬂw Calf HyaddiN3nk channePUr Sgpat to
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terrestrial -cel | ther Pagingi §agneh dyciludesa shaparsimt Lewel indicating
portion for indicating the margin level at which the
5 paging signal is transmitted. The paging signal 1is
retransmitted from the first radio communication station
upon the forward-link channel if the second radio
communication station fails to acknowledge reception of
the paging signal within a selected time period. The
10 paging signal is retransmitted at a second margin level
wherein the second margin level is greatexr than the first
margin level. The retransmitted paging signal again
includes the wmargin level indicating portion for
indicating the margin level at which the paging signal is
15 retransmitted.

A more complete appreciation of the present invention
and the scope thereof c¢an be obtained from the
accompanying drawings which are briefly summarized below,
the following detailed description of the presently-

20 preferred embodiments of the invention, and the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates a functional block diagram of
25 a satellite-cellular communication system which embodies
the circuitry and method of an embodiment of the present
invention.
Figure 2 illustrates information contained in a
paging signal which is utilized during operation of an
30 embodiment of the present invention.
Figure 3 illustrates in greater detail portions of
the communication system shown in Figure 1.
Figures 4A and 4B illustrate flow diagrams listing
the method steps of the method of operation of an
35 embodiment of the present invention.
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10 Referring first to PFigure 1, a satellite-cellular
communication system, shown generally at 10, includes the
circuitry, and associated methodology, of an embodiment
of the present invention. It should be noted at the
outset that, while the communication system 10 is

15 illustrated to be a satellite-cellular communication
system, the present invention can analogously be embodied
in a terrestrial-cellular, or other radiotelephonic,
communication system. For instance, as one skilled in the
art shall appreciate, by appropriate substitution of

20 terrestrial-based base stations for certain of the
satellite-based transceivers of a satellite-cellular
communication system, a terrestrial-cellular communication
system can instead be formed.

The communication system 10 includes a land Earth

25 station 12 which is coupled, here represented by lines 14,
to a wireline telephonic network. The land Earth station
12 includes transceiver circuitry for transceiving
communication signals, inter alia, with a satellite-based
transceiver 16.

30 The satellite-based transceiver 16 is operable to
transceive communication signals not only with the land
Earth station 12 but also with other land-based devices,
such as transceiver circuitry of a network control center
18. The transceiver 16 is primarily operable as a relay

35 to relay signals generated at the land Earth station 12
to the network control center 18 and vice-versa. The
transceiver is preferably able to receive signals on any
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"are transmtted. As the user termnal is of alimted power
capacity, t he power |evel of an acknow edgnent signal transmtted
by the user termnal to the network station cannot be 5 i ncreased

I ndi scri m ngfgdrde® |1 Ncrease the margin of the ack

signal. Therefore, when the comuni cations nmust be effectuated upon
a transm ssi on channel exhibiting a high level of attenuation, the
acknow edgnent si gnal m ght not be.ggﬁe to be adequately

comuni cated to the 10 networ k station.
frequency channel and relay the signal on another
frequency channel.

The transceiver circuitry of the network control
center 18, in turn, is able to transceive communication

5 signals with other satellite-based transceivers, such as
the transceiver 22. The transceiver 22, similar to the
transceiver 16, 1is able to transceive communication
signals with land-based transceivers including, for
example, a user terminal 24. BAnalogous to the transceiver

10 16, the transceiver 22 is primarily operable as a relay
to relay signals transmitted thereto. The transceiver
circuitry of the illustrated devices each include a
plurality of transceiving elements to permit concurrent
communication between large numbers of communication

15 stations.

Communication pursuant to a satellite-cellular
communication system, such as the system 10 shown in
Figure 1, permits a user of a user terminal, such as user
terminal 24, to communicate telephonically when positioned

20 at any location throughout large areas of the world. As
long as the user of the user terminal 24 is positioned to
permit transmigsion and reception of communication signals
with a satellite-based transceiver, such as one of the
transceivers 16 and 22, the user is able to communicate

25 telephonically with a user of another user terminal or to
a telephonic device of a conventional, wireline network.
Because of the almost-worldwide scope permitted of a
satellite-cellular communication system, the user of the
user terminal 24 need not be concerned with the

30 compatibility of the user terminal with a local, cellular
systen. The user is further capable of communicating
telephonically in an area which does not otherwise have
an installed cellular, or wireline, telephonic network.

For instance, when the land Earth station 12 (i.e.,

35 a telephone device coupled thereto) initiates a call to
the user terminal 24, an indication of the initiation is
provided to the network control center 18 by way of the
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operable in as bet R LAMNY EaCOAMMOLEA] YhSYEeCTker terninal are
defined to permit two-way communication between the land
Earth station and the user terminal, by way of the
transceiver 22.

As mentioned previously, power limitations limit the
10 maximum power levels at which signals generated by a user
terminal can be transmitted, significant distances
separate satellite-based transceivers and the user
terminals, and significant expenses are required to be
expended to position the satellite-based transceivers in
15 orbit. Communication systems that are being developed are
being developed in manners which attempt to minimize the
bandwidth required to communicate communication signals
and to increase the margin of signals generated by the

user terminals operable in such communication systems.
20 For instance, when a call is to be placed to a user
terminal, supervisory and control signals must first be
sent to the terminal. Such signals are transmitted, for
example, to inform the user terminal of the incoming call
and to cause the user terminal to be tuned to transceive
25 communication signals pursuant to such call. Included
amongst the supervisory and control signals transmitted
to the user terminal is a paging signal to alert the user
terminal of the incoming call. When the user terminal is
paged, the user terminal might not be positioned to
30 receive the paging signal. The paging éignal must be
repeated in such instances so that the user terminal
receives the paging signal. Co-pending, commonly-assigned
patent application Serial No. 08/559,692 filed on November
15, 1995 relating to transmission techniques for high
35 penetration short message service discloses a paging
scheme which facilitates paging of a user terminal when
the paging signal is subjected to significant amounts of
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20 Transm ssion of paging signals required to initiate

*communi cations wWith the user ternminal are minimzed. A pagi ng si gnal
is transmtted by a network station to page the user termnal. Wen
the user termnal receives the pagi ng signal, the user term nal

returns an gkemwuesdgnent 25 si gnal acknow edgi ng receppdRgsoRbarhs e
pagi'ng signal. As the user termnal mght be operating in an

environnment in which the acknow edgnment signal m ght be significantly
attenuated, the margin of the acknow edgne . signal is increased by
encodi ng the acknow edgnent signal 30 pursuant to a sel ected encodi ng

techni que. The natgndation. Thet B@:l&éﬁtﬂ@‘@@@lﬂﬁﬁg% ﬁi:g.'_rﬁJ.lldrxs a&'@eﬁ@{wby

acknon edgnent — +reoEosaBPRr RSt WY BIBERcE D) The"Lser tormi nal.

The comuni cati on ban®Wrdng rpg¥iatdgnofoft ran nembwdime3h of sti¢ i ppesent

initiate the comiRieadtbR Svid B hQ@rULS@zrmlnal s fasneke ﬁéerb@egh%éfd

The present |nuentioleeides gpadtusnbadeot® ¥ gbodied 10 both & ™

PCT/ US97/ 04188 regular paging channel or a high penetration short message
service channel, such as that disclosed in the
aforementioned disclosure, the user terminal acknowledges
reception of the paging signal with an acknowledgment

10 signal.

The margin of the acknowledgment signal is increased
by encoding the acknowledgment signal to facilitate better
the communication of the acknowledgment signal. If the
acknowledgment signal is not received within a selected

15 time period, a paging signal is again generated by the
communication system, but at an increased power level.
In such manner, redundant paging signals are not generated
in the event that the user terminal receives the paging
signal and the margin of the paging signal is increased

20 by increasing its power level when the paging signal is
not acknowledged to have been received by the user
terminal. The paging signal may alternatively first be
encoded to increase its margin.

Figure 2 illustrates the information contained in a

25 paging signal, here shown generally at 32, transmitted
during operation of the communication system 10 to page
a user terminal.
The paging signal is transmitted upon a paging
channel, PCH, which in one communication protocol is of
30 a signal length of four bursts, each burst being formed
of one hundred fifty-six bits. As also described in the
aforementioned, co-pending patent application, a high-
margin, high penetration short message service signal can
instead be utilized to page a user terminal. The
35 informational content of a paging signal transmitted
either upon a normal paging channel or a channel upon



-7- conmmuni cati on system and a satellite-cellular _
‘conmuni cati on system Repeated paging of the user termnal is
avoi.ded. And, if no acknow edgnent signal is detected by the network
station, the margin |level of 5 paging signals generated by the
network st atwown3ise? i ncreased to increase the probabircrugendsiss
successf ul communi cation of the paging signals to the user termnal.
The margin level is increased, e.g., by increasing the power |evel of
the signal or by encoding the signal with 10;3_a nore robust encodi ng
schene. In one aspect of the present invention, comrunication
in a cellular satewhith chsnhighapenstsytsicemdivttngedisage serbe8stsBgnal

satellite-based trqgsgggxgﬂlégghaisp§§%%&ggn1naI is initiated. The

user termnal is page a pagin S|gnal transmtted by the
satel | ite-based transcefPer. paging %‘9 #i cblgristiradiegnaln géder of btnna
the user term nal includes rat wseed termimasatleidmttlﬁbﬁse&bdé angcei VerhéO

acknow edge rgcept'?@nﬁif&@? USEL {£T éiw%ﬂ%%ghggquely la?ﬁkl sef0

I n anot her aspect 0 resent_inven
transnitted upon aaf@§ﬁ&rGeFPhRa%haﬁH€h aﬁ Ehe userft@E@l@ﬁWwﬂ4lshqﬂn inThe
pagi ng signal incl gdgsre powedhe identifdes! 3undigatidiy ipekhhel, feE formed

indicating the powek | evelnonrary Mobile Subscriber Identity (TMSI} or
International Mobile Subscriber Identity (IMSI) wvalue
10 defined in an ASEAN cellular satellite communication
system. When a user terminal receives a paging signal,
the value of the identifier 34 identifies the user
terminal which is being paged.
The paging signal 32 further includes a power level
15 indicator 36. The power level indicator 36 indicates the
power level at which the paging signal is transmitted.
As shall be noted below, in one embodiment of the present
invention, the power level of the paging signal can be
selected to be of at least two power levels. The power
20 level indicator formed of at least a one-bit code,
provides an indication to a user terminal receiving the
paging signal the power level at which the paging signal
is transmitted. In another embodiment, the paging signal
includes an indicator for indicating the encoding scheme
25 used to encode the paging signal, and the paging signal
can be encoded by at 1least two encoding schemes.
Alternatively, the encoding scheme may itself be used as
the indicator.
The paging signal 32 further includes coding bits 38,
30 here cyclic redundancy code, CRC, bits, conventional in
nature. The paging signal further includes flag bits 42
utilized for other purposes.
The paging signal 32, in one embodiment, is encoded
by a suitable encoding technique to facilitate its
35 communication to a user terminal. The paging signal when
received by a user terminal identified by the identifier



at which the paging signal is transmtted. If reception 25 of the paging

“signal is not acknow edged within a selected time period, the paging
signal is retransmtted at an i ncreased power |evel, thereby to

i ncrease the probability of successful communi cation of the paging
si gnal . wo obsgg nativel y, the paging signal is re-encoqgg iy siss30
encadi ng schene of increased robustness, or the margin of t he pagi ng
signal is increased in sone other nmanner and then retransmtted.

In these and ot her aspects, therefqre, a comuni cati on

initiation method, and associated circuitry, 35 initiates conmuni cati on
by a first radio ﬁorHFWJ.‘a%%' eRe user Eéﬁﬁi&m Wil fansei g:a'izgg*xoof t
is tr

comuni cati on statlon pagi ng signal ansmtte ron1t 2
first radio adohiiad05R 1) 507

PCT/ US97/ 04188 When the user terminal receives the paging signal 32,

an acknowledgment signal, formed of an encoded signal is

5 transmitted back to a network station. The acknowledgment

signal is derived from the TMSI or IMSI forming the
identifier code 34 and the power level indicator 36 of the
paging signal is used to select the encoding scheme used
to encode the acknowledgment signal. When, for instance,

10 the paging signal 32 is transmitted at a normal power
level, the acknowledgment signal is encoded in one manner,
and when the power level of the paging signal is boosted
to be of a higher power level, the acknowledgment signal
is encoded in a second manner.

15 In another embodiment, the user terminal generates
an acknowledgment signal a plurality of times. For
instance, the acknowledgment signal can be repeated five
times when the paging signal is transmitted at a normal
power level and is repeated eight times when the paging

20 signal responsive to transmission of the paging signal at
a boosted power level. A network station correlates the
received acknowledgment signals with expected signals
known to the network station to ensure that the
acknowledgment signal is the correct acknowledgment to the

25 page.

Figure 3 illustrates again the network control center
18, transceiver 22 and user terminal 24 shown previously
in Figure 1. When a call is to be placed to the user
terminal 24, the network control center initiates

30 transmission of a paging signal which is transmitted to
the user terminal 24 by way of the transceiver 22. The
network control center 18 includes transceiver circuitry,
here shown to be formed of a transmitter 52 and a receiverxr
54. The transmitter and receiver 52 and 54 are coupled

35 to a controller 56. The controller 56 is operable to form
and cause transmission of a paging signal by the



communi cation station upon a forward-Iink channel. The pagi ng signal
“‘is transmtted at a first margin |level, and t he pagi ng si gnal

i ncl.udes a margin |level indicating portion for indicating the nmargin
| evel at which the 5 pagi ng signal is transmtted. The pagi ng si gnal
is ret rqoompisbed fromthe first radi o communi cati on streriussr/o4188

upon the forward-1link channel if the second radio conmuni cati on
station fails to acknow edge reception of the paging signal within a
selected tine period. The 10 paging sigpak_is retransmtted at a second
margin | evel wherein the second margin level is greater than the first
margi n | evel . The raabhissd Beeto pagh tFafsgedteri2 8o be rdd¥ilddesy tdiee

margi n | evel indicati rti indicating the margin | evel at
whi ch the paging s?‘tgeﬁggvlgg %%%Jr%orfénsm tted. A nore conpl ete

appreciation of the pre3Bft tFAREREEYAT 22 isafmnthersedhownt fer dotclade e
obt ai ned fromthe transmatcenpaayiand i apbmgsoMidrchea) e lohicef IgheSlgﬁgi{o d1zed
bel ow, he f | LLe i DL of_ t Lesently-.
preferred errb%di rreﬁjtelé’g%%%g%} %\i}%n’??%ﬁ%ﬁg%ﬁg% a(%oeﬁleér%g—egs 18 rg%’?%‘lger%.by
BRI EF DESCRI PTI ON GheTFECERIN NGsof the transepijgre 28.i thesceateeller 66

functional block dicagsas eheZbransmitideldd 1@ aGldndndt €REMHAGLRY | SyraiSt em
gﬁ;'eggmeﬂbod' oS oA Hae che” GULE Y AR AP IOPT AP SRR TR 28 A ey
functions as a relay to relay on the paging signal
10 generated at the network control center 18. The
controller 66 is operative, e.g., to alter the frequency
channel through which the paging signal is relayed on to
the user terminal. The controllers 56 and 66 together
control transmission of the paging signals and together
15 form a control element 68.

If the user terminal 24 detects the paging signal
transmitted thereto, the terminal 24 generates an
acknowledgment signal 72 for transmission back to the
network control center 18 by way of the acknowledgment

20 signal is received by the receiver 62 and relayed on by
the transmitter 64 to be received by the receiver 54 of
the network control center 18.
The controller 56 of the network control center
determines whether the received signal forms the
25 acknowledgment signal generated by the selected user
terminal 24 by a correlation process, noted previously.
If so, call placement to the user terminal 24 is permitted
to continue. If the controller 56 determines that the
proper acknowledgment signal has not been received, the
30 controller 56 causes retransmission of the paging signal
with appropriate alteration of the value of the power
level indicator 36 portion thereof. The paging signal
retransmitted by the transmitter 64 is of a boosted power
level to increase the likelihood that attenuation of the
35 signal can be overcome sc that the user terminal 24
receives the paging signal. In one embodiment, when
retransmitted, the paging signal is boosted in power by



Figure 2 illustrates information contained in a pagi ng signal which

*is utilized during operation of an 30 enbodi nent of the present

i nventi on. Figure 3 illustrates in greater detail portions of
t he conmuni cati on system shown in Figure 1. Fi gures 4A and 4B
i | Tustrate ybowssppgrans |isting the method steps ofpdrifofidaigsod of
operation of an 35 enbodi nent of the present invention. WO
97/ 37507 PCT/ US97/ 04188

-9 - Figure 5 illustrates in gigater detail the user

term nal, shown previously in Figure 1, n enbodi nment of the

present 'nvent|0@1ve decibels Ehgﬂrﬁréhéﬂﬂﬂﬁgdwﬂ%ﬂﬁr%ﬁ&% %h?hggggﬂ%ﬁmlgh

lists the 5 negggg'stegs of the netfod of oper%flon 0

paging channe en transmitted and
retransmitted upon an HP-SMS channel, the paging system
is boosted in power by geven dB. Such operation
5 effectuates transmission of paging signals transmitted
upon a regular paging channel, PCH, and also to transmit
the high penetration short message service signal, as
appropriate.
When the acknowledgment signal 72 is received by the
10 receiver 54 of the network control center 18, the values
of the acknowledgment signal are determined. For
instance, as noted previously, correlator circuitry of the
controller permits the termination of the acknowledgment
signal from the user terminal 24. In one embodiment, as
15 noted above, the user terminal 24 transmits the
acknowledgment signal a plurality of times. Majority
polling of evaluations of the repeated transmissions of
the acknowledgment signals can be used to ensure the
accuracy of the reception of the acknowledgment signal.
20 It also helps against contention for use of the random
access channel (RACH) by other users who have been paged
around the same time.
Appropriate billing of the billing account associated
with the user terminal 24 is alsc made after reception of
25 the paging, e.g., HP-SMS, signal at the user terminal and
subsequent reception at the network of the acknowledgment.
As explained more fully in the aforementioned copending
patent application, various service levels might be
associated with the HP-SMS paging, and billing is made
30 appropriate thereto.
Figure 4A illustrates the method, shown generally at
75, of operation of the control circuitry 68 illustrated
in Figure 3. After entry into the program indicated by
the start block 76, the margin level, i, is reset, here
35 indicated by the block 78. In one ewbodiment of the
present invention, paging signals can be transmitted upon
a normal paging channel of either of two power levels and



termnal shown in Figure 5 of an enbodi ment of the present I nvention.
DETAI LED DESCRI PTI ON 10 Referring first to Figure 1, a
satellite-cellular comuni cati on system shown generally at 10,

i ncl udes the circuitry, and associ ated net hodol ogy, of an enbodi nent
of the presemo $wsrsmt i on. It should be noted at the PCTAUN9Z0418%8 hat |,
whil e the conmunication system 10 is 15 Illustrated to be a
satellite-cellular comunication system the present invention can
anal ogously be enbodi ed in a terrestrigi-cellular, or other

radi ot el ephoni c, communi cati on system For instance, as one skilled
in the art sbhal lthaprecMat eshampedppriopeidher sgbsttiwbuttooerofle@ls.

terrestrial -based pRasgny st ahi Of\scn f QhbolShiA N folir thfrgin levels are
satellite-based transcejvers of a satelli te-cellular conmuni cati on

system a terrestrP8FStRIFul ar comuni cati on system can instead be
f or med. The TmemurindaBeoangysated 1y ithel bdeskasl anthEpadings

station 12 whsch ig;cpupl %tehl%[:e hgsasented fy lieBes .14, Then, 4R2as
wireline telephonic Network. The | and Earth station 2 i ncludes ,

; NE L1
transcei ver circui tR§IFBFedr B cdilf nPlock  BlombhtcaPRSirsi ghfmal i dfer
alia, wth a satel trbhnsthasesd, and,transcsfiter,16th80 attempt fdlweber is

satel|ite-based tr%péf&xhyﬁéec}lﬁ dsS i&@?%é@{agn}%’? the b1ddkaBgcei ve

comuni cation signals not_only wt . EFarth_station_12 but
also with ot her I and- ba%éEF%PEe%s then made, as indicated by the decision

10 block 84, as to whether an acknowledgment to the paging
signal has been received. If so, the branch labeled ves
ie taken to block 85 and additional call establishment
procedures are followed. Otherwise, the branch labeled
no is taken to decision block 86. Additional details of

15 the manner by which a determination is made whether or not
an acknowledgment signal has been received shall be
described wilfully Wwith respect to Figure 4B below.

After the decision at the decision block 86, a
determination is made as to whether the paging signal has

20 been transmitted and retransmitted a required number of
times. If not, the branch labeled no is taken back to
block 82, and the paging signal is resent. Otherwise, the
branch labeled yes is taken to block 88, and the margin
level of the paging signal is increased, such as by

25 boosting the power level of the paging sigmal. Then, as
indicated by the decision block 90, a determination is
made as to whether the margin level has reached a maximum
margin level. If not, the branch labeled no is taken back
to block 80, the number of attempts, t, is reset, and

30 paging signals are again transmitted. Otherwise, the
branch labeled yes is taken to block 92 whereat paging is
terminated as the intended user terminal appears not to
be available.

Figure 4B illustrates the manner by which a

35 determination is wmade at the decision block 84 as to
whether an acknowledgment signal has been received
responsive to transmission of a paging signal. First,



such as transceiver circuitry of a network control center 18. The

‘transceiver 16 is primarily operable as a relay 35 to relay signals
generated at the land Earth station 12 to the network control center
18 and vi ce-versa. The transceiver is preferably able to receive

Si gnal S On W‘HB‘ISO’I WO 97/ 37507 PCT/USY7/04188
PCT/-US97/ 04188 - 10- frequency
channel and relay the signal on another frequency channel .

The transceiver circuitry of the network cq trol center 18, in turn,
Is able to transcei ve communi cation 5 signals with other satellite- based

transceivers, SUGER% entr Y tiRe ot ﬁ:@:@scc@t}asa 23s Ihalkae@acsyveﬁe%taﬂm I ar

to the transcei ver is .a etqtranscelve comyuni,cat1 on
block 94, a variable, j, is reset, as indicated by the

block 96. Then, a sequence of bits, here of length N plus
2 G, are buffered, as indicated by the block 97. Once

5 buffered, <correlations of the buffered bits are
correlated, as indicated by the block 928, with expected
values of the bits. The correlation of the 1largest

magnitude and its corresponding time coordinate is
located, as indicated by the block 100, and the variable

10 j is incremented, as indicated by the block 102.

Then, as indicated by the decision block 103, a
determination is made as to whether j equals L. If not,
the branch labeled no is taken to block 104 and operations
are delayed by a fixed time period and then buffering at

15 the block 97 is repeated. If the branch labeled yes is
taken from the decision block 103, a determination is then
made at the decision block 104 as to whether at least R
coordinates are separated by an integer multiple of the
fixed delay period. 1If so, the branch labeled yes is

20 taken and the acknowledgment signal is declared to have
been received, as indicated by the block 106. Otherwise,
the branch labeled no is taken and the acknowledgment
signal is declared not to have been received, as indicated
by the block 108.

25 Figure 5 illustrates again the user terminal 24 shown
in Figures 1 and 3. The user terminal 24 includes a
receiver 112 and a transmitter 114; both the receiver and
transmitter 112 and 114 are coupled to a controller 116
which controls their operation. The receiver 112 is

30 operable to receive a paging signal, such as the paging
signal 32 shown in Figure 2 transmitted to the user
terminal. Responsive to reception of the paging signal
32, the controller 116 causes the transmitter 114 to
tranemit an acknowledgment signal 72. As the power levels

35 of signals generated by the user terminal 24 arxe limited,
the margin of the acknowledgment signal generated by the
user terminal 24 is increased by encoding the



signals wth | and-based transceivers including, for exanpl e, a user
‘term nal 24. Anal ogous to the transceiver 10 16, the transceiver 22 is
primarily operable as a rel ay to relay signals transmtted thereto.
The transcei ver circuitry of the illustrated devices each include a
plurality of wpams®et!ving el enents to permt concurrent PCTRISHI488Cat | on
bet ween | arge nunbers of communi cation 15 stations. . .
Communi cat i on pur suant to a satellite-cellular comuni cati on
system such as the system 10 shown in -1figure 1, pernmts a user of a
user termnal, such as user termnal 24, to communicate

t el ephoni cal | y wherncpoowiedanent2?0 sigaalany | ofmt i onet hresgiddmenkar geclar eas

ek (oo (o X 2okl Oapett Honts oo SLablGuSEt HEp okl frcee
ositioned to m Ssi.gn and.recepti

gi gnal s with€ mtl}l'l |l%‘zg&?rasé%ft"r“§%scéflve‘i s FHPTEReRhACRed { fESEAN
transcei vers 16 an@aggllthe eskiuliay abhamnmcabnmnnsyaﬁam 25

tel ephonically with a uggi1&faaBehges- lyf'@rcéﬁrﬂénﬁklgizé@ to %ck fowled e
t el ephoni c device of a, conventional, wreline networ ecause

al nost - wor | dwi de sEEFELRErAF it FEEiRT signalathe jqigsderbifais coded bY
conmruni cat i on syst enpnidpee geguepnfetdie a selectie@rldrgytm, nahicB4anerz mitdie

concerned with therdQ uni Ei B lidey s%E;uEBEe %ﬁﬁa&@hﬁh@d \# bR Zaded

cel lul ar Sys . user urther capabl e _of conmuni cati ng

tel ephonically in gﬁggréﬁ ﬁﬁ?ﬁ?ﬁiﬁﬁﬁgrﬁﬁ AT Chatle Pagln%nﬂ??ﬁﬁﬂﬁ l ed
cel lular, or %irel eneh &el sghentednbiter kxtracted from Fdie i hddmnicd erwiaan
the land Earth stakbeRidd &l pBreidR® of €nd Ch&PNAN& L1084 LOURAY Lhelgf 0)

initiates a call to ,
sequences are required to be reserved for the

acknowledgment signal as a satellite-based transceiver,
such as the transceiver 22, is able to page only a few

15 user terminals simultaneously. For instance, sixteen
sequences are adequate in the performance of such a
sexrvice. Sixteen sequences are identifiable by four bits
extracted from the paging signal. The sixteen sequences
can be chosen, for example, to be the auto-optimal least

20 side lobe energy sequences from the set of Gold or Kasami
or Bent or M-sequences of the selected bit length.
Alternately, a Hadamard sequence can be utilized, and the
sequences can also be constructed to be formed of a
concatenation of shortened sequence lengths.

25 By coding the single-bit acknowledgment by a 128-bit
sequence, a processing gain of twenty-one decibels can be
obtained. As the normal length margin for a traffic
channel carrying four kbps voice data protected with a
rate of 2/3 code is about eight decibels, the net margin

30 of an acknowledgment signal so-created over a traffic
channel is twenty-one decibels plus eight decibels minus
ten log {3/2) minus three decibels due to noncoherent
demodulation during operation of an embodiment of the
present invention, thereby to equal twenty-four decibels.

35 By repeating the acknowledgment signal and performing a
majority logic polling, as noted previously, an even



the user termnal 24, an indication of the initiation is provided to

*the network control center 18 by way of the WO 97/ 37507
11 . PCT/ US97/ 04188 transcei ver 16. The net wor k
control center generates control signals, including paging signals,

which are wogoysrspfOvided to the term nal 24 by way of thedasnsassver 22.
Once call set-up is successfully conpleted, voice channels 5 bet ween the

| and Earth station and the user termnal are defined to permt
t wo- way conmuni cati on between the | and _,n Earth station and the user
termnal, by way of the transcei ver f?. As menti oned

previously, powernidwds atifdSmdrgliind tddh P £orid RHBH QWedort@ERlohadhgWhi ch
signal s generated by. a user .terminal can_be transmtted, significant
di st ances sae‘sp)%‘rf’ci‘toémia?@fi]‘ﬁ:é?%aﬁ%oe’ﬁ° nd@&Pvers and the user
termnals, and signifiTentuexperdsesucs ear ekprig edeqwelee which provides
processing gain also mitigates errors due to attenuation
S and collisions with simultaneously-transmitted signals by
other user terminals. The acknowledgment channel upon
which the acknowledgment signals are transmitted therefore
act analogous to a spread gpectrum channel. Other user
terminals accessing the same channel appear to be random,
10 unspread interferers. This also allows subtractive
demodulation to be performed which can be employed for
decoding regqular signals transmitted on such channels.
That is, the spread spectrum signal is decoded then re-
encoded and subtracted from the incoming signal which is
15 then used to decode regular signals transmitted on such
a channel.
In one embodiment, the sequence used to encode the
acknowledgment signal is generated in accordance with a
unigque assignment to a particular user terminal. The
20 paging signal to the user terminal contains a field of
X bits, for example four bits, which uniquely specifies
2* sequences that are to be used for the acknowledgment.
Only a few sequences are required to be reserved for the
acknowledgment because, as noted above, only a few user
25 terminals can be paged simultanecusly. Even higher reuse
of such sequences is permitted by exclusively-ORing a
sequence unique to the beam sending or relaying the paging
signal covering the location of the user terminal and a
portion of a sequence used in the high-margin burst. If
30 the two sequences are of dissimilar lengths, the logical
operation can be performed upon a selected portions, such
as the least significant bits, of the sequence of greater
length.
In another embodiment, the sequence used to encode
35 the acknowledgment signal is generated in accordance with
the time in which the user terminal receives the paging

signal. Again, the paging signal transmitted to the user



expended to position the satellite-based transceivers in 15 orbit.
*Communi cation systens that are being devel oped are bei ng devel oped in
manners which attenpt to mnimze the bandwi dth required to
conmuni cat e communi cati on signals and to increase the margin of

si gnal gener ayedyingot he user termnal s operable in suebTusememsscati on
syst-ens. 20 For instance, when a call is to be placed to a user
term nal, supervisory and control signals nust first be sent to the
termnal. Such signals are transmtted, for_5q. exanple, to informthe
user termnal of the incom ng call and to cause the user terminal to
be tuned to transceeyrirdl agaimmMazintatinenastfebd ofpw diast which uehi gedly

| ncl uded aNDGSL eI s SUDELYS RAY AHACONLLO! ¢ 51 0Bl SuLLANSHLL L othe

to the user termna pagrng signal to alert t m nal of
the i'nconing cal | . 2EfBAVLRAEITRYY . t dPnihamapger analegong %¢e theerakefar nal
m ght not be positidesegibed dEmbodigRaitie HBeepathdk VigRalkere dEhREvORIF M

signal nust bg S;}Sagﬁﬁfg} egﬁé&fuglﬁo&ﬁ'shﬁ{&ﬁ@? 3¢ thab,ihe skl tr?x[n[:%.enxal
receives the paging al™ = pendrng,  conmonl y-assi gned paten
appl i cation Publi c&igRely. 1 E@@Yi&%6596réﬁ&ﬁliyring whigh rtghes pagsinsh
t echni ques for higksipaaet iatrese k.t
Figure 6 illustrates a method, shown generally at
122, illustrating the method of operation of the user

10 terminal 24 according to an embodiment of the present
invention. First, and as indicated by the block 126, the
paging signal is received at the user terminal. Then, and
as indicated by the block 128, the paging signal is and
decoded.

15 Thereafter, and as indicated by the block 132,
portions of the paging signal are extracted, and such
extracted portions are utilized to determine the encoding
scheme for encoding the acknowledgment signal. Once the
enceding scheme is determined, and as indicated by the

20 block 134, the acknowledgment signal is encoded and, as
indicated by the block 136, transmitted.

Thereafter, and as indicated by the decision block
138, a determination is made as to whether the
acknowledgment signal is to be transmitted a plurality of

25 times. If so, the yes branch is taken to the decision
block 142, and a determination is made as to whether the
acknowledgment signal has been transmitted the required
number of times. If not, the no branch is taken back to
the block 136. Otherwise, the no branch is taken to the

30 end block 144. And, once the acknowledgment signal has
been sent the required number of times as determined at
the decision block 142, a branch is also taken to the end

block 144.
Operation of the present invention facilitates
35 communication in a radiotelephonic communication system[

such as a satellite-cellular communication system or a
terrestrial-cellular communication system. By providing



WO 97/ 37507 -1l a- PCT/ US97/ 04188

nmessage service discloses a paging schene which facilitates
pagi-ng of a user term nal when the paging signal is subjected to
significant anounts of WO 97/ 37507

PCT/ US97/ 04 a897/37507 -12- PCT/B d70MgRt | ON.
The contents of such application are hereby I ncorporated herein by
r ef er ence. During operation of an enbodi nent of the present

i nvention, when a user termnal, such as thg, user termnal 5 24,

receives a paging signal, either transmtted on a
an acknowledgment signal responsive to reception of a

paging signal, redundant paging is avoided and satellite
power is more efficiently utilized. And, because the
margin of the acknowledgment signal is increased without

5 increasing the power level of the acknowledgment signal,
communication of the acknowledgment signal can be
effectuated even when the acknowledgment signal must be
transmitted upon a transmission channel exhibiting high
levels of attepuation.

10 The previous descriptions are of preferred examples
for implementing the invention, and the scope of the
invention should not necessarily be limited by this
description. The scope of the present invention is
defined by the following claims.
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regul ar pagi ng channel or a high penetration short nessage service
channel, such as lstsheeghgs@e@sedtacedn the af.orepent i oned

di scl osure, the user edg S'HIS SHEET HASBEENN of the pagi ng
signal with an acknow B“H“@g i gngl . margi n of the
acknow edgrmewmto sisgseal ' HORIBRe Nt
signal to facilitate better t he communi cati on of the acknow edghient
signal. If the acknow edgnent signal is not receiv

sel ected 15 time period, a paging signal -p§- aga| n genejmm“mr“meml””“l
communi cation system but at an increased power

manner, redundant Wiagi 1§ SLYMMED 8w not gener at ed I n the event t hat

the user termnal recejpves Ah%e%g,bngfor ini 84408k AUdnh{R TR Bb0 % tahe
paging signal is |ncreased

% increasing Its power_|eyel eﬁ
pagi ng signal is Ccelluigg; saErhbik dﬁ%‘ﬂ“‘t’bl%\gf‘@nb?é(ﬁtfe@cgf“veﬁgb?t %a%%er
termnal. The paginngssiejidliterbysadt eraacamtior fandsta ser terméngbdesaid

increase its qMrgiflinod compr 31 £ gtebll Ugtrates the information
contained in a 25 ga I ng PS l #g&{tere Shown generally at 32, transmtted

during operation of the conﬁﬁﬂ%%%t?la‘ﬁ WSRY i Tinag ﬁ’&é}@ a pagijggignal
term nal . trankid tpadi by thegnailtelditeabasedtechnpeiverga pagi ng
channel, PCH, which in one g Mﬂl'n%gkhog?ﬁém%%%ehé Q{gréﬁ gen@aﬂgaaét

| engt h of four burst s, each burst

fifty-six bits. ALhE sBSEBs&eErBaBatn tt%ethe satgd diERERRPShe draBBSPHEYRA ng
patent appl i ati omespohbfle to recepriah by bhghugeneeraihah shahie pagsage
service signal cangignai,

the acknowledgment signal of a selected margin
level for acknowledging reception by the user terminal of
the paging signal, the selectable margin level selected
responsive to wvalues of the paging signal transmitted
15 during said step of paging.

2. The method of claim 1 wherein said step of
returning the acknowledgment signal comprises returning
the acknowledgment signal a plurality of times.

20

3. A communication initiation method for initiating
communication by a first radio communication station with
a second radio communication station, said wmethod
comprising the steps of:

25 transmitting a paging signal from the first
radio communication station upon a forward-link channel,
the paging signal transmitted at a first margin level, and
the paging signal including a margin level indicating
portion for indicating the margin level at which the

30 paging signal is transmitted; and

retransmitting the paging signal from the first
radio communication station upon the forward-link channel
if the second radio communication station fails to
acknowledge reception of the paging signal transmitted

35 during said step of transmitting within a selected time
period, the paging signal retransmitted at a second margin
level, the second margin level greater in magnitude than



instead be utilized to pége a “\“ﬁr m nal . The 35 I nf or mat i onal
content of a paging §i mgﬁ‘ __e_i_t.h-e-n-—uﬁe-n—?‘ﬂ'qrnal pagi ng
channel or a channel S\m““\\\“\ WIS WO 97/ 37 9IS SHEET HAS BEE

PCT/ US97/ 04188 * Sahich the high penptrat iREPLABERt neskage service
si gnal wobmspransmtted is simlar. THE pagcnyssrogsel 32
illustrated in the figure I ncludes a user termnal identifier
code 34. The 5 identifier code is of a value which uniquely

i dentifies a user termnal, such as_4he user termnal 24 shown in
Figure 1. The identifier 34 may, for instance, be forned of a

Tenporary Mbi | et ubsGrishermde@it | 1eveIMAnd Okhe pagiry €ERghhONAlg\BbI | e
Subscri ber | dentd_iutlg &‘H\@I) tYH"‘el ue 1r0 in V\ﬂ%]:rieﬂedii ?ian ASEAN cel | ul ar
satel lite communt¢ation > sy st enca use ?%?Jh?%alp?re}tc’eol’\/esfoé'
pagi ng signal, indicating the margin level at which the paging signal is

retransmitted.

4. The communication initiation method of claim 3
wherein the paging signal comprises a digitally-encoded
signal and wherein the power level indicating portion
comprises at least a one-bit coded portion thereof.

10

5. The communication initiation method of claim 3
wherein the paging signal further comprises an identifier
code portion, the identifier code portion of values of an
identifier code which uniquely identifies the second radio

15 communication station.

6. The communication method of claim 3 wherein the
first radio communication station comprises a satellite
transceiver of a satellite-cellular communication system,

20 wherein the second radio communication station comprises
a user terminal of a satellite-cellular communication
system, and wherein the paging signals transmitted on the
forward-link channel during said steps of transmitting and
retransmitting are transmitted upon a regular paging

25 channel defined for regular paging in the satellite-

cellular communication system.

7. The communication initiation wethod of claim 3

wherein the first radic communication station comprises

30 a satellite transceiver of a  satellite-cellular

communication system, wherein the second radio

communication station comprises a user terminal of a

satellite-cellular communication system, and wherein the

paging signals comprise high penetration short message

35 service signals defined in the satellite-cellular
communication system.

This Sheet Has Been Re‘ilaced
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the value of the identifier 34 i dentifies the user term nal which
i s bei ng paged. The pagi ng_ si naI 32 further includes a power
| evel 15 i ndi cator 36. The power IeveI I ndicator--36- i ndi cates the

power |evel at which the paging signg” As shal |l be
not ed bel ow, wo onsssenbodi nent of th umlmﬂ! @(U nventlmﬁ'ﬁ‘llrsm4m\/\/er

| evel of the paging signal can be * Gele e of at least two
power |evels. The power 20 | evel indicator formed of at least a
one-bit code, provides an indication Ltgsa user ternm nal receiving the
pagi ng signal the power |evel at which the pagi ng signal S

transmtted. In anot heraemommuhheaﬁﬁghnmﬁmon methotinef ucasinars

i ndi cator for |nd|cat| t c used to encode the
pagi ng signal, and Pﬁg £§:éﬂg‘§§4¥%1%%gﬁngt%é%e %ncoded by at |east two

encodi ng schenes. AI te&!m#wr&g BRe aslewiilsdomene mesispy t 8k fthse
used as t he igBdbsat fidio communicatIbe Qﬁ@tti‘tg'x Sﬁdg;g:@hsBZtBUfédi’@StJ.O‘u

i ncludes codi gg bi Efxe§§afﬁ$ h%?a%l%lskéné #p 3 tfé(ai% ;

conventional in I"ng rther |nc es a blts
42 utilized for other rpwwsléécmg the acknom?@qa@@tnglsnghalpa@sz tqn

one enbodi nent, ist@aCHHLst radio BymAudidatabhesefeinti Rponeahpefeesd Olink
facilitate its 35 co nlcatlon to a us%{ ter nal The ag#ggbggéyuﬂ

when recelve&hﬁyn ud8r 3t BFif R TS ety YREIT AR

level indicated in the margin level 1nd1cat1ng portion of
10 the paging signal received at the second radio
communication station.

9. The communication initiation method of claim 8

wherein the reverse-link channel upon which the

15 acknowledgment signal is transmitted back to the first

radico communication station comprises a random access

burst channel defined in a satellite-cellular
communication system.

20 10. The communication initiation method of claim 9
wherein said step of transmitting the acknowledgment
signal back to the first radio communication station
comprises transmitting a series of consecutive bursts upon
the random access burst channel.

25
11. The communication initiation method of claim 10
wherein the consecutive bursts transmitted during said
step of transmitting are separated by selected time
periods.
30
12. The communication initiation method of claim 8
wherein the acknowledgment signal comprises a signal
encoded by a selected encoding scheme.
35 13. The communication initialigation method of claim

12 wherein the second radio communication station is

assigned with a unique assignment wvalue unigquely

Has Been Reﬁaced
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- 14- 34 provides the user termnal with an indication of the

i ncom ng call. When the user term nal receives the paging signal

32, an acknow edgment signal , Lﬂmmﬂ"mumuﬂwecj signal is 5
transmtted“t!mlmsom a network stati gnent pcrwsershigal is
deri'ved fromthe TMSl or IMSI formng thet " sidentifier code 34 and the

power |evel indicator 36 of the paging signal is used to select the
encodi ng schene used to encode the agknow edgnent signal. Wen, for
I nstance, 10 the paging signal 32 is transmtted at a normal power

| evel , the acknoddedgiEpingi ghal sksoRACedeci BoREn 1GNNS statxorfi%dmen
e o ovel & Che Yacklfn NAA Ao TLO0M d:2BPRS" Shene. 1410788 2he dstiiicy

power |evel, the ac nner .
15 In anéﬁﬁéﬁn@%'bd‘f%ﬂé%ﬂ t'—Ot gBcoder theratknovwlgsigeeatesignal.

5 14. The communication initiation method of claim 12
wherein said step of generating the acknowledgment signal
further comprises determining a time at which the paging
signal 1is received at the second radio communication
station and wherein said selected encoding scheme utilizes

10 the time at which the paging signal is received to encode
the acknowledgment signal.

15. The communication initiation wmethod of claim 12
comprising the further step of billing a billing account
15 associated with the second radio communication station
responsive to detection at the first radio communication
station of the acknowledgment signal transmitted back to

the first radio communication station.

20 16. The communication initiation method of claim 12
wherein said paging signals transmitted by the first radio
communication station during said steps of transmitting
the paging signal and retransmitting the paging signal
further comprise an acknowledgment-encoding scheme portion

25 for indicating to the second radio communication station
the selected encoding scheme by which the acknowledgment
signal is to be encoded.

17. The communication initiation method of claim 3
30 wherein the first margin in level comprises a first power
level, the margin level indicating portion comprises a
power level indicating portion, and the second margin
level comprises a second power level.

35 18. The communication initiation method of claim 3
wherein the first margin level comprises a first level of

encoding, the margin level indicating portion comprises

This Sheet Has Been R
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an acknow edgnent signal a plurality of -times.. . For__ I nstance, the

*acknowl edgnent signal can be repeated fjye ti mes when the paging
signal is transmtted at a nornal pum,ﬁmu“ﬁmmm' S repeat ed eight
ti mes when the pagi ng 20 signal res ves! ssion of the paging

si gnal at wo saisoost ed power level. A network"sthtidn coPEBUSYE@4188he

recei ved acknow edgnent signals wth expected signals

known to the

network station to ensure that the acknow edgnent signal is the
correct acknow edgnment to the 25 page. -27- Figure 3 illustrates
again the network control center 18, transceiver 22 and user term nal
24 shown previousl yan encodiind+ened 1intheat tngapbrtsono bedpltdeedstoohtie
user term naly a4, f e AL WO, GQRET Q! 6eBLAT 160111 8E€8nd8ding, th
transm ssion of a p“é%rf%lg rs1|fjegna \%n*li)ch,i S trasnsmhttes to & tﬁén%’ser ©

termnal 24 by way RF9iNFe Signds dFaRsmisbed fip the secopd

weieic 6%t £Brogang er

18 includes transcesfver geeater tmargin than hdree palydun $igred ftoramachioted at

transmtter 5% and 8,4 §G8lg¢Chevel of Mncddinid.fansmtt
54 are coupl ed 35 to a controller 56. The control

er and receiver 52 and
|l er 56 is operable to

form

and cause transm ssion of a paging signal by the

10

15

20

25

30

35

12. In a radio communication system having a first
radio communication station and a second radio
communication station, a combination with the first radio
communication station of communication initiation
circuitry for initiating communication with the second
radio communication station, said communication initiation
circuitry comprising:

a transmitter for transmitting a paging signal
of a selected margin level upon a forward-link channel to
the second radio communication station;

a controller coupled to receive indications of
reception at the first radio communication station of an
acknowledgmenf signal transmitted thereto acknowledging
reception at the second radio communication station of the
paging signal, said controller for detecting times in
which the second radio communication station fails to
acknowledge reception of the paging seignal, said
controller further for causing said transmitter to
retransmit the paging signal at an increased margin level
responsive to times detected thereat in which the second
radio communication station fails to acknowledge the
reception of the paging signal.

20. The communication initiation circuitry of claim
19 wherein said controller is positioned remote from said
transmitter and coupled thereto by way of a radio link.

21. In a radio communication system having a first
radio communication station and a second radio
communication setation, the first radio communication

This Sheet Has Been Reﬂlaced
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s-15- transmtter 52 to the tré‘n?c_eT_\'/ér'_ZZ to be received by the

receiver 62 thereof. The t further shown to
i nclude a transmtter 64 and a mmﬂ m“m"mmce the signal 5
gener at ed ;995.{] pet wor k control center* 'S rnecel ved by pcrruse7édiss

62 0 e

recei ver transcei ver the controller causes the

transmitter 64 to transmt the paglng si gnal 32 to the user term nal
24. The transceiver 22 thereby functlgns as arelay to relay on the
pagi ng signal 10 generated at the netmork control center 18. The

controller 66 is Qnesghi Yerddn@ tol er:ﬁkénﬁrt Ehﬁaéirﬁﬁléﬁ@ﬁ‘él to theshavsal
t hrough which the paging signal .is re termgal

S
The control |l ers FGSERICEB™THFA TSP Statflmt'oﬁt F8$b’t'?aatr% w t teh? the pagi ng
signal s and t ogetreticl wonmuniraticonstatich epbneciviiitry for resPPﬂdME user

termnal 24 det eqsstmeﬁaa%ags%w,l said c1txrc@@€ﬂrt @:Sﬂpi‘f@irﬁ}o t he

term nal 24 generat es a acknow signal 72 transm ssi
back to the3 net wor k BofPPoYOLkH é%"%g tﬁ/a§e‘o'?”f?1e”é W8tg nt 20
signal is recei veskdeptiiba atodieverc6ld arafiice capmanibratypn station of the
paging signal transmitted thereto by the first radio
communication station, said controller for determining
values of at least selected portions of the paging signal
10 and for forming an acknowledgment signal, encoded in a
manner responsive to the values of the at least selected
portions of the paging signal; and
a transmitter coupled to receive the
acknowledgment signal formed by said controller, said
15 transmitter for transmitting the acknowledgment signal to
the first radio communication station to acknowledgment,

thereby, reception of the paging signal.

This Sheet Has Been R
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the transmtter 64 to be received by the receiver 54 of t he network
control center 18. The controller 56 of the network control
center determ nes whet her the received signal fornms the 25

acknow edgnent signal generated by the sel ected user term nal 24 by
a correl ati onRYBEHL, not ed previously. I f so, call pbefyes®iizd 0 t he
user termnal 24 is permtted to continue. |If the controller 56
determ nes that the proper acknow gdfignt signal has not been

recei ved, the 30 control l er o8»causes retransm ssi@g,.of the pagi

si gnal Wi th appropriate R on of the val UstFThe power

| evel indicator 36 portion tXegedX BIRBE, '
by the transmtter 64 is of agoostetkys

Rgese r vt wl 0YPT ease the
likelihood that grYfq@uatifon of the 35~J_signat—Can Me ovegcome so that the
user term nal 24 © receives fhe p,a,gL-n*gis\i. gnal .,7 In one\en\bodi ment ,
when retransmtted, the pggig signal 1S<pgosted in powers,

WO 97/ 37507 12 PCT/ US97/ 04188
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_-16- five decibels when transmtted and retransmtted upon a

“normal paging channel PCH. Wen transmtted and retransmtted
upon an HP- SM5 channel, the pagi ng system is boosted in power by
seven dB. Such operation 5 ef fectuates transm ssion of paging

si gnal s transwovtsso7 upon a regul ar pagi ng channel, PCeicT®sstoaisso to
transmt the high penetration short nessage service signal, as
appropri ate. When t he acknovwlg:lr}ggent signal 72 is received by

the 10 recei ve;ﬁfg ;aeAnetV\ork co center 18, the val ues of
t he acknow edgne Fgn are determ ned. For I nst ance, as

not ed previously rcwtry of the controller permts the
term nation of t %%%m;?y&ge signal fromthe user termnal 24.

I n one enbodi nment, ed agb,ove the wuser termnal 24
transmts the nt Signal a plurality of tines. Maj ority
polling of evaluati o he repeat ed transm ssi ons of

acknow edgnent ed6$|o ensure t he Ef@acyiBt he

reception of th It also h &i’
contention for & . access dmnnel x her users
who have beep—paget around the sane tinme. “xy CKNO

billing of the Pt out ssaki at ed with the gSgf Bdl 24
is al so made} afg er He?%lg‘g onYof 5286 t he paging, e.g., H@Mnal at
the user teym Yrat=—zarrmt
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subsequent reception at the network of the acknow edgnent. As

explained nore fully in the aforenenti oned copendi ng pat ent
application, various service |evels mght be associated with the
HP- SM5 paging, and billing is made 30 appropriate thereto.
Figure 4A il | MQ¥80¥E t he nethod, shown generally at ThcTr049784184 at i on
of the control circuitry 68 |IIustrated in Figure 3. After entry into
t he program i ndi cated by t he start bIoc 76, the margin level, i, is
reset, here 35 i ndi cated g the bl oc 8 72 I n one enbodi nent of the
present invention, paging S|g Is can b pSn1tted upon a nor mal
pagi ng channel ofzelther of ‘y wer | and WO 97/ 37507
PCT/ US97/ 04188 -17- on the HP- SV5
channel at either of t wo pomer re;y, i n such enbodi nment,
four margin levels are
i L FIG. 5
|
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116 114—] WIR
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possi bl e. Then, and as indicated by the block 80, the paging- 5

signal attenpt nunber, t, is reset. Then, and as : |nd|cated by
fhe bl ock 82, the paging signal is transm tted, and, thereafter the
at t enpt nunber S i ncremented, as indicated by the block 83. 'L,

A decision is then nade, as |nd|cated by the decision 10 bl ock 84, as to
whet her XMOBHITN edgnent to t he paging 3~ signal has bePGIVE&s%1/04188 | f

so, the branch | abel ed yes is taken to block 85 and additional cal
est abl i shnment procedures are followed. O herw se, the branch | abel ed
no is taken to decision block 86. Additional details of 15 t he manner by

whi ch a det er ni faeinsmittedatie thetissr dremdinal. Than vaekn@wredgrEnimusitgnal

has been receiv | ed wi | ly. with res ect fo F|gure
4B bel ow. B ﬁgi?%”e(r t P %%%.%slghp Cteﬁlsn&eéf’sfzﬁﬁ bl HekeBarlig, t
det erm nati on i ssseedetasminabhetarerbé heupagi n‘goSIagrpi:oﬂﬂéﬁ 20nmub8eRtion

t 1tted d tted a_requi,r d nu tines I f not
tLgnEFencﬁ Iggel%ghhaesgbt§ﬁ§ﬁ T nFo °© tranﬁﬁ&gkC@?mugﬁEaFﬂénpédﬁﬁ@ls

signal is fesenpurGulamtwitee theheall. branch | abeled yes is taken to bl ock
88, and the margin . l.evel  of .the pagin gnal S |ncreased such as

by 25 boosting theTEbﬁﬁ} R/ B PRfnl @ DeRWRCKastation,
i ndi cat ed by theldbem3|oﬂh@losht@&llaedbheemlnamr&mb¢§1ver, Barde as tgq

whet her the nargl reg¥g£a?aﬁ%%ﬂggqﬁ%d%mg%ng%BPacEY§66mtn% Ievelq§h%n?ot,

the branch | abel"8d°R8 T3
attenpts, t, istressnitana Bégingagigmplsitpnahe aseragairmihaansnirebedted
CIhermnser thetransmlss.ton of a paging signal might unnecessarily occur
if the network station fails to receive timely indications
of reception by the user terminal of the paging eignal.
The paging signal must be of a “margin” great enough
for the user terminal to detect the signal. The margin
15 of the signal is the amount of power of the signal
available to a receiver over a nominal level that permits
adequate detection by the receiver of the signal over
Gaussian noise levels. The margin of a signal is
sometimes expressed in terms of decibels (dB) over a noise
20 level. The margin of a signal can be increased by
increasing its power level, by encoding the signal, and
by repeating the signal. An acknowledgment signal can be
generated by the user terminal to acknowledge its receipt
of the paging signal. Analogous to the margin required
25 of the paging signal, the acknowledgment signal must be
of a margin great enough for the network station to detect
the signal.

Publication Nos. WO 396/08941 and WO 91/09473 relate
to paging methods and systems. U.S. Patent No. 5,465,399
30 relates to a manner by which to control power levels in
a radio network, United Kingdom Patent Application No. GB

2 287 383 is related to an ARQ (automatic-repeat-request)
scheme, and Publication No. WO 96/14716 is related to a
message transmission system in which long data messages



branch | abel ed yes is taken to block 92 whereat paging is = . ‘termmnated

as the intended user term nal appears not to be avail abl e.

Figure 4B illustrates the nmanner by which a 35 determ nation . i's made at.
t he decision block 84 as to whet her an acknow edgnent signal has been
recei ved responsive to transm ssion of a paging signal. First,

WO 97/ 37540 97/3750 -5a- " pCr/ US97/ 04 PEIX/USIT/04188

- 18- after entry into the nethod, as indicated by the start

bl ock 94, a variable, j, is reset, as indicated by the bl ock 96. Then,
a sequence of bits, here of length N plus 2 G are buffered, as

i ndi cated by t heatd ockasmi Cred. 5 buffered, correlations of the
e og S s B G g 37, PLEC e ok SRty
the power level of an acknowledgment signal transmltted
by the user terminal to the network station cannot be
5 increased indiscriminately to increase the margin of the
acknowledgment signal. Therefore, when the communications
must be effectuated upon a transmission channel exhibiting
a high level of attenuation, the acknowledgment signal
might not be able to be adequately communicated to the

10 network station.



<

magni-tude and its corresponding tinme coordinate is | ocat-ed,” ‘as

i ndi cated by the block 100, and the variable 10 j is increnmented, as
indi cated by the bl ock 102. Then, as indicated by the .decision
bl ock 103, a determ nation is made as to whether | equals L. If not,

. the branﬁaolqzﬁng no is taken to block 104 and gperations are
del ayed &737384 time period and then buffering at 15  tRETAISHH04388 s
repeated. |If the branch |abeled yes is taken fromthe decision bl ock
103, a determination is then made at the decision block 104 as to
whet her at |east R . coordinates are separated by an integer nmultiple
of the fi k&angerayeperi®od. Thef netweRe BealeRll ariirr ygenpgsakes

taken and the a dg@f%ﬁ L gNglyd a i

recei ved, as ingégg¥%g b H%f%80§€§ﬁ%§ﬁﬁ%hg§§ﬁgg1h§¥&nal?hev@§anchare

| abel ed no is tBKReWIGed Enethe Kivsmioagnedt by way efghhP Fsansckived 83t to
have been recei ¥ade 8511 MU€akPds sugg%%ﬁ%%%&ﬁé‘lé@@d, 2Rice cfagﬁgllgure

5 illustrates again the user term na i I nFigures
The user t@rninBetwaennthadéand Earth gbabioerandothaduserr hasminadérates;

both the recei vgerdRda to pelh@PSPbifiylddmandiddéiahe ﬁ?HQEﬁdtﬁg fang .
I ch ? TE% S

controller 116 which controls their operation. e receiver

30 oper abl e E8rfbces@tiOpagingdg shgnatsesudlerasinee phyi gy ©f &shegnal
32 shown in Figgggndckiggsnmbted to the user term nal. Responsive to
reception of the paging signal 32, the controller 116 causes the
transmtter 114 to As meREigRed (Pravisyiedow eayeentisigaktions. 1amithshpower

level s 3510 Of msk OR@h Sodanerdhrd Pyt RRiBACs i LRATLNGLndSaRE8 biNht Gder
terminal can be transmitted, significant distances
separate satellite-based transceivers and the user
terminals, and significant expenses are required to be
expended to position the satellite-based transceivers in

15 orbit. Communication systems that are being developed are
being developed in manners which attempt to minimize the
bandwidth required to communicate communication signals
and to increase the margin of signal generated by the user
terminals operable in such communication systems.

20 For instance, when a call is to be placed to a user
terminal, supervisory and control signals must first be
sent to the terminal. Such signals are transmitted, for
example, to inform the user terminal of the incoming call
and to cause the user terminal to be tuned to transceive

25 communication signals pursuant tc such call. Included
amongst the supervisory and control signals transmitted
to the user terminal is a paging signal to alert the user
terminal of the incoming call. When the user terminal is
paged, the user terminal might not be positioned to

30 receive the paging signal. The paging signal must be
repeated in such instances so that the user terminal
receives the paging signal. Co-pending, commonly-assigned
patent application Publication No. WO-A-97/18650 relating

to transmission techniques for high penetration short
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termnal 24 is increased by encoding the WO 97( 37507

*PCT/ US97/ 04188 -19- . acknow edgnent
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t he performance of suf!ﬂﬂluw"“u)mlmﬂe Si xt een sequences L i @Le
by four i o7 E€xiit pagig- si gnal . The sigfteRrEs

can be éﬁg22%?7 61 exanpl%, to 'be "t he aut o-opti mal 'l east 20 si"de e
energy sequences fromthe set of Gold or Kasam or Bent or

M sequences of the selected bit |ength. Alternately, a Hadanmard
sequence can b B egzpﬁggEt . sequences can al so be constructed
to be forned o?wgé& t$ conc eggtion of shortened sequence | engths. 25

By coding-the singlelbit BoomuwresdgiBon bhypiaid@Behitethod fozequenteting
D oc sl 10 O Mo P VAN Sy or bk P80, Do SbL AL Sl Vg
data protected ai shtallite-baatd diradsdedods | RZpoahdeiaghisalecidahinal he
Channel 1 S twent3fbne sl heraSa it te EheF fuef ol < Efe nisB8 0B (0| o
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performng a includingi tat | bgast pal | figst asigokdd poevions|(B4)anvieven
identifies the user terminal with which the paging signal
10 is to be transmitted and a second signal portion (36)
which identifies a margin level indication of a margin
level at which the paging signal is to be transmitted;
transmitting the paging signal (32} from the
satellite transceiver (22) upon a forward-link channel,
15 the paging signal transmitted at a first margin level;
increasing the margin level of the paging signal
{32} if the second radioc communication station fails to
acknowledge reception of the paging signal {32)
transmitted during said step ¢f transmitting within a
20 selected time period;
altering the second signal portion (36) of the
paging signal (32} to indicate the margin level increased
during said step of increasing; and
retransmitting the paging signal (32} from the
25 satellite transceiver (22) upon the forward-link channel.

2. The communication initiation method of claim 1
wherein the paging signal (32) comprises a digitally-
encoded signal and wherein the second signal portion (36}

30 comprises at least a one-bit coded portion thereof.

3. The communication initiation method of claim 1
wherein the first signal portion {(34) of the paging signal

comprises an identifier code portion, the identifier code
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acknow edgnent signals are transmtted therefore act anal ogous to a
spread spectrum channel. O her user term nal s accessing the sane
channel appear taq_he rand ea interferers This alsq
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That is, the spread spectrum signal is decoded then re- encoded and
subtracted fromthe incomng signal which is 15 then used to decode

regul ar signals trandnitt@tleoBomiahication anetiN@If claim 1 wherkinORGe

enbodlnents thep%% %%“C%i%%% sto(ggfodgrégghltted on the forward-link

channel during said steps of transmitting and
retransmitting are transmitted upon a regular paging
channel defined for regular paging in the satellite-
cellular communication system.
10
5. The communication initiation method of claim 1
wherein the paging signals (32) comprise high penetration
short message service signals defined in the satellite-
cellular communication system.
15
6. The communication initiation method of claim 1
‘comprising the additional steps of:
generating an acknowledgment signal (72) at the
user terminal responsive to reception thereat of the
20 paging signal transmitted thereto; and
transmitting the acknowledgment signal (72) back
to the satellite transceiver upon a reverse-link channel
in a manner responsive to a value of the second signal
portion (36) of the paging signal received at the second
25 radio communication station.

7. The communication initiation method of claim 6
wherein the reverse-link channel upon which the
acknowledgment signal (72) is transmitted back to the

30 satellite transceiver comprises a random access burst
channel defined in the satellite-cellular communication

system.

8. The communication initiation method of claim 7



assignnent to a particular user Termmnal. The 20 REPp&@I ng

user term nal contai X blts rﬂl
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the user terni nahexzedna said gimpi ofi ofranseijieice uded eokthbelbbghenar gi n
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signal is generated I'n accordance time in which the user
term nal receives the paging signal. Again, the paging signa
transnmitted to the uger

acknow edgnent signal is generated in accordancdHg SHEET H. ThlsShHaﬁsBeenRe laced

The communication initiation method of claim 8
wherein the consecutive bursts transmitted during said

step of transmitting are separated by selected tinme

periods.
10
10. The communication initiation method of claim 6
wherein the acknowledgment signal (72) comprises a signal
encoded by a selected encoding scheme.
15 11. The communication initialization method of claim

10 wherein the user terminal {24) is assigned with a

unique assignment value uniquely identifying the user

terminal (24) and wherein said selected encoding scheme

utilizes the unique assignment value to encode the
20 acknowledgment signal (72).

12. The communication initiation method of claim 10

wherein said step of generating the acknowledgment signal

(72) further comprises determining a time at which the

25 paging signal (32) is received at the user terminal and

wherein said selected encoding scheme utilizes the time

at ‘which the paging signal is received to encode the
acknowledgment signal.

30 13. The communication initiation method of claim 10
comprising the further step of billing a billing account
associated with the user terminal (24) responsive to
detection at the satellite transceiver (22) of the
acknowledgment signal (72) transmitted back to the

35 satellite transceiver (22).
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step of
paging signal (32) further comprise an acknowledgment-
encoding scheme portion for indicating to the user
terminal (24) the selected encoding scheme by which the

acknowledgment signal (72} is to be encoded.

10 15. The communication initiation method of claim 1
wherein the first margin level comprises a first power
level, the second signal portion (36} comprises a power
level indicating portion, and the second margin level
comprises a second power level.

15

16. In a radio communication system having a first
radio communication station (22} and a second radio
communication station (24), a combination with the first
radio communication station (22) of communication

20 initiation circuitry for initiating communication with the
second radio communication station {24), said
communication initiation circuitry comprising:

a transmitter (64) for transmitting a paging
signal (32) of a selected margin level upon a forward-link

25 channel to the second radio communication station (24},
the paging signal (32) having a first signal portion (34)
which identifies the second communication station to which
the paging signal is to be transmitted and a second signal
portion {36) which identifies a margin level indication

30 of a margin level at which the paging signal (32} is to
be transmitted;

a first controller (66) coupled to receive
indications of reception at.the first radio communication
station (22} of an acknowledgment signal (72) transmitted

35 thereto acknowledging reception at the second radio
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initiating communi cati on by 27 afirst radio c

"a second radio conmun sald 3
steps of: 4 ,!ﬁmmmﬂmﬂl tting auM sl_gnal from the first
radio c | on stationt 5% s upon a forward-1ink agi ng
si gnal %&fﬁc’?&d at a first margin IeveF and 6 th?ﬁ@%ﬁ%lgﬁal
including a margin |l evel "indicating portion for indicating the margin

I evel at which the paging signal is transmtted; and 8

retransmtting the paging signal, fromthe first radio comunication
station upon tREPERIGRELPR kEaiomdiR2 |fthﬁhgeﬁ%ﬁkpgzﬁﬂQ?Q%aﬁ@@ﬁvcéﬁﬂén

station fails controller (66) for detecting times in which the second

radio communication station (24) fails to acknowledge

reception of the paging signal (32), said first controller

5 {66) further for causing said transmitter (64) <to

retransmit the paging signal at an increased margin level

responsive to times detected thereat in which the second

radio communication station (24) fails to acknowledge the

reception of the paging signal (32) and to alter the

10 second signal portion of the paging signal (32) to
indicate the increased margin level.

17. The communication initiation circuitry of claim

16 wherein said first controller (66} is positioned remote

15 from said transmitter and coupled thereto by way of a
radio link.

18. The communication initiation circuitry of claim
16 further comprising:

20 a second <controller <coupled to receive
indications of reception at the second radio communication
station (24) of the paging signal transmitted thereto by
the first radio communication station {22), said second
controller for determining values of at least selected

25 portions of the paging signal (32) and for forming an
acknowledgment signal (72}, encoded in a manner responsive
to the values of the at least selected portions of the
paging signal; and

a transmitter coupled to receive the

30 | acknowledgment signal formed by said second controller,
said transmitter for transmitting the acknowledgment
signal ({72) to the first radio communication station to
acknowledge, thereby, reception of the paging signal (32).
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4 paging the user terminal with a paging signal transmitted by the
5 satellite-based transceiver, the paging signal including an indicator within the paging

6 signal of a margin level of the paging signal;

7 returning an acknowledgment signal generated at the user terminal a
8 selected number of times in response to the indication of the margin level of the
9 paging signal to the satellite-based transceiver responsive to reception by the user

10 terminal of the paging signal for acknowledging reception by the user terminal of the
11 paging signal, the selected number of times responsive to the indicator of the margin
12 level of the paging signal transmitted within the paging signal during said step of

13 paging.

1 2. A communication initiation method for initiating communication by
a first radio communication station with a second radio communication station, said
method comprising the steps of:

transmitting a paging signal from the first radio communication station
upon a forward-link channel, the paging signal transmitted at a first margin level, and

the paging signal including a margin level indicating portion for indicating the margin

level at which the paging signal is transmitted; and
8 retransmitting the paging signal from the first radio communication

9 station upon the forward-link channel if the second radio communication station fails
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margin level, the second margin level greater in magnitude than the first margin level
and the paging signal again including the margin level indicating portion for indicating
the margin level at which the paging signal is retransmitted;

generating an acknowledgment signal at the second radio
communication station responsive to reception thereat of the paging signal transmitted
thereto, wherein the acknowledgment signal comprises a signal encoded by a selected
encoding scheme, the selected encoding scheme dependent on the margin level
indicated in the margin level indicating portion; and

transmitting the acknowledgment signal back to the first radio
communication station upon a reverse-link channel in a manner responsive to the
margin level indicated in the margin level indicating portion of the paging signal

received at the second radio communication station.

3. The communication initiation method of claim 3 wherein the paging
signal comprises a digitally-encoded signal and wherein the power level indicating

portion comprises at least a one-bit coded portion thereof,

4. The communication initiation method of claim 3 wherein the paging
signal further comprises an identifier code portion, the identifier code portion of values
containing an identifier code which uniquely identifies the second radio

communication station.
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1 - 5. The communi cation nethod of claim3 wherein the first
radio 2 -.comuni cation station conprises a sat gyﬁuﬁummm i of a
sateldite-cellular 3 comuni cati on system wh adi o

comuni cation station conprises 4 a user termnal of fa® s

satellite-cellular communi cati on system apd-wherein the paging 5
signals transmtted on the forward-1ink channel during said steps of
transmtting and 6 5. r &he acohimisicatipnanettiodasd elairhed wipeeinatheefiist aadio

pagi ng channel defined for regular paging in the satellite-cellular
comuni cat on syshMihicatiorl station comprises 6a satellitd QrAREVER 68t QiteNifd-EdiRidrON
met hod of claim3 wherein the first radio 2 communi cati on station

conprises @ sat @ijﬂnhﬁlc&gﬁp RfinY, ShePdin "i’he}%& éilxja&l%‘c%ﬁ{dlﬂli@ﬁion%taﬁon comprises
communi cat1on system erein the second radi o communication stati o

conprises 4 ser._term ..of a,satellite-cellular co ni gati on
sygF em anl whef 8‘%{{ !tlirﬁlénag 85? ﬁ%glklte—cellular communication sysyem, and Whetcn e paging

5 signals transmitted on the forward-link channel during said steps of transmitting and
6 retransmitting are transmitted upon a regular paging channel defined for regular

paging in the satellite-cellular communication system.

1 6. The communication initiation method of claim 3 wherein the first radio
2 communication station comprises a satellite transceiver of a satellite-cellular
3 communication system, wherein the second radio communication station comprises
4 a user terminal of a satellite-cellular communication system, and wherein the paging
5 signals comprise high penetration short message service signals defined in the
6 satellite-cellular communication system.

1 7. The communication initiation method of claim 3 wherein the reverse-

2 link channel upon which the acknowledgment signal is fransmitted back to the first

3 radio communication station cdmpn’ses a random access burst channel defined in a

4 satellite-cellular communication system.

1 8. The communication initiation method of claim 3 wherein said step of
2 transmitting the acknowledgment signal back to the first radio communication station
i3 comprises transmitting a selected number of bursts upon the reverse link channel, the
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5 signals conprise high penetration short nmessage-service sigmal's™

defined in the 6 satellite-cellular communi cation
7. *The communication initiation nethod of claim 3 mg mllll" }Hdﬂt
[ ack

2 | i nk channel upon which the acknow edgnent signa NSHI

to the first 3 radi o communi cati on stav+on conprises a random access
burst channel defined in a 4 satellite-cellular comrunication system
1 4  8selectedlinembearrofiburst dependernitnipohahé margie tdvetl indicatddain the nwddginei n
said step of 2 transmtting the acknow edgnent signal back to the
first radi® conmuelifidichtiiy [Soraén.on conprises transmtting a sel ected

nunber of bursts upon the reverse Ilnk channel , the

1 9. The communication initiation method of claim 10 wherein the
2 consecutive bursts transmitted during said step of transmitting are separated by
3 selected time periods.

1 10.  The communication initiation method of claim 3 wherein the second
2 radio communication station is assigned with a unique assignment value uniquely
3 identifying the second radio communication station and wherein said selected
4 encoding scheme further utilizes the unique assignment value to encode the

5 acknowledgment signal.

1 11.  The communication initiation method of claim 3 wherein said step of
2 generating the acknowledgment signal further comprises determining a time at which
3 the paging signal is recejved at the second radio communication station and wherein

4 said selected encoding scheme further utilizes the time at which the paging signal is

5 received to encode the acknowledgment signal.

1 12.  The communication initiation method of claim 3 comprising the further

2 step of billing a billing account associated with the second radio communication
3 station responsive to detection at the first radio communication station of the
"4 acknowledgment signal transmitted back to the first radio communication station.
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4 “sel ected nunber of burst dependent upon the mar gi-n- Ievel i ndi cat ed in

the margin 5 | evel indicating portion.

comruni cation initiation method of claim 10 vvherel n “ﬂwﬂﬂg,wum"lm’:ut | ve
bursts transmtted during said step of transmtting

selected tinme periods. 1 10.2g- The comuni cati oh ihit4 ation
nmet hod of claim3 wherein the second 2 radi o conmuni cation station is

assigned wigh a uni quEs.assTiguoRRhwickioR intfitfmehethoBof clauﬂ f’@)&&eﬁrﬂa’i@p&ﬁﬁg

second radi o conmuni cati on station and wherein said sel ect
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5 acknow edgnent signal .
7 transmitting the paging signal and retransmitting the paging signal further comprise

8 an acknowledgment-encoding scheme portion for indicating to the second radio
9 communication station the selected encoding scheme by which the acknowledgment
10 signal is to be encoded.

1 14.  The communication initiation method of claim 3 wherein the first
2 margin level comprises a first power level, the margin level indicating portion
3 comprises a power level indicating portion, and the second margin level comprise a
4 second power level.

1 15.  The communication initiation method of claim 3 wherein the first
2 margin level comprises a first level of encoding, the margin level indicating portion
3 comprises an encoding-level indicating portion, and the second margin level comprises
4 a second level of encoding, the paging signal transmitted at the second level of

5 encoding of a greater margin than the paging signal transmitted at the first level of

6 encoding.

1 16.  Inaradio communication system having a first radio communication

2 station and a second radio communication station, a combination with the first radio
© 3 communication station of communication initiation circuitry for initiating
"4 communication with the second radio communication station, said communication

REPLACEMENTsSHEE Rgitiation circuitry comprising: '
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1 . | .-7 'T’rre gp nication initiation rrethod e#—eJ ai-m-3. wherein .
said step Caf 2‘ "‘“" ‘genésa g the acknow edgnent sig t her conprises
determnin a time at whic 3 the paging si gnal | s r mm’ﬁmw" m,,”",
second radik coﬁMRé’"i’ﬁ#on stfati on and wherein sa| ‘5

me further utijl ifzes the tine-2p- V\/mch t he pagi ng S|gna i%

recei ved tof eNcode the ackno edgnent signal. 1 12. The
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step of billing a billing account associated with the second radio

comuni cati on  rargin leSdtakin 2 ﬂr@tsea@&ﬁﬁg/&héﬁe g&?&f’dr%daﬁmﬁtéﬂgxﬂél [Phhe's
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to the firgt ragdhg &ﬁﬁﬂﬁﬁé&ﬁh's%oﬁf ation.

encodi ng s

9 a controller coupled to receive indications of an

10 acknowledgment signal transmitted thereto acknowledging reception at the second

11 radio communication station of the paging signal, said controller for detecting times
12 in which the second radio communication station fails to acknowledge reception of the
13 paging signal, said controller further for causing said transmitter to retransmit the
14 paging signal at an increased margin level using a second encoding scheme responsive
15 to times detected thereat in which the second radio communication station fails to

acknowledge the receipt on of the paging signal.

1
2 17. The communication initiation circuitry of claim 19 wherein said
3 controller is positioned remote from said transmitter and coupled thereto by way of a
4 radio link.
i 18.  Inaradio communication system having a first radio communication
2 station and second radio communication station, the first radio communication station
3 operable to transmit a paging signal to the second radio communication station, a
4 combination with the second radio communication station of circuitry for responding
5 to the paging signal, said circuitry comprising:

‘6 a controller coupled to receive indicator so reception at the

"7 second radio communication station of the paging signal transmitted hereto by the first

8 radio communication station, said controller for determining a margin level indication
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5 - 13. The communication initiation nethod of claim3 wherein

said paging 6 signals transmtted by the first rad+0—commn| cation
statidn during said steps of 7 transmtting the si gnal and
retransmtting the paging signal further conprise lwum”
acknow edgnent - encodi ng scheme portion for indicati n ’"Ldl o]
9 communi cation station the sel ect ed -&®codi ng scherre by which®t he _
acknow edgnent 1 0 signal is to be encoded. 14. The

comuni ca®i on iwiiltin atseleaterdpontiah off the paging Signhleandi for fdmmig ars ackndwledgnient gi n
| evel conprises a first power level, the margin level indicating portion 3
conprisesoa powidnal, exncdded ila mhnmmmlv@mthanﬁrgxheeﬁﬁﬂi&tm n |evel

conprise a 4 ~ second power level. 1 _ 15. The
communi cgyi on initiation et hodygfarfikd dBupiedhs r&iefvel A€ abkici¥ledgment signal
12 formed by said controller, said transmitter for transmitting the acknowledgment signal

13 to the first radio communication station to acknowledge, thereby, reception of the

14 paging signal.

15 19. A communication initiation method for initiating communication by
16 first radio communication station with a second radio communication station, said
17 method comprising the steps of:

18 transmitting a paging signal from the first radio communication station
19 upon a forward communication link, the paging signal transmitted at a first margin

20 level by using a first level of encoding, and the paging signal including an encoding

21 level indicating portion for indicating the encoding level at which the paging signal
22 is transmitted;

23 retransmitting the paging signal from the first radio communication
24 station upon the forward link channel if the second radio communication station fails
25 to acknowledge reception of the paging signal transmitted during said step of
26 transmitting within a selected time period, the paging signal re-transmitted at a second
27 margin level by using a s:acond level of encoding, the second margin level greater in

28 magnitude than the first margin level and the paging signal again including the

?9 encoding level indicating portion for indicating the second level of the encoding at

30 which the paging signal is re-transmitted.
M
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station, a conbination with the first radio 3 C onmunicatrotr—sta-—oh—af

c_ormuni cajion initi qt i on Apirﬁ_&Hbéfbbr fn@t'iatﬂn@i Eéxﬁhi:ulﬁgsazi&] in aC@é’ImM}i
with the second radi o communi cati on station, said conmuni cation

initiatiog cir E&h}r{u}ﬂicgﬂéﬂ)gyist%mbing at least a satellite-based transceiver and a user terminal,

3

4

10

11

12

i3

8

9

said method comprising the steps of:

p?ging the user terminal with a paging signal transmitted by the
satellite-based transceiver, the paging signal including an indicator within the paging
signal of a margin level of the paging signal;

returning an acknowledgment signal generated at the user terminal a
selected number of times in response to the indication of the margin level of the
paging signal to the satellite-based transceiver responsive to reception by the user
terminal of the paging signal for acknowledging reception by the user terminal of the
paging signal, the selected number of times responsive to the indicator of the margin
level of the paging signal transmitted within the paging signal during said step of

paging.

2. A communication initiation method for initiating communication by
a first radio communication station with a second radio communication station, said
method comprising the steps of:
transmitting a paging signal from the first radio communication station
upon a forward-link channel, the paging signal transmitted at a first margin level, and
the paging signal including a margin level indicating portion for indicating the margin
level at which the paging signal is transmitted; and
retransmitting the paging signal from the first radio communication

statiqn ypon the forward-link channel if the second radio communication station fails
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- 28- 6 a transmtter for-transmtting—apaging

signal of a selected 7 margin | evel using a fir '
upon a forward-link channel to the second 8 radiﬂlgﬂ 'm#ilj mr
station; 9 ontroll er: e ve

a_-
indications of an 10 acknow edgrrenfjé?gnal transnmtted thereto
acknow edgi ng reception at the second 11 radi o communi cation station
of the pagi Ny t§imMRAbwicazd deceidd OF ¥ phdihg JRNEF traMGhnitibdT8ring 2aid stepdlofhi Ch
the second radi o comunication station fails to acknow edge reception of
the 13147  PagGhOdirhPRfthin a38lebted B HRELE thd rgr,%ifat ' '
transmtter to retlran%%ﬁitmtarsfek&f gfﬂe pg%{')i(g’it?]gﬁ%ﬁ nagfn f;{e rgl%@{r%%?%tza’;%go%rgi n
| evel usi,ng a odi ) sponsi ve . to.1]nes .detected
st S0 RS L AN ABREH Wbl o L AR T

know h [ f [ | .,. 1. . .
ackno %gge ' agd ﬁl%cpglg ntg s?g?laloagaiyl]r?ch?(ﬁgé trlllg msalr Q?evel indicating portion for indicating

14 the margin level at which the paging signal is retransmitted;
15 generating an acknowledgment signal at the second radio
16 communication station responsive to reception thereat of the paging signal transmitted
17 thereto, wherein the acknowledgment signal comprises a signal encoded by a selected
18 encoding scheme, the selected encoding scheme dependent on the margin level
19 indicated in the margin level indicating portion; and
20 transmitting the acknowledgment signal back to the first radio
21 communication station upon a reverse-link channel in a manner responsive to the
22 margin level indicated in the margin level indicating portion of the paging signal
23 received at the second radio communication station.
1 3. The communication initiation method of claim 3 wherein the paging
2 signal comprises a digitally-encoded signal and wherein the power level indicating
3 portion comprises at least a one-bit coded portion thereof.
1. 4. The communication initiation method of claim 3 wherein the paging
2 signal further comprises an identifier code portion, the identifier code portion of values
3 containing an identifier code which uniquely identifies the second radio
4 comumunication station.
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2 17. The communication initiation ci rcuiLry of <l aim—19-
wherein said 3 controller is positioned renote; fromsaid transmtte

and coupl ed thereto by way of a 4 radi o |ink. ]Jmu“l}“ lumll“m
In a radi o communi cation systemhaving a first radio
station and second radi o comunication st&@gon, the first radio

communi cation station 3 operable to transmt a paging signal to the

second radi o conmmunigat i %esrcgﬁmﬁmmaaon fethod FOORINAL | wmerem tthe txﬂa E&ﬁ&“d
radi o comuni cation station o C|rCU|try for respondi ng to the

pagi ng si gnal clLrcui n a
controlle coupcﬁ "gg‘fndcgr%)ge%t\e}%on norea 1"‘t?’ées %s (s)at?lglaeet Scewe{ hé sate}hte’ceng]&ond
radi o communi cation station of t I transmtted hereto by the
st g A et BRCEIe SfFord S CORPHBFAST FEHOUrSRIReRI ng

a margin |l evel indicatjion

4 a user terminal of a satellite-cellular communication system, and wherein the paging
5 signals transmitted on the forward-link channel during said steps of transmitting and
6 retransmitting are transmitted upon a regular paging channel defined for regular

paging in the satellite-cellular communication system.

1 6. The communication initiation method of claim 3 wherein the first radio
2 communication station comprises a satellite transceiver of a satellite-cellular
3 communication system, wherein the second radio communication station comprises
4 a user terminal of a satellite-cellular communication system, and wherein the paging
5 signals comprise high penetration short message service signals defined in the
6 satellite-cellular communication system.

1 7. The communication initiation method of claim 3 wherein the reverse-
2 link channel upon which the acknowledgment signal is transmitted back to the first
3 radio communication station cdmprises a random access burst channel defined in a
4 satellite-cellular communication system..

1 8. The communication initiation method of claim 3 wherein said step of
2 transmitting the acknowledgment signal back to the first radio communication station
3 comprises transmitting a selected number of bursts upon the reverse link channel, the
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9 within a selected portion of the paging signal--ard-for form ng an

acknow edgnent
margin | evel i

coupl ed to receive the acknow edgnent signg

10 signal , encoded in a manner res onsive to
ndi cator; and 11 ”'m
12f

controller, said transmtter for transm t- Tt he acknova edgrrenf si gnal
to the fi rst radi o communi cation station to acknow edge, thereby, reception

of the 14 sPletied Gufibgnef burst depbndent upon the margii9evel iAiCABATH tHeAhh@ih
initiation nethod for initiating communication by 16 first radio
comuni cati on $&2f {Hdcatthg Bm@,ogecond radi o conmuni cation station, said
met hod conprising the steps of: 18 transmtting a
pagi ng signal fromthe first radio comunication station
1 9. The communication initiation method of claim 10 wherein the
2 consecutive bursts transmitted during said step of transmitting are separatec.i by
3 selected time periods.
1 10.  The communication initiation method of claim 3 wherein the second
2 radio communication station is assigned with a unique assignment value uniquely
3 identifying the second radio communication station and wherein said selected
4 encoding scheme further utilizes the unique assignment value to encode the
5 acknowledgment signal.
1 11.  The communication initiation method of claim 3 wherein said step of
2 generating the acknowledgment signal further comprises determining a time at which
3 the paging signal is received at the second radio communication station and wherein
4 said selected encoding scheme further utilizes the time at which the paging signal is
5 received to encode the acknowledgment signal.
1 12.  The communication initiation method of claim 3 comprising the further
2 step of billing a billing account associated with the second radio communication
3 station responsive to detection at the first radio communication station of the
4 acknowledgment signal transmitted back to the first radio communication station.

J "ﬂmlntter

17

13
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19 upon a forward conmuni cation link, the paging signal transm-tted at

a first mrgin 20 | evel by using a first | eveI~ of encoding, and the
pagi ng signal including an encoding 21 | evel mﬁ“‘“ﬁ“ for
indicating the encoding level at which the_paging SI ‘Immma

transmtted;, 23 retr mttlngt padi nd 5|gnal from

the first radl 0 communi cati on | on upon the forward |ink channel
if the second radio ommyy gfl {. e
recepti ongof t he paélgng si g LE Bﬁ'eg%ﬁo% bﬁag‘ghlreﬁ‘r?é’%gé}aa“ w%e?gbflgigpggg,
transmtting w.thi seletedt tiod, the

re-transnfttedSsh? lé %%the firs hﬁ?ﬁgﬁ ﬁorpg\y&caﬁgfn} tgﬁ%dgng:eggﬁost?pé\,%f of
encodi ng, the second rrargl n | evel greater in magni t ude than the
first margin | Boesmiging ﬂwﬁeagsa@wsgalsqngﬁ%trané@&iﬂﬂg m?daaamoﬁggﬂ@h@ﬂhzgwmpnse
encoding level indicating portion for indicating the second |evel of the
encodi ng &t  36n acknawledgmentengating gcheimgnpdrtios foe indicatingite tteel second radio

9 communication station the selected encoding scheme by which the acknowledgment
10 signal is to be encoded.

1 14.  The communication initiation method of claim 3 wherein the first
2 margin level comprises a first power level, the margin level indicating portion
3 comprises a power level indicating portion, and the second margin level comprise a
4 second power level.

1 15.  The communication initiation method of claim 3 wherein the first
2 margin level comprises a first level of encoding, the margin level indicating portion
3 comprises an encoding-level indicating portion, and the second margin level comprises
4 a second level of encoding, the paging signal transmitted at the second level of
5 encoding of a greater margin than the paging signal transmitted at the first level of
6 encoding.

1 16.  Inaradi6é communication system having a first radio communication
2 station and a second radio communication station, a combination with the first radio
3 communication station of communication initiation circuitry for initiating
4 communication with the second radio communication station, said communication
5 initiation circuitry comprising: REP LACEMENT SHEET
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9 w thin a selected portion of the paging signal and for form ng an

acknow edgnent 1 O signal, encoded in a manner reésponsive to the margin

ltgvreleclepslecghgracigng éégmant Si gnal 12 5%%\'7\ for med 'b)H'Ilm |'M“ﬁ Hnmml o

said transmtter for transmtting the ack edgnent si*)gnal t13* stag

first radio conmunication station to acknow edge, thereby, reception of the

14 pagi ng signal . 15 ﬁh‘ft?ﬁg“i or-\A et
method for initiating conmuni cata}ngrr?‘%er]fgr éran | s{ya?’l gﬁ&gg%n&caﬁw
station th a_second cati,on statiqQn, sal. met hod
conpri si \r,1ué t he™SHEY eveif’“smgl 13{ CHCOMIRE schite Upbh a 16 raﬁqi}g'ﬂ? ‘f}}af]ﬂ%] t thesPongt
signal fromthe first radi o conmunication station

8 radio communication station;

9 a controller coupled to receive indications of an
10 acknowledgment signal transmitted thereto acknowledging reception at the second
11 radio communication station of the paging signal, said controller for detecting times
12 in which the second radio communication station fails to acknowledge reception of the
13 paging signal, said controller further for causing said transmitter to retransmit the
14 paging signal at an increased margin level usfng a second encoding scheme responsive
15 to times detected thereat in which the second radio communication station fails to

acknowledge the receipt on of the paging signal.

1
2 17.  The communication initiation circuitry of claim 19 wherein said
3 controller is positioned remote from said transmitter and coupled thereto by way of a

4 radio link.

1 18.  Inaradio communication system having a first radio communication

2 station and second radio communication station, the first radio communication station

3 operable to transmit a paging signal to the second radio communication station, a

4. combination with the second radio communication station of circuitry for responding

5 to the paging signal, said circuitry comprising:

6 a controller coupled to receive indicator so reception at the

7 second radio communication station of the paging signal transmitted hereto by the first

8 radio communication station, said controller for determining a 1%%
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19 upon a forward communi cation |ink, the paging signal transmtted at
a first mrgin 20 | evel by using a first l-evel -of -encoding, ™ and the

pagi ng signal including an encoding 21 | evel i ndi [ FL for
i ndi cating the encoding | evel at which the paging si gigﬂgﬂﬂﬁlmmllﬂml
transmtted; 23 rebgansmtting t " from
the first radi o communication 24 I on upon the forward |ink channel
if the second radio comunigcation station fails 25 t o acknow edge
recepti 8n of withen pagleatgd poyival ofithepaging sigualdudifoy fasming @t agknotvledtent
transmtting within a selected tine period, the paging signal

re-tramsmn tt egnall eacwied inaimadner respondivaiorthé gracdin Develindiegion, acond | evel of
encodi ng, the second nmargin |level greater in 28 magni t ude than the

first gargin level and the RaginBQitkr $o@pled Ukt we%y%m“%trgm i
encodi ng | evel indicating porti onlfor ‘iﬂ;\di cati r?g t he second e%lélgl%?l

encodi og at  g3n{ld by MG IRE sﬁﬁqgaﬁgnﬂelgﬁ?{raﬂﬁniﬁﬁfgttﬁea&m&fegghem signal

t he

13 to the first radio communication station to acknowledge, thereby, reception of the
14 paging signal.

15 19. A communication initiation method for initiating communication by
16 first radio communication station with a second radio communication station, said
17 method comprising the steps of:

18 transmitting a paging signal from the first radio communication station
19 upon a forward comrmunication link, the paging signal transmitted at a first margin
20 level by using a first level of encoding, and the paging signal including an encoding
21 level indicating portion for indicating the encoding level at which the paging signal
22 is transmitted;

23 ' retransmitting the paging signal from the first radio communication
24 station upon the forward link channel if the second radio communication station fails
25 to acknowledge reception of the paging signal transmitted during said step of
26 transmitting within a selected time period, the paging signal re-transmitted at a second
27  margin level by using 2 s.econd level of encoding, the second margin level greater in
?8 magnitude than the first margin level and the paging signal again including the
29 encoding level indicating portion for indicating the second level of the encoding at
30 which the paging signal is re-transmitted.

REPLACEMENT SHEET

18 AUG %57

| AMENDED SHEEF




PEO5038/- 3 Rymp

coPY

PCT WORLD INTELLECTUAL PROPERTY GRGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 : (11) International Publication Number: /WO 91137507 3

Al
ﬁg}g ngg’ 719, 712, HO4B 71185, (43) International Publication Date: 9 October 1997 (09.10.97)

|/

(22) International Application Number: / PCT/US97/04188 /31) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,
¥ BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, Fl, GB, GE,

(22) International Filing Date: 28 March 1997 (28.03.97) HU, IL, 1S, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS
\4/ LT, LU, LV, MD, MG, . MN, MW, MX, NO, NZ, PL,

PT, RO, RU, SD, SE@SL SK, TI, ™, TR, UA
(30) Prjority Data: d UG, UZ, VN, YU, ARYPO patent (GH, KE, LS,
08/626,182 \/ %&arch 1996 (29.03.96) \/ \I?’ SZ, UG), Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU,

TI, TM), European patent (AT, BE, CH, DE, DK, ES, FI,

FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent

(71) Applicant: ERICSSON INC. [USAUS}; 1 Development (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR, NE, SN, TD,
Drive, P:O. Box 13969, Research Triangjé Park, NC 27709 / TG).
U8s).

€72) Inventors: CHENNAKESHU, Sghdeep; 311 Glen Abbey { Published
Drive, Cary, NC 27513 (U$). WANG, Yi-Pin, Erig; With international search reporr.

8905 Langwood Drive #102, Raleighy NC 27613 ).
BALACHANDRAN, Kumar; 302 RayEnstone Drive, Cary, v
NC 27511 (US). V]

(74) Agents: MOORE, Stanley, R. et al,; Jenkens & Gilchrist, P.C.,
Suite 3200, 1445 Ross Avenue, Dallas, TX 75202 (US).

{54) Tifle: CIRCUITRY AND METHOD FOR INITIATING COMMUNICATION BETWEEN COM CATION STATIONS OF A
RADIO COMMUNICATION SYSTEM

144 % 2
10

WIRELINE
NETWORK

(57) Abstract

A method and associated circuitry for initiating communication between a network station and a user tcrminal of a radiotelephonic
communication system, such as a satellite-cellular communication system. When commumication is to be initiated, a paging signal is
transmitted by a network station to the user terminal. When the user temminal detects the paging signal, an acknowledgment signal is
generated by the user terminal and encoded to increase the margin of the acknowledgment signal. An increased-margin acknowledgment
signal icknqwlcdging reception of the paging signat is transmitted to facilitate communication of the acknowledgment signal back to the
network station.




