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between the satellite system and mobile phones which
are in a standby mode.

Background of the Invention

10 When mobile phones are in a standby or idle
mode, the idle mobile phones must listen to a signal
radiated by the communication system in order to
recognize if and when the mobile phone is being
called. An attractive communication system from the

15 user’s viewpoint would be a dual mode
satellite/cellular telephone that would listen to and
connect calls with a land-based cellular system if
the mobile phone is in range, or to a satellite
system when the land-based cellular system is not in

20 range. The principle advantage of such a dual system
is that the number of subscribers outside cellular
coverage at any instant might only be a small
fraction of the total number of subscribers, thus the
number of subscribers needing to access the satellite

25 system is reduced. This permits a satellite system
of limited capacity to take on a much greater number
of subscribers than its capacity would otherwise
allow, perhaps 100 times the equivalent ratio in
cellular systems. In addition, the number of

30 subscribers actively listening to a calling channel,
i.e., those in the idle mode, already exceeds the
number actually involved in conversation by a factor




of 20 ta-200. As..a result, the number of potential subscribers to a dua
node satelllte/cellular systen1can be 2,000 to 20,000 tinmes the satellite

systeni s’ It is clear that in such a dual node
comuni cat " network shoul d preferably know whether a
particul ar shoul d be called via the |and-based cellular system

or via the satellite systen1 However, to call every subscriber 10 Vi a
both systems would pose a very severe calling channel load in view of the
potential 100 fold increase in subscribers as nentioned above. Therefore,

it is desirable to restrict calling/pagifg of subscribers via the satellite

systemto onl se 1 bi I e phones that are known or suspected to be
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channel load in v1ew of the potential 100 fold

increase in subscribers as mentioned above.
Therefore, it is desirable to restrict calling/paging
of subscribers via the satellite system to only those

15 mobile phones that are known or suspected to be
presently listening to the satellite calling channel.
In a cellular communication system or a satellite
communication system, it is necessary to restrict
Paging/calling areas to those areas in which a called

20 mobile phone is thought to be located. Both cellular
and satellite systems are more or less global and the
pPaging capacity to call every mobile phone over the
whole globe is hard to provide. This problem is
solved by means of registration.

25 Registration means that a mobile telephone
informs the network what calling channel it is
presently listening to. The network then knows which
of a number of limited paging areas the mobile
telephone is most likely to be in, and calls to that

30 mobile telephone can be broadcast to that paging
area. This process can involve transmitting calls to
a mobile telephone via several base station
transmitters at different sites in the same paging
area. This increases the paging load per

35 transmitter, but reduces the network load for



3 ‘handl fng reregistrations, as a nobile tel ephone need no |onger transnit a
reregi strati on nessagé every tine it finds a stronger transmtter to |isten

to. In thi sygxenrlgs dehRegieli | € tel ephone only needs to 5 reregi ster
when it dete _ ansmission it switched to nonitoring belongs to
a different amunmﬂ%ﬂt En the previous one. The above description of
pagi ng areas tion criteriais well known in the art. It 10
is, for exanple, used in the Pan European GSM cel | ul ar system To achi eve
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is thap the is, for example, used in the Pan European GSM

cellular systen.

To achieve an economically useful capacity to
serve a large number of subscribers, satellite
communication systems need to allow reuse of the

is available spectrum many times over the globe. This
is achieved by the use of multiple spot beam antennas
that divide the illumination of the chosen service
area between many smaller regions. Ideally the
available spectrum may be reused in each of the

20 smaller regions by use of the invention described in
U.S. Patent Application No. 08/179,953, entitled "a
Cellular/Satellite Communication System With Improved
Frequency Re-use", filed January 11, 1994, which is
incorporated herein by reference.

25 The most promising satellite systems for such
applications are those which are in a near earth
orbit and stationary orbit. The disadvantage of
satellites in stationary orbits is that huge antennas
are needed to create the same size spot beams from

30 the 40,000 km distance and the extra delay in signals
traversing that distance creates a problem for two-
way conversations. However, the disadvantage of
satellites in near earth orbits is that the
satellites move and thus the areas that the spot

35 beams illuminate change as the satellites circle the



satellifes nove and thus th_é areas that the spot 35 beans illum nate

change as t Tias Shast éled B eplecidc| e t he 4 earth. Even if steps are taken to
-steer the sp e or less the sane regions, the satellite wll
eventually p rizon and will have to be replaced by a rising
satellite. Wien this 5 occurs, it nust be avoided that the entire
popul ati on of nobile tel ephones listening in the idle node to a pagi ng
channel of the satellite which is about to pass over the horizon attenpt to
reregi ster simultaneously the fact that they are now |listening 10 to a
new pagi ng channel of the new satellite4 As mentioned above, the nunber of

nobi l e tel ep in%he ig%e node is much greater than the satellite
system s capacity to Farf (T8RS Aretakan e steep e espakt bul k

regi strati on beams o audite tar lbex ethel same regions, the saiﬁéﬂﬁﬁfé’ of the
ation | enz nmentioned above, 1t is
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menticned above, the number of mobile telephones in

the idle mode is much greater than the satellite

system’s capacity to handle traffic. Therefore, the

problem of bulk registration is difficult to handle.

15 SBummary of the Disclosure

To solve the reregistration problems mentioned
above, it is desirable to define paging areas in
absolute earth related coordinates instead of
satellite spot beam related coordinates. The

20 satellite system knows what areas its various
satellites and spot beams cover. Therefore, the
system should be able to determine what beam to use

-to page a given mobile telephone if the approximate
absolute position of the mobile telephone is also

25 known. A typical diameter of a spot beam may be from
100 to 1000 xm, so it suffices for a mobile telephone
to determine and register its approximate position.
According to one embodiment of the pPresent invention,
a simple method is provided for a mobile telephone to

30 determine its absolute position within an accuracy
sufficient to inform the network of which paging area
it is located in.

According to one embodiment of the present
invention, a method for determining the position of a



sufficiey L.nform the network of which paging area it is located in
AccordigHgﬂkgkaB“’ ftbnt of the present invention, a nmethod for

determ nﬁmm{mg n of a 5 nobil e radio tel ephone in a satellite
conmmuni ca di sclosed. First, a nobile radio tel ephone scans a
plurality of paging channels and neasures the signal strength of the paging
channels. The nobile 5 radi o tel ephone then sel ects the pagi ng channel .
with the strongest signal strength and decodes the information broadcasted
on the selected channel. The information contained in the pagi ng channel
can include frequencies or tinmeslots of gpagi ng channels 10 I n

surroundi ng spot beans. The nobile station then nmeasures the signal
strength of pagbhyjechadiel telepboneocindangatpdlibeassmaandigagibhzes the

nmeasur ement s es o se Lii o ile,radio tel ephone.
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t he sigpal strengt lurglity o Ing chanpel s 20 and cal cul ates
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Foregi sters ot fof Bogica Sed BREMe Hofedi el Tylathoh: nabenanged by
sai d predet erinfaamatriomtcomnia iiedetn rthe i pagirig tdtardelricgs These and
~other featur SnAES MBS P imesiots of paging channels
10 in surrounding spot beams. The mobile station then
measures the signal strength of paging channels in
surrounding spot beams and quantizes the measurements
to determine a coarse position of the mobile radio
telephone.
15 According to another embodiment of the present
invention, a method for reregistering a mobile radio
telephone in a satellite communication system is
disclosed. First, a mobile radio telephone measures
the signal strength of a plurality of paging channels
20 and calculates an absolute position of the mobile
radio telephone using the measured signal strengths.
The mobile station then determines if the absolute
position of the mobile station has changed by a
predetermined amount and reregisters with the system
25 when the absolute position has changed by said
predetermined amount.

Brief Description of the Drawings

These and other features and advantages of the
present invention will be readily apparent to one of
30  ordinary skill in the art from the following written
description, used in conjunction with the drawings,
in which:



pré%ent ‘invention.w l-l -be readily apparent to one of 30 ordi nary skil
in the art fronlthe follomﬁng written description, used in conjunction with

t he drawﬂh ‘“‘d 6 Figure 1 illustrates a satellite comunication
systen1acc enbodlnent of the present invention; Figure 2 is a

fl ow chart determ ning the position of a nobile radio
t el ephone accordlng to one enbodinent of the present invention; Figure 3 1is
a flow chart of a nmethod for reregistering a nobile radio tel ephone in a

satel lite communication system according to another embodi ment 10 of
the present invention; Figure 4 is a fl@w chart illustrating another
enbodi ment of the present invention; Figure 5 is a flowchart illustrating

anot her enbodi nent bguFﬁelpib%@ﬁtraheenalentelslte communfcgtiion6 is a

di agram of thgy §t5ﬁ05¢é¢§@lﬂ§ totGhst dhbsb ik frkﬁ%éﬁféééh 3-channe

exanpl e; and gﬁg 7 is a fTow di agram of c nf or I on t he network
according to %ﬂfnent of the 20 present invention. Detailed
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calls to be pl aceci.-‘gqb_v@ep it;lea %J@%I@(g}esa %%dcno%\/ ft el ephone 'subscri ber

wor | dwi de, as wel |, &8s betwee
reregistering a moblle radio telephone in a satellite

communication system according to another embodiment

10 of the present invention;

Figure 4 is a flow chart illustrating another
embodiment of the present invention;

Figure 5 is a flow chart illustrating another
embodiment of the present invention;

15 Figure 6 is a diagram of the disposition of
interstitial beams in a 3-color/3-channel example;
and

Figure 7 is a flow diagram of call information
in the network according to one embodiment of the

20 present invention.

Detailed Description of the Preferred Embodiments

Figure 1 illustrates a plurality of mobile radio
telephones 120 in communication via satellite 110
with a hub station 100. The hub station is
25 connected, for example via a local exchange, to the
public switched telephone network PSTN to allow calls
to be placed between the portable phones and any
- telephone subscriber worldwide, as well as between
. the satellite phones. The satellite 110 receives
30 signals from the mobile radio telephones at a
relatively low microwave frequency, such as 1,600
MHz. At this frequency, the transmitters in battery
operated phones can be efficient and their antennas



thé satellite phones. The satellite 110 receives 30 signals fromthe
nobi | e rad|o telephones at a relatively | ow m crowave frequency, such as

1,600 Mz T y, the transmtters in battery operated phones
can be effi antennas 7 can al so be small and
omi directi II|te transl ates the received signal from 1, 600

MHz to a hlgher frequency for relaying to the hub station. The reason for
usi ng a higher frequency is 5 principally because the bandw dt h needed
on the satellite-to-hub link is at least n tinmes the bandw dth all ocated at
1,600 MHz for each bean1 where n is theZnunber of beans. For exanple, if a

6 MHz of bandmﬁdt I s reused in each of_ 37 beans at 1,600 MHz, 10 t hen
at least 37 3 2 ba SRR Y, andy hidd rectonadede Fhs sam;alllte

satel | ite-to-thrandlidtes Fuweré&lﬁﬁ&fﬁ Bt a Hod™MeY 19 coherent

bean15|gnal ra org_requires, at st double thi's n1n|nun1 andw dt h, and
the reverse 92’5% d“trf e esf%(,; Ying 4o thaydb shatiga- of bandwi dt h

i s needed whilhte seggest £drhalsing & Mitthdy SrRjush q_tgld 20 GHz is

approprg at e “&B? I f and r verse lLinks. At this
frequeé%y, e%ﬁr re at.&géfégﬁﬁﬁ q% %i%%ié%%i dW the/e very narrow
20 bandwis@tied Id& error-bake ILigk/ dsuad dfeastt a1 Hlambs dhle by any one system
i's not necesyandwidtl LA ceaitiede AandWod MrGARRe o Ea%%%t eg,he;}h‘)t her

satel lites and.ground stations w t hout interferance as fe strai ght
line froma f %§POHHHh§FaP¢bPeﬁ8Sa f Fo3t exgmple,sifefl ﬁtaﬁuoaﬁ not

intersect wi bandwddehndssgeakkidt 4n Bach of B7CHeHBdaRY 12l6b8CAHLNY UNI que
"statigns” tengal gk hL8ae' 9595065 L 009y 2 bhndlihlnl 1515758 O

needed on the satellite~to-hub link. Since the
preferred method of maintaining coherent beam signal
transport requires at least double this minimum
bandwidth, and the reverse direction requires the

15 same amount, one GHz of bandwidth is needed which
suggests that a carrier frequency around 20 GHz is
appropriate for the satellite-to-hub forward and
reverse links. At this frequency, even relatively
small hub station dishes will have very narrow

20 bandwidths so that exclusive use of this bandwidth by
any one system is not necessary, and the entire
bandwidth can be reallocated to other satellites and
ground stations without interference as long as the
straight line from a first ground station to a first

25 satellite does not intersect with a second satellite.
This is precluded by allocating unique "stations" to
satellites in geo-stationary orbit or in the case of
lower orbiting satellite that move, the probability
of intersection is low and can be handled by having

30 an alternative hub location which is activated when
such an event occurs.

According to one embodiment of the present
invention, which is illustrated in Figure 2, the
mobile telephone scans a number of frequency channels

35 or timeslots on which paging broadcasts are likely to



b ower orbiting satellite that nove, the probability of intersection is |ow
and can be_handl ed by havi ng 30 an alternative hub | ocation which is
activated e & eit occurs. According to one enbodi nent of the
present inv ' i is illustrated in Figure 2, the nobile tel ephone
scans a nu cy channels 35 or tineslots on which paging
broadcasts are likely to 8 be found in step 200. The nobile tel ephone
then determ nes the pagi ng channel with the highest signal strength in step
202. The nobil e tel ephone decodes the pagi ng channel broadcasts on the

sel ected channel 5 in step 204 and 8he nobil e tel ephone obtains

information on the frequencies or tineslots of paging channels in
surroundi ng RHIEWhEin Btew(20@s | THermatilen telephoneithea absol ute

i e et ol AL ST 1

The nobil e tel,epho then attenpts to neasure theée
pagi ng channdl ﬂ’}ﬁbi’jﬁb’iﬁ?ﬂ\fr&aﬁhﬁ mahid e k& lephonerdecodeant s can be
coar sel y quarthez pagings icharifl thrdddiLats onf %ee%fséﬁgl::%edw@:ﬁ]%%retf hlel m)ginlde
T o6, Tor wilt sbel 204 30 he, mole S eePhrbn 4P aipser ror rate AS a
L e|SU| Ej , adnué.nfgmatté.pm@gr d:met)]]:fnzqﬁelg:ifm b?g:tmﬁﬁgmaﬁaﬁ&hﬁaa'zg used to
nelp, decode, eiaRaats, Wil gheAchlfing’ R baaksl cRIOUS IS S X0
channel s for *PRETRE43ONeMBNthef cyirgrent absodyth ceotrdshatlssesrchannels are
Known to be pRenBaAkErYofCthéChebn bt eAUALLYREESHEY Fnd OBk T 92
streng&h neaéﬁéeggg&ie telephone then attempts to measure the
signal strength of the paging channels in neighboring
beams in step 206. The measurements can be coarsely
quantized in step 208 to indicate, for example,
whether the mobile telephone is able to decode
15 neighboring paging channels at all, and if so, for
what percentage of the time or with what bit error
rate. As a result, a much greater degree of coding
on paging channels can be used to help decode
messages which are for a mobile telephone which is
20 located well off of the beam center.
The reason for preferring paging channels for
the measurement of signal strength is that those
channels are known to be permanently active. It is
equally possible to make signal strength measurements
25 on channels carrying telephone traffic, but these are
likely to use so-called Discontinuous Transmission
(DTX) the purpose of which is to save transmitter
power when one direction of the duplex telephone
conversation is temporarily silent. Thus traffic
30 channels that are actually in use may temporarily
contain no signal, whereas paging channels are those
which permanently contain signal. It may still be
possible to determine signal strength usiné traffic
channels if it can be determined whether or not they
35 contain a valid signal, such as by ability to decode



25°¢ on channel s carrying tel ephone traffic, but these are likely to use
so-cal l ed Di.scontinuous Transm ssion (DTX) the pur pose of which is to save
transmtter power when oné direction of the duplex tel ephone conversation

i s tenpor ar Thi hedt HeyHeen RdpliSegt raf fic 30 channel s that are actually in
use may tenp no signal, whereas pagi ng channels are those
whi ch perman Eiu &ﬂﬂw l5| gnal. It may still be possible to determ ne

signal strength usi fic channels if it can be determ ned whet her or

not they 35 contain a valid signal, such as by ability to decode 9
the signal correctly. This works so |lon® as the signal strength is high but
not when the signal strength is |ow._ Paging channels may consist of

dedi cated 5 ‘the (Sighadh GEFeaEtYin éﬁh%mr&yssts@mlqm @sditdet ed tineslots

(as in a TDM&igjtale Btraingti Q@I @nswgllégﬂg dedi cat ed
codes (as in CDMA, sy.st I ndeed any hybrld of these. Wi chever access
nmethod is emﬁ%ﬁﬁﬂ?tqiﬁ§ "pagi ng channel " 10 IS intended to enbrace

agy lr,llnl qlrjlfeofonm N Plaigamey maﬁnwt:,geltmy dome&s:itobspgt@ds.@%&dusgg“tgnbrNgadcast
pagi nggi S i
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assi gned andt&%ﬁ%&&%&%bﬁ% aes! b”dQ&ﬁESESPeﬁgﬁfﬁeﬁﬁgr geg E such channel s

can advant ageously be ra |ate in's ent “direc ns so that
eazh poi nt oﬁYFﬁS%éaPFh1P§eﬁéaPnZOhYbrlﬁhéfbﬁhﬁﬁéentEhlGheung channel . The

aimis to praecdest hethyd! 8 wnbllogelymeRe €brah8pAgEiAgt Bhannel1
10 is intended to embrace any unique combinations of
frequency, timeslots or codes used to broadcast
paging information as opposed to traffic.
U.S. Patent Application No. 08/179,953
entitled "A Cellular/Satellite Communication System
15 With Improved Frequency Re-use", filed January 11,
1994, which is commonly assigned and incorporated
herein by reference, describes how such channels can
advantageously be radiated in slightly different
directions so that each point on the earth is near
20 the beam center of one channel. The aim is to
provide the system with a number of channels to
choose from that are more nearly centrally directed
towards any particular mobile phone, thus avoiding
) the beam-edge loss that would occur for certain
25 mobile locations if the beam pointing was not so
staggered. To illustrate this, consider a greatly
simplified case of a conventional system and a system
according to above cited U.S. Patent Application, in
which three communications channels are available.
30 For this illustration, FDMA can be assumed so that
the three channels are in fact three different
frequencies, which we will denote by black, red and
green.
In a conventional system not employing the
35 inventive method of the aforementioned U.S. patent



.choose fromthat. are nore-nearly centrally directed towards any particul ar
nobi | e phone, thus avoidi ng the beam edge | oss that would occur for certain

25 mobi Th Replacddhe heam poi nting was not so staggered. To
illustrate t | F greatly sinplified case of a conventiona
system and a ng to above cited U S. Patent Application, in

whi ch three comuni cati ons channel s are avail able. 30 For this
illustration, FDVA can be assuned so that the three channels are in fact
three different frequencies, which we will denote by black, red and green.
In a conventional system not enpl oyingiaighe 35 i nventive met hod of the
af orenenti oned U. S. patent 10 application, a nunber of antenna beans,

for exanpl e 3PPlicatdobe jor owmbed axf asiteniia)®dahs,! B ie&g__q,qugy_si cal
carth i n so. oqp| dguadSBeTpravidad S Bebiihited By EhEiigero conventi onal

earth in so-cglled 5 pot coverage re
wi sdom the Ba¥Rigel: rBakacterjstics wifi ehshitedlitdnayteahueen three spots,
I s maxi m zedsbgteR9oshagukka Reayy WMudl c h e.qgain i s_approximately

' oi nt nelativeaggeghgh%egéfkgolg s°583ﬁi€@nter gain.

4dB do at the_m dwa
Thi s iénacco%ﬁ?ﬁgc?ge%ﬁgﬁeﬁFﬁéﬁﬁﬁ°théﬁ??rﬁéngeVQdGOnvbatﬁbnamptinum

conprom se beiaden,onhehgamﬁeahaaﬂeregygtngoiﬂg pﬁEECﬂaiger broadeni ng the
t her hand narrow ng the

beam so as tQs d | oss nd on the,b_
beam t o incr@ééigyﬁge%ggfglgﬁree ﬁg?ﬁsbu%stﬂéﬁl§h¥¢@rbﬁgchogséaqer beam
edge | oss t HENS dweamiwidb esoth - that cthasghih 018 apvbemachipved this

conproni se, 44 dsuny et | ONe! mPwiF BIBE A8 i@gvgot‘ghgegelac.lke, whet her
10 beam-center gain. This is according to conventional
theory believed to be the optimum compromise between
on the one hand reducing the peak gain by broadening
the beam so as to reduce the edge loss, and on the
other hand narrowing the beam to increase the peak
15 gain but then suffering a greater beam edge loss the

same distance off-center as before.

Having achieved this compromise, the
conventional system would then have to decide whether
all of the three frequency channels could be used in

20 every one of the 37 touching beams, with the
consequence that a mobile at the midway point between
three beams would receive equal overlapping signals
on each frequency from all three beams,i.e., two,
equal-strength interferers on top of each wanted
25 signal, or whether in order to avoid this
~ interference problem the frequencies should be
distributed between beams in a 3-cell frequency re-
use pattern. In the latter case a mobile at the
midway point between three beams would receive all
30 three frequencies at equal strength from the three
different surrounding beams, but one frequency only
from each beam, with somewhat reduced interference
from sidelobes of beams further away. A mobile at
the mid point between two cells would receive equal
35 signal strength on two frequencies and somewhat



all of the three frequency channels could be used in 20 every one of
the 37 touching beans, with the consequence that a nobile at the m dway
poi nt bah¥sies HabhBee Rggaeads woul d recei ve equal overl apping signals on each
frequency| ¥ e beans,i.e., two, equal-strength interferers on top
of each ignal, or whether in order to avoid this

I nterference problemthe frequencies should be distributed between beans in
a 3-cell frequency re- use pattern. In the latter case a nobile at the

m dway poi nt between three beans would receive all 30 t hree frequencies

at equal strength fromthe three differdaWt surroundi ng beans, but one
m, Wi th sonewhat reduced interference from

frequency onl %400 fac.h b

si del obes of beans Uri R A Rhrength frem fva feguald siejmul D einag t Wo
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o, o | geeseSeo ESRcch SO B Bk touldle edde’r
relative signiPas .néfhpeﬁ?ﬂ?éet kPTeal mobddrcstatidh eanobtlfaihea assume
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channels, and that we have other sets of three tog ’

distribute in the same three-cell re-use pattern for

passing telephone traffic. a mobile needs only to

know its position to a sufficient accuracy to

15 determine which beam or group of beams should

broadcast a call to it. Informing the systenm through

the satellite of this is the purpose of the

registration procedure. 1In this illustrative

conventional system, a mobile could quantize its

20 position to:
1. Receiving prinéi 1ly RED b
, (k=1 to 12) S cam me- k
- Receiving principally Brack
’s . (k=1 to 13) of beam k
. Receiving principally GREEN
(k=1 to 12) , Y bean k
4. Receiving RED(i) and Bra j
: 11y ) CK(j) more or less
. Receiving RED(i) and GRE j
10 equalig 2 (1) EN(j) more or less

6. Receiving GREEN(i) and B j
less equally (H AR ?ore °F

" more ot Sene S0, BLACK(3) ana GREEN(X)
35 The above categories define six times as many
sub-regions as there are beams, so it may be
approximately said that a mobile can quantify its
position to 1/6th of the area of one spot beamn.



broadcast a call to it. Informng the systemthrough the satellite of this
Is the purpose of the registration procedure. In this illustrative
1.

conventl S, tge ile could quantize its 20 position to:

Receivin M ” beam no. k (k=1 to 12) 2. Recei ving principally

BLACK bea+ 25 3. Recei ving principally GREEN beam
ving RED(i) and BLACK(j) nore or less equally 5.

k (k=1 to

Recei vi ng RED(i) and GREEN(J) nore or |less 30 equal ly 6.

Recei ving GREEN(i) and BLACK(j) nore or |less equally 7. Recei ving RED(i),

BLACK(j) and GREEN(k) nore or less equaldy 35 The above categories
so it may be

define six tinmes as many sub-regions as there are beans,

appr oxi mat el y sai dCheamobikmistdre \m} qi;ar& |dmtém¢09ﬁdir Qhich YHth of the
erion for which

area of one&pﬁm t Cri
3 é% I ongs to vﬁ%@%@o' ﬁg’eptg’gﬁ enforrratlon

of the above _cat.eqgor.i
br oadcast i npggd'é%n Prgadeass émr@rsbm ricst decdaig:m nessages
and 5 br szidhasio |em:dmtd:omotre { IERigs h%is%%’é% gusly on the paging
channels and prataeh é& 0l ey ror rrectlon error detection

codi ng. The error corre SR E3E M §EiSs FARsBithed sonddnsowsilynan code

whil e the erithe ﬂ@géagl@hamseﬂrahdrphb;e&t@ﬁpbh%h both error
correction and error detection coding. The error

correction coding is preferably a convolutional code
while the error detection is preferably a Cyclic

10 Redundancy Check code (CRC). If the CRC of a decoded
message checks on >50% of messages, the mobile can
quantize that to "receiving a beam". TIf the CRC
checks on <50% of messages, the mobile can quantize
that to "not receiving the beam". Thus if

15 "RECEIVING" is decided only for the GREEN beanm and
"NOT RECEIVING" is the quantized decision for the
other colors, the mobile belongs to fhe category
three. By reading the information in the green beam
on it instantaneous center coordinates, the mobile

20 takes those coordinates as its quantized (coarse)
position. If however, "RECEIVING" is the quantized
decision for all three color beams, the mobile is in
category 7, and by reading the beam-center
coordinates from the broadcast information, the

25 mobile can calculate its position as midway between
the three beanms.

Clearly, finer degrees of quahtizing can be

used, such as receiving one color with 95% correct
CRC, another with 45% correct CRC and the third with

30 15% correct CRC. In addition, correct decoding is
not the only clue to position, but also signal



10 ‘Redundancy Check code (CRC). If the CRC of a decoded nmessage checks
on >50% of nessages, the nobile can quantize that to "receiving a beanm'. If
the CRC checks on <50% of nessages, the nobile can quantize that to "not
recei vi ng TRijghe een Replaged j £ 15 "RECEI VING' is decided only for the
GREEN beanﬂ utul VING' is the quantized decision for the other
colors, th s to the category three. By reading the
information in the green beamon it instantaneous center coordinates, the
nmobi | e 20 t akes those coordinates as its quantized (coarse) position.

| f however, "RECEIVING' is the quantiz&& decision for all three color

beans, the nobile is in_cateqory 7, and by reading the beam center
coor di nat es FEERRORE-br Ked@dve sAgnad: is¢xenghd zould fioshiexampde cal cul at e

i ts positionpasqihfitdecdeaeeedlibas:nree beans. Cearly, finer degrees of
guanti zi ng can be_used %y h as receiving one caolor with 95% correct CRC
another with 45% &orr e&E C§€a§n8°th gemigagt: n (3¢aning othegsrect CRC. I n

addition, correct decociedB idewnyt the only clue to position, but also
si gnal 13 streggth. hve signal .strength _could for exanple be
quanti zed as follgﬁs: fEik@%EB egnaﬁg}nﬁngo ﬁﬁﬁng(ﬁﬁgﬁFﬁg>§gﬁErs >6dB

down) 5 2. gemeX beam k doni nant (neani ng ot hers >6dB down) 3.
GREEN beam k dom gant & i t pe d ' n ACK equal
(neani ng <6dB del t a, 18§§§? Blafll & aémggggéﬂﬁﬁ%hggﬁg 8?&%?2 Selib

4. RED and BLACK equal (meaning <6dB delta,
10 but GREEN >6dB down)

5. GREEN and BLACK equal (meaning <6dB delta,

but RED >6dB down)

6. GREEN and RED equal (meaning <6dB delta,

but BLACK >6dB down)
15 7. ALL equal (meaning all within 6dB)

Also in the case of signal strength, it is not
necessary to quantize to coarsely. Having determined
how many beams can be decoded correctly at all, their
relative signals strength can be used in a weighted

20 averaging of their beam center coordinates, using
stored or broadcast beam 'shape information if
desired, in order to obtain a finer estimate of
mobile position. As a further degree of
sophistication, the estimates may be subjected to

25 Kalman filtering that estimates both mobile position
and velocity, with practical limits on the velocity.
Especially in the case where the satellite beams move
across the earth due to uncompensated satellite
motion, the position estimates over a period of tens

30 of minutes would be based on estimates falling in
several different ones of the above categories,
averaged by the Kalman filtering process.

Once such a position estimate is available, the
mobile can determine if it has moved by a sufficient

35 amount since last registration to warrant triggering



5 ' 6.
5. GREEN and BLACK equal (nmeaning <6dB delta, but RED >6dB down)
GREEN and RED equal (nmeaning <6dB delta, but BLACK >6dB down) 15

7. ALL eqnShédtE@HeBReBladedWM t hin 6dB) Al so in the case of signal strength,

it is not n antize to coarsely. Having determ ned how nmany
beans can b ﬂ nectly at all, their relative signals strength can
averagi ng of their beam center coordi nates,

be used in ( . : . (
usi ng stored or broadcast beam shape information if desired, in order to

obtain a finer estimate of nobile position. As a further degree of

sophi stication, the estimtes my be shﬁjected to 25 Kal man f:!teg;ngn
im

that estimtgs_ A LLe position and velocity, with practica
thg veIocity?éEggégﬁg?nggﬁ’thg cﬁ?glﬁﬁg?gl?ﬂeléa?%V?Y?é_beans move acr o0ss
the earth dutriggemednpgnaat auseaueelmbimlt%@ﬁitibm g@éﬁé—ép{’l_aﬁat g ga; glsl g
over a peri f _ f LN e _.based on estim

in sevePaI gﬁ??e? ﬁ?éggggngfo?h%ﬁ%b§%§3%2§é§ﬁ5§éE?edﬁ%Fﬁﬁeﬁu%yt?he Kal man
filtering préRecnpengated sptalpitetrovenrentmte is available, the nobile

d mne if g V, s figi R inge |ast
fggi sﬁg{i on_t Tﬁrl?gﬁ???i&éi‘?ﬁgtﬂﬁ lélfriﬁoegl S tr%?'?%ﬁ%f e%. stration
i s however t??zgjg\é\f’é%q‘b?n% g SUFRt Y AR IR A9 de @patrggjedm?oelnf)}t , gy

the deseovizer©sthé hehees tdhaitfo 1D I RIBASSH a
e vement .t e cription of la conventlo%éFDl\/A, 3- cell

fpyement., D three s%%%%%%a‘gogfﬁ%e%%t%ﬂ%ﬁd@% sHerehse Itheiis he three

frequency re-use 1 ase
channel s i n Gafsst ithe Paging channel burst cycles periodically

10 between three neighboring beams, and the mobile can,
by receiving a whole cycle, determine from the
amplitude changeé whether it is principally in one
beam (deep amplitude troughs in 2 of the three slots
and strong signal in one), or midway between three

15 beams (little or no amplitude modulation) and so on.

The description is now extended to the inventive
beam configuration referenced in the aforementioned
associated disclosure. In this inventive system, a
beam direction is not necessarily restricted to those

20 directions associated with particular physical
antenna structures, but may take on a continuum of
directions by use of electronic beam interpolation.
For example, a mobile lying midway between three
beams does not have to suffer a 4dB loss of signal

25 whichever one it uses for communications, but by
virtue of the satellite transmitting 1/3rd of the
intended energy for that mobile coherently in all
three cells, may receive a virtual or interstitial
beam centered on that mobile. To optimize the

30 minimum gain at all points such interstitial beams
may be directed, a different optimization of
beamwidths applies than the conventional one, and
considerably higher minimum gains may be achieved
with broadly the same antenna aperture.



three di'fferent timeslots in a TDVA system In this case, the paging
channel burst cycles periodically 10 bet ween t hree nei ghbori ng beans,

and the nDPhi $heq #8s BdayRépReRl Vi ng a whol e cycle, determine fromthe

anplitude c it is principally in one beam (deep anplitude
troughs in slots and strong signal in one), or m dway
(little or no anplitude nodul ati on) and so on.

bet ween t hr
The description is now extended to the inventive beam confi guration

referenced in the aforenentioned assocé&}ed di sclosure. In this inventive
system a beamdirection is not necessarily restricted to those 20

directions associ gijefhy t¢) Pt tdls RS %lm tenna structures, but may
take on a continuum’of, directions by use og%E é?%%ﬂﬂé?tman1interpolation
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beans may he directed, a
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ant enna aper £§£81 RewFheu fubni bEUshLa t tion.of .interstitia
red and gree beams petween a gg? %? E%%c&g%%agga%ﬁég%cﬁﬁegﬁ FRought of as
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t he cb@vent i Thel sbthd shade@Veresds a5t €h8-black beams highlight
this, indicating that mobiles using black beams only
do so out to about 1l/root(3) of the black beam
diameter before a better option would be to switch to
a red or green interstitial beam. In practice, many

15 more communications channels than three are provided,
and producing staggered interstitial beams for each
means that each beam need only be used out to
1/root(n) of the conventional beam radius, where N is
the number of channels.

20 Supposing an FDMA set of 256 frequencies are
each associated with a set of virtual beams, the beam
centers can in principle be disposed on a 16 x 16
grid of points within areas equivalent to the
conventional spot beam coverage areas. The mobile

25 station can, by making a measurement of signali
strength on all 256 frequencies, construct a 16 x 16
2D plot of measurements from which its most likely
position will be evident. The correct mathematical
method of determining the most likely position is to

30 fit a curve of known shape equal to the beam pattern
to the measurements by finding the optimum North-
South and East-West displacement of the curve that
best fits the 16 x 16 measurements.

In a TDMA system of 256 time slots on a single

35 carrier frequency, the beam centers can be programmed



Inthe conventional approach, beans are used for communication right out to
their edge. The snaller circles show how nuch of the beam di aneter needs to

be used f OIThis Shestis BeshiR@lackd) t he i nventive approach. 10 The solid
shaded areas beans highlight this, indicating that nobiles
usi ng bl ack mm‘mggﬂlso out to about 1/root(3) of the black beam
di aneter before a De ption would be to switch to a red or green

interstitial beam In practice, many 15 nore communi cati ons channel s
than three are provided, and produci ng staggered interstitial beans for
each nmeans that each beam need only belfsed out to 1/root(n) of the

conventi onal ¢he adi ere | §.the nunber of channels. 20
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correct nathsgg%%gg% met hod of detern1n|ng_t position is to

30 fit ac¢ fRASHRSRRAEE eguallt bireslobam yhickrareo the

neasurenentSthgnfpndtegséﬂebypthéuﬁwbbﬂihen§@&ﬁ§la&&r@?sfi di spl acenent
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256 time sl Qo oprare mohtiobdl ol fo BENRIAE 2 nokibean centars can
be programmRPSitien iestimateyst Bhese cestimatesn ugly ttierd 6o 16 grid from
timesiot 10 furdwiaverdgdd By 'eRE U ol dmdfe £85I E 'Kalman filter
technique. :
A supplementary device that the mobile telephone
can employ to determine if pPaging channels are
received weakly, even underneath co-channel
15 interference, from traffic channels or paging
channels in the current beam using the same
frequency, is the subtractive demodulation process
disclosed in co-assigned U.S. Patent No. 5,151,919,
which is incorporated herein by reference. The
20 technique disclosed therein involves decoding the
strongest of a number of bverlapping signals and
subtracting the decoded signal out of the received
signal and then decoding the next strongest signal.
As a result, the weak signals from the paging

25 channels can be decoded with better accuracy by
decoding and subtracting out the stronger interfering
signals.

In addition, the mobile telephone can also make
signal strength measurements on traffic channels that
30 it can decode. Different channels may be simply
different TDMA time slots on the same frequency and
not necessarily different frequencies. 1In some
satellite communication systems, the energy from the
satellite can be redirected on a time siot by time
35 slot basis to respective mobile telephones and



in the TDVA case for the nobile to collect the 16 x 16 measurenents, as it
frequency for one TDVA frane to coll ect

need only swell on the sanme 5
ts on all tinmeslots, which are then processed by

si gnal striesi@étHasBas Be
t he two-di e fitting procedure nmenti oned above to determne a
nobi | e posHﬁ These estimates may then be 10 further
aver aged by e a orenentloned Kal man filter technique. A supplenentary
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are recei ved weakly, even underneath co-channel 15 interference, from

traffic channels or paging channels in Yhe current beam using the sane
ation process disclosed in co-assigned
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I n addition, g e, b|Ie t el ephone can al so nmake “Si gna
nmeasur enent s*-on A MG eSS @Amtozdts prnese@é;nl@@@ctd@n. Di f f er ent

channel s may be smmopﬂéﬂmwﬁg'ﬁﬁl% bedh Shekshe B]folﬁemﬁ ajeeauency and
el llte commini cation

not necessar plyedi &f fre nGi ea@ Ln sone sat
systens, the ener I’1t| staregdstegrdednethen a time slot by
time 35 sAseLiates sweheaspeatq ensuwki thatetBBNABB$18"dan be

10 reached, it must be determined whether the mobile has
moved, and if so, re-register with a new position.
Consequently, the mobile scans the satellite signals
to find paging or active traffic channels on which it
can make signal measurements. This is shown in step

15 300 of the flow chart illustrated in figure 3. ‘The
mobile then measures the signal strength of the
detected paging channels in step 301. If the mobile
does not have a current registration with the
satellite, the mobile is in any case going to

20 register and thus does not need to determine if its
position has changed before accessing the satellite.
In this case, the mobile can proceed to step 304 in
which the mobile attempts to access the satellite.
The satellite responds by granting the mobile access

25 in step 305, which can if desired involve temporarily
allocating a traffic channel to the satellite for a
more prolonged exchange. It would be preferable
therefore if the mobile had determined and conveyed
its position estimate to the satellite already in

30 access request step 304, but alternatives are also
disclosed here; for example, the satellite system can
determine in which one of all its virtual beams it
received the mobile random access'signals the

| strongest, and estimate the mobile position in the
35 Same way as the mobile estimates its position from
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Therefore, the mobile should determine its own

position before attempting to transmit to the

information on current beam center positions

broadcast on the Paging channels be read by the

with signal measurements. The mobile station then
20 proceeds to step 303, where the new position estimate

is compared with the position estimate associated
with the last registration. If the mobile has moved
more than a threshold amount, for example, by more
than -1dB beam radius, then the mobile proceeds to

25 step 304 to re-register. On the other hand, if the
mobile has not moved by more than the threshold
amount, the mobile proceeds to step 308 where it
enters a power shut down mode to Save power and
starts a timer. When the timer generates a wake-up

30 alarm, which is arranged to coincide almost exactly
with instants on the selected pPaging channel when the
mobile can be paged (i.e. its time slot), the mobile
Tescans the paging channels, making signal
measurements which the mobile uses to update its

35 position estimate, and the cycle then repeats.



18 the satellite signal nmeasurenents. Thus, the satellite can unaided if
necessary estimate which traffic channel and beam conbi nati on woul d suit

the nobil e MEShee B GRS fOr @ nore prolonged 5 i nterchange can be

that the sat mnshes to performan authentication of the nobile
station so tEmu%'EmFEH bile is not able to corrupt the registration
I nformati on nui ne nobile. If however the nobile is not sure
that it needs 10 to re-regi ster because a previous registration seens
to be still current, the system does no% want to generate an unnecessary
re-registration |oad. Therefore, the no ?le should deternine its own

position before at n r the atellite in step 302.
This step reqwresktgnghé H?%?%%t?%%ng%tég?%gﬁ? ggﬁﬁ1&§nP8P d§o8Pt i ons
broadcast on FREFRIYFREXchBNEERR BE3rand pyocaedsnbolstépabnmn @Rd used in

position estismebide éﬁﬁnguﬁtahl§lggﬁ+e§E§§# 0E T%%Fﬂﬁ% Iegstatlon ghen
posI on e i 8 conpar e

20 procegﬂg to step, 303 ége e th
with the posi %ﬁuﬁﬁ?? FoVBich 18 R2s Hade the tbstsabglkitetlon If the

mobi | e $as nnwbdemwyelnhEMeaaééé§§FEéqhéE§nH&f +86m EXR gg nmor e t han
0 25 step §%

-1dB beam rad%]&m# *1&?}] éc?eq)?rtﬁy% Ehn okt Letsy D byt rtte than

re- regl ster

t he threshol dlefsfurit4 hmsnobrne ookl dsou Xd ﬁm&%%r&| o&fters a

en the timer

D ol o CH¥ICe a2 G M U of B TELyllen fde L er

generates a mak&iﬂh alarm’
exactly with% 1e.0PY @%%M‘%@@W&h@nﬁt.Mmt ey eI | e can be

paged10 . e. posdible Hort medsif-Heitst to exist without the mobile
being able to make a position estimate due to it
being unable to read any information on the paging
channel regarding beam center positions. This might
for example be temporarily unavailable due to system
15 malfunction such as a faulty link between the
satellite tracking system and the Paging transmitter.

If it is possible to provide the satellite
position.or signal information already in step 304 or
during a prolonged interchange in step 306, or

20 subsequent communications, the satellite system has
the option of combining these with its own
measurements of the mobile signal to obtain a refined
position. This refined position can optionally be
returned to the mobile in step 307 while

25 acknowledging the re-registration. The mobile
station would in that case remember the refined
position for comparison with future estimates in step
303. The satellite system also stores the mobile
position in its memory against the mobile’s ID and

30 may also convey that position in coded fbfm to the
mobile station’s cellular Home Location Register.

In the context of a dual mode satellite/cellular
communication system, a more frequent and troublesome
reregistration problem can arise. Consider when a

35 mobile telephone listens to a Paging or calling



‘rescans the pagi ng channel s, nmaking signal neasurenents which the nobile
uses to.update its 35 position estimate, and the cyclé then repeats.
19 If the nDbl €q ggmﬁgk&rnlned that it needs to re-register in step 303

and prodé , the nobile can suitably convey any position
estimte \E& s which it has made to the satellite 5 al ready
in the ac roomin the data format exists for both this and
the nobile's ID of at Ieast 34 bits. The nobile could optionally, if room
in the format exists, send a position timate if avail able, or signal
measurenents if not. It may be 10 g ssible for nmeasurenments to exi st

wi thout the ERinHRIPEING égkﬁlﬁﬁtgaﬁgs@eﬁo§hEh% %ﬁ%hh%?%eﬁﬂ to it being

unabl e to read _any 1 nformatiaon g regar aEeamcenter
posi tions. TARLidnghchegnedy imppe 1padr ﬁﬁ@ﬁapﬁﬂ}u&navawﬁxbhe G@E to system

15 mal f uigisitaRcelapors 18skaulet ¥nki alélbﬁw@ealghsls at ghll El.gsg acking

system and the pa transmtter ossi ble to provide the
satellite po8tt S 8gi83§5 5&3PaiﬁfSPﬁaPFoﬁu&FPeadﬁrPﬁu§P§p 304 or during a

pr ol onged |nbebuhaegeel&nsheD13€6Feméﬁ§9nes m&ﬁhﬁé&UQ?L c?nnunlcatlons t he
tellit n_of .conbi t hese wi S own
igagur;ngnfg ?g#ﬁgi%%g %Q& Sﬁgg F8w8b?2$ﬁgﬁ €ti n8B BoSRB¥on. This
refined posihighwayn bptweﬁaltyobmanerucneﬂesQ foe enhmbeelnasgaplgo7 Mhhlf
25 k e e t e ati on_wou in tha
o hothegdy g EP 05|§ésﬁ£? éQBSt J@ gﬁgkLiﬁaiﬁfngagsflnates in

case renenber the re |ne g I on
step 303. ThBndaf¥erytmokjdecwithsd %%%@b%ltﬁécﬁbbulerpphoneon inits

menor yoagai niighBeat®lnpe’ ol FePédister with the satellite system
as it enters the zone not covered by the cellular
system. This is not normally a problem for cellular
systems, as when no coverage exists, the mobile
telephone does not attempt to reregister.

15 Furthermore, the size of cells in cellular systems is
perhaps 100 times less in area than satellite cells,
so the above described systematic reregistration load
can be easily handled. However, such a mass
reregistration may cause problems for a satellite

20 system. It is therefore another object of the
present invention to avoid undue satellite
reregistration due to the regqular passage of vehicles
through a hole in cellular coverage.

According to one embodiment of the present

25 invention, as illustrated in Figure 4, mobile
telephones that are locked to the cellular
communication system monitor a preferred calling
channel in step 400 but also have a list of
neighboring calling channels which can be used as

30 alternatives in the event of loss of sighél. A
pPaging area comprises a number of base stations that
a calling message for a mobile will be simultaneously
transmitted from. It is desirable to transmit a
calling message on a group of surrounding base

35 stations to avoid the mobile having to continually



‘may- al so-convey. that position in coded formto the nobile station's
ceIIuIar Hone Locatlon Regi ster. In the context of a dual node

sat el | i Thd ni cation system a nore frequent and troubl esone
reregi st can arise. Consider when a 35 nobi | e tel ephone
| i stens calling 20 channel in a satellite systemrather

than a ceIIuIar calllng channel in a | and-based cel lul ar system for

i nstance upon loss of the cellular signal. The loss of cellular signals can
be quite a frequent 5 occurrence iginobile tel ephones nounted in

aut onobi l es traveling down a hi ghway. On a busy hi ghway, between two ngj or
cities, for emampgistargap it wahaeraramcngrené Bayn@xtgt batwaenarti cul ar

pl ace. ' and cygovugohi Leatibhad ahel hotEhee! Lulas BRgBFy oo, ™ oM

attenpt to reregi ster em as t he zone not
covered by tHEeakBethe| mpbilstwas nsgensngo onenentf ytle ptwdl kaséor cel |l ul ar

systems, as ¥B8Pibfs§oys’ 88ReBy| Shad éPsnaﬁPtls {:ﬁ;&p&?n&lf not attenpt
{ ernDre the size of s 1n cellular systens i's

to rer glste

perha 100 %?ﬁé@a§%s§g%ﬁlgP%a tﬂ%ﬁhs%t%¥??Pe°€e$¥%t1%%5the above descri bed
Coregatrat f“"“““ﬁh‘éi’“‘@ﬁﬂqcﬁew‘”‘ﬁ' Lo e S

t her ef or e ana(;%]?l el st:h CHrR %?Ifl:"?l BPHEQ A RAFY undue satel lite

reregistrat |$Jtammtmtmegr@mlmﬂpass®géfdemfpa§ﬁsg téarenigippa hole in

cel lular coy, AGeHL qqiﬂf r t 25

I nventi on, é?g ﬁﬁétrategb?%ﬁélgure gﬂ? éﬁﬁéqeﬁhgﬁgs are | ocked to

t he c’e‘?IuI‘ arfor.
Normally, a base station broadcasts a list of

surrounding stations’ calling channel frequencies
which can be received by the mobile in step 402. If
the mobile detects at step 404 that the currently

15 monitored base station signal quality falls below a
predetermined threshold, the mobile scans the list of
alternative calling channel frequencies in step 406
and switches to one of the alternative channels in
step 408 if it has a signal quality above the

20 threshold. In certain systems, for example TDMA
systems, the mobile may have spare time between
monitoring the current base station in certain
timeslots in which it can effectively continuocusly
scan the alternative list without waiting for the

25 signal quality of the current station to degrade.

If the mobile switches to monitoring a different
base station, the mobile station need not re-register
unless the paging group ID is no longer the same.

The new base station will however broadcast another

30 list of calling channel frequencies of the base
stations surrounding it, which the mobile now scans.
Eventually, the mobile may switch to a station not in
the original paging group thus necessitating a re-
registration procedure.



communi cat i on systemnonitor a preferred calling channel in step 400 but
al so have a |ist” of neighboring calling channels which can be used as 30

al ternati vgs shidt iiBeaMephcdf | 0ss of signal. A paging area conprises a

nunber of at a calling nessage for a nobile will be
sinultaneouEﬂ “B Hui from It is desirable to transmt a calling
oundi ng base 35 stations to avoid the nobile

nmessage on
21 re-register as it wanders along the boundary

having to continually
bet ween two base stations. The network would sinply know that the nobile
was |istening to one of the two base st&®Rions, or others, and transnit a
page on all of 5 ati,ons. _Such.a group of stations transmts
a "paging area | D' ,Iréltﬁ{igi:ié) mSBitre SASH JoPdde gets theswamehdd sto
listening to ffbF¥ETrounding basa gta&ﬂowbthramdﬁtgeeggkeggggng area ID
only in this asaitoved Gase ' at i alled 10 Tor. Normally, a
base stationmﬁrgadc SL% g'Ii??ggﬁkéﬂr?ganggﬁgngtSFFBﬁsarSaFPPﬁg channel
frequenci es WAPEADESn P¥e thec systenpfot he kbei samenferepadfi?mobh1he nobil e
detect sSat stEp U0S.t Patehkeappnieativnlic. o#PR5L0 base station signal
quality faIIsfP?I§¥bg.§nedetergineg,ihreshold?P§%%'§ggflg ggghgathe l'i st of
alternative calTing Chanfdl epFEqlehiteswikh s cpuateninedspagihgs to one of
qgual ity above the

t he alternati3ee@hisndisclaosetiep 408 if it has a signal
anpl e TDVA systens, the nobile

20 t hr eshppdl. ¢+ > ak S for_e €
may have spare tineeagré.tﬁg%ni%oﬁixt%%\]goﬁcﬁea Fe Rt Akkexnakive in certain
timeslots in StEHY (CRannels cat i netyegistratioms specifically for

10 that mobile. The network remembers these and knows
that a particular mobile station shall be paged on
all of these channels. Thus, the paging area for a
mobile can be re-centered around the actual position
of each mobile upon re-registration, delaying the

15 time when re-registration may again become necessary.

On the other hand, if no alternative calling

channel meets the signal quality criteria in step
408, the mobile can, before moving too far from the

current base station, report that it is entering a

20 "black hole" by effecting a deregistration with the
cellular system in step 410. The cellular system
then informs the satellite system of the last known
position of the mobile within the cellular system in
step 412, which is a sufficiently accurate position

25 for the satellite system to be able to determine the
appropriate paging beam for the mobile station. "The
mobile telephone then switches from the cellular mode
to a satellite mode in step 414. The mobile
telephone then determines the strongest satellite

30 calling channel in step 416 and then monifors the
selected paging channel in step 418. The mobile
telephone then estimates its absolute position from
signal strength measurements without needing to
register with the satellite system, thus avoiding

35 registration load on the satellite.



scan thé alternative |i st without waiting for the 25 signal quality of
the current station to degrade. If the nobile switches to nonitoring a
di f f er ent BéSbeesHatBearRephéte nobi |l e station need not re-register unless the

pagi ng grou ger the sane. The new base station will however
broadcast a list of calling channel frequencies of the base
stations surroundl ng whi ch the nobile now scans. Eventually, the nobile
may switch to a statlon not in the original paging group thus necessitating
a re- registration procedure. 22 In23he prior art, each nobile gets the

same |ist of surrounding base stations fromits currently nonitored base
station, and pagi r@qmm eesthimathsf | ifexl dbsallvtes pxiscihitom erddhe sane for

each robi | e. ,%3}] if&t a method for
provi di ng eac‘%ermsbt} % custo ngf}%te]'g)yls ,58%‘ sed. The
techni que i s F-IAEAA C%KF%P’M%Q tHraty) ifor @i&%hmgw%a s at

re-registrat Ijahx&iéy:lm @&ébés)rtﬂ& 1ts pOAitIRN Has cHigid Wy k remenbers

| e statlon shal | be "paged on all of

t hese ﬁd knows t hat articu
t hese channel®eTrer nt ?‘é‘ auT &tep 39§ mdthowty,havdngnt er ed
around the acigsin [faird e @il Ry mikjrag ,udeN cagr ra‘tgltﬁaltatﬁl% del ayi ng

the 15 tilf; en re;registration agai n_hecone nect ry. On the
other hand, T alt FhATTE TA0Y ﬁb%ﬁ% %e tfality
criteriain mma mgmﬂrelycmrebé:&mrbetMN mgautldonfoa:r fromthe
current base rgnildsiht HP Urinddisarly rp- gﬁ%& 89+3 550 glvéhpﬁ%%h:h0|e" by

effecting a ereglstratlon wth the“cell ul system i'n st The
have been out of cellular contact for at

cel | ullg ~sysddnmus
least several hours and several hundred kilometers.
An alternative to the step 412 in which the
cellular system informs the satellite system of the
last known mobile position within the cellular system
15 may be understood by récalling that a caller for a
dual mode satellite/cellular mobile is not
necessarily routed to the satellite system in the
first instance, but to the mobile phone’s "Home
Location Register" which resides in a mobile
20 switching center belonging to the cellular operator
with which the phone has a subscription. In the
alternative step 413, either the satellite system or
the cellular system can inform the Home Location
Register or a Visitor Location Register of the last
25 known position of the mobile phone. According to the
previous description of how a mobile phone is reached
when locked to the satellite system instead of the
cellular system, the mobile’s current location and
call routing information shall be lodged in the HLR
30 in terms of a VLR ID. The VLR or Visitor Location
Register is provided in foreign cellular switching
centers to hold information on non-native mobiles
that are temporarily registered in their areas. The
entire PSTN cannot however know where each mobile is
35 currently registered, only where a mobile’s native



thgn informs the satellite system of the |ast known position of the nobile

within the cellular systemin step 412, which is a sufficiently accurate

posi tion 25 This ShkdHad A6, §A1.El,l it € systemto be able to determ ne the

appropriate p the nobile station. The nobil e tel ephone then
switches fr o#ﬂﬂﬁﬂﬁﬂ”ﬂ
t el ephone then
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'nthe fIrStthe VLR ID stored in the HLR. The VLR then requests
authentication and crypto information from the HIR.
The VLR then sends out the call and authenticates the
mobile. However, when the call is routed to the

15 satellite system, the virtual VIR ID is sent to the
satellite ground station which requests security
information from the HIR. After the satellite ground
system has received the security information, the
mobile is paged in a satellite beam covering the

20 absolute location associated with the VLR ID.

It suffices therefore that the cellular system,
upon deregistration of a mobile, lodges an
appropriate virtual VLR ID associated with an
absolute position known to the satellite system.

25 This however requires that cellular switching systems
be reprogrammed to lodge a default virtual VIR ID in
the HLR whenever the mobile deregisters from that
cellular region. The default VLR ID has to be
provided by the satellite system utilizing this

30 invention and is the VLR ID associated with the
absolute satellite Paging area in.which the VIR is
located. oOther alternatives exist, all of which are
considered to be within the spirit and scope of this
invention. For example, the VLR from which the

35 mobile has just deregistered can merely inform the




Locati on Register" which resides in a nobile 20 swi tching center

bel onging to the cellul-ar operator with which the phone has a subscription.
In the alternatlve step 413, either the satellite systemor the cellular
systen1caﬁmsﬁk6 Location Register or a Visitor Location Register
of the Iast position of the nobile phone. According to the
previ ous d ow a nobil e phone is reached when | ocked to the
satellite systen1|nstead of the cellular system the nobile's current

| ocation and call routing information ghkall be lodged in the HLR 30 in
ternms of a VLR ID. The VLR or Visitor Location Register is provided in
forei gn cel | HLRr thatt dhiengobdiecis no ﬂohéekﬂtegﬁstbﬁadOQ%ﬁﬁniﬂatiVeSTN
nobi | es t hat e r g r,aregs. The entire P
cannot homevg§ékﬁ%§F%%%?°hEngg E§E %%ekg dua &UPP ﬁtly regi stered, only
where a nobi Batelpite/sellularsaubshriptione. thehehasuthet onasnoffil e's HLR

The route toateasrmﬁlag VhaeNsacaniite Lirey ﬁieg&kyxﬁeeb%g{oig LS thus

first retrieved romt e

i || ust Pat es Bhee}é 816FtFﬁeVFRo§PonEBIPYlﬁPéFﬁ&tronThhssgen idnsystem
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o routed totPrEstst9e thip infiruskion, \ phe apalior  Surkd to the LR
usi ng the ViL&ltersativesi isthe elihlﬁhtthﬁbtheedrtqueepﬁo@@aﬁent|catlon
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reprogramming requirements only to systems offering
dual-mode subscriptions, or even limiting such
programming to elements of the satellite system.
Yet another alternative deemed to be within the
15 spirit and scope of the present invention is that the
VLR upon a mobile deregistering does not inform the
HLR of the change. Only when the PSTN next attempts
to call the mobile will the HILR receive notification
from the VLR that the mobile is no longer registered.
20 The HLR then by default contacts a satellite
switching center and informs it of the last VIR ID
with which the mobile registered. The satellite
system can have a stored map relating VIR IDs to its
own absolute paging areas, and route the call to the
25 paging area in which the mobile most likely will be
found. Upon the mobile initiating a call, the
problem is resolved in that the satellite system is
now positively informed of the mobile’s position and
it can be properly registered in the satellite system
30 and the appropriate virtual VLR ID lodged with the
HLR.

Since the cellular system is presumed to have
adequate capacity for registration, even for mobile
telephones emerging regularly from a systematic

35 "black hole", the satellite to cellular



satellite ground station which requests security information fromthe HLR
After the satellite ground system has received the security information,

the nobile is paged in a satellite beam covering the 20 absol ute

| ocation a§§ ¢ VLR ID. It suffices therefore that the

cel lul ar ﬁ m IEQI stration of a nobile, |odges an appropriate

vi rtual VLR with an absolute position known to the satellite
system 25 Thi s however requires that cellular switching systens be

reprogramed to | odge a default virtual 26LR ID in the HLR whenever the
nmobi | e deregisters fromthat cellular region. The default VLR ID has to be
provi ded by tFér§§ﬂétrﬁté°§ysssnﬁunsln@tng thpacity issueyesbimacand is the

VLR 1D associ gsed bblr! Banaliapkib 386kl bt aHATRe$goLR N Ch the VLR
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limt y rep o) r U|renents on to systens 0 dual - node
subsecr gtlons |*ﬁ)gﬁﬁﬁﬂ le to register with the

cellular system. A method for detecting when it is
possible to register with the cellular system is
described below. In this case, the cellular system
can notify the satellite system by a deregistration

15 signal via land lines, for example, that the mobile
telephone no longer needs to be paged by the
satellite system. This is of course unnecessary when
all calls to a mobile from the PSTN will in any case
first be referred to the HLR to obtain current

20 location information. It suffices then to overwrite
the virtual VIR ID of the satellite system with the
address of the physical cellular VIR with which the
mobile has just re-registered.

In the GSM system, a subscriber with a

25 particular service providing company has a
corresponding data record on one of that company’s
cellular telephone exchanges or switches. The record
is called the home location register or HLR and it
contains an entry for the last known position of the

30 mobile telephone in the communication system. For
example, if a mobile telephone is taken to another
GSM country and switched on, it will determine which
calling channel has the strongest signal strength and
then send a registration request to the foreign

3s system. The request will indicate the home country



prdgraming to elenents of the satellite system Yet another alternative
deened to be within the -15-- spirit and scope of the present invention is

that the Vigg a |l e deregistering does not informthe HLR of the
change. 01”:1[% %sﬁj‘iﬁweﬁext attenpts to call the nobile will the HLR

receive noti the VLR that the nobile is no | onger registered.
20 The ault contacts a satellite switching center and
informs it of the last VLR ID with which the nobile registered. The
satellite systemcan have a stored map rgjating VLR IDs to its own absolute
pagi ng areas, and route the call to the 25 pagi ng area in which the

mobi | e nost | igeR Yard [#hdeeddtigh dypied RE IORIdtAdH terid iR ?Q}Fa' I, the
problemis resolved in th the satel]ite stem i s now positively inforned

of the nobil e TYFRTIPE FIXCELLEF 5P eRfadmedata n the satellite
system 30 asattheritel ceppirap rited eidenttify ofil RNeDmnokdged tulldpHdie HLR Since

the cel lul ar Q%ﬁﬁp | £§HFQHIEE ngv gqugke capagi ty for registration
th%ﬂﬁ%ég éa€¥#§3/ & léﬁé tic 35

even for nobil ones emer grng regula rom
"bl ack ol e", negdsdwrad jane the danejion systed rar egivdtsdAtiingn i ssue is not a

capact Uy | SSUQoctR iBH Ik &fi St a0 L) BHATRHO dcatn' Gl Rl hel d mobi | e

tel ephones. It is_not desirable when usingﬁbattery power to listen to the

satel lite sysiopid®yshatdon willhesentedosbe stored ey the EER.ul ar
system Accor dhegeaFtaiqt htle Q-.@l%%m&@ tehewRngs %Q_Ee'k”&ﬁ?t 'c%'ig.s .
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rer egi st eri ng ¥h& o RS ¥ ¥ §te & HRRB nobile
10 automatically to obtain the current VLR location, and
then to the VLR.

In accordance with the present invention, when a
dual mode mobile telephone sends a deregistration
message to the cellular system, the cellular system

15 contacts the HLR to change the data of the current
location from the VIR to the satellite system. In
addition, the absolute location is lodged in the HLR
so that the satellite system can obtain it or
optionally so that the HLR can forward the location

20 to the satellite system. The reverse process takes
Place when the mobile phone reregisters from the
satellite to a cellular system. To avoid the need to
change the software of all VIRs to perform satellite
related location and registration functions, as an

25 alternative, the VLR performs its normal functions.
The HLR on which the phone is registered as having
satellite capability then has the task of determining
the equivalent satellite system coordinates by
looking up in a table the information pertaining to

30 the VIR from which a registration or deregistration
of one of its mobiles was received. The HLR can then
if necessary inform the satellite system of
approximate mobile position.

Still, power consumption for portable mobile

35 telephones is a problem when the cellular and



10 detects that it is possible to register with the cellular system A
met hod for detecting when it is possible to register with the cellular
system i s (lR%Gdt BRBeRHepMeed | N this case, the cellular systemcan notify the
satellite s ' egi stration 15 signal via land lines, for
exanpl e, thﬂ!ﬂﬂﬂlﬂmmiﬁ\ el ephone no | onger needs to be paged by the
satellite s of course unnecessary when all calls to a nobile
fromthe PSTNwill in any case first be referred-to the HLR to obtain
current 20 | ocation information. suffices then to overwite the
virtual VLR ID of the satellite systemw th the address of the physica
._In_the GSM

cel lul ar VLRsatelldeChotibe BpBrheeha@t LHS!shfie’ £9LSt €T
i articular service providi if®conpany has

system a sug§ggibe§ wth a, 2 E :

a correspondi Ay daldePeBoPabiteckelephona: isohpakedstaethel ar tel ephone

exchanges orsa®ielihte. ifihtheeabsencs 68! tetihler Neignl peatign register or
knoywn position’of the 30

HLR and it ' tLy. hg | ast
mobi | e_t el eﬁﬁgﬁﬁéﬁu?ﬁeﬁgo%%‘?%%#i o s‘i"s'f%?ﬁm'tovh%&aamq:%;mlaa mobi | e

gelepﬁ@ne Q;i?ﬁéﬁEZ}Eh%nbeheagiinwnzmnmeg'z&mbiwﬂmxémxi$5bm511y?Ll .
et erm ne € t est al stren and t hen
hoe €m%aﬁ?§%relfg#‘%€& t°§y% t‘TI‘%grequest will

send a regigér .on reqfest to t
i ndi cate the o FRHINg champel o/3F SRedialkifpatayssemand loxont act t he

HLR by i nt erwi1 dveal implenmerited nimorhftiurd it as[ﬁ nticating the
%fltr}'lzda t taey’{é]et? i on, the

et VoL 2 S AGERY B b, ST et - s o
regi dCr (VERAeygraups | i dthieo prdfnatriye candidate technique used,
in which a mobile is assigned to a subgroup of
mobiles according, for example, to the last digit 6f
the telephone number or the sum of the digits of its
telephone number, and calls to that group are
15 transmitted only in certain time slots that the
mobile can anticipate and wake up to receive. Thus,
the mobile station can spend at least 90% of the time
powered down. The mobile can however, only enter the
sleep mode when locked to a calling channel and
20 having identified its Sleep mode group.

According to the present invention, the
satellite calling channel also implements sleep mode
groups which allows a mobile phone to activate its
satellite calling channel mode for only a fraction of

25 the time. In principle, the mobile can wake up for a
second fraction of the time, say one millisecond
every 20 milliseconds in order to scan one of the
1,000 cellular channels. The channel containing
significant energy would then be identified in 20

30 Seconds, which may be an adequate response'time for
transferring from satellite mode back to the cellular
mode. However, both power consumption and response
time can be improved by having the satellite calling
channels broadcast a list of cellular calling

35 channels that exist within the area currently



‘nobi | e station will be sent to be stored at the HLR Thereafter, the
t el ephone s stentmtll refer any calls by any caller in the world first to

the HLR 10 ‘ng BuhRqa&%& to obtain the current VLR location, and then
to the VLR mnth the present invention, when a dual node

nobi | e teIe eregistration nmessage to the cellular system the
cel | ul ar systentlS contacts the HLR to change the data of the current

|l ocation fromthe VLR to the satellite system In addition, the absolute

| ocation is lodged in the HLR so that tjee satellite systemcan obtain it or
optionally so that the HLR can forward the | ocation 20 to the satellite
system The r@mmﬁ&dgs&ﬂa@]ﬁr@%ﬂ&iﬂélt |i:°ea bi lg ghone rer egi st]ers
fromthe sat | ar. tent To avQi_d the nee to change the
sof t war e of 2111 Iu%%lstsa({t 0 pE{ ffg'r%rsea ol 193D Sateddd teoPagilvs and reg| stration
functi ons, hapned broadcastwmta ldstt lod YeR1RerOCAR 1ihe RALTE ]{)unct i ons.
The HLR on w&kg | e tered_a aV|n satelllte capability
then has the tas %%1 e&?lms%err?g%tot%t)e eeium%llg FEPPPPe% em

coor di Rat es E?CF&UQFnﬁhGp1#§ta°¢asbélnh€ ch&nneﬁtfa&gﬁ&hb&b&lﬂﬁ to 30

the VLR fromseepchoa aedl stkinpes 6 4Raegks! EAbl 8,81:00¢ of Lis mobil es
n

was received HLR then_i.f, necessar orm Ssyst em of
appr oxi mat e ngbgﬁg %ﬁ?ﬁ&ﬁ cadling EBﬂBPeiﬁnsnnﬁtepnsﬂe: portabl e nobile
35 telepﬂehese531a phebtelluhap b&ckehbibartRRf aro28 satellite nodes

o e sat ol FrreeiiEnly 88, p10 83680 ELLoCa Iy Sofltane o oPNOne 1o ! ocked

tothesﬂellteln
10 temporarily can then limit the list of possible

calling channel frequencies from 1,000 to rerhaps 21,
on the basis that calling channels can reuse the same
frequencies in a 21 cell reuse pattern. Aas a result,
it is only necessary to inform the mobile of what

15 frequencies have been chosen in a given area.

By using the sleep mode, the mobile telephones
only then need to activate their cellular receivers
for perhaps 21 to 63 milliseconds out of every 20
seconds to check for the presence of any receivable

20 calling channels. The active time will in fact be
determined by the speed at which the cellular
synthesi;er can change frequency, and is probably
minimized by waking up the cellular receiver once

_ every 20 seconds and scanning all potential calling

25 channels as fast as the cellular synthesizer can
change frequency and then going back to sleep.

The mobile telephone then determines whether the
signal strength of one of the calling channels is
above a predetermined threshold in step 506. The

30 mobile telephone then registers with the cellular
communication system in step 508 if one of the
cellular calling channels has a signal strength above
the predetermined threshold.

It will be appreciated by those of ordinary

35 skill in the art that the Present invention can be



there nust be & nmethod for detecting when a cellular 5 cal ling channel
agai n becones receivable. Normally, it does not take nmuch battery power to
listen to Ahigshe eep Benlacety channel , as special features have or will be

i npl enent edJi Bﬂ 3ii[ul ar systens to reduce the standby power of
nobile tele 0 node groups is the primary candi date .
techni que used, in which a nobile is assigned to a subgroup of nobiles
according, for exanple, to the last digit of the tel ephone nunber or the
sum of the digits of its tel ephone nunbeyg and calls to that group are 15
transmtted only in certain tine slots that the nobile can anticipate and
wake up to re@éi?ﬂé’.l%u"s'} Qthemmspeai Riatforms A thernd d 90% of the
time pomeredmt-jﬁyegm'-l £r,, Qnl nter thé sl eep node when

| ocked to a Cil | i negnﬁi,an ellgrf&a%d lre%‘a’v."%’&ﬁyi?%ﬁr. fthexreofs siThey node
group. Accor dPRGY ed;;lfsé's‘é?ﬁeq eRbedimentishareathlelrietforeal | i ng channel

al so i npl enenconsidare®dn H@1QUResN¥IH: . ile.phone to activate
its satglli tet&%ltyi .channel node for oﬁﬁlolyggsflti%ggi%ﬁﬁ% €>8nd nothe tjne.
In principle, t T1ée-ca RERE Pdr thesdoyentioncisodndfichikegti me, say
one mil.li secoRY ther appended| cladasdgatRes’ #RAn! Qhéc?grggg.of the 1,000

cel lular chanaggéri"[{ggoﬁhgﬂaeélio%ai ni ng ﬁi- nificant ene 39woul d then be
identified in 20 30 seconds; pRECRaRbeh sFona cWithéns theonse tine for
transf erri ng FF3R+84t 8nd| rangedefbequivalehes cehérbss gpgeintgg\ﬁggr, bot h
power consunpto dbe a@ibF868QNERetLE. Can be inproved by having the satellite
calling channel s broadcast a [ist of cellular calling 35 channel s t hat
exist within the area currently 29



il 1 umi nat ed by the calling channel beam As is illustrated in Figure 5,
each satellite pagi ng channél broadcasts a |ist of cellular calling channel
frequencfﬁlsSlhmHiseHa ni@ﬁ A nobil e tel ephone then 5 receives the list of

calling ch les in step 502 and attenpts to nmeasure the signa
strengths calling channels in step 504. Mbiles in the
cel | ul ar ac

t are listening to the satellite calling channel 10
tenporarlly can then limt the list of possible calling channel frequencies
from1,000 to perhaps 21, on the basis t3qat calling channels can reuse the
sane frequencies in a 21 cell reuse pattern. As a result, it is only
necessary to iGHAJM8: he nobile of what 15 frequenci es have been chosen
in a given area. By using the sleep node, the nobile tel ephones only then
need to activate their cellular receivers for perhaps 21 to 63 m|liseconds
out of every 20 sedonds & deathesk fiax determiadag: dhef mmemequalal e 20

calling channgionileThadidl ieed dohelii o Balkaqibe dohilmig 9%. the speed
at which the ceIIuIar synt hesi Zer _can change requency, r obabl y
m ni m zed by 4&95 ufthe &fonce every 20 seconds and

scanni n§ al | potenébahnﬁ&blan@lﬁialltycbiﬂﬁabinaschﬁﬁheié hiesaglyl ul ar

synt hesi zer c n for ncy and then going back to sleep. The nobile
t el ephone the%agiggr%gﬁ%s gfﬁ§ e signal strength of one of the calling

channel s i s above Wmepsuddngr siigudlt strehgtt bf sadg pagindghe 30 nmobi | e
tel ephone theghaffib3kers With the cellular comunication systemin step 508
if one of the cellulafl calling channels has _a signal strength above the
predet er ni ned t hr eSROPFLING @i PRIBRIaEhREDRA Withythaosbrohgesti nary 35

skill 10 the si¢nabastibAgpPhgsent invention can be

' decoding information broadcasted on said paging
channel, wherein said information contains
frequencies of paging channels in surrounding spot
beans;

15 measuring signal strength of paging channels in
said surrounding spot beams; and
quantizing said measurements to determine an

approximate position of said mobile radio telephone.

2. A method for determining the position of a

20 mobile radio telephone in a satellite communication
system according to claim 1, further comprising the
step of:

paging said mobile radio telephone using paging
channels in a first spot beam which covers said
25 approximate position.

3. A method for determining the position of a
mobile radio telephone in a satellite communication
system according to claim 2, wherein said system
pages said mobile radio telephone on pPaging channels

30 of spot beams that surround said first spot beam.

RN 0 LA



30 enbodied.in other specific fornms without departing fromthe spifit or
essential character thereof. The presently disclosed enbodi nents are

t her ef or dhis Shesi ke Begl Replacal | s¥ €spects to be illustrative and not 5

restricti of the invention is indicated by the appended
clainms rat

oregoi ng description and all changes which cone

wi thin the nmeaning ange of equivalents thereof are intended to be
enbraced therein. VWHAT IS CLAIMED IS: 1. A nmet hod for determning the
position of a nobile radio tel ephone insg satellite comunication system
conprising the steps of: scanning a plurality of paging channels at said
nmobi | e radi o tel epfiene; AnmathodnFor dotkrsl t b, of sai.d,pagi ng channels;
sel ecting a pﬁgbmgecggggglt hih the str%ﬁ%%é?ﬂg[gﬁﬁlpgﬁﬁ #A§Phofdacodi ng

i nf or mati on br oadcasted on sar 8 pagi i Bhapkellitkecommuastdtighor mation

i ncl udes freqﬁ%ﬁt?@saﬁﬁopéénggtohemaéh51andhgggigiggigsm8£a§urrounding spot

beans; neasurradisi @abépRd; agin hannel s 1 n ‘sai gurrounding
spot beans; tii?ﬁgﬁgggégﬁgéggr%ﬁ%ﬁ?g Sheenghth o€ atxafiebsur enent s

u
and said coordi to determ ne an approxi mate position of said nobile
radi o tel ephone. 2. A nmethod for determ ning the position of a nobile
radi o tel ephone i% a satellite communication systemaccording to claiml1,
further conprising the BeFhad topidetermihingithe gﬁﬁi(i:i'fcﬁ-l ehape using
pagi ng chann@ebile madio fEtefinaie Wi @) LPwSF g432i.d _approxi mat e posi tion.

3. A net hegsten AR gy ¢ h osi tion ofl.a nﬁ?ﬁ"gg%@-qrél ephone in
a satellite conmunication system< &Vn@hﬁ§eéhath325ﬁdmmuﬂn sai d system

pages sai d nBbFPEIFRJIPE the:pagiagochpageng ggaﬁgggargk §Rot beams t hat

sur r odfd sai gubtrattipet dbasAu14tion. A Met hod for etern1n%ﬁa t he position
of a nobile radio telephone in a satéllite comunication system according
to claiml1, wherein said nobile radio tel ephone neasures signal strength of

traffic channel s.6. A method for determining the position of
» . . a
mobile radio telephone in a satellite communication

system according to claim 1, further co

m - *
ctepe oo, prising the

15 » a . *
determining in which time slots the measured

Signal strength increases and decreases

; at th i
radio telephone; and = mopie

. calculating an approximate position of the
mobile radio telephone based on which time slots the

20 £ 3 -
measured signal strength increases and decreases

7. A methoq for registering a mobile radio

telephone in a satellite communication s
comprising the steps of:

scanning a Plurality of satellijte Paging
channels at said mobile radio telephone;

measuring signal strength of saig satellite
pPaging channels; .

ysten,

25

. calculating an approximate absolute Position of
sald mobile radio telephone usi

ng the mea i
, tremrne, sured signal

- LR

*
[
L M s *



5. A nmethod for determning the position of a nobile radio tel ephone in
a satellite comunication systemaccording to claiml1, -wherein the signa
strength of the paging channels is nmeasured using subtrq%tg e denodul ati on.
32 6. A method for determ ning the position of a nobil hesthe
in a satellite comunication systemaccording to claim1, L Fﬁﬁi
conprising the steps of: determining in which tinme slots
signal strength increases and decreases at the nobile radio tel ephone; and
cal cul ating an approxi mate position of 8Be nobile radi o tel ephone based on
which time slots the neasured signal strength increases and decreases. 7.
A nethod for regi sBEFPRFIRIcEE Sateddiife: erupupication system by
connunicationthpsmebileowpﬂﬁaimglhbaoabea&dogéqﬁgge@hggaat sai d nobile
station a p'“i@h§§¥r§E18ﬁLE|hite pagi ng channel’s broadcast in different
directional beafs and feasdu |ﬁg the received signal strengths of said
pagi ng channel s; dteeeiviangganhackngwihgdgbmant! opf shighest signal strength
and decedi ng £b§ist k ah O d c.coordinates of said directiona
beans; using sa?égﬁgggﬁ?gdfgﬁgn2P§§P%§ﬁg§§ét§nﬁy§ 8- coordi nates to
determ ne an approxi mate position of said nobile station; conparing said
approxi mate positi®n w Ahmatgbar £ b § L0835 2L C ' he satellite in
dependence ontéﬁe resul  _of sa{d gﬁﬁ%ﬁ??ﬁgﬁréﬁ% ?2%@@2%%563 l?egistration
recei ving an ACKTRNERG HRNE Srtellite oPmavnicakion systenm satel lite. 8.
A ret hod for aeepmding mgo achoinl 2, I‘Méﬁ|éﬂﬁ§ffs_{ﬁb wtg&é t‘ﬁf'
conmuni cati on Sy“&{)&?&f«%@i n% to,claim7, further conmprising the’ step of:
scanning at said nobile station aplIREFT¥IPfe ahsalyte ®ierhannel s
br oadddbt i n %R fSaid mokii ke artadim| tébspomand neasuring the received signal
strengths of said paging channels; using said nmeasured signal strengths to
determ ne an approxi mate position of said nobile station; transmtting said
appr oxi mat e positicon t & fREhod d9y registening: st modpide agidia at i on;

telephone in a satellite communication system

according to claim 7, further comprising the step of:

sending said measured signal strength to said
is5 satellite communication system in response to said

acknowledgement.

10. A method for registering a mobile radio
telephone in a satellite communication system
according to claim 7, wherein said mobile radio

20 telephone enters a timed sleep mode after receiving
said acknowledgement.

11. a mgthod for registering a mobile radio
telephone in a satellite communication system
according to claim 7, wherein said mobile radio

25 telephone enters a timed sleep mode when said
approximate absolute position has not. changed by a
predetermined amount.

12. A method for reregistering a mobile radio
telephone in a satellite communication systen,
30 comprising the steps of: o

R
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‘33 receiving at said nobile station an acknow edgnent of said registration
fromsaid satellite including an inproved position estimate for Sai'd nobile
station. 9. A method for registering a nobile radidnmem&whgqgﬂ“&,%%
satellite conmuni-cati on system further conprising the Hg at
said nobile station a plurality of satellite paging cha &Mﬁ 'ft in
different directional beans and neasuring the received signa h of
sai d pagi ng channels; transmtting said neasured signal strengths to the
satellite and requesting a registrationgsand receiving at said nobile
station an acknow edgnent of said registration fromsaid satellite

i ncluding a positiBgasurimgt €hleosigaad g tation,,10. .. A nethod for
registering apagRhbhecha 'glgeg%pgog& in_ a Sg e L??egcgﬁﬁﬁﬁﬁégyieﬁ system
according to claim?7 erein-sard foBPPile Breiectepephenept ers a tinmed
sl eep node after r@é%??lﬂﬁlaaidnaehSQMntdngQitiéﬁ.of égﬂgtﬂgg.%or

regi stering araﬂbbleelsﬁhgnéeﬁggﬁgng ig sateh#ite conmuni catioft system
accordigg to claiq%7 grein sal s?pre ?ﬁﬁﬁ? oti9nral retnengthsgsat i on
position from whi cTE SRR svVheR csziduabsalicte podiee 5ot qldite, the
accessi ng st eghanged édynga npeedétethtnd L4 duft. Sgl§ conparison step

I ndi cat es that th}dgégiéégtation. as not noved nore than a certain

di stance from.sai d previous posi¥ioh s syatemmihdre ssiiat i on enters a
timed sl eep ARECLULE pos timith drhsf @haryedD by %raiiragﬁ?.erd%@ st ered. nobi | e
radi o tel ephamount.a satellite conmuni cation syste haV|ﬁamHJﬁ¥%und-based
cel lul ar communi cation systemas a primary neans of conmmunicati on,
conprh%ing the steps of: scanning at said nobile station a plurality of
sat el e pagi ng abBanngl selthead t bRsdifferent directional beans and
nmeasuring thg hE gived.si nalaé??gngk %QE?L§§FdapB§Pﬁ§ecnadnels; 34
det er ni ni ng gﬁe % gPfigiBhanfatedlifpgremnunigationt £pagbh gggcﬂecoding i's

eans; using

signal to redd peah}oEnaeduamoﬁd&éaé@ﬁe?iié@%gegirggt'Onal
sai d measur e€omh@Rflati &8N, 08 and_sai d. coordr A %% 0 deternine an
a gys ém, comprising the steps of:
monitoring a preferred calling channel in the

Cellular communication system by the mobile radio
telephone;

15

Scanning an alternative list of calling.channels
when the mobile radio telephone determines that the
quality of the preferred calling channel has fallen

20 below a predetermined threshold;

determining whether any of the calling channels
on the alternative list has a signal quality above
the predetermined threshold;

transmitting a deregistration signal to the

25 cellular communication system when none of the
calling channels has a signal quality above the
Predetermined threshold;

transmitting a last known position within the
_ cellular system of i i he
. Y. the mobile radio telephone to the

satellite communication system after receiving the
deregistration signal; and

switching the mobile radio telephone from a
cellular mode to a satellite mode after sending said

A




app'roxi mat e position of said nobile station; conparing said approxi nmate
position with a previous position to determ ne the di stance noved; and

accessi ng fﬁ}@Shg@yegﬁaeﬁmeﬁFd requesting a registration if said distance is

greater tha i al ue. 13. A method for registering a nobile
radio tel ep;‘m lite comruni cati on systemwhich is part of a dual
node satelli al communi cation system conprising the steps of:

nonitoring a preferred calling channel in the cellular conmunication system
by a ground based riobile radio tel ephom®® scanning an alternative |ist of

calling channels n t bile_radio fel ephone determ nes_fhat the
quality of the pré?‘g'rre%e%%?‘%gf%a’ﬁﬁ%s‘fﬁfglq%ﬁ SAPRIdi0FadIR edet er ni ned
threshol d; deieskephong advetdingnyo ofldive I3 Whwraihna s vist er
alternative ljstai | S |4 ve the nredeternined, threshol d,
transmtting éﬁ%ler_e |i§{érat | onls géll%"?('f%f){h]és ccﬁqﬁ%a%nﬂm%‘ﬁ%tﬁ system
when none of B¥hé |Feigl kA regmmynicat iy systeaml i ty above t he

predeterm ned threshold; transmtting a | ast known position within the
cel I ul system of, t he nobile radio tel ephone to the-satellite

comruni%(r:at i on systldn af ARG LAN Fagisteniag & mobide giagdd ; and

swi tchi ng t heeleiphone aticoridigptane A, Cohlewedh, 3Rda ha A sptellite
node after s ' ' Leai stration.signal. 14, A nmet hod for
registering ga'?r:lq | ?%d%%ltﬁ'%ngpm oaﬂi ﬁﬁ"“%‘otel 0% POPid%erein said
list of alteFpgdpy&edgphome atamegistratdont.i nual |y broadcast by said
cel lul ar communi cation system - 35 15. A nethod for registering a

mobi | e radi o tel ephone_accor di ng to claim13, wherein said |list of
alternative callih§-chinRetiods Tex regdstrringbal mobidieoradiephone at

regi sioat i onteléphond Eetbedihgr toeelalia &ag fupBhite Bﬁgkﬁs&s phone
accordi ng tot Iaigl 13, further conprising the steps of: canning a
plurality of 8 PuPRP ngi ng channel s at said nobile radi o tel ephone;

scanning a plurality of cellular Paging channels
at said mobile radio telephone;
measuring signal strength of said paging
15 channels;
selecting a paging channel with the strongest
signal strength;
decoding information broadcast on said paging
channel wherein said information contains frequencies
20 of paging channels in surrounding spot beams;
measuring signal strength of paging channels in
said surrounding spot beams; and
quantizing said measurements to determine an
approximate position of said mobile radio telephone.

25 17. A method for registering mobile radio
telephones according to claim 13, further comprising
the steps of: _ .
detecting at the mobile radio telephone that a
calling channel from the cellular communication’

30 system has a signal quality above said predetermined
threshold;

T



measuri'ng signal strength of said paging channels; selecting a paging
channel with the strongest signal strength, decoding information broadcast

on said h H& a ereln said information contains frequencies of

pagi ng ch nding spot beans; neasuring signal strength of

pagi ng ch surroundi ng spot beans and quantizing said
neasurenents to ne an approxi mate position of said nobile radio

t el ephone. A nmet hod for registering nobile radio tel ephones according

to cla|n113, further conprising the stéfs of: detecting at the nobile radio
t el ephone that a ul ar conmuyni cati on system has

h th |
a signal quality %8533 Fﬁﬁgggaé%ér egeﬁﬁpééﬁoFﬂmmPéﬁéﬁFéPEr|ng with the

ground baseds¥stem;aandonmuni cation system and transmitting a second
deregi stration sr a e n Sk romsaid
ground based cel lu th%%ﬁ%%hgcét%gkbgés ggggggggﬁggtﬁrgPﬁi gPound based
nobi | e radi oSaédecpabadlite. commﬂnéchtdonoslgnglsfnomngaadnnblIe t el ephone
accor dsng 1 ocel Bilad TcoifihebAtishlsyeeandedoasst %iﬁeg* Oppsignal i

transmtted to said satellite comunication syst | i nes. 36 19.
A met hod forBPRY tE?@ﬁﬁ SedgBherer adi o telephone accordrng to claim13,
wherein after the ground based cel |l ul ar comruni cati on systemreceives the

deregi stration si % n%% éd nobi | e, rgdlo t el ephone, the cellular system
lists the locatio bf 87| £OF (APFLTECEING R PobhLe chelephene on

register as 4¢E9§ﬂxmmdt®askahmalblIwherebnnﬂmiﬁaéeémn&ysten1 20. A net hod
for regi st erddfeds SPF4 *@ﬁflfg%éﬁf@{g té)ag‘* aim 17, wherein

after_ the nobi| e radlo t ne reregisters mn ound based cel | ul ar
commtf cat i FrtSLthR ?W@P%ﬁ@%s@ﬁ%@hlhﬂ‘alar@slmm sts the | ocation
of the nobile radio tel ephone in a home |ocation register. 21. A et hod
for registering nmobil e radi o tel ephone according to caim 13, wherein said
satellite system¥f OM%FWQBC%RQW%@%t%erHlX%@am known

position of teliephots Ia:dcmﬂmcj e 2P, whe-diBi bt dOreHL£9i stering a
mobi | e radi ¢d 3 fRfO Wemins R A5 rsd1'rsqgam Ci:eccleaives the
deregistration 51gna1 from said mobile radio
15 telephone, the cellular system lists the location of
the mobile radio telephone in a home location
register as the satellite communication system.

20. A method for registering a mobile radio
telephone according to claim 17, wherein after the
20 mobile radio telephone reregisters with the cellular
communication system, the cellular system lists the
location of the mobile radioc telephone in a homé
location register.

21. A method for registering a mobile radio
25 telephone according to claim 13, wherein said
satellite system informs a Home Location Register of
the last known position of said mobile radio
telephone.

30 22. A method for registering a mobile radio
telephone according to claim 13, wherein said

R A T
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"13, -wherein said ground. based cellular systeminforns a Hone Location
Regi st er ﬁuf' the | ast known position of said nobile radio tel ephone. 23. A

met hod f oty bile radio tel ephone according to claim 22,
wherein sa d cellular systemdetermnes a Visitor Location
Regi ster | fromsaid | ast known position of said nobile radio

t el ephone and then sends the Visitor Location Register ldentification to

t he Hone Location Register. 24. A nmethod for registering a nobile radio

t el ephone according to claim 23, whereigysaid ground based cellul ar system
determines a satellite virtual Visitor Location Register Identification
from tsfai d vi ir:]e‘fulﬁgwemﬁﬂmjs. I:lelqsﬂxé i];;éﬁdﬁbr% aﬁgi{s@é:‘r‘%ﬁod f?r

assi sting noliHee Yadl Gercthe PUEES; dat S (g, to .a satelll te comrunication
systemto fi I%I% a, eol |ular calling c anfle ;] AP ratid

satellite/cel Ne-37 communi cati on system havi ng a ground-based

cel lul ar conmmuni cation systemas a primry neans of comuni cation and the

satellite comuniggtio e a_secondary means of communi cati on,
conprising the st ggsT O:A: i%r%’:??c?ﬁrl G4 Steningt acmpbdller radlilbi ng channel

frequefci es telerhgnecaceording ¢ackladinelbi,t ShB#giiRgsghgnnel ; receiving
said |ist ofce r [N | _frequenci
céthtithp sgghbh ae%Q Egﬁatﬁ g?sﬁﬁ

ies_at a _nobile radio
nal” Stre grcbPrataencal | i ng channel s;

t el ephone; n&gsugtgg t sL%' S

det er ni ni ng WAL t hidentdfiratiopnfromosaddelastt khows! bagg{;iggl ling
channel s i s abosgid poBitberghangdeh d e_nobi e radi o tel ephone;
regi stering ﬁé%t hglh rognd based CEF?EPQ% %o%n%?’&a??%‘?\ss%?em when t he
mobi | e radi o el e€phonecqetiernRegistas Edentificativmrtsathé @oghannel s is
abovel® prededcatioreRedqietsép| d; and switching said nobile radio tel ephone
fromthe secondary satellite communication systemto the cellular calling
channel which is %bove the predeterm ned threshold. 26. A net hod
according to clai4d-25A wethod fde repisteroy G WGP JEaSUres the

si gnal strer@lagiordd & | 14 annel s gnce every predeterm ned
time period. .ﬂ{o A neet{&c#ﬁﬁoig%#garﬁ%c%'ai‘ﬁi%lq Fadider " conpri.sing the
step of: tr LT FYS e dntammiries & isprtdl lites aija-teatel | it e

communi cat | YasdyereMocation Register Identification from said

15 Visitor Location Register Identification.

25. A method for assisting mobile radio
telephones listening to a satellite communication
system to find a cellular calling channel, in a dual
mode satellite/cellular communication system,

20 comprising the steps of:

broadcasting a list of cellular calling channel
frequencies for a given area on each satellite paging °
channel;

receiving said list of cellular calling channel

25 frequencies at a mobile radio telephone;
measuring the signal strength of the cellular
calling channels; i -
determining whether the signal strength of one
of the cellular calling channels is above a

-~ 30 predetermined threshold at the mobile radio
telephone;

T,
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from said ground based ceI I uI ar conmuni cation systemto deregister the
nobi l e radio tel ephone A net hod according claim27, wherein said
der egi st ratl on. si i ransmtted to said satellite conmunication system

by |and |iné Sheet laceh met hod for deternmining a position of a nobile
radio tel eph I ite comunication system conprising the steps
of . scanning f pagi ng channel s at said nobile radi o tel ephone;
measuri ng S|gnal strength of said pagi ng channel s using subtractive

denodul ati on; selecting a paging channelgwi th the strongest signal
strength; decoding information broadcasted on said pagi ng channel, wherein
sai d information cegisterinequiticitise cdelhglay d&mneich&i:bxsurroundi ng

spot beans; qg? enot n S in said
surroundi ng s!éot Beams cfjélgn & m%ﬁsal r?g%esnf’d‘ecfet erm ne an
approxi mat e phat iohe SIf &hel gpdiulan galding mlﬂas aboveetaod for

det er m ni ng Wﬁémrggd FHFdiHsad.adio tel ephone in a satellite
comuni cation system conprising the steps of: scanning a plurality of

pagi ng channel s at said nobile radio tel ephone; neasuring a signal strength
of sai & pagi ng cha®el & mﬂm& iattordiay b Jinel2s) tdhéﬂaxﬁtﬁwgest
signal stren e f ormati on broadcasted .on sai agi.ng channel ,
wher ei n sai dg't‘D &%n%t%:a SRS é’ﬁcﬁsezﬁ‘tﬁ ﬁﬁgsa%ﬂ@#&

surroundi ng 9@@@&@1%@141@:@ @hainnels ngice @fverygi ng channel s in

sai d surroungi-agetRenined i ?@'rrfo@ ng in which tine slots the neasured
signal strength increases and deécreases at the nobile radio tel ephone; and

cal cul ating an approxi mate position of the nobile radio tel ephone based on

which tinme slots ghe Miametedasagedrainge et k1bia" 98SeFudhfiedecr eases.
10 comprising the step of:

transmitting a deregistration signal to said
satellite communication signal from said cellular
communication signal to deregister the mobile radio
telephone.

15 28. A method according to claim 27, wherein
said deregistration signal is transmitted to said
satellite communication system by land lines.
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