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PCT/ US96/ 19429 1 SATELLI TE DI VERSI TY SCHEME Field of the Invention The
present invention generally relates to npbile conmunications. Mre
particularly, the present invention relates to. a satellite nobile

communi cat i onwde723e88t hod and systemin which a nobile unit BEHUSENEAY | vel y
exchange signals with nultiple satellites. Background of the Invention
Referring to FIG 1, a typical cellular nobile radi ocommunication systemis
shown. The typical systemincludes a nunber of base stations simlar to
base 10 station 110 and a nunber of nobile units or stations simlar to
nobi |l e 120. Voi ce and/or data communi catiqn can be perforned using these
devices or their equivalents. The base stdtion includes a contrdl and
processing unit 130 which is £ ERYGTVSSC tl e switching center)
140 which in turn is connect e§- tdﬁ.'{gﬁg}& I C gvm tcﬁe t el ephone network
(not shown). 15 The base station | 10 serves a cell and includes a

plurality of v Lq Q npel s .handl ed by voice channel transceiver 150 which
i's controlled M@—@%r%’fﬂénd processing unit 130. Also, each base
station includes a qaetpr&@kniCindéntioh gehdHaiRE edlatey tol MBbIWEsmbSicdiion.C Mbr¥

capabl e of exchanging control signals on nore than one . o
particularly, the present invention relates to a satellite mobile communications

5 method and system in which a mobile unit can selectively exchange signals with

multiple satellites.

Background of the Invention
Referring 1o FIG. 1, a typical cellular mobile radiocommunication system is
shown. The typical system includes a number of base stations similar to base
10 station 110 and a number of mobile units or stations similar to mobile 120. Voice
and/or data communication can be performed using these devices or their
equivalents. The base station includes a control and processing unit 130 which is
connected to the MSC (mobile switching center) 140 which in turn is connected to
the public switched telephone network (not shown). |
15 The base station 110 serves a cell and includes a plurality of voice channels
handled by voice channel transceiver 150 which is controlled by the control and
processing unit 130, Also, each base station includes a control channcl transceiver
160 which is typically capable of exchanging control signals on more than one
control channel. The control channel transceiver 160 is controlled by the control
20  and processing unit 130. The control channel transceiver 160 broadcasts control
information over the control channel of the base station or cell 10 mobiles locked to
that control channel. The voice channel! transceiver broadcasts the traffic or voice
channels which can include digital control channel location information.
When the mobile 120 first enters an idle mode, it periodically scans the
25  control channels of base stations like base station 110 for the presence of a paging
burst addressed to the mobile 120. The paging burst informs mobile 120 which cell
to lock on or camp to. The mobile 120 receives the absolute and relative

information broadcast on a control channel at its voice and contro] channel
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control channel. The control channel transceiver 160 is controlled by the
control 20, and processing unit 130. The contrql channel transceiver 160
broadcasts control information over the control channel of the base station
or cell to nobiles |ocked to that control channel. The voi ce channel
transcei ver Woagsests the traffic or voice channel s whi ch p@nusdsgdasie
digital control channel location information. Wien the nobile 120 first
enters an idle node, it periodically scans the 25 control channel s of
base stations |ike base station 110 for the presence of a pagi ng burst
addressed to the nobile 120. The paging burst infornms nobile 120 which cel
to lock on or canp to. The nobile 120 receives the absolute and rel ative

i nfofmation broadcast on a control channgl" at its voice and control channel
WD 97/ 23065

PCT/ US96/ 1942 82p5C5iYeR diQer Them therprqeessinge unjl B8R Lvplygies dhq recgivedwanialt es t he

recei ved cont pinn€h fiiGr@latiol fviHié tricRidedMMe Cdhatabietistile Softth€ caliid-AC L8ls sl ¢S of
the candi date cells and determ nes which cell the nobile should | ock to.

The received E8Rimiges dighnesll thafraebilgtshewldrleck k| JThE egeinsd scoatialothanpel
cont ai ns. 1ol ot oaP ol Bl ORclhadt UG tiSpmaton copy<lnifE T B wBith "o

wi t h whi cib t hat ¢omssooiated hdwhalsoi somsﬁomlacmdmfdmwen anopeam'ng other cells

proximate to the cell with which the control channel is associated. These adjacent

cells are periodically scanned while monitoring the primary control channel to

determine if there is a more suitable candidate. Additional information relating to

specifics of mobile and base station implementations can be found in U.S. Patent

10 Application Serial No. 07/967.027 entitled "Multi-Mode Signal Processing” filed on

October 27, 1992 to P. Dent and B. Ekelund, the entirety of which is incorporated

herein by reference. It will be appreciated that the base station may be replaced by

one or more satellites in a satellite-based mobile radiocommunication sysiem.

To increase radiocommunication system capacily, digital communication and

15 multiple access techniques such as Frequency Division Multiple Access (FDMA),

Time Division Multiple Access (TDMA), and Code Division Multiple Access

(CDMA) may be used. The objective of each of these multiple access techniques

is to combine signals from different sources onto a common transmission medium

in such a way that, at their destinations, the different channels can be separated

20  without mutual interference. In a FDMA system, users share the radio spectrum

in the frequency domain. Each user is allocated a part of the frequency band which

is used throughout a conversation. In a TDMA system, users share the radio

spectrum in the time domain. Each radio channel or carrier frequency is divided

into a series of time slots, and individual users are allocated a time siot during

25  which the user has access to the entire frequency band allocated for the system

(wideband TDMA) or only a part of the band (narrowband TDMA). Each time slot

contains a "burst" of information from a data source, e.g., a digitally encoded

portion of a voice conversation. The time slots are grouped into successive TDMA

frames having a predetermined duration. The number of time slots in each TDMA

30 frame is related to the number of different users that can simultaneously share the
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cells are periodically scanned while nonitoring the primary control channel
to determine if there is a.nore suitable candidate. Additional information
rel ating to specifics of nobile and base station inplenmentations can be
found in U S. Patent 10 Application Serial No. 07/967,027 entitled

"Mul ti-NMde Swgnew23sesocessing” filed on Cctober 27, 1992 to PCT/EREN6{9RRd B.
Ekel und, the entirety of which is incorporated here| n by reference. It wll
be appreciated that the base station may be replaced by one or nore
satellites in a satellite-based nobile radi ocommuni cati on system To

I ncrease radi ocomruni cati on system capacity, digital communication and 15
mul tiple access techni ques such as Fr equ%&&y Division Miultiple Access
(FDMR), Tinme Division Miultiple Access (T and Code Division Miultiple

Access (COVR) a0 1300 1r Lig s?&hs%t-r:gﬁ@haﬁ@qpaa fanbd 55§ bRl gicess

techniques is to Co ne signals f nt  sour
t ransm ssi on nadlirationiaf aMMrmlsuhm;mxaUmmhmum af eigte beavéeo rsscce:she ume

di ff t ch | ted 20 i t hout i nt o
FOMA Syt em LS 2SEed TorB SalF oo WA Fambine T PYEA TR I Seach
user is all ocat@ﬂwm c&cn tiRr {BapRAGYIMRRGsKtofAdbS vssaddd I WingirepuUt a

conversation. Ina T s ystem wusers share the radio spectrumin the tine
domai n. Each ra@PQﬁSé*PFaﬁﬁﬁ?ﬂé!e“@f“%aF'?mé‘ﬂ fExagples ©f GRM§; ‘9‘?@&%‘“? clyde spread es of

time slots, flinY bfld Bleq %@%ﬁoﬁﬁﬁ‘g allocated a tine slot during 25
whi ch the user as access to the entire frequency band allocated for the

system (wi deband TDNR)a SPMh|systemp thet suseessitie tigrenslols rasignsdtsaritie FOMApserEach

time slot which are usually not consecutive time slots on the radio carrier, constitute the

user’s digital traffic channel, which is considered to be a logical channel assigned

10 to the user. The organization of TDMA channels, using the GSM standard as an

example, is shown in FIG. 2. The TDMA channels include traffic channels TCH

and signalling channels SC. The TCH channels include full-rate and half-rate

channels for transmitting voice and/or data signals. The signalling channels SC

transfer signalling information between the mobile unit and the satellite (or base

15 station). The signalling channels SC include three types of control channels:

broadcast control channels (BCCHs), common control channels (CCCHs) shared

between multiple subscribers, and dedicated control channels (DCCHs) assigned to

a single subscriber. A BCCH typically includes a frequency correction channel

(FCH) and a synchronization channel (SCH), both of which are downlink channels.

20 The common control channels (CCCHs) include downlink paging (PCH) and access

grant (AGCH) channels, as well as the uplink random access channel (RACH). The

dedicated control channels DCCH include a fast associated control channel

(FACCH), a slow associated control channel (SACCH), and a standalone dedicated

control channel (SDCCH). The slow associated control channel is assigned to a

25  traffic (voice or data) channel or to a standalone dedicated control channel

(SDCCH). The SACCH channel provides power and frame adjustment and control
information to the mobile unit.

 The frequency correction channel FCH of the broadcast control channel

carries information which allows the mobile unit to accurately tune to the base

30  station. The synchronization channe! SCH of the broadcast control channel provides
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contains a "burst" of information froma data source, e.g., a digitally
éncoded portion of a voice conversation. The tine slots are grouped into
successive TDVA franmes having a predeterm ned duration. The nunber of tine
slots in each TDMA 30 frane is related to the nunber of different users
that can siwgeasgeusly share the WO 97/ 23065 PCT/US96/19429
PCT/-US96/ 19429 3 radio channel. If each slot in a TDVA frame is assigned to

a different user, the duration of a TDVA franme is the m of
time between successive time slots assigned to the sane fdBIS Sﬂmhgrgymeb
FDVA and TDMA. In a CDVA system each user is assigned T

uni qWREPLACED -
pseudor andom user code to uniquely 5 access the frequen

Exanpl es of CDMA techni ques include spréad spectrum and frequency hBT)'pTTTg:*
In a TDVA system the successi veéh Iots assigned to the sane user,

whi ch are usdEMeSYREITORZHIOR G5ta 10de %P'EHS on the radio carrier,

constitute the US%esarﬂb&I atceésskhafn‘él RACEE#R8d byMbie Ghbbiles maasiea&essto be a
| ogi cal channel assigned 1 user, The organization of TDVA

channel s, usﬁfhghetsdéle’@ssﬁ@t%@ﬂﬂﬁgl&%] cawr@karﬁp%dquc ongh gphink ¢happek(from The
TOVA channel g,d piohHdf fneHald GatdtoS @lebitd and is shared by separate mobile units

5  (one RACH per cell is sufficient in typical systems, even during periods of heavy
use). Mobile units continuously monitor the status of the RACH channel to
determine if the channel is busy or idle. If the RACH channel is idlc, a mobiie unit
desiring access sends its mobile identification number, along with the desired
telephone number, on the RACH to the base station or satellite. The MSC receives

10 this information from the base station or satellite and assigns an idle voice channel
to the mobile station, and transmits the channel identification to the mobile through
the base station or satellite so that the mobile station can tune itself to the new
channel. All time slots on the RACH uplink channel are used for mobile access
requests, either on a contention basis or on a reserved basis. Reserved-basis access

15 is described in U.S. Patent Application No. 08/140,467. entitled "Method of
Effecting Random Access in a Mobile Radio System”, which was filed on October
25, 1993, and which is incorporated in this application by reference. One important
feature of RACH operation is that reception of some downlink information is
required, whereby mobile stations receive real-time feedback for every burst they

20  send on the uplink. This is known as Layer 2 ARQ, or automatic repeal request,
on the RACH. The downlink information preferably comprises twenty-two bits that
may be thought of as another downlink sub-channel dedicated to carrying, in the
downlink, Layer 2 information specific to the uplink. This flow of information,
which can be called shared channel feedback, enhances the throughput capacity of

25  the RACH so that a mobile station can quickly determine whether any burst of any
access attempt has been successfully received. As shown in FIG. 2, this downlink
information is transmitted on channel AGCH.

Transmission of signals in a TDMA system occurs in a buffer-and-burst, or
discontinuous-transmission, mode: each mobile unit transmits or receives only

30  during its assigned time slots in the TDMA frames on the mobile unit’s assigned
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and signalling channels SC. The TCH channels include full-rate and
half-rate channels for transmtting voice and/or data.signals. The _
signalling channels SC transfer signalling information between the nobile
unit and the satellite (or base 15 station). The signallin Is SC
I ncl ude t hr e&vQ@ 93238650f control channel s: broadcast control %E(Hﬁ%f
(BCCHs), common control channels (CCCHs) shared between nmultiple

subscri bers, and dedi cated control channels (DCCHs) assigned to a single
subscriber. A BCCH typically includes a frequency correction channel (FCH)
and. a synchroni zati on channel (SCH), both of which are downlink channels.
20 The comon control channels (CCCHs) %ncl ude downli nk pagi ng (PCH) and
access grant (AGCH) channels, as well as the upliink random access channel

(RACH). The de bc?ﬁh%_')ﬂpﬂﬂlrrﬁie fhananpie, Pidebilé &sﬁmﬂl ufrﬁﬁmaﬁm sk @

control channe a sl ow associ ated contr ol c annel and a

st andal one dedreceivedutrgsieio?, idledvniag slosBOwans nnrrﬁmnﬂw%mwpameag é’@ht r ol
channel is ass gne tr [ rr

st andal one ded#ca?&ja&ecgh’{'gglsméﬁa?\ahéltﬁfrg%@) thgfﬁlq% @ anneg pr ow des
power and fr anframel. uThereobilanmit, cmlnt:rr uiayibnfbammipomretiocamme swilchee offr{ot . The
frequency corrg tlpn channe st .conttpl chan carri :
i nformation whi L¥Pa IO %getﬂ?@’eﬁg_{f' “lfnﬁ" tgoqac%uré 817 “Fﬂntémts WFH% nBase 30
station. The syfeiRingni zati on channel SCH of the broadcast control channel
provi des

To increase mobility and portability, radiocommunication subscribers tend
to prefer mobile units having a relatively small, omnidirectional (and accordingly,
less powerful) antenna over mobile units having a large or dircctional antenna.

10 Because of this preference, it is sometimes difficult to provide sufficient signal
strength for the exchange of communication signals between typical mobile units
having a small, omnidirectional antenna and a mobile switching center (MSC) or
satellite.  This problem is particularly serious in satellite-based mobile
radiocommunications.

15 A satellite-based mobile radiocommunication system provides
radiocommunication services 1o particular geographical areas of the earth using one
or more partially overlapping satellite beams. Each satellite beam has a radius of
up to about 1000 KM. Due to the power limitations of a satellite, it is not practical
to provide a high link margin in every beam simultaneously.

20 Because mobile satellite links are severely power limited, communication is
typically limited to line-of-sight channels with Ricean fading. Ricean fading occurs
from a combination of a strong line-of-sight path and a ground-reflected wave, along
with weak building-reflected waves. These channels require a communications link
margin of approximately 8 dB or less to achieve voice communication in ideal or

25 near-ideal conditions, such as when the mobile radiotelephone unit antenna is
properly deployed and the unit is in an unobstructed location. In these near-ideal
channels, the mobile unit can successfully monitor the paging channel to detect
incoming calls. In non-ideal conditions, such as when the mobile unit antenna is not
deployed or the mobile unit is “shadowed” due to obstructions (e.g., buildings,

30 trees, etc.) reflected waves, including ground-reflected and building-reflected waves,
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4 frame synchronization data to the nobile unit. The random access channel
RACH i s used by the nobiles to request access to the system The RACH.

| ogical channel is a unidirectional uplink channel (fromthe nobile to the
base station or satellite), and is shared by separate nobile units (one 5
RACH per celwoiosrsied ficient in typical systens, even duri ngpqrarssecazof
heavy use). Mobile units continuously nonitor the status of the RACH
channel to deternine if the channel is busy or idle. If the RACH channel is
idle, a nobile unit desiring access sends its nobile identification nunber,
along with the desired tel ephone nunber, on the RACH to the base station or
satellite. The MSC receives this information from 10 t he base station or
satellite and assigns an idle voi ce chanfiel to the nobile station, and
transmts the channelfldent at| n to the nohil e, throu g]the base station

or satellite SKSOMGAIENfIR ‘P(S'??S%B‘?f‘ é”T“?‘E%‘sta acerizedP hannel .
ALl tinme sl ot gatoRayldigh m'é Hﬁé okt &eheenOpe of RdihEP dvithOsevereRitkRiaf6s e 38

requests, either on a contention basis or on a reserved basis.
Reser ved- basi SiChchamgls; g linksmangheef asnmughsas 35dB or mgre ay rqqelredswm!esu and

:‘Ngia"t: Br laso:‘ ”%X@Q%@%nﬁgﬁnghékﬂé}dﬁg%’@)g@%drﬁh%y awggfr_rglng%vmq L nKe | n?’ (%é'ﬁ%t ion is
required, SV\hechauyelrmbetb@ is¢aming oallsr é’ﬁblwel Henk|margind of dsigipholargin’ refarer y
to the additional power required to offer adequate service over and above the power
required under ideal conditions- that is, a channel having no impairments other than
additive white Gaussian noise (AWGN). “Impairments” include fading of signal
amplitude, doppler shifts, phase variations, signal shadowing or blockage,
10 implementation losses, and anomalies in the antenna radiation pattern.

It would be desirable to allow a mobile unit to exchange communication
signals with more than one satellite to avoid the adverse effects of shadowing.
However, in such a satellite diversity scheme, an accurate compensation is difficult
to achieve for different satellites having different positions or relative velocities. If

15  asatellite has a non-geostationary orbit, the signal frequency of the communication
link between the satellite and a mobile unit suffers from the Doppler effect, which
causes the signal frequency to change as the satellite moves. The change in signal
frequency can cause signals on one channel to stray into another channel. In
addition, the distance between cach mobile unit and the satcllite, and therefore the

20  propagation delay, varies considerably. This propagation delay can cause signals
to arrive at the satellite in incorrect time slots. To counteract the Doppler effect and
propagation delay, the expected Doppler shift must be determined based on the
sateilite position and the relative velocity between a mobile unit and the satellite.
The expected Doppler shift and propagation delay are used to compensate the

25  transmitted signal to ensure that the signals transmitted to the satellite arrive in the
appropriate TDMA timeslots and at the correct frequency. |

One solution is to restrict the satellite diversity scheme to mobile units
located relatively close together. In this case, each satellite will experience the same
Doppler effect and the same propagation delay from each mobile unit, so that the

30  signals from each mobile unit will arrive at an appropriate signal frequency and in
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burst they send on the uplink. This is known as Layer 2 ARQ or automatic
repeat request, on the RACH The downlink information preferably conprises
twenty-two 20 bits that may be thought of as another downlink
sub-channel dedicated to..carrying, in the dowlink, Layer 2 inforpmation
specific to tweompsdssik. This flow of information, which cafBERYIHFEY
shared channel feedback, enhances the throughput capacity of the RACH so
that a nobile station can quickly determ ne whet her any burst of any access
attenpt has been successfully received. As shown in FIG HI rgl-fEE%
downlink information is transmtted on channel AGCH. Trarjsm §shg AS BEEN
signals in a TDVA systemoccurs in a buffgr-and-burst, o

di Iscogti nuous-transm ssi on, node: each nobile unit transmts or receives
only during its assi slots in the TDVA frames on the nobile unit'
assi gned 5??‘538%329 u‘"errs‘?m >

PCT /h us96/ 19429 g f r aqusteny . has\tbebni| propased, mf\mhlclexmmlbeumﬁ ansighede adjagent on

m ght transmt ur|n slo receive ring,slot. idle h-n

transmt durinded \“’6‘91 $ In ?EP@W&S&W’.% ‘i mngE g 353&15'1?%(8”%?@{"9% and
then repeat thgotysd QTMAH&rﬁ&Cﬁ&eﬂiyaﬁaﬂ'PM}aéehanﬂ’ﬁe pidposdiDdyistem may be whi ch

may be battery-powered, can be sw tched off g
5 1mp1ememed by mapping the one dimensional time or frequency axis to the two

dimensiona) surface of the earth served by the satellites. Alternatively, the two
dimensional time-frcquency plane is mapped to the two-dimensional traffic service

area.
It would be desirable for a mobile communication system to allow a
10 transmitter/receiver , such as a mobile unit, to exchange communication signals with
multiple control station, such as satellites, to avoid the effects of shadowing, which
does not limit the location of the transmitter/receivers and which does not require

a complicated mapping procedure.

Summary of the Invention

15 The above-noted and other limitations of conventional communication
systems and methods are overcome by the present invention, which provides for a
diversity scheme in which, for example, a mobile unit in a satellite-based
communications system selectively communicates with multiple satellites.
Specifically, the mobile unit communicates with a first satellite using active time

20  slots of a TDMA communications link, while scanning for a control channcl of a
second satellite during the idle time slots of the TDMA link. If a control channel
of a second satellite is detected, the mobile unit stores the synchronization
information from the control channel, and continues to monitor the control channel
during the idle time slots while communicating with the first satellite during the

25  active time slots. If the signal quality of the communication link with the first
satellite falls below a first threshold level, as a result of shadowing or other
interference, and the signal quality of a communication link with the second satellite
would be above a second threshold level, the mobile unit establishes a

communication link with the second satellite and stores the synchronization
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5 "sleep”) to save power during the tine slots when it is neither -
transmitting nor receiving. To increase nobility and portability,

radi ocommruni cati on subscribers tend to prefer nobile units having a
relatively small, omidirectional (and accordingly, |ess powerful) antenna
over nobil e woiskadavi ng a | arge or directional antenna. 1lOcTusBetdese of
this-preference, it is sonetines difficult to provide sufficient signha
strength for the exchange of communication signals between typical nobile

units having a snmall, omidirectional antenna and a nobile switching center
(MSC) or satellite. This problem is particularly serious in
satellite-based nobile radi ocommuni catiogns. 15 A

satellite-bdsed nobi | e radi ocommuni cai on sysStem provides

r adi oconmuni catlon Servic s to eo raphi cal eas of the earth
usi ng one or HHPEANLP oMy §f6§}é§a]§:f&pcﬂ5 l§I“ {1een panyRy ! “E%?é'ﬁ"LﬁFB'qul te
beam has a r agioustheffirstatefit@ st tan 36@0foKMe préiendetoftddftrBiiNghinels b diepns of a

satellite, it |s not practlcal to provide a high link margin in every beam
si mul t aneous| yatelitss. Because nobile satellite links are severely
power 11 ted, COMR{AE Gighdqfal iy o of WRIcSAlrluichlidh Kikd vefvdoh e Rt At Eha““E' s
W th Rlceanfadln occurs froma conbi nation o P

| i ne- of - sixght e;;qhtdrf thcnslatdhgs anmdﬁmeftl owhile thaveobilaluoitgs miaking m:aiansmon
bui | di ng-refl ese h el ni. ¢ t|o s ljnk
mar gi n of appggtxkvgfgr%\tgg‘%gﬁsf‘}%or eggﬂt 8a§'a(£:l ev'(qa(%\‘}% cha Commt QAT %aﬁhi n

| deal or satellite, using active time slots in alternate TDMA frames.

Brief Description of the Drawin

The foregoing objects, features and advantages of the present invention will
10 be more readily understood upon reading the following Detailed Description of
Preferred Embodiments in conjunction with the accompanying drawings in which:
FIG. 1 is a block diagram of an exemplary mobile radiocommunication
system;
FIG. 2 is a diagram showing the organization of channels in a typical GSM
15  digital radiocommunication system;
FIG. 3 is a diagram of a satellite-based mobile radiocommunication system
in which the diversity scheme of the present invention may be implemented; and
FIG. 4 is a flow chart describing the transmission of communication signals

according to an embodiment of the present invention.

20 Detailed Description of Preferred Embodiments

While the following description is directed toward a diversity scheme
implemented in a radiocommunication system having transmitter/receivers, such as
mobile units, and contro] stations, such as base stations or satellites, it will be
appreciated that the principles of the present invention can also be applied to other

25  types of communication systems.
In a satellite-based mobile radiocommunication system, a communication link

for transmitting voice or data is established between a mobile station and either a
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25 . near-ideal conditions, such as when the nobile radi otel ephone unit
antenna is properly deployed and.the unit is in an unobstructed | ocation.
In these near-ideal channels, the nmobile unit can successfully nDnitor t he
pagi ng channel to detect incomng calls. In non-ideal conditions g

when t he nobi W@ %R@3465 ant enna i s not depl oyed or the nobile RV 19425
"shadowed" due to obstructions (e.g., buildings, 30 trees, etc.)

refl ected waves, including ground-reflected and buil ding-reflected waves,
WD 97/ 23065 _

PCT/ US96/ 19429 6 becone significant. The channels in these non-ideal
conditions are characterized by fl at Raylgigh fading (the nost severe type
of fading) with severe attenuation. In such channels, a link margin of as

much as 30 dB Qhndied Qelephon8 Wt 4 &dcdrd %Bn@\e&nwtﬁﬂmgpmﬁunsae@hbomm@mei the

nobil e unit may have difficulty nonitoring the paging 5 channel

det ect i ncom néptellilep.sor amembinatigy of P'Pﬁ@'ﬂ’ﬁ?fglsﬁeméﬁs 3"'% F’Q‘WﬁTW'Qll‘FﬁWlFC@F@rS to
the additional ,souehe haqBuheIsid £'sleim e SANPiS FIO! SenRYde aRDGYE the
power required under | condi t I ons- at 1s, a anne havi ng no

i npai rments ot h@ﬁewemoaibghogmpmcampmamus'midﬂew&rs@ b@wmﬂ)ons arerppesentaent s”
| ncl ude fac%' ngﬂ@& 8‘?&1% l '1%H§j Gre lgo?%%c?calsrs]ﬁch X mF} A% Greal ! lEeI ke

si gnal shadow
inherent power Ixmnatlons of satellites, voice communications links between the

satellite and the mobile station require ideal or near-ideal conditions; that is,
conditions such as line-of-sight communication with the mobile station’s antenna
properly deployed. In non-ideal conditions, such as when the mobile station is

10  shadowed (e.g., inside a building, etc.) or when the mobile antenna is not properly
deployed, the power or signal margin requirements for communication increases
significantly due to the increased attenuation in the channel. In such situations
(shown as MUz in FIG. 3), Rayleigh fading often prevents satisfactory
communication, and it is therefore desirable to allow the mobile unit to

15 communicate through a second satellite. The present invention provides for such
a satellite diversity scheme.

For purposes of illustration only, and without limiting the scope of the
invention, a satellite-based GSM radiocommunication system using TDMA channels
may be assumed to exhibit the following conditions. The communication channel

20 has no line of sight component and is subject to flat Rayleigh fading with severe
attenuation. As will be appreciated by those of skill in the art, Rayleigh (or
multipath) fading is a phenomenon which occurs when multipath waves form
standing-wave pairs due to reflection from the physical structures in a service area.
The standing-wave pairs summed together form an irregular wave fading structure.

25 When the mobile unit is stationary, it receives a constant signal. However, when
the mobile unit is moving or shadowed, the fading structure causecs fading to occur
which increases as the mobile unit moves faster. The mean signal level of the non- .
ideal Rayleigh channel is approximately 10-30 dB below the signal level of a near-
ideal line-of-sight channel.

30 Referring to FIG. 4, a flow chart describing the diversity scheme of the
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10 I mpl enentation | osses, and anonalies in the antenna radi ati on pattern.
tt would be desirable to allow a nobile unit to exchange conmuni cation
signals with nore than one satellite to avoid the adverse effects of
shadowi ng. However, in such a satellite diversity scheme, an accurate
conpensat i ofwd@nasiekficult to achieve for different satell i PEEUIEITRY

di ff.erent positions or relative velocities. If 15 a satellite has a
non-geostationary orbit, the signal frequency of the conmunication |ink
between the satellite and a nobile unit suffers fromthe Doppler effect,
whi ch causes the signal frequency to change as the satellite noves. The
change in signal frequency can cause sigpals on one channel to stray into
anot her channel. In addition, the distafite between each nobile unit and the

satellite, and therefore the, 20 ropagasi gn Yorris VR | derably.
Thi's propagatrfSfMtadVEINaDa s SHONY sihgnsa"l%sq?%’ gr lrnta\gliclaéaa lltﬁ"{es g%?lgﬁﬁﬁg in
i ncorrect ti BmaduBication dimkountieradirst hatellinpland e f mobilandhitpreegiagatsi on

del ay, the expected Doppl er. shift rms{, be deh?enrsm ned based o? %h satellite
posi ti on and coOmEuUniRHen Signle ity the SRIEtif BYETRANSY COMEHInEcalan) hpke ellite.

The expect ed DapRl &k SRidetangd fbrRbieRadaioAuRGkiBN tRhnieRrcsivers anPeRsat e t he
25 transmtted signal to énsure that the signals transmtted to the

sat el | i t &5 ar rovgnunicatipn liakpisoprefesably POTRMA Bt ehighqeach TRMA dramsct

frequency. ONGoSRLULORmplO sl GRETUGE. ¢ P B! Ald.1he ABIRT it YraRhiRyT™ ¢ O

nobile units T ocat at1vely close together. I'n this case, eac
satel lite w |domaxmixatiomsigndli esigawivboins ot refndaeeei vas gompunicalian ggmfagat i on
del ay from ea(%lh a(rzrt?vt%i ltier"ncurgflo%’msgf tah%l&p\e frame. During the idle time of the
communication link (the idle time slots of each TDMA trame), the mobile unit scans
10  for new control channels from other satellites. The mobile unit performs the
scanning operation of step 100 regardless of the signal quality of thc communication
link with the first satellite.
In step 102, during the idle time slots of the first communication link, the
mobile unit determines whether a new control channel from a second satellite is
IS  present, and the mobile unit continues to exchange communication signals with the
first satellite over the active time slots of the first communication link established
in step 100. If no new control channel is detected. the process repeats step 100.
If a new control channel is detected, the process proceeds to step 104. In step 104,
during the idle time of the first communication link, the mobile unit determines,
20 from the control channel detected in step 102, the synchronization parameters
necessary 1o establish a communication link with the second satellite. The mobile
unit continues to exchange communication signals with the first satellite over the
active time slots of the first communication link established in step 100.
In step 106, the mobile unit stores the synchronization parameters determined
25  in step 104 in a memory, and continues to monitor the new control channel of the
second satellite during the idle time of the first communication link, while
exchanging communication signals with the first satellite over the active time slots
of the first communication link.

Once the mobile unit has determined the synchronization parameters

30  necessary to establish a communication link with the second satellite in step 104. the




30 signals fromeach nobile unit will arrive at an appropriate signal
frequency and in -7- an appropriate tine slot. A system has been
proposed in which nobile units assigned adjacent frequencies in a FDVA
system or alternatively nobile units assi.gned adjacent tine slots on a
TDVA carrier, woem#gsi cal |y adj acent. The proposed system nR§¢THE69425

I mpl enent ed by mappi ng the one dinensional tine or frequency axis to the
two di nensional surface of the earth served by the satellites.
Alternatively, the two di mensional ti rre frequency plane is mapped to the
t wo-di mensional traffic service area. IS aI so known to nonitor, at a
nobi | e unit, signals form neighbouri ng bainie and to request a handover
if a-nmonitored signal”s strength is deterimined to be greatel than the

For oxarpl e nok uBE L EpBIETR A bR SR SR TROHE RER ) as
015, and "The GaldlitediHoweaverrthaawbile E?ml cd'mineesom €kelidmge gomwmhicatthn dignalsl,
ggnmlfrﬁ:]?/ cé’? Iggn g\g e@ﬁ%ltlrg satfzﬂlﬁwréthe active ume givols opth %rs ecgmrn%mcaugn link aerDbI e
as the signal quality of the first communication link exceeds a first threshold level.
5 In step 108, the mobile unit determines if the signal quality of the first
communication link has fallen below the first threshold level (for example, due to
shadowing) and the signal quality of a second communication link with the second
satellite would be above a second threshold level. If both of these conditions are
met, the mobile unit establishes the second communication link in step 110;
10 otherwise, the process returns to step 106, and the mobile unit continues to monitor
the new control channel. Once the second link is established, the mobile unit
exchanges communication signals on active time slots of the second communication
link and stops exchanging communication signals over the first communication link.
After step 110, during the idle time slots of the second communication link,
15  the mobile unit can store the synchronization parameters for the first communication
link in the memory and monitor the control channel from the first satellite or can
scan for control channels of other satellites. If the mobile unit scans for the control
channel of a third satellite, the process returns to step 102, and the third satellite's
synchronization parameters are stored in the mobile unit’s memory upon detection,
20  as described above. If the mobile unit stores the synchronization parameters from
the first communication link, the process returns to step 106, and the mobile unit
monitors the control channe! of the first satellite during the idle time of the second
communication link. That is, the first satellite becomes the "new" satellite. 1f the
signal quality of the second communication link falls below a threshold level, and
25  the signal quality of a communication link with the first satellite or a third satellite
exceeds the threshold level, the mobile unit establishes a new communication link
with the first or third satellite. |
Alternatively, the mobile unit may exchange communication signals with two
satellites substantially simultaneously, either during the transition between two

30 communication links or in situations where the communication links with both
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transmtter/receiver, such as a nobile unit, to exchange comruni cation

Si ?nal s with nmultiple control station, such as satellites, to avoid the
ects of shadow ng, which does not |limt the |ocation of the

transmtter/receivers and which does not require a conplicated mapping

procedure. 23fgg7nagmmary of the Invention The above-noted &AT/USEMS429

| i m-tations of conventional conmunication systens and net hods are overcone

by the present invention, which provides for a diversi ty Ié‘é&N
for exanple, a nobile unit in a satelite-based comunica %

sel ectively communicates with nultiple satellites. SpeciLi ral | ﬁl nobi lle
25 " unit comunicates with a first satellite using active tinme slots of a
TDMA conmuni cations |ink, while scannind2for a control channel of a second
satellite during the idle time slots of t he TDVA If a contrglc channel

of a second stellites pffen sifficient sigsal qualiy- bp |"F‘El°ﬁ‘ﬁ?‘td”§tatl.)‘?é‘§"‘f°r1éhe mo
synchroni zati gg, b&fﬁhﬁﬁhw Qvith' B firfiesatdMite ' diiring Ve limedists @Prnk YL SF t O

nonitor the contr annel during the idle tinme slots while -TA-
comuni eat i ngTAMA frates.fsuehsas thesebpf ¢vea-nymbered TDMA Semes.and communisaiss | f the

signal qualit X/{tﬁ];tgé ﬁ§ﬁ°§8 OIS LAY ablivirie {dlord € ah! dictnai@t&t! dr! TEMAR! | S

bel ow a first
5 frames, such as the set of odd-numbered TDMA frames. It will be appreciated that

by allowing the mobile unit to transmit signals to two different satellites, the
separate transmissions can be integrated at a ground or base station to increase the
effective signal margin. A margin gain of approximately 3 dB can be achieved
using this alternative.

10 I will be appreciated that the diversity scheme of the present invention can
be implemented in a radiocommunication system having a transmitter/receiver, such
as a mobile radiocommunication unit, and a control station, such as a satellite,
having the general characteristics shown in FIG. 1.

While the foregoing description has included many specificities, the

- 15 exemplary embodiments disclosed are for illustrative purposes only, and are not
limiting of the present invention. Many modifications will be readily apparent to

those of ordinary skill in the art which do not depart from the spirit and scope of

the invention, as defined by the appended claims and their legal equivalents.
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| evel, as a result of shadowi ng or other interference, and the signal

guality of a comrunication |i Lth the second satellite would be above a
second threshold level, 5 WWM i shes a communi cation
link with the second satellltem es t he Synchroni zation WO

97/ 23065 WO 97/23065 I/p/’ il FREMYILY89429429 8
information fromthe first satellite. eunit can _nonitor the

control channel fromthe first satelllte E)r < n scanf)q-fsh Wi
control channels fromother satellites. If the signal q'JaTll t%H%]zEgC&EN
communi cation |inks between the nobile unit and 5 eac! ' LLgs

is sufficient, or while the nobile unit iﬁ maki ng the transition between
satellites, the m)bi e unit can sinultaneously conmunicate wth each
satellite, usi @gh .ve time slots in alternate TDVA frames. Brief
~Description of e Draw ngs The foregoi ng objects, features and advant ages
of the present invention wll be nore readily understood upon reading
\chtehf fL'eo‘;“Canngtns: [;'SR &%M@E QWF’{}?% ﬁ’gﬁélseavreer% FORANE R Rcdidn GRRI acti on
TDMA communication link including TDMA frames having active time slots and

idle time slots, the method comprising the steps of:
5 exchanging communication signals at a first signal strength between a
transmitter/receiver and a first control station using a first set of active time slots;
detecting, at the transmitter/receiver, the presence of a second control
channel from a second coﬁtrol station during the idle time slots while exchanging
communication signals between the transmitter/receiver and the first control station;
10 determining, at the transmitter/receiver, synchronization parameters
necessary for communication with the second control station from the second control
channel while exchanging communication signals between the transmitter/receiver
and the first control station;
storing the synchronization parameters at the transmitter/receiver while
15 exchanging communication signals between the transmitter/receiver and the first
control station; _
monitoring the second control channel at the transmitter/receiver while
exchanging communication signals between the transmitter/receiver and the first
control channel; and
20 exchanging communication signals at a second signal strength between the
transmitter/receiver and the second control channel using a second set of active time
slots, if the first signal strength falls below a first threshold level and the second

signal strength is greater than a second threshold level.

2. The method of claim 1, further comprising the steps of:
25 storing synchronization parameters necessary for communication with the
first control station while exchanging communication signals between the
transmitter/receiver and the second control station;

monitoring a first control channel from the first control station while

heet Has Been Replaced -
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FIG 1 is a block diagramof an exenplary nobile radi ocomunication system

FIG 2 is a diagram showi ng the organization of channels in a typical

15 .digital

satellite-based nobil e radi ocomruni cati on system.n which the diversity

schenme of tWweooeswent i nvention may be inplenented; and Fl g&1rdsdsfsddef| ow

radi ocomruni cation system FIG 3 is a diagramof a

GSM

chart describing the transm ssion of comunication signals according to an

enbodi ment of the present invention. 20 Det ai | ed Descri
Enbodi ments While the followi ng description is directed t

schenme inplenented in a radi ocommuni cati on system havi ng Imm ’”‘”J"”J“ﬂlmu
transmtter/receivers, such as nobil e units, and control

base stations or satellites, it wll bel‘hpprem ated that the pr| ncl' pl s “of

t he present

comuni cat i ofXE€PBSIBHEOMMYMEAUN HEHY

f
.nyention can al so A £@t\%§3éﬁg%§t&er{raﬁﬁlYfG@ﬁiaﬁgé%'\don

rred
a diversity

system a comﬂjlcg&tub@naﬂdl nk for transmtting voice or data is established
between a nobile station and either a WO 97/ 23065
PCT/ US96/ 19429 exchanging communication signals at a first signal slrength belween the

10

15

20

25

nﬂprws*-trr; =rf§=#*ttmﬂ_ D2 =

transmitter/receiver and the first control channel using the first set of active time
slots, if the first signal strength is greater than the first threshold and the second

signal strength falls below the second threshold.

3. The method of claim 1, further comprising the steps of*

detecting, at the transmitter/recciver, the presence of a third control channel
from a third control station during the idle time slots while exchanging
communication signals between the transmitter/receiver and the second control
station;

determining, at the transmitter/receiver, synchronization parameters
necessary for communication with the third control station from the third control
channel while exchanging communication signals between the transmitter/receiver
and the second control station;

storing the synchronization parameters at the transmitter/receiver while
exchanging communication signals between the transmitter/receiver and the second
control station;

monitoring the third control channel at the transmiiterr‘receive; while
exchanging communication signals between the transmitter/receiver and the second
control station; and

exchanging communication signals at a third signal strength between the

transmitter/receiver and the second control station using a third set of active time
slots, if the second signal strength falls below the second threshold level and the

third signal strength exceeds a third threshold level.

4. The method of claim 2, further comprising the step of:
exchanging communication signals between the transmitter/receiver and the

first control station during a first set of TDMA frames and exchanging

i ade ___""Fsttws-?:u-!ra =r’r=w'¢gmm_!: - -' ... : e
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9 standard tel ephone or a second nobile station through one satellite,

mul t.i pl e satellites, or a conbination of one or nore satellites and the
PSTN (public switched tel ephone network). Such a system as shown in FIG
3, may be desirable to achieve a broad geographi cal coverage in which few
or no base st WO UnN06&re present, 5 and additional base stBEAVEHEI1UEL not

practical, such as in rural areas. Due to the inherent%ﬁ
satellites, voice comunications |inks between the satellite an ile
station require ideal or near-ideal conditions; that is ialr | such as
| i ne-of -si ght comruni cation with the nobile station's aiuum !?'Q&MUHHJ
depl oyed. In non-ideal conditions, such az when t he nobi Fe st s 18
shadowed (e.g., inside a building, étc.) ? when the nobile antenna is not
ey e O fhm{riEBR a3 bl A Bk SV P TRA e sond conirl
communi cation increases signiticantly due to the Increased attenuation in

t he channel . | nstgiophiuging aatdood set (0f TOMA demiehlzif the fIFbtGignd) streRgplisatglve thedi ng
often prevents gsatjsfactory communi cation nd it is therefor sirable to
al low the. mobi | FLiieshotd pd die’seeont sighal Srenefty > ahoye e SBRRT RSO T o' The
present invention provides for such a satellite diversity schene. For
purposes of illustration only, and without |limtjng the scope of the

i nvention, a satell fi-‘{-éf-hse@%octgfwwam Hﬁ?ﬁﬁmw“&ﬂh%%g 8& usi ng TDVA
channel's may be assulridify €%k b dordnfificafibd OWighdlsCOBRnAAgRAS - betgen  the

conmmuni cati on channel ) _ ) o
transmitter/receiver and the first control station with the communication signals

exchanged between the transmitter/receiver and the second control station.

6. The method of claim 5, wherein the step of combining is performed at a

base station.

10 7. The method of claim I, wherein the transmitter/receiver is a mobile

radiocommunication unit.

8. The method of claim 1, wherein the first and second control stations are

radiocommunication satellites.

9. The method of claim 3, wherein the third control station is a

15 radiocommunication satellite.

10. The method of claim 1, wherein the first and second control stations are

base stations.

11. The method of claim 4, wherein the first set of TDMA frames includes
even-numbered frames, and the second set of TDMA frames includes odd-numbered

20 frames.

12. A transmitter/receiver for exchanging communication signals over a

TDMA communication link, comprising:

daad.adn i sl R d s e o L R
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20 has no |ine of sight conponent and is subject to flat Rayleigh fading
with severe attenuation. As will be appreciated by those.of skill in the

art, .Rayleigh (or multipath) fading is a phenonenon which occurs when

rrultlpath waves form standi ng-wave pairs due to reflection fromthe

physi cal st rwgbiisees in a service ﬂlﬂ g-wave pERCTAISsEimsd
together forman irregular wave f "mmlﬁﬂmﬂl V@en the nobi | e
unit- is stationary, it receives a constant "signaf. Ho CYAIS yous
unit is nmoving or shadowed, the fading structure causep fadl,
whi ch increases as the mobi | e unit noves faster. The .
the non- ideal Rayleigh channel is approximtely 10-30 dB bel ow the o1 gnal
| evel of a near- ideal |ine-of-si ght chdfnel . 30 Referring to
FIG 4, a flow chart descri bin diversity schene.o ? WD_97/ 23065
PCT/ US96/ 19429 10 FASEE FCQ'YR/%‘E%HSJ??' FEchanging, comml.'ms?%%* i%)‘ti“ FRAIE uni t
has establ i shefudl &@iEeHat £afst Sipndl isftkngth ulin@ affirkiSset 6@dcEVe tibR. siqiid t he nobil e
unit exchanges communi cation signals with the satellite over the first
comuni cation |inka dethetorningi detecting the: presense iy sseondagnérol ghanseloframind cat i on

transmtter/ r?e‘égﬁd’ &fntroml&%rlng idle time slots while exchanging communication signals

5 with the first control station;

means for determining synchronization parameters neccssary for
communication with the second control station from the second control channel
while exchanging communication signals with the first control station;
a memory for storing the synchronization parameters while exchanging
10 communication signals with the first control station:
means for monitoring the second control channel while exchanging
communication signals with the first control channel: and
.means for exchanging communication signals at a second signal strength with
the second control channel using a second set of active time slots, if the first signal
15 strength falls below a first threshbld level and the second signal strength is greater

than a second threshold level.

13. The transmitter/receiver of cltaim 12, further comprising:
means for storing synchronization parameters necessary for communication
with the first control station while the transmit/receive means exchanges
20  communication signals with the second control station; and
means for monitoring a first control channel from the first control station
while the transmit/receive means exchanges communication signals with the second
control station,
wherein the transmit/receive means exchanges communication signals at a
25  first signal strength with the first control channel using the first set of active time
slots, if the first signal strength is greater than the first threshold and the second
signal strength falls below the second threshold.

14, The transmitter/receiver of claim 12, further comprising:

ThlS Sheet Has. Been R Iaced
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5 comruni cation link is preferably a TDVA link in which each TDVA frane
includes, for exanple, 8 tine slots. |In step 100, the nobile unit
transmts communi cation signals dsing—active tine slot n and receives

comuni cation signals on active ti frame, Duriqg t he
idle time of Wee7eaEsUNIi cation || WH%“‘“@“‘““%LI ots of YK
frame), the nobile unit scans 10 @onsr ot channels from ot her
satellites. The nobile unit performs the scanning operation of step 100
regardl ess of the signal quality of the communication link with the first
satellite. In step 102, during the idle tinme slots of the first

communi cation |ink, the nobile unit detery nes whether a new control
channel froma second satellite is 15 Biesent and the nobile unit

continues to exchange, cORUN Bk el %l\ﬁ"ﬁlf}dtéaﬁi(&l' Eh’iﬁnéa}’} lai tarqover

the active tine slots os’? the'[e%?é%t conmmuni cati on established I1n step
100. If no newcontmdlrstation demmgthe idie dmt:ebtseﬂllletlhﬁatryﬁmlvfemmsxmawsloo

e R e SR RN,

communi’'cation |link, the nnblle

unit determ nes, 20 meahd Of0rt hdeteziting spitamn&laudet patamdters Bécemﬂ;OZtort he
synchroni zati on parameters_necess

to establish a caomunic i.nk with
the second at SOMMUBICAPRWiH3Ih§ g‘“%rglof‘"i?bﬂ?lf%u}é%m e turdrconyal %BHWH TGt i on
signals with the tfrérfsﬁﬁtll%@évﬁ‘é thédnS eR8hgek BSmMBhicaRnlsighBls %/idlife @forddi@nirolr St
comruni cation link established in step 100. In step 106, the nobile unit

stores the syncHteni zati on paranet ers deternm ned
means for storing the synchronization parameters while the transmit/receive

means exchanges communication signals with the second control station; and
10 mcans for monitoring the third control channel while the transmit/receive
means exchanges communication signals with the second control station,
wherein the transmit/receive means exchanges communication signals at a
third signal strength with the second control station using a third set of active time
slots, if the second signal strength falls below the second threshold level and the

15  third signal strength exceeds a third threshold level.

15. The transmitter/receiver of claim 13, wherein the transmit/receive
means exchanges communication signals with the first control station during a first
set of TDMA frames and exchanging communication signals between the
transmitier/receiver and the second control station during a second set of TDMA

20  frames, if the first signal strength is above the first threshold and the second signal

strength is above the second threshold.

16. The transmitter/receiver of claim 12, wherein the transmitter/receiver is

a mobile radiocommunication unit.

17. The transmitter/receiver of claim 12, wherein the first and second control

25 stations are radiocommunication satellites.
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25 in step 104 in a nenory, and continues to nonitor the new control
channel of the second satellite during the idle tinme of the first

communi cation |ink, while exchanging comunication signals with the first
satellite over the .active tinme élots of the first communication |ink. Once

t he nobi |l e waidnb@s det er m ned tgjlm Mr i 1Aty par anet BEHUSIE/19429
necessary to establish a conmmuni ” "m”m]t"*im]he second satellite in
step 104. the WD 97/ 23065 roL oM s T

PCT/ US96/ 19429 11 nobile unit is capable of exchangi ng comruni cation
signals with the second satellite. However, the nobile unit continues to
exchange communi cation signals with the first satellite on the active tine
"'slots of the first communication |ink aéglong as the signal quality of the
first conmmunication |ink exceeds a first threshold level. 5 In
step 108, the nobile unit determnes if the signal quality of the first
comuni cati on | i nkghThe t@hdmiterRLavert dteclditn 54, witerein higd thiddedsatrol( fimionexanpl e,
due to shadow ng) .and the sjgnal quality of a second conmunication |ink
with the secdhd radiecommynicationsstelie- above a second threshold level. If both
of these conditions are net, the nobile unit establishes the second

communi cation link in step 110; _ )
19. The transmitter/receiver of claim 12, wherein the first and second control

stations are base stations.

5 20. The transmitter/receiver of claim 15, wherein the first set of TDMA

frames includes even-numbered frames, and the second set of TDMA trames

includes odd-numbered frames.
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10 ot herwi se, the process returns to step 106, and the nobile unit
continues to nonitor.the new control channel. Once the second link is

est abl i shed, the mobi | e uni t exchanges communi cat i on signals on active tine
slots of the second conmmunication lLink and stops exchangi ng communi cation
signal s over W@STBEt conmunication link. After step 110, dFr¥YRIHE idie
time slots of the second communi cation |ink, 15 the nobile unit can store
t he' synchroni zati on paraneters for the flifdst communication link in the
menory and nonitor the control channel fromthe first satellite or can scan
for control channels of other satellites. If the nobile unit scans for the
control channel of k? r¢g satellite, the process returns to step 102, and
the third l ynghroni zat1 on paraneters are stored in the nobi] e
unit's mefrory upon g ? Fion 20 as descri bed above. If the nobile unjt
stores the¢ synchronlza Ion paraneters fromthe first conmmunication |ink}

the procegs returns to step 106, andgl the nobile unit nonitors the dqontr
channel off the first satellite durigpg the.ii3le tinme of thdS&econd

communi catlion link. That is, the fifst sateflite becones the "new'
satellitej If the signal quality of {tHe second cgnmumni cation |ink flal

bel ow a threshold | evel, and 25 thhe |si gnal qualjityj{of a conmunjcqti ¢n
link withithe first satellite or a fhijfrd satellife exceeds the thrgshold
| evel , the nobile unit establishes new conmuni ¢ati ¢n | | ¥HAN thltHe 1irst
or third gatellite. Alternatively, §hg nobile unijt may ) g; '
comuni catli on signggs With two satelllijtes substantiall angoysly,
ei ther during the tgansition between two
a@&gu
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30 communi cation links or in situations where the comunication |inks
with both 12 satellites offer sufficient signal quality.. To i npl enent
thig alternative, the nobile unit conmunicates with the first satellite
during active tine slots of one set .of TDVA franes, such as the se

even- nunber edWOBIRS0BS ames, and conmuni cates with the second "Eﬁf"é?ﬁ’\’f’é
durirng active tine slots of an alternate_set of TDMA franes, such as 5

the set of odd-nunbered TDMA frames. It %1 be appreci ated that by
allowing the nobile unit to transmt signals to two different satellites,
the separate transm ssions can be integrated at a ground or base station to
increase the effective signal margin. A margin gain of approximtely 3 dB
can be achieved 'using this alternative. It will be appreciated that the

di versity scheme of the present invention can 10 be inplenented in a

radi oconmuni cati on system having a transmtter/receiver, such as a nobile
radi ocomruni cation unit, and a control station, such as a satellite, having

the general characteristics shgwn in FIG 1. Wi l e the f or egoi ng :3
description has included nany $pecificities, the exenplary enbodi nent
di scl osed are for illustrativeaurposes eqly, and are not I|+n1n-ﬂg of %xhe

15 present invention. Many nmedli fi cati o% w il be reacj\l y agparQnt t
t hose of ordinary
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skill in the art which do not depart fromthe scope of the invention, as
defined by the appended cl ai ns. . 13 CLAIMS: 1. A nethod for exchanging
signals over a TDVA communi cation |ink, the TDMA conmuni cation |ink

i nclyding TDVA franes having active tinme slots and idle tine slots, the

met hed conpriwomg2i0se steps of : exchangi ng communi cation si GTAMUSI42? ¢ r st
signal strength between a transmtter/receiver and a first control station
using a first set of active tinme slots; detecting, at the
transmitter/receiver, the presence of a 8&tond control channel froma
second control station during the idle time slots while exchangi ng

communi cation signals between the transmtter/receiver and the first
control station; determning, at the transmtter/receiver, synchronization
paranmeters necessary for conmunication with the second control station from
the second control channel while exchangi ng comunication signals between
the transmtter/receiver and the first control station; storing the
synchroni zation paranmeters at the transmtter/receiver while
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exchangi ng conmmuni cati on signals between the transmtter/receiver and the
first control station and before channel sw tching begins; nonitoring the
secqond control channel at the transmtter/receiver while exchanging

communi cation signals between the transnitter/receiver and é%ﬁﬂjh&ﬁﬁzg

cont.r ol channgb;97/238d5 exchangi ng communi cation signals at a 4t st gnal
strength between the transmtter/receiver and the second control channel
usi-ng a second set of active tinme slots, the first signal strength falls
bel ow a first threshold | evel and the sec nd signal strength is greater
than a second threshold level. 2. The nethod of claim11, further conprising
the steps of: storing synchronization paranmeters necessary for

comuni cation with the first controlfqu5g 34?hlle exchangi'ng communi cati on
signals between the transmtter/recefvdr he second control station;
nonitoring a first control channel fromthe first control station while

WO 97/ 23065

PCT/ US96/ 19429 14 exchangi ng commruni cati on signals between the
transmtter/receiver and the second
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comhy @3st7asiges; 20and exchangi ng communi &% oniSHgridl &at ‘d: 36, N6t426D 34688 ¢ 15
~strength between the transmtter/receiver and the first control channel
using the first set of active tine 5 slots, if the first signal strength
is greater than the first threshold and the second signal strength falls
bel ow t he second-.threshold. 3. The nethod of claim11, further conprising
the steps of: detecting, at the transmtter/receiver; the presence of .a
third control channel froma third control &tation during the idle tinme
slots while exchanging 10  comuni cation signals between the : '
transm tter/ r ecframersyachionipationedacavd theomobilé usit.at i on; determning, -at the
transmtter/receiver, synchroni zation paraneters necessary for _

communi cation with t NBe FHCeR &ses<H BACH is yseehby 1the mebiles toanquest aushssnne

whi | e exchangi n |, C Skl ' 2 LI \hterfreceiyer 15
and the second g’o‘%tg Egﬂpdslta F%%‘?@?ﬂ%%@%%@%ﬁﬁ?ﬁﬁg%
the transmitt er theenshilees mammmﬂhmxmmwﬁpm&%mhﬂwﬁﬁ t he

transmtter/recegiver and the second coptrol station;, nonitoring the third
control chafinel H per ¢allissufficient in tvpical systams, leverpduring periods of heayy use).

comtrol St at  on eaRl b i B0 o AL ol L SR e
- ' channel is busy or idle. If the RACH channel is idle, a mobile unit desiring access
sends its mobile identification number, along with the desired telephone numper, on
_ the RACH to the base station or satellite. The MSC receives this information from
10 the base station or satellite and assigns an idle voice channel to the mobile station, -
and transmits the channel identification to the mobile through the base station or .
satellite so that the mobile station can tune itself to the new chagnel, All time slots
on the RACH uplink chammel are used for mobile access requests, cithier on a
contention basis or on a reserved basis. ‘Reserved-basis access is described in U.S.
15 Patent No. 5,420,864, and which is incorporated in this application by reference.
One important fearure of RACH operation is that reception of some downlink
information is required, whereby mobile stations reéeive real-time feedback for every
burst they send on the uplink. This is known as Layer 2 ARQ, or automatic repeat
request, oa the RACH. 'The downlink information preferably comprises twenty-two
20 bits that may be thought of as another downiink sub-channel dedicated to carrying,
in the downlink, Layer 2 information specific 1 the uplink. This flow of
information, which can be called shared channel feedback, enhances the throughput
capacity of the RACH so that a mobile station can quickly determine whether any
‘burst of any access attempt has been successfully received. As shown in FIG. 2, this
25  downlink information is transmitted on channel AGCH. |
- Transmission of signals in 2 TDMA system occurs in a buffer-and-burst, or
discontinuous-transmission, mode: each mobile unit transmits or receives only during
it assigned time slots in the TDMA frames on the mobile unit's assigned

WIENDED spec
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exCRAMGRNG L disdubiZdat i on signals at' a t@Hvid .si %Rkl Tstl's engt’h3bdbvieb. ot | 16
transmtter/receiver and the second control station using a third set of
acti-ve tinme slots, if the second- signal strength falls bel ow t he second

t hreshol d | evel and the 25 ~ "third signal strength exceeds a third: -
t hreshol d level. 4.".The nethod of claim2, further conprising the step of:
exchangi ng communi cati on signals between the transmtter/receiver and the
first control station during a first set?-of TDMA franes. and exchangi ng

WD 97/ 23065 .

PCT/ US96/ 19429 atsapmaaprie simeislot. si gnal s between the transnitter/receiver

and.the second contrqQl stati uring a second.se f. TDVA frane if the
first 'signal st rehgt% F%%o% g??@ \%ngét s H’“g’ﬂﬁ s 2SS @ﬁﬁ‘gl
strength is abOﬁeqdda@@mmMﬁ&ﬁa@J&mémﬁmy W@Maﬁ o

conprising the stéep of: nmbi ni ng comunicat | 5|gnals
exchanged  bet #le@ron atTé)MIAammt tage )phmmnyeadjm t The propssad:systenoknaytmt i on

*and the: sec3nd EORERGRted i Pappine e Tore GERRUUAI 51 GeSUSHRHAGS 1) BRAEY cp
of combining i Sdﬁf‘ehgﬁhﬂeﬁrﬁl:e Qf the earth served by the satellies. Alternatively, the two
' dimensional rime-frequency plane is mapped to the rwo-dimensional traffic service
area. . .
It is also known to monitor, at a mobile unit, signals form neighboring base
10 and to request a handover if a monitored signal’s strength is determined to be greater .
than the signals of a current active communication link, Such systems arc described,
for example, in U.S. Paten: 5,444,696, European Patent Applicarion EP-A-448 015,
and “The GSM radio interface”, Br. Telecom Tech. J. Vol. 8, No. 1, January 1990,
pages 31-43. '
15 It would be desirable for a mobile communmication system to allow a
| transmitter/receiver, such as a mobile unit, to exchange commnication signals with
multiple control station, such as satellites, to avoid the effects of shadowing, which
does not limit the location of the transmitter/receivers and which does not require
complicated mapping procedure. |

. 20 Sunnmary of the Invention
The above-noted and other imitations of conventional commumication sysiets
and methods are overcome by the present invention, which provides for a diversity
scheme in which, for example, 2 mobile unit in a satellite-based communicarions
system selectively communicates with multiple satellites. Speciﬁcahy, the mobile
25 :unit .commmnicates with a first satellite using activé time slots of a TDMA
 communications link, while scanning for a control channel of a second satellite during
“the idle time slots of the TDMA link. If a control chamnel of a sccond satellite is
detected, the mobile unit stores the synchronization information from the control
channel, and continues to monitor the control channel during the idi¢ time slots while

CARENOR SHEET
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tr-ansmtter/receiver is a nobile radi ocomunication unit. 8. The nmethod of
claim1, wherein the first and se¢ond control stations are

radi oconmmuni cation satellites. 9. The nethod of claim3, wherein the third
control station is a 15 radi ocomunication satellite. 10. The nethod of
claim1, wherein the first and second control stations are base stations.

11. The method of clai'm 4, wherein the-TArst set of TDVA franes includes
even- nunbered franmes, and the second set of TDVA franes includes

odd- nunber ed 20:ommuanicating with  the\ firstssateliite during ehe notive dme stots: hdf dhengignal

rano ¢/ ocol MBS SHBeEiRaeg A Yok e irsretedie el hetas aifl bl
control stationei, ds bl fediie SF Silowly 67'Gibe ithbriefte! shd e Hgndl| iy YPa' ' M
communication link with the second satellite would be above a second threshold level,
S . the mobile unit establishes a communication link with the second satellite and stores
the synchrouization

ATy HEET
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_J'Td%ﬁE$Mdf’f 3 Héﬁectlng t he presence bﬁva sbcéhd'cbﬂtrol ¥\ N 5Fbﬂ|5 8
second control station during idle tinme slots.while exchanging
. conmuni cation signals with the first control station; nmeans for
~determning synchronization paraneters necessary for conmmunication with
t he second control station - -fromthe second control channel while exchangi ng
communi cation signals with the first control station; a nenory for storing
the synchronization parameters while exchd®gi ng comunication signals wth
the first control station and before channel sw tchi'ng begins; neans for
..nmonitoring the second control channel mhile exchangi ng conmuni cati on

signals with the first.con neI nmeans for .exchangin
conmuni cat i on SOt %ﬁ ?? fylFFéz'%t& ﬁ’&@% ol

channel using gnit SsAMtnisRks !’I?‘sa% s
strength falls below a fi rst threshol veI a&gvtﬁlnErsg@(t:godn&ﬁélsgnal st rength
is greater t ha&ames,esudnah the set o evel-tupsbered TDMATframes, anctmmmm:ts:wnmﬂ:e of

~claim12, furtHher isjing: nmeans fqr storing synchr atlon a meters
necessary for Fﬂ maﬂWWﬂWﬂa’é 5§t°$t1

transmt/rQqcei %ﬁﬂ?ﬂﬁ MRYRLE af | ggg!

control st gt | o}r%’% neans orePDnl ori ng ?it 'lﬂrbs%t ?‘éﬂ &:&nyﬁe&‘?gom t he

‘first control ﬁioaneﬁﬂt wWhirh@niihdgialewsiiol diffeRal weelliies Nhe sepahae eafismissions
communi cation signals with the second
~ can be infegrated ata ground or base station to increase the effective signal margin.
A margin gain of approximately 3 dB can be achieved using this alternative.
It will be appreciated that the diversity scheme of the present invention can -
10 be implementéd in a radiccommunication system having a transmitter/receiver, such
us a mobile radiocommunication unit, and a control station, such as a satellite, having
the general characteristics shown in FIG. 1.
While the foregoing description has included many specificities, the exemplary
exabodimemts disclosed are for illustrative purposes only, aad are not limiting of the
15 present invention. Many modifications wiil be readily apparent o those of ordinary
skill in the art which do not depart from the scope of the inyention, as defined by the

appende‘d claims.
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conpri si ng:

WO 97/ 23065

I'S greater

13
PCT/ US96/ 19429 17 nmeans for detecting the presence of a hird control
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stati-on during the idle tinmestors while the

transm t/receive neans exchanges comuni cation signals with the second

cont r ol
for 5
control

station;

MEDMPARAmEe? hading racfide iR slots and

synchroni zation paranmeters while the gransm t/recei ve neans exchanges
communi cat i ddlegingnalots. whe method eomprisingcbatsteps oft ati on; and

¢

exchanging communication signals at a first sxgnal strength between a
transmilter/receiver and a first control station using a first set of active time slots;

detecting, at the transmitter/receiver, the presence of a second control

channel from a second control station during the idle time slots while exchanging

communication signals between the transmitter/receiver and the first control station;

determining, at the transmitter/receiver, synchronization parameters
necessary for communication with the second control station from the second control
channel while exchanging communication signals bctween the transmitter/receiver
and the first control station;

storing the synchronization parameters at the transmitter/receiver while
exchanging communication signals between the transmitter/receiver and the first
control station and before channel switching begins;

monitoring the second control channel at the transmitter/receiver while
exchanging communication signals between the transmitter/receiver and the first
control channel; and

exchanging communication signals at a second signal strength between the
transmitter/receiver and the second control channel using a second set of active time
slots, if the first signal strength falls below a first threshold level and the second

sighal strength is greater than a second threshold level.

2. The method of claim 1, further comprising the steps of:

storing synchronization parameters necessary for communication with the
first control station while exchanging communication signals between the
transmitter/receiver and the second control station;

monitoring a first control channel from the first controt station while

means for determ' ning synchroni zati on paraneters necessary
conmurii gat,i on

d. f
channel vhi® H‘ef'??éj ‘?’l’ ET1S lﬂrges&@ 6"%33126% ﬁ%’ﬂé‘g@é BMH*C%FI on
signals w t e %ﬁ%ﬂldﬁﬁaﬁ 'hﬁk 1ﬁélﬁ&lh



10 neans—er—monitoring the third control chanrREPMCEMMSHEET

transnit./®ecei ve neans exchanges comuni cation signal's wiftly the second
cont r ol station‘,J ,’ "E mt/receive means exchgngesq %Qjﬂﬂlﬂigéat op
signals at a thi ﬂ "mm;ﬂﬂ'ﬁ with the second contrg¢l |station usingja
third set o6f active fine Slotss, *If the second si gnal st r ¢ngth—Fakts—beloly

the second threshold | evel -and the 15}¢ third signal streéngth excegds a
third threshold level. 15. The transmtter/receiver of clarm I3, WTererm

the transnit/r emesmi/rogis mexsd) fUTSRhSRIRL CoMmaAiunfuatioh GiNaf Withha g first
control station during a first set of TDVA frames and exchangi ng

communi cafPHFPltation) &l apkrsheignal weengthaysing a fisst seb of astive tamd sldie second

trol statio ' . t__of 20 frames,, if the first
(s:?gn;f) st rengt ﬁ &gééé o{/og qsﬁi%?lﬂgr@? H"%ﬁ%@ﬁg{h ?fﬁﬂ“q ﬁemg@_c?m"gli 98 astrengt h
i s above sdrondeompsl stadtiondfihgidid imekhvts Wwh@exohah&ing c6mAlunRatith s%ﬁism 12,
wherein the transmtter/recerver is a nobile radi ocomuni cation-unrt. 17.

The t r ansWitht 1B fireceonizel sietiors ai m 12, wherein the first and second control

25 stations .ragdio kcati ellites. WO 97/ 23065

PCT/ US96/ 19429 nidafis ?8'1‘ 8&@%1&3 s?&h?&h?auon parameters neccssary for
communication with the second control station from the second control channel

while exchanging communication signals with the first contro! station:
a memory for storing the synchronization parameters while exchanging
i communication signals with the first control station and before channél switching begins;
means for moniloring the second control channel while exchanging
communication signéls with the first control channel; and
means for exchanging comminication signals at a second signal strength w-ith
the second control channel using a second set of active time slots, if the first signal
strength falls below a first threshold level and the second signal strength is greater

than a second threshold level.

13. The transmitter/receiver of claim 12, further comprising:

means for storing synchronization parameters necessary for communication
with the first control station while the transmit/receive means exchanges

U communication signals with the second control station; and |

means for monitoring a first control channel from the first control station
while the transmit/receive means exchanges communication signals with the second
control station,

wherein the transmit/receive means exchanges communication signals at a
first signal strength with the first control. channel using the first set of active time
.slots, if the first signal strength is greater than the first threshold and the second

signal strength falls below the second threshold.

14, The transmitier/receiver of claim 12, further comprising:
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}8 18. The transm tter/receiver of claim14, wherein the third c
Station is a radi oconnmuni cation satellite. 19. The transm tter/receiver/! pf
claim 12, wherein the first and second control stations are base stations.
5 20. The transmtter/receiver of claim 15, ,‘-"’n

set of TDMA franes_includes even-nunbered franmes, and the sec
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(57) Abstract

A diversity scheme for allowing a transmitter/receiver, such as a mobile unit in a mobile telecommunications system, to exchange
communication signals with more than one control station, such as a base station or satellite. According to an exemplary embodiment of
the diversity scheme, the mobile unit scans for the control channel of a second satellite during idle time slots while communicating with
a first satellite during active time slots. Once the mobile unit detects a control channel from a second satellite, the mobile unit stores
synchronization information and establishes a communication link with the second satellite if shadowing or other severe fading causes
: signal quality over a communication link established with a first satellite to fall below a threshold level. The diversity scheme also allows

the mobile unit to communicate simultancously with two satellites, using alternate TDMA frames.
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