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Met hod Of Synchronizing Satellite Switched CDMA Conmmuni cati on SyEf8f
of the Invention This invention relates in particular to synchronization
a communi cation systemand in particular to a synchronization of a
comuni cation systemtransmtting satellite switched CDVA beans. It is
specifically concerned with gl obal synchronization of nultiple ground
station transm ssions with a satellite swi.tch in a nultiple point to point
comuni cati on system Background of the Invention Satellites have been part

of terrestria ication.sys Sige thelr jnception. Their nost
frequent appl M@FW “shmﬂmﬁ%ﬁ e&?@@%@@@ﬂﬁ“@'%&%ﬂas
repeaters interconnecting terrestrial stations (i.e., a bent pipe
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efficiently requires gaLIQHAVE Becll pat B strial comimimitation systoms since
their inception. Their most frequent application in communication systems has been
as relays or as repeaters interconnecting terrestrial stations (i.e., a bent pipe
connection). It has been generally considered too difficult to design equipment for
switching of signals within the satellite due to weight and size limitations. Hence
signal switching has been performed at the ground station with the satellite operating
as a bent pipe where ground transmitted signals within a beam are redirected in their
entirety as a beam to a ground receiver. '

Satellite switching has been achieved in systems by utilizing CDMA
signal transmission, by isolating individual uplink traffic channels by despreading
techniques and by selectively combining the traffic channels into downlink beams by
respreading the traffic channels. This technique is discussed hereinbelow. Making
such a system work efficiently requires maintaining orthogonality between various
signals in the CDMA beam and between multiple CDMA beams. In multipoint-to-
point systems such efficiency requires system/global synéhronization of spreading
and despreading codes. This is, at present, difficult to achieve with known
techniques without extensive ground based synchronizing systems. Such systems
are expensive and limit ﬁexibility in operation in adding and removing ground
stations.

Summary of the Invention

In a communication system having multiple-point-to-point
communications processed through a satellite based switch, switched CDMA.
processing is enabled by a global synchronization process that synchronizes each
participating element to a common global reference point without requiring an
extensive ground based synchronization system.




signals in the CDVA beam and between nmultiple CDVA beans. In nmultipoint-to-
poi nt systens such efficiency requires systeni gl obal synchronization of
spreadi ng and despreadi ng codes. This is, at present, difficult to achieve
wi th known techni ques w thout extensive ground based synchroni zi ng systens.
Such systens are expensive and limt flexibility in operation in adding and
renmovi ng ground stations. Summary of th_e%lnvent lon In a comuni cation
system havi ng nul ti pl e-point-to-point co ni cations processed through a
satellite based switch, sw tched CDI\/Aagr ocessing i s enabled by a gl obal
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synchroni zat grend sulikciibérimits iy beghn all trahéthisdlo in synchronism with 2 common
reference time under control of a connecting satellite. This common reference time
is established for all ground subscriber units through signal interaction with the
connecting satellite whereby both an initial coarse and a subsequent continuous and
finely adjusted synchronization for a particular ground station is developed and
maintained.
In an illustrative embodiment downlink synchronization signals and
uplink access signals are used to acquire synchronization between a satellite switch
and a ground station. A reference propagation delay time is established in terms of
quantified timing marks with intervals within a size range of chip intervals used in
the CDMA spreading codes of the system. The propagation delay is defined in terms
of one of the quantified timing marks defining when a first signal from a terrestrial
subscriber unit is received. This propagation delay is transmitted to the originating
terrestrial subscriber unit and utilized to adjust the timing of subsequent uplink
CDMA code chips.
In another aspect of the invention successive traffic channel
transmissions are used to interact with timing equipment of the ground station and
satellite switch to continuously refine the state of synchronization.
Synchronization, of each ground station, is referenced to a common
reference point so that all transmitting ground stations share a common reference
start transmission time so that both ground station and satellite switch
spreading/despreading codes are in substantial synchronization, with the propagation
delay taken into account.

Brief Description of the Drawing
FIG. 1 is a schematic of a communication system using a satellite

switch;

FIG. 2 is a block schematic of a ground transmitter-to-satellite-to-
ground receiver system;



ground subscriber units to begin all transm ssions in synchronismwth a
common reference tinme under control of a connecting satellite. This comon
reference tinme is established for all ground subscriber units through
signal interaction with the connecting satellite whereby both an initial
coarse and a subsequent continuous and finely adjusted synchronization for
a particular ground station is devel opegl.and nmaintained. In an illustrative
enbodi ment downl i nk synchronization signals and uplink access signals are
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' FIG. 8 is a block diagram of an access channel receiver unit included in
the satellite of FIG. §;
FIG. 9 is a block diagram of an access channel detection circuit included
in the access channel receiver unit of FIG. 8;
FIG. 10 is a block diagram of a satellite broadcast transmitter unit
included in the satellite of FIG. 5;
FIG. 11 is a graph of synchronized arrival times of CDMA codes;
FIG. 12 is a graph of the propagation delay correction between ground
and satellite;
FIG. 13 is a flow chart of a double dwell flow process; and
FIG. 14 is a schematic of a tracking feedback connection to enable
synchronization between satellite and ground stations.
FIG. 15 is a block schematic of a parallel access channel detection array
for the access channel receiver of FIG. 8;
FIG. 16 is an implementation of a channel detector in the circuit of FIG.

15; and
FIG. 17 is a schematic of the SYNC and pilot receiver unit of FIG. 2;

FIG. 18 is a schematic of a despreader circuit used in the open loop sync
tracking of FIG. 14; and

FIG. 19 is a timing diagram of the open loop tracking.

Detailed Description p
In the illustrative embodiment a spectrally efficient CDMA (the spectral
efficient means that through orthogonat coding, adjacent codes do not easily
correlate), uplink signal is synchronized in accord with the principles of the
invention by establishing a reference mark at which code signals are transmitted




spreadi ng/ despreadi ng codes are in substantial synchronization,
propagati on delay taken into account. Brief Description of the Drawing FI G
| is a schematic of a communication systemusing a satellite switch; FIG 2
is a block schematic of a ground transmtter-to-satellite-to- ground
receiver system -3 - FIG 3 is block diagramof a ground station used
in the systemof FIGs. 1 and 2; FIG 44s a chart of successive signaling

conduct ed between a ground station and a satellite to establish gl obal
synchroni z
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separation requirements between signals, including traffic channels within beams as
well as between beams. For orthogonality to occur substantial synchronization is
required. Analysis of system operation indicates that slight deviations in
synchronization (e.g., 10%) will not seriously interfere with non-blocking system
operation. In deed such deviations are used to continuously refine and maintain the
state of synchronization. Downlink signais from the satellite are synchronous code
division multiplexed signals which are directed to a particular destination and hence
are not multiple access.

A geostationary fixed service muiti-beam switching satellite is
contemplated in the illustrative embodiment. The communication system provides
both multiple access to and switching within a multiple beam handling satellite.
Space division is also used in the illustrative overall system whereby a plurality of
multibeam antennas (e.g., 32 ) are used to accommodate many beams and fully
utilize all the available spectrum. CDMA is used to provide access for a plurality of
users in each individual frequency band in each of a plurality of CDMA beams. User
CDMA data is spread, in the illustrative embodiment over a bandwidth of 10 MHz.

Switching of traffic channels from an uplink beam to & downlink beam
is achieved by utilizing spreading and despreading codes to separate individual
traffic channels from uplink beams and combine them into downlink beams in which
all the traffic channels in the downlink beam have identical destinations with each
other and with the downlink beam. In order to operate properly and maintain
orthogonality for both beam and channel isolation the spreading and despreading
codes must be orthogonal and substantially system wide synchronized. Such
synchronization is maintained herein by establishing a propagation delay, obtaining
an initial coarse synchronization and then constantly fine tuning the synchronization
to achieve steady state synchronization as described below.

An illustrative satellite communication system coupling a transmitting
ground station to a receiving ground station (i.e., also called subscriber units; SU) is
shown schematically in FIG. 1. While illustratively depicting individual
transmitting and receiving stations 101 and 102 these stations also could be radio
transmitting points and radio receiving points of a telephone system. These stations
are preferably fixed spatially/geographically, when transmitting and receiving as

with the




FI G 8 is a block diagramof an access channel receiver unit included in
the satellite of FIG 5; FIG 9 is a block diagramof an access channel
detection circuit included in the access channel receiver unit of FIG 8§;
FIG 10 is a block diagramof a satellite broadcast transmtter unit

included in the satellite of FIG 5; FI gi 11 is a graph of synchronized
arrival tinmes of CDMA codes; FIG 12 i5”8 graph of the propagation del ay
correction between ground and sat el lite; FIG 13 is a flow chart of a
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satefhte 105 via its accompanying satellite dish antenna 104. Each beam signal
includes a plurality of individual channels or bands. As shown the satellite receives
RF CDMA beam signals from plurality of other transmitﬁng stations 101-Nand
transmits RF CDM beam signals to a plurality of receiving stations 102-N. All
stations may both transmit and receive messages.

The interface connection between the stationary SUs and the satellite is
via a Common Air Interface (CAI)..The CAl includes various control and traffic
channels all on assigned frequency bands consclidated into beams. Control channels
include an Access channel in the uplink mode. Pilot, SYNC and Paging channels are
included in the downlink mode. Signaling messages are carried by the Access and
Paging channels and initial timing is handled by the Pilot and SYNC channels.

Uplink and downlink Traffic channels carry voice, data and signaling information
between terminal end SUs and are further used for continual fine tuning of
synchronization of system SUs. Multiple access and modulation of the traffic
channels may be based on spectrally efficient CDMA processing. A spectral
efficient transmission is obtained therein by Trellis Code modulation and CDMA
spreading. As discussed therein, the spectrally efficient processing requires good
orthogonal separation between the codes defining individual beams, In the present
embodiment turbo code modulation is preferred due to its spectral properties which
are similar to trellis coding properties but better in providing spectral efficiency.
Both coding techniques are well known to those skilled in the art and hence are not
discussed in detail herein.

Traffic channels within the satellite are switched from an uplink beam to
an appropriate downlink beam by a method of despreading and subsequent
respreading which separates, defines and directs the individual traffic channels into
appropriate downlink beams.

An illustrative unidirectional uplink-to-satellite-switching-to-downlink
arrangement is shown in the FIG. 2 schematic. The transmitting circuitry of
ground/subscriber unit (SU) 201 generates uplink CDMA beams each including a
plurality of traffic channels (i.e., bands) and an access channel. The traffic channels



In the illustrative enbodi nent a spectrally efficient CDOVMA (the spectral
efficient neans that through orthogonal coding, adjacent codes do not
easily correlate), uplink signal is synchronized in accord with the
principles of the invention by establishing a reference mark at which code
signals are transmtted -4 - froma ground station to a satellite.
Initial uplink signals use asynchronoussdelay to capture CDVA signals
transmtted through the access channel. In a properly synchroni zed system
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FIG. 3, includes both capabilities in one SU.

The transmitting SU 201 includes a Call Control Unit 212 (CCU)
included in the TE 211 and a Traffic Channel Transmitter Unit (TCTU) 214 included
in the TU 213. The TU 213 also includes an Access Channel Transmitter Unit
(ACTU) 215. The Access channel transmission unit provides communications
which as described below allow establishment of a reference offset, used to define a
propagation delay, in the synchronization process.

The access channel transmits access signals to an Access Channel
Receiver Unit (ACRU) 221 located in the satellite 202. Signals in the Access -
Channel provide information to create a traffic channel between the transmitting SU
201 and the satellite 202, The ACRU is connected to a Control Unit 222 (CU) in the
satellite which supplies control signals to the code division switch (CDS) 223 which
interconnects uplink and downlink beams by switching uplink traffic channels in
uplink beams to downlink beams having destinations in common with the traffic
channels they contain. | _

A Satellite Broadcast Transceiver Unit (SBTU) 224 transmits paging
SYNC and pilot channel signals to the SYNC and Paging Receiver Unit (S&PRU)
231. Traffic channels switched by the CDS 223 are transmitted to the Traffic
Channel Receiver Unit 232 of the SU 203.

In operation of the system a SU 201 initiates a message request, via the
access channel, to the on-board CU 222 of the satellite 202. The CU 222 assigns an
uplink and downlink frequency band or traffic channel along with routing
information and CDMA codes for messaging use. This routing information,
assigned codes and channel assignment supplied to the CDS 223 enable transmission

to the recipient SU 203 to allow full duplex communication between SU 201 and
203.




contenplated in the illustrative enbodi nent. The conmuni cati on system
provides both multiple access to and switching within a nmultiple beam
handling satellite. Space division is also used in the illustrative overall
system whereby a plurality of nulti beam antennas (e.g., 32 ) are used to
accommodat e many beans and fully utilize all the avail able spectrum CDVA
Is used to provide access for a pluralit®- of users in each individual
frequency band in each of a plurality of CDVA beans. User CDVA data S
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TCRU 232. The tracking circuit 317 synchronizes the code generators 318 to

generaté the despreading codes and well as the code generators 315, via dotted lead

321, generating spreading codes. The despreading codes are applied to the TCRU

232 which applies the code to received signals in the CCU 212. The downlink

paging channel signals received by S&PRU 231 are also applied to the CCU 212.

As indicated synchronization is global or system wide and is defined in

terms of the alignment of spreading chips of beam and user codes at satellite

receivers, In the particular illustrative example (see FIG. 11), beam codes W;(t) and

beam code g;(t) and user orthogonal Wy,(t) have the same identical arrival time at

the despreaders of the the satellite. Uplink access signals are acquired at a satellite

ACRU and downlink paging and pilot and sync signals are acquired at a ground

station SYNC & PRU. A reference propagation delay time is established in terms of

quantified timing marks with intervals specified within a size range defined by chip

intervals used in the CDMA spreading codes of the system. The propagation delay is

defined in terms of one of the quantified timing marks defining when a first signal

from a ground subscriber unit is received. This propagation delay is transmitted to a

ground subscriber unit and utilized to adjust the timing of uplink CDMA code chips

defining uplink traffic channel transmissions.

An intuitive understanding of the synchronization process may }eadily

ascertained by reference to the signal process graph of FIG. 4. The two vertical lines

401 and 402 represent signal terminations at the subscriber ground station and the

satellite, respectively. The time is proceeding forward in the downward vertical

direction, as shown by time arrow 403. Each sloped and directed substantially

horizorital line represents the transmission of a signal used in the synchronization




transmtting points and radi o receiving points of a tel ephone system These
-stations are preferably fixed spatially/geographically, when transmtting

and receiving as 5- opposed to being nobile stations. These stations are
typically bidirectional transceivers. They could be individual stations at
a local access termnus. Station 101-1, in the illustrative enbodi nent

includes a satellite dish antenna 103 ~&hich directs RF CDVA (i.e., Codé
Di vision nultiple Access) packet/beamsignals to a satellite 105 Station
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satellite permits a determination of a propagation delay difference, A le, of thek

ground station in beam i. This delay value AT\, shown graphically in the FIG. 12 is
transmitted by the paging channel, line 408, from the satellite to the ground station
to achieve a coarse synchronization, between ground station and satellite. The code
chips in the next uplink beam, line 409, from ground station to satellite are advanced
or retarded by the TCTU, as shown in the FIG.12 as needed to achieve this coarse
synchronization, by adjustment of chip generator starting times. This change is
returned to the ground station by paging channel 410.

A tracking procedure is engaged with the subsequent traffic channel
transmission, line 411, 412 and 413, etc., of the ground station to fine tune the
synchronization by means of a feedback control loop, by means of the system of
FIG. 14, as discussed below. The ground station continues to transmit synchronized
uplink signals to the satellite, line 401. Fine alignment is continuously updated by
insertion of timing jitter for timing adjustment on the uplink timing channel by
traffic channel transmissions.

The timing of signals in the procedure, for maintaining synchronization
is shown in the FIG. 19. The relation of various signals in transit to the arrival time
at the TCRC despreaders is shown. The satellite transmission, of the top line 901
shows the code chips having a period of T, and in synchronization with the reference
line 900. The signal in line 902 shows the delayed reception at the SU. Timing of
the signal transmitted by the SU is shown in the line 903 and its arrival at the TCRC
despreader is shown in the line 904, The line 904 indicates the offset of the time
Az, to the overall transmission time.

A general schematic of the tracking control for tracking and controlling
synchronization of traffic channels, to achieve global synchronization of traffic
channels, is shown in the FIG 14. Synchronization is achieved by an interactive
feedback loop between the SU 201 and the satellite 202. Signals received at the
satellite 202 are demodulated in demodulator 451. The demodulated signals are



I ncluded in the downlink node. Signaling nmessages are carried by the Access
and Pagi ng channels and initial timng is handled by the Pilot and SYNC
channels. Uplink and downlink Traffic channels carry voice, data and
signaling informati on between termnal end SUs and are further used for
continual fine tuning of synchronization of system SUs. Miltiple access and
modul ati on of the traffic channels may-$e based on spectrally efficient
CDMA processing. A spectral efficient transm ssion is obtained therein by
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exc(:aluswe ORed in gates 874 and 875, respectively by the spreading code WE and
integrated in integrators 877 and 878. Further exclusive ORing is achieved in gates
881 and 882 and 883 and 834 with respect to the spreading codes g® (in-phase and
quadrature) and WE. The two signals are again integrated (886, 887) and squared
{888, 889) and summed in summer 8§91.

The early and late despread signals are differentially summed, as shown
in FIG 14, in summer 463 and the signal Z , generated for downlink transmission.

This signal Z , is transmitted to the SU 201 to its loop filter 471 which
filters Z  to generate a representative voltage for controlling the VCO 473 which in
turn controls the rate of clock 475. Clock 475 drives the code generators 477 which
in tumn excite the signal spreaders 479. The excited signal of the spreaders is
modulated in modulator 481 and transmitted uplink to the satellite 202,

Block diagrams of the satellite switching circuitry, as shown in the FIG.
3, include some of the blocks shown in the FIG. 2. Block inputs and outputs are
additionally shown to indicate the signal flow more clearly, CDS 223 receives the
uplink beams 501-1 through 501-N and distributes the traffic channels contained
therein among the downlink beams 503-1 through 503-N. The switched transfer of
traffic channels from uplink to downlink beams is under control of a stored program
uplink-downlink traffic matrix 253 included in the CU 222. Entries of the traffic
matrix are derived from uplink access signals 511-1 through 511-N related to uplink
beams applied to the ACRU 221. Beams 512-1 through 512-N including the SYNC
and paging signals are transmitted, via the SBTU 224, to the receiving SU.
Switching in the CDS is by means of traffic channel recovery circuits (TCRC) (not
shown) which despread the CDMA beam to recover individual traffic channels. The

individual traffic channels are respread and combined into beams for downlink
transmission to a SU.




-6- are switched in the satellite 202 and sent as a CDM downl i nk beamto

‘t he subscriber unit receiver 203. A rudinental systemarchitecture, such as
shown in the FIG 2, has Term nal Equi pment (TE) 211 and Transcei ver Unit
(TU) 213 as transmtting equipment shown at the transmitting SU 201 and
simlar TE and TU receiving equi prent at the receiving SU 203. A Code
Division Switch in the satellite 202 sWtches uplink traffic channels of an
uplink beaminto a downlink beam defining the destination of the downlink

traffic channeL Wi éeué:ti&&%mﬁvscﬁh% A%ce%& @haﬂ@mraushhu&ﬁhmteugh@s as

transmttin or recel Vvl caal %l Ug'ﬁﬁrqatlve SU, as's ovvn In the

FIG 3, indhgwadn H@tﬂ%gﬁa erstai“é’ﬁ s S’&H@ a|l and addseyclic redyndancyo1
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transm ssi cneqwncb opt;mwﬂfm CROud Frame cxrtmmyltmimﬂﬁedi&ﬁ@rghhhdni&ﬁi esd | ow
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an Access Qligmai¢38. R&sfs),wenﬁniﬁy the AGRU) oP2 finitestatie aoiachinetihavidclt bitd dree 202.

Signals In t{iReREEHRS blocks, is block interleaved with symbol repetition (2) in the
interleaving unit 603. Interleaved symbols and an Access channel PN code g, of
generator 605 are both applied to exclusive or gate 604 resulting in a symbol rate of
9.804 Mc/s which signal is applied in parallel to the exclusive or gates 602 and 608.
in phase and quadrature phase PN codes g; (I) and g; (Q) are applied by generator
606 to gates 602 and 608 respectively. Outputs of the gates 602 and 608 are applied
to the baseband filter circuits 610 and 611. The output of gate 609 is transmitted via
a 1/2 chip delay circuit 609. Outputs of both the filters are applied to the mixers 615
and 613 to be mixed with the direct and phase shifted output of sinusoidal generator
612 respectively. Both mixed signals are summed in summing circuit 614 prior to
radio transmission to the satellite.

The processing by the ACTU of FIG. 6 generates an access channel
associated with a paging channel (there may be more than one access channel
associated with a particular paging channel). Access messages are time slotted and
have a length of one time slot. Transmissions obey a random access protocol which
employs a delay capture mechanism in which message transmissions are randomly
delayed to allow individual messages a chip or more apart to be distinguished. By

further randomization of the time slots the probability of message collisions is
reduced.

The uplink traffic channel transmitter unit included in the subscriber
unit/station of FIG. 3 is shown in the FIG. 7. It combines trellis code modulation
with CDMA spreading to achieve a spectrally efficient signal. Unit 701 adds CRC to
the signal and frames the bits. Coder 702 applies reed-Solomon coding and
modulator 703 trellis code modulates the Reed Solomon encoded signal. Spreading
circuitry 704 converts the signal to CDMA format and the CDMA signal is phase
shift keyed in the keying circuitry 706 to produce the RE signal on output lead 707.

While trellis code modulation is shown, turbo code modulation is equally suijtable
for this application



Channel provide information to create a traffic channel between the
transmtting SU 201 and the satellite 202. The ACRU is connected to a
Control Unit 222 (CU) in the satellite which supplies control signals to
the code division switch (CDS) 223 which interconnects uplink and downli nk
beans by switching uplink traffic channels in uplink beans to downlink
beans having destinations in comobn w-tlih-t he traffic channels they contain.
A Satellite Broadcast Transceiver Unit (SBTU) 224 transmits pagi ng SYNC and

| ot ch | si R 231.
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-7- also applied to the Access Channel Detection Circuit 807 which applies signals to
assign data receivers in the Viterbi decoders. _

A plurality of Access Code Detection Circuits (ACDC) are connected in
parallel as shown in the FIG. 16 for one input channel. The output of demodulator
851 is applied to the ACDC s 0 through N in parallel, 853-0 to 853-n. ACDC O is
excited by a code provided by generator 852, ACDC 1 is excited by the same code
delayed by delay circuit D1 and ACDC 2 is excited by this code delayed by D1 and
D2. The actual message is excited when the message arrival time coincides with the
correct number of delays as in Dn. Hence the message arrival time is quantized in
terms of the delays encountered.

The ACDC circuitry as shown in the FIG. 16 includes a double dwell
tester 651 connected to a feedback loop including an update block 652 to advance
the count of rejected tests and an output 653 for successful dwell tests. The input to
the PN generators 655 from the update is advanced by AT ; by the output of the
Update block and plus and minus codes are exclusively ORed in gates 657 and 658
with the input to the double dwell tester. If the output of demodulator 851 is within
the dwell the yes output 653 identifies the quantum location of the code.

Double dwell testing procedure is shown in the FIG. 13. The algorithm
of FIG. 13 depicts a double dwell serial search algonthm in pilot acquisition. In the
double dwell process the process is endlessly recirculating. In decision block 1201 a
small number of chips N1 (e.g., 500 out of 2'%) are tested to see if the chip energy
exceeds a threshold 1. If the threshold is exceeded a larger number of chips are
tested, in decision block 1203, to see if a second threshold 2 is exceeded. If both
tests are passed the signal is accepted. The object of the process is to determine the
number of chips counted in the window of the ACDC circuitry wherein the chips of
fully exercised circuits and the partial incomplete count of the unfilled ACDC circuit
determines the propagation time delay in terms of chip counts. These tests and the

pilot acquisition circuitry is known in theory and presentation of details of the
circuitry are believed unnecessary.




The SU circuitry as shown in the FIG 3 includes circuitry for functioning
-as a transmtter and as a receiver as well as including circuitry for
tracki ng and synchroni zation. The identifying integers in FIG 3 are the
sane as those for both partial units shown in the FIG 2 disclosure. An
ACTU 213 under the control of a Call Control Unit (CCU) 212 generates
access channel requests which are transid4ted to the satellite 203. This
ACTU i s disclosed and described in detail bel ow vvhen referrlng to FIG 5.
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t he same i deHircuits fyethen app to the summer 910, The résulting si
applied to the Viterbi decoders as indicated in the ACRU shown in the FIG. 8.
Downlink control signals from the satellite are broadcast from the
Satellite Broadcast Transmitter Unit (SBTU) 224 which is shown in block format in
FIG. 10. Pilot, Sync and Paging signals are applied to input leads 1001, 1002 and
1003, respectively. The pilot channel is transmitted at all times and the offset of its
code sequence is used as a time reference. The Sync channel transmits beam
synchronization information to the subscriber unit for receiving paging channels and
transmitting access channels. The paging channel sends péging information that
enables the subscriber unit to respond to access channel requests.
Sync channel signals and Paging channel signals, on leads 1002 and
1003, are applied to a signal processor 1004 and 1005, réspectively, to perform the
functions of convolutional encoding bits into blocks and interleaving of the blocks.
The pilot signal and the processed Sync and Paging signals are excited by a Walsh
PN code at exclusive OR gates 1006, 1007 and 1008, to achieve orthogonality, The
spreading code is provided by the code generator 1021. The spread signals are
subject to a beam spreading code in the exclusive OR gates 1011, 1013 and 1015,
and in gates 1012, 1014 and 1016, which are excited by in phase and quadrature
phase PN spreading codes provided by generator 1022, All the in phase and
quadrature channels are combined in the summing circuits 1025 and 1026 and
transmitted to the baseband filters 1027 and 1028, respectively. These in phase and
quadrature filter outputs are mixed to produce an IF signal which is applied to the
summer 1030 for output to be transmitted to the receiving subscriber unit.
Sync channel signals and Paging channel signals are received by a Sync
and Paging Receiver unit (S&PRU) 231 (FIG. 17) at the receiving subscriber unit. If
input is received at the input terminal 1101 and is conveyed to a pilot tracking loop




the despreaders of the the satellite. Uplink access signals are acquired at
-a satellite ACRU and downl i nk paging and pil ot and sync signals are

acquired at a ground station SYNC & PRU. A reference propagation delay tine
is established in terms of quantified timng marks with intervals specified

Wi thin a size range defined by chip in;gryal s used in the CDVA spreading
codes of the system The propagati on defay is defined in terns of one of the
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LIST OF ACRONYMS

ACDC:  Access Channel Detection Circuit
ACRU:  Access Channel Receiver Unit
ACTU:  Access Channel Transmitter Unit
CCuU: Call Control Unit
CDsS: Code Division Switch
CuU: Control Unit

SBTU:  Satellite Broadcast Transmitter Unit
S&PRU: SYNC & Paging Receiver Unit
SU: Subscriber Unit
TCRC:  Traffic Channel Recovery Circuit
TCRU:  Traffic Channel Receiver Unit
TCTU:  Traffic Channel Transmitter Unit
TE: Terminal Equipment

TO: Transceiver Unit



signals conprising a PN sequence of code chips (g i)which is transmtted
-fromthe satellite (line 402) and received by the S&PRU of the ground
station (line 401). This is followed by a SYNC channel signal and pagi ng

channel . The ground station acquires the SYNC channel, |ine 405, and the
pagi ng channel, |ine 406, which provides the pilot phase offset for the
beami([err]). Successful reception of a packet fromthe ground station
over the access channel, line 407, by-thé ACRU of the satellite pernits a

determ nati ﬂﬁ%ﬁ%&%ﬁ“&iﬁp delay difference,[err] T[err], of the k

ground statio 's del ay value AT ki, shown graphically in the
FIG 12 is transnitl.ed mhethodef syaghnopizingCDMA pracessingip, a satetlitet he satellite

to the grou ' | ; K ks ' . round
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from g_round0§1t ation to satellite are advanced or retarded by the TCTU, as
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adj ust ment of chip generatior starting tinmes. This change Isreturned to the
ground st at iabA tastestsia suhscaberd% 410, A tracking procedure is engaged with

the subsequent tr af f éettingh@refelendd ROpdgation G¢lay tilee 411, 412 and 413, etc.,
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channel by tsub$driber utitnmah aceessichanpek ons.
conveying the established quantified propagation delay to the terrestrial
subscriber unit; ¢
adjusting timing of uplink CDMA code chips at the terrestrial subscriber
unit from the original reference propagation delay derived from the access channel;
tracking synchronizing by adjusting code delay of the uplink arrival
time of a reference code ; and
retaining synchronization by downlink code delay transmission.

2. A method of synchronizing CDMA processing in a satellite
communication system connecting multi-point ground stations, as claimed in claim
1, wherein:

the step of: establishing a propagation delay includes the steps of:

generating a sequence of quantified delays; and

locating in time an arrival of an access message between a pair of
adjacent ones of the sequence of quantified delays.

3. A method of synchronizing CDMA processing in a satellite
communication system connecting multi-point ground stations, as claimed in claim
1, wherein:

the step of adjusting timing includes the steps of:
determining the propagation delay difference; and
advancing the code chips by the number of chip intervals in the
propagation delay difference.
. I
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The timng of signals in the procedure, for maintaining synchronization is
.shown in the FIG 19. The relation of various signals in transit to the
arrival tinme at the TCRC despreaders is shown. The satellite transm ssion
of the top line 901 shows the code chips having a period of [err] and in
synchroni zation with the reference Iine 900. The signal in line 902 shows
the del ayed reception at the SU. Timng of the signal transmtted by the,
SUis shown in the line 903 and its arrt¥at at the TCRC despreader is shown

in the |line 904. TbeAﬂn@ﬁloag‘?Sjnfbﬂhﬁxl?ixE% Fﬁnﬁfnigﬁel&ie”e [err] to the
overall transm ssion tine ener a hematlc o) e trac control for
tracki ng awenmﬂ%lonlsmgewn?%gzmmwﬁmﬂrqméfsmwnwaﬁmgd nx Jaigthi eve

gl obal synchikmeteiit i on of traffic channel s, Is shown in the FIG 14.

Synchr oni zation is achiev eractl\ze f edpack | opp between the SU
201 and the satelli efd%ﬁ%w& erizanieg ingludesdhe steps okt ¢ 202 are
denodul at ed i n denogtendtare dé ad[i@omauﬁmuagl signals are -9 - '
connected to the degglge'g‘g Eﬂre sti;ag Gir ﬁfhtls 455 and 457 which are the
reci pients of the c ftbts 'gaé’ﬁerat ors in an assenbl age of
code generators in hbmbh@&eqﬂmmnddehyed)bpreddmgmklmw The code

generators of assenbl age 459 apply early tined codes WE gl and WE to the
despreading circuitry

5.” A method of synchronizing CDMA processing in a satellite
communication system connecting multi-point ground stations, as claimed in claim
4, wherein:

the step of tracking synchronization includes the step of:

clocking the spreading.of downlink signals in response to the combmed
premature and delayed spreading results.

6. A method of providing synchronization of code sequences between a

sateltite and a ground station, comprising the steps of:

acquiring at the ground station synchronization with a pilot PN code
sequence transmitted by the satellite;

acquiring at the ground station a synchronization channel providing a
pilot phase offset for a specified beam, for orthogonal codes of a paging channel and
for PN code sequences of a related access channel;

‘ responding to a message arrival at the satellite to establish a propagation

delay difference from a reference arrival time and sendmg the delay difference to the
ground station;

using the delay dxfference at the ground station to establish a first coarse
synchronization with the reference arrival time; and

inaugurating a tracking procedure at the satellite in response to a signal
from the ground station to provide fine alignment of code with the reference arrival
time at the despreaders within the satellite.

7. In a communication system in which a ground station transmits a
CDMA beam to a satellite recetver which code switches the beam for re-
transmission to a receiving ground station, a method of synchronizing the system by

controlling timing of all beam PN spreading codes to have a common starting time,

including the steps of:
I —
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(early) 455. Late tinmed codes W.- gL and WL are applied to despreadi ng
-circuitry (late) 457. The despreaders 455 and 457 each conprise circuitry
to deternmine an offset of chip transitions fromthe reference transitions.
Circuitry for this function (early) is shown in FIG 18. Incoming traffic
channels, on lead 871, are divided into two paths 872 and 873,

respectively. The parallel signals, of paths 872 and 873 are exclusive ORed
in gates 874 and 875, respectively by-t A& spreadi ng code WE and integrated
in integrators 877 and 878., Further exclusive ORing is achieved in gat es
881 and 882 and 883S¥AFTEHZNGAgRoYndSHkion t?éﬁ‘ﬁ@@ﬁﬁ%ﬁ%ﬁ%@%d@g

(1 n-phase agatelteagon taltif)-o !‘grouﬁh%tatiw Si gnal S are again integrated
(886, 887) and squared .8388, .. 88 nd..sumred i,n s 891. Jhe early and
late despread signaf€9yf B%W‘F@F%W?%“PS} aSyRsERpnn %&WW‘W@ a}h

sumrer 463 puodidebe pilogphlaseZffset] generated for downlink transm ssion. Th| s

signal Zerr] is trgﬁe mga#§5$@§%%%@&@§§%ﬁ%ﬁ%ﬁfﬁ%ﬁ%ﬁ%ﬂ ﬁg VO |

filters Z[err] to g
473 whi ch i acquirera {n'opagaubs delay drfﬁﬁrmcefdenw:bﬁrommteﬂ]ﬁmcéfemﬁae amvalaxne he code

generators t excited
signal of t eig#ryggg nfgrlhé g%g&ﬁt%ﬁ In m) r?xgﬁﬁﬁﬁaﬁ& 611% ted
uplink to thaetiesitel |ite 202. Bl ock di agrans of the satelli te SWI tchl ng
circuitry, as shown hown in the
clrcutry, as sh écﬂxbhﬁlgugh@oaée syd&ﬁ}ddﬂzﬁtxéﬂgﬁh@fgr%dhﬁ s&lﬁeﬁ'fé

nputs an uts are addi tion own to in catethe
signal fl ows#gH #@SFW@@% P%%W&%qgémm delay difference to advance
or delay by x chips the starting point of an uplink beam code gi transmitted from the

ground station to the satellite;
adding timing jitter to downlink signals from the satellite to the ground

r-o
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station;
tracking downlink signal transmissions which include the controlled

timing jitter to make a timing adjustment to uplink transmissions from the ground
station to the satellite.

8. A method of globally synchronizing CDMA signaling between at least
one of a plurality of fixed location ground radio stations and a geostationary satellite
radio station, comprising the steps of:

transmitting from the satellite station to the ground radio station
acquisition signals to establish radio contact;

initiating a call from the ground radio station to the satellite radio station
with an access channel signal to establish a propagation delay time;

transmitting the propagation delay time to the ground radio station; over
a paging channel

initiating a traffic channel connection between the ground radio station
and the satellite radio station; and

transmitting propagation delay variations exhibited on a downlink traffic
channel and adjusting uplink traffic channel transmissions to compensate for the
variations;

whereby all of the plurality of ground stations actively transmitting,
transmit substantially in synchronization with one another.

9. A method of globally synchronizing CDMA signaling between at least
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upl i nk beanms 501-1 through 501-N and distributes the traffic channels
.cont ai ned therein anong the downlink beans 503-1 through 503-N. The
switched transfer of traffic channels fromuplink to downlink beans is
under control of a stored program uplink-downlink traffic matrix 253
included in the CU 222. Entries of the traffic matrix are derived from
uplink access signals 511-1 through 511-N related to uplink beans applied
to the ACRU 221. Beans 5 12-1 through-51Z N including the SYNC and pagi ng

signals are & Q chi ng
e cos [ B RS9 of e FRR e i R e Rl st

shown) whi cﬁa‘B‘é§ﬁ§Fl%&stcch’@é rPé%g\?e‘;F"Pi dividual traffic channels.
The i ndi vi dual traffmmsﬁhm ehé @pﬁgdh@ﬁI@&E@dm%ﬁcmahls@d)ﬂdefeﬁxm@ for

downlink tr i on an illustrative Access
Channel Tr aﬁg g?mﬁr?%fh’(pﬂég wpreg@ngﬁg%]ugeﬁtf?rh@% nepding. o ves an access
signhal at 16 kb/s and adds cyclic redundancy encodi ng and franes the bits
g y y g
in the CRC and Fra | s_.connect ed
to a 1/2 convol ut| Ae‘ﬁg%‘hé%fE@M%ﬁ%@‘%ﬁ@wg&%@g@%ﬁ% th of the
CRC and Fr admstbnc:oﬁapl;arahtﬁnﬁﬁxgdbdaﬁdnrgmmd tatfio statioms phe g geadationety wi th a
shift regi Stgponi RiiQSGHSn, Aol #l clah8; SRAYG e fifpls encoded synbol
transmitting acquisition signals includes a step of transmitting a
continuous asynchronous pilot channel and a continuous asynchronous paging
channel.

11. A method of globally synchronizing CDMA signaling between at
least one of a plurality of fixed location ground radio stations and a geostationary
satellite radio station, as claimed in claim 8; where in the step of

adjusting uplink traffic channel transmissions includes a step of
adjusting a time alignment of CDMA spreading codes.

12. A method of globally synchronizing CDMA signaling between at
least one of a plurality of fixed location ground radio stations and a geostationary
satellite radio station, comprising the steps of:

determining a propagation delay between a ground radio station and the
satellite for achieving a coarse synchronization;

adjusting the timing of code chips of the CDMA signal to achieve a fine
synchronization of arrival times of uplink signals to the satellite. |

13. The method of claim 12, comprising the further steps of:
transmitting propagation delay variations exhibited on a downlink traffic
channel and adjusting uplink traffic channel transmissions to compensate for the
variations.

14. The method of claim 12, comprising the further steps of:
initiating a call from the ground radio station to the satellite radio station
with an access channel signal to establish a propagation delay time.

15. The method of claim 12, comprising the further steps of:
— T
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signal (38.4 ks/s), essentially the output of a finite state machine in
which bits are converted into blocks, is block interleaved wth synbol
repetition (2) in the interleaving unit 603. Interleaved synbols and an
Access channel PN code ga of generator 605 are both applied to exclusive or
gate 604 resulting in a synbol rate af 18. 804 M/s which signal is applied
in parallel to the exclusive or gates 602 and 608. in phase and quadrature
phase PN codes gi (1) and g i (Q are applied by generator 606 to gates 602
and 608 respecti vel painfihingtastrackinglprogdursbet@naattlla 8nd gmuapplationitd o t he
baseband filter.circui and 611. The output of gate 609 is transmtted
via a 1/2 &W%ﬁ%§ﬂ§%§@§§@ 609. Qutputs of both the filters are applied
to the mxers 615 and 613 to be nmxed with the direct and phase shifted

out put of sinusoidal generator 612 respectively. Both m xed signals are
summed in sunming circuit 614 prior to radio transmssion to the satellite.
The processing by the ACTU of FIG 6 generates an access channel associ ated
wi th a pagi ng channel (there may be nore than one access channel associ ated
with a particular pagi ng channel). Access nessages are tinme slotted and
have a |l ength of one tine slot. Transm ssions obey a random access protocol
whi ch enpl oys a del ay capture nechani smin which nessage transm ssions are
random y del ayed to allow individual nessages a chip or nore apart to be

di stingui shed. By further random zation of the tinme slots the probability
of message collisions is reduced. The uplink traffic channel transmtter
unit included in the subscriber

_
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unit/station of FIG 3 is shown in the FIG 7. It conbines trellis code
modul ation with CDVA spreading to achieve a spectrally efficient signal.
Unit 701 adds CRC to the signal and frames the bits. Coder 702 applies

r eed- Sol onon codi ng and nodul ator 703 trellis code nodul ates the Reed

Sol onon encoded signal Spreading circuitry 704 converts the signal to CDVA
format and the CDMA signal is phase shift keyed in the keying circuitry 706
to produce the RF signal on output |ead 497- Wiile trellis code nodul ation

i's shown, tur QN | L.y, Syi e~for this.application
Transm ssi ons%ﬁ’ﬁ@ﬁ@i@%@é@@ﬁﬁ#@%?&&%@% gf’ PRIt ‘ggg Ye$nnel
Recei ver Uni Abstx@Bt)) (see FIG 8) on board the satellite. The uplink access
signal is received a i d 803, via

| ead 801. These m xe;%n%gl%ln Ofégggg{r%ué@ctl %&gﬁ%&%s&gﬁ%@n si gnal
respect i vel ydespaeaingan mmﬂwwlhm fqutltaemlsaostcammoé
respectivel yte@e%&laertw Q&ﬁ'e\?eﬁ iR Becdrd With Yhe ProbRER refiﬁéagﬂﬁséapﬁ@ recover

the bit stream Th tere signhal,s are so a e Access

Channel Det eCl3IBS @Ph@iﬂ*e’%@? R ‘B?P&"Pé%s@ﬁ‘a%“ﬁuﬂé akksaiel
receivers inghfia Mef&kbprdiﬁg&%rd%lay&uﬂé isre@{abhsheafin P&ﬁ@%ﬁ ﬁiﬁdﬂie@%ﬁﬁg' on

|C|n Lﬁ? | tcﬁ aE]'rA]\e @&ﬁé&tgﬁﬁgn il rr%%g';%f c%xp mtervvgis used i nr:] %ICF 6 for one
spreading codes of the system. The propagation delay is defined in terms of one of
the quantified timing marks defining when a first signal from a terrestrial subscriber
it is received. This propagation delay is transmitted to a terrestrial subscriber unit
and utilized to adjust the timing of uplink CDMA code chips.

FIGURE 1



851 is applied to the ACDC s O through Nin parallel, 853-0 to 853-n. ACDC
O is excited by a code provided by generator 852. ACDC 1 is excited by the
sanme. code del ayed by delay circuit DL and ACDC 2 is excited by this code
del ayed by D and D2. The actual nessage is excited when the nessage
arrival time coincides with the correct nunber of delays as in Dn. Hence
the nmessage arrival tinme is quantized in terns of the del ays encountered
The ACDC circuitry as shown in the FIG 16 includes a double dwell tester
651 connected to a feedback | oop including an update bl ock 652 to advance
the count of rejected tests and an output 653 for successful dwell tests.
The input to the PN generators 655 J#Oﬁ]the update is advanced by [err] by
t he out put of the Update bl ock and 6 us and m nus codes are exclusively
ORed in gates 657 and 658 with the input to the double dwell tester. If the
out put of denodul ator 851 is within the dwell the yes output 653 identifies
the quantum | ocation of the code. Double dwell testing procedure is shown
inthe FIG 13. The algorithmof FIG 13 depicts a double dwell serial
search algorithmin pilot acquisition. In the double dwell process the
process is endlessly recirculating. In decision block 1201 a small nunber
of chips N1 (e.g., 500 out of 218) are tested to see if the chip energy
exceeds a threshold 1. If the threshold is exceeded a | arger nunber of
chips are tested, fFGJecifsi on bl ock 1203,
exceeded. If both tests are passed the sign S
the process is to determ ne the nupber ‘ snted in the w ndow of
t he ACDC circuitry whereirfgphe c(ﬂﬂz
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fully exercised circuits and the partial inconplete count of the unfilled
ACDC circuit determnes the propagation tine delay in ternms of chip counts.
These tests and the pilot acquisition circuitry is known in theory and
presentation of details of the circuitry are believed unnecessary. -12-
The individual Access Channel Detection Crcuit (ACDC) (see FIG 9) |ocated
on board the satellite is shown in the FIG9. It receives the in phase and
guadrature phase signal generated in the ACRU at input |eads 901 and 902,
respectively. The signals on | eads 901 and 902 are split into parallel
pat hs each parallel path having exclusive OR gates 903 with which the
parall el signals are excited by quaggature and in phase despreadi ng codes.
(e.g., ga (q) (t-nferr]; ga (I) (t- ntferr]); gi(qg) (t-ntc); gi (1)
(t-n[err] to recover arriving nessages that have been del ayed by n chi ps.
The excited in phase and quadrature phase signals are applied, via

excl usive OR gates 904 and 90; and 907. CQutputs from
each sumer 906 and 897 reprepentr defecTed MESSAC , Which are applied to
squaring circuits 908 and 9] a gr T her==appl| o the sumrer 910. The

resulting signals are applT¥d tOIﬁﬁe V'tdﬁbl deco rs as indicated in the
ACRU shown in the FIG 8. ﬁBW]|IdE Lu%iuuu | gifromthe satellite are

broadcast fromthe - S A
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Satellite Broadcast Transmtter Unit (SBTU) 224 which is shown in bl ock
format in FIG 10. Pilot, Sync and Paging signals are applied to input

| eads 1001, 1002 and 1003, respectively. The pilot channel is transmtted
at all times and the offset of its code sequence is used as a tine
reference. The Sync channel transmts beam synchronization information to
the subscriber unit for receiving paging channels and transmtting access
channel s. The pagi ng channel sends paging information that enabl es the
subscriber unit to respond to access channel requests. Sync channel signals
and Pagi ng channel signals, on | eads 1002 and 1003, are applied to a signal
processor 1004 and 1005, respectigﬁby, to performthe functions of

convol utional encoding bits into blocks and interleaving of the blocks. The
pil ot signal and the processed Sync and Paging signals are excited by a

Wal sh PN code at exclusive OR gates 1006, 1007 and 1008, to achieve
orthogonality. The spreading code is provided by the code generator 1021.
The spread signals are subject to a beam spreadi ng code in the exclusive OR
gates 101 1, 1013 and 1015, and in gates 1012, 1014 and 1016, which are
excited by in phase and quadrature phase PN spreadi ng codes provi ded by
generator 1022. All the in phase and quadrature channels are conbined in
the sunmng circuits 1025 and 1026 and transmitted to the baseband filters
1027 and 1028, respectively. These in phase and quadrature filter outputs
are mxed to produce an |IF signal which is applied to the sunmer 1030 for
output to be transmtted to the receiving subscriber unit. Sync channel
signal s and Pagi ng channel signals are received by a Sync

FIG. 3
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and Pagi ng Receiver unit (S&RU) 231 (FIG 17) at the receiving subscriber
unit. If input is received at the input termnal 1101 and is conveyed to a
pil ot tracking |oop - 13 - 1102 and a pilot acquisition circuit 1103.
This IF signal is also applied to two m xers 1104 and 1105 activated by a
pil ot aided carrier recovery circuit 1107. A pilot tracking |oop 1102
mai nt ai ns phase integrity wth the input IF signal by responding to the IF
signal and input fromthe pilot acquisition circuit 1103. The pil ot
tracking | oop 1102 provides fine synchronization supplenentary to the the
coarse acquisition achieved by the pilot acquisition circuit. The pil ot
tracking circuit determ nes the clogiydel ays and advances of the pil ot
signal. LIST OF ACRONYMS ACDC. Access Channel Detection Circuit ACRU:
Access Channel Receiver Unit ACTU. Access Channel Transmitter Unit CCU:

Call Control Unit CDS: Code Division Switch
FIG. 4
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CU: Control Unit SBTU: Satellite Broadcast Transmitter Unit S&PRU:

SYNC & Pagi ng Receiver Unit SU Subscriber Unit TCRC. Traffic Channel
Recovery Circuit TCRU. Traffic Channel Receiver Unit TCTU. Traffic
Channel Transmitter Unit TE: Term nal Equi prent TU: Transcei ver
Uni t - 14 - The invention clainmed is: 1. A nethod of synchronizing CDOVA

processing in a satellite conmunication system connecting nulti-point
ground stations, conprising the steps of: acquiring access and

Synchroni zation signals transmtted by a satellite at a terrestrial
subscriber unit; setting a reference propagation delay tinme; establishing a
propagation delay in ternms of arrival of a nessage in

5/12
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relation to one of a plurality of quantified timng marks subsequent to the
reference propagation delay tine, when the satellite receives a first

signal fromthe terrestrial subscriber unit on an access channel; conveying
t he established quantified propagation delay to the terrestrial subscriber
unit; adjusting timng of uplink CDVA code chips at the terrestrial

subscri ber unit fromthe original reference propagation delay derived from
t he access channel ; tracking synchroni zing by adjusting code delay of the
uplink arrival tinme of a reference code ; and retaining synchronization by
downl i nk code delay transmi ssion. 2. A nethod of synchroni zi ng CDVA
processing in a satellite connun|c§hion system connecting nulti-point,
ground stations, as clainmed in cla 1, wherein: the step of: establishing
a propagation delay i ncludes the steps of: generating a sequence of .
quantified delays; and locating in tinme an arrival of an access nessage

bet ween a pair )ﬁit% afent ones of the sequence of quantified delays. 3. A
nmet hod of synchron|2|ng CDN%‘ﬂgfceSS|ryb| nas llite c ni cati on system
connecting multi- Fx)Gﬁ gr ound ati ons/®as cl ai in cl 1, wherein: the
step of adjusting titm ng incl ides the 4teps of :
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determ ning the propagation delay difference; and advanci ng the code chi ps

by the nunber of chip intervals in the propagation delay difference. |,

15 - 4. A method of synchronizing CDMA processing in a satellite

comuni cati on system connecting nulti-point ground stations, as clainmed in

claim1l1, wherein: the step of tracking synchronization includes the steps

of : premature despreadi ng of the uplink signal; delayed spreading of the

uplink signal; and conbining the premature and del ayed spreading results.

5. A nethod of synchronizing CDVMA processing in a satellite commrunication
system connecting multi-point ground stations, as clained in claim4,

wherein: the step of tracking synchronization includes the step of:

cl ocki ng the spreadi ngof downlink sjignals in response to the conbi ned
premature and del ayed spreadi ng results.
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6. A method of providing synchronization of code sequences between a
satellite and a ground station, conprising the steps of: acquiring at the
ground station synchronization with a pilot PN code sequence transnmtted by
the satellite; acquiring at the ground station a synchroni zati on channel
providing a pilot phase offset for a specified beam for orthogonal codes
of a pagi ng channel and for PN code sequences of a rel ated access channel;
responding to a nessage arrival at the satellite to establish a propagation
delay difference froma reference arrival tinme and sendi ng the del ay
difference to the ground station; using the delay difference at the ground
station to establish a first coarse/igynchroni zation wth the reference
arrival tinme; and inaugurating a trac king procedure at the satellite in
response to a signal fromthe ground station to provide fine alignnent of
code with the reference arrival tine at the despreaders within the

satellite. 7. In a communication systemin which a groung HCPn transmts
a CDMA beamto a saf@f (it efrfcei ver which code swi tches 5?? for re-
transm ssion to a receiving ground station, a netho 2|ng t he
system by controlling timng of all bean1PN spream
common starting time, including the steps of: { TCRC-DESPREADERS
w  ABERNEEEEEEE] il F-4
1 I l
1 | |
80 | 3 2 A
T | | -
l | 1
| | I
78 w08 (B[ 7165 (413 T71T| 9ilY =32

q;(t) = g,(t-k;T¢)
BEAN CODES Wi {t) AND g;(t) HAVE RATE 9.8304 Mc/s
USER ORTHOGONAL CODES Wi (t) HAVE RATE 2.4576 Me/s
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- 16 - synchronizing a ground station to a pilot PN sequence transmtted
by the satellite upon a turn-on of the ground station; acquiring at the
ground station a sync channel fromthe satellite whi ch provi des a pilots
phase offset; transmitting an uplink signal fromthe ground station to the
satellite to acquire a propagation delay difference derived froma
satellite reference arrival tinme and transmtting the propagati on del ay
difference fromthe satellite to the ground station; establishing a coarse
synchroni zation at the ground station to the satellite reference arrival
time by using the propagation delay difference to advance or delay by x
chips the starting point of an upli#® beam code gi transnmitted fromthe
ground station to the satellite; adding timng jitter to downlink signals
fromthe satellite to the ground station; tracking downlink signal

transm ssi ons \/\hlE’IGncIﬁ@e the controll ed timng jitter to nake a timng

adj ustnent to uplink transmi ssi (NEXT ﬂ'WBﬁTHBSB ground station to the
satellite. 8. A nethod of - [
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one of a plurality of fixed [ocation ground radio stations and a
geostationary satellite radio station, conprising the steps of:
transmtting fromthe satellite station to the ground radio station
acquisition signals to establish radio contact; initiating a call fromthe
ground radio station to the satellite radio station with an access channel
signal to establish a propagation delay tine; transmtting the propagation
delay tinme to the ground radio station; over a paging channel initiating a
traffic channel connection between the ground radio station and the
satellite radio station; and transmtting propagation delay variations
exhibited on a downlink traffic chd®¥il and adjusting uplink traffic
channel transm ssions to conpensate for the variations; whereby all of the
plurality of ground stations actively transmtting, transmt substantially
in synchronization with one another. 9. A nethod of globally synchronizing’
CDMA signal ing qafgﬁgnjgileast - 17 - one of a plurality of fixed

| ocation ground radi o stations _and a B¥4f ati onary satellite
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radio station, as clainmed in claim8; where in the step of transmtting the
propagation delay tinme include a step of determning a delay in terns of
chi ps of a spreading code used for CDVA encoding. 10. A nethod of globally
synchroni zi ng CDVA signaling between at | east one of a plurality of fixed
| ocation ground radi o stations and a geostationary satellite radio station,
as clainmed in claim8; where in the step of transmtting acquisition
signals includes a step of transmtting a continuous asynchronous pil ot
channel and a continuous asynchronous pagi ng channel. 11. A nethod of
gl obal l y synchroni zi ng CDVA signaling between at |east one of a plurality
of fixed location ground radio statigfs and a geostationary satellite radio
station, as clainmed in claim@8; where in the step of adjusting uplink
traffic channel transm ssions includes a step of adjusting a tine allgnnent
of CDMA spreading codes. 12. A nethod of globally synchronizing CDVA
si gnal i ng bet ween JAf(}.eagt7one of a plurality of fixed |ocation ground
radio stations and a geostationary satellite radio station, conprising the
steps of: dete ni ng ation delay between a ground radi o station
8"t or 1 abos | zat st

and the sate for g a coarse synchronization; adjusting the
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13. The method of claim 12, conprising the further steps of: transmtting
.propagati on delay variations exhibited on a dowlink traffic channel and
adjusting uplink traffic channel transm ssions to conpensate for the
variations. 14. The nethod of claim 12, conprising the further steps of:
initiating a call fromthe ground radio station to the satellite radio

station with an access channel signal to establish a propagation del ay

time. 15. The method of claim 12, conprising the further steps of:

- 18
- maintaining a tracking procedure between satellite and ground station to
mai nt ai n synchroni zati on.
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