-1 - SYNCHRONI ZATI ON METHOD, AND ASSOCI ATED Cl RCUI TRY, FOR SYNCHRON ZI NG A
RECEI VER WTH A TRANSM TTER The present invention relates generally to
synchroni zati on net hods and apparatus for synchronizing a receiver, such as
a radi ot el ephone operable in a cqdfftuorer—somauaication system with a
transmtter Whivmo¥4088isnits sign Q'HiS)SHEETHsS@EEﬂri Mor e par PCEHSEASHE3 ¢ he

present invention relates to a s ngnLgﬁf?anCEn met hpd, and associ at ed
circuitry, in which digitally-encode n sequences are
transnmtted to the receiver and used by the receiver to synchronize the
receiver with the transmtter. The %ynchronization sequences are of
characteristics which BENFERONFGAFION METHOD, AND ASSOCIATED CIRCUITRY,

FOR SYNCHRONIZING A RECEIVER WITH A TRANSMITTER

The present invention relates generally to

5 synchronization methods and apparatus for synchronizing
a receiver, such as a radiotelephone operable in a
cellular communication system, with a transmitter which
transmits signals to the receiver. More particularly, the
present invention relates to a synchronization method, and

10 associated circuitry, in which digitally-encoded
synchronization sequences are transmitted to the receiver
and used by the receiver to synchronize the receiver with
the transmitter.

_ The synchronization sequences are of characteristics

15 which permit their detection by the receiver through a
correlation = process of reduced complexity.
Synchronization of the receiver is effectuated quickly as
only a reduced number of calculations is required to
detect the synchronization sequences.

20 The synchronization sequences are of high margin to
facilitate their detection by the receiver even when the
sequences are transmitted upon a communication channel
subjected to high levels of attenuation or multi-path

distortion. Because the synchronization sequences are
25 digitally-encoded, sequences can be transmitted in a time
division multiplex (TDM} communication scheme, such as
those used in several, conventional, cellular
communication systems. The present invention ’'is,
therefore, advantageously embodied in a cellular
30 communication system, such as a terrestrial-cellular

communication system or a satellite-cellular communication
system. When transmitted during selected time slots to
form portions of a control signal generated on control
channels by a cellular network station to a radio
35 telephone, the radiotelephone, responsive to detection of
the synchronization sequences, becomes synchronized to the
transmitter, both to receive other portions of the control
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detection by the receiver through a correl ati on process of reduced

conpl exity. Synchronization of the receiver_is effectuated quickly as only
a reduced nunber of calculations i$ i the synchroni zation
sequences. The synchroni zation seq pargin to facilitate
t hei r det ect i OMOBY405%% recei ver evd CHre s are tRCGASTNISEY
upon -a conmuni cati on channel subjected to high levels of attenuation or
mul ti.-path distortion. Because the synchronizati on sequences are
digitally-encoded, sequences can be transmtted in a tinme division

mul tiplex (TDM comuni cation scheme, such a€those used in several ,

fﬁ”"e?t ional , cell ykghatO0mNeN K3lerONs 1S Ryent e tRUE IR Yn | SR | @4t 4 Sor
ererore,

volice channels.

BACKGROUND OF THE INVENTION

5 A communication system is formed, at a minimum, by
transmitter and a receiver interconnected by a
communication channel. Communication signals transmitted
by the transmitter are transmitted upon the communication
channel to be received by the receiver.

10 A radio communication system is a communication
system in which the communication channel is formed of one
or more frequency bands of the electromagnetic frequency
spectrum. Because a fixed or hard-wired connection is not
required to be formed between the transmitter and the

15 receiver, a radio communication system is advantageously
utilized when the use of such fixed or hard-wired
connections would be inconvenient or impractical.

A cellular communication system is a type of radio
communication  system. When the infrastructure,

20 hereinafter referred to as the network, of the cellular
communication system is installed throughout a
geographical area, a subscriber to the cellular system is
generally able to communicate telephonically in the system
when positioned at any location in the geographical area

25 encompassed by the system.

While conventional, terrestrial-cellular
communication networks have been installed throughout
significant portions of the world, some areas are without
such networks. 1In areas of low population density, for

30 instance, a terrestrial-cellular communication network
might not be commercially viable. Also, existing,
terrestrial-cellular networks have also been constructed
pursuant to various different standards.

A radiotelephone, sometimes hereinafter referred to

35 also as a "user terminal”, operable in one of the
communication systems is sometimes not operable in others

of the cellular communication systems. Ewven in an area

—
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-2- advant ageously enbodied in a cellular conmunication system such as a
terrestrial- cellular communication system.or ellite-cellular

conmmruni cation system Wen tran o0 O LG e wnegted time slots to form
portions of a control signal gengriate l&gﬁrol hannel s by_a ceI7IuI ar
net work stati oWQY¥4W¥adi o tel epljone hone, resp 05363
detection ofthe synchroni zation guences, becones synchroni zed to the
transmitter, both to receive other portions of the control signal and other
si gnal s generated upon other data or voice chaannels. BACKGROUND OF THE

| NVENTI ON A communi cation systemis fornmed, at a mninum by transmtter
and a in which a cellular communication network has been

installed, a user might not be able to communicate

pursuant thereto if the user attempts to utilize a user

terminal constructed to be operable only with another one
S of the cellular communication networks.

Satellite-cellular communication systems have been
proposed which, when implemented, shall permit a user to
communicate telephonically by way of the satellite-
cellular communication system when positioned at almost

10 any location. By transmitting down-link signals between
a satellite-based transceiver and the user terminal and
up-link signals between the user terminal and the
satellite-based transceiver, telephonic communication
shall be possible between the user terminal and the

15 satellite-based transceiver. By effectuating additional
communication links between the satellite-based
transceiver and a ground stétion, the user of the userx
terminal shall be able to communicate telephonically with
another party by way of the ground station and the

20 satellite-based transceiver.

Because of the inherent efficiencies of digital
communication techniques, many already-installed cellular
communication networks have been converted, and many
newly-proposed cellular communication systems are being

25 designed, to utilize digital communication techniques.
Other communication systems similarly utilize, or are
planned to be converted to or to utilize, digital
communication techniques.

To function properly, particularly when the

30 communication system wutilizes digital communication
techniques, the user terminal must be synchronized with
a network station of the cellular communication network.
Conventionally, synchronization sequences are transmitted
by the network station to the user terminal to synchronize

35 the user terminal with the network station. Other
communication systems similarly utilize conventional,
synchronization sequences for similar purposes.
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recei ver interconnected by a communication channel. Conmunication signals
transmtted by the transmtter are transmtted upon the comuni cation
channel to be received by the receiyer—=~A ' ni cation systemis a
communi cati on systemin which the |cprmusiest Ho% BEBNNpel is fornmed of one or
nor e -f r equencywdsadssrof t he el ect fomagn@EPEACEBquUenc) spect r RETABSTSES e a
fixed or hard-w red connection is : formed between the
transmtter and the receiver, a radio comunication systemis

advant ageously utilized when the use of such fixed or hard-wired
connections woul d be inconvenient or inpractical. A cellular comrunication
systemis a type of ra@ﬁ&fﬁ?ﬂi@a‘iﬂbh"n oY staln t e n¥dASt riGlr &

hereinafter referred toas the network, of the cellular
transmitter which transmits the synchronizing sequences

thereto typically requires a significant number of

processing steps to be performed. A correlation is
5 typically performed between signals received by the
receiver and a stored synchronization word. When a

sequence of symbol bits of the received signal exhibits
a high correlation with the stored synchronization word,
a determination is made that such received symbol bits

10 form the synchronization sequence transmitted to the
receiver. Synchronization of the receiver with the
network station is thereby effectuated when the format of
the signal transmitted to the receiver is known. That is
to say, when the synchronization sequence is transmitted

15 to the receiver according to a known format, locations of
other signal components of signals transmitted to the
receiver can be determined once the location of the
synchronization sequences are determined.

Conventionally, groups of received symbol bits are

20 each correlated with the stored synchronization word.
Conventionally, to determine the correlation of the
received symbol bits with the stored synchronization word
requires a first-order number, N, of calculations to be
performed upon each group of symbol bits. The number of

25 processing steps required to perform correlations upon
each group of symbol bits received by the receiver quickly
becomes a very significant number, requiring a significant
amount of processing to determine the reception of the
synchronization sequences.

30 When the signals transmitted to the receiver are
éubjécted to high levels of attenuation or multi-path
distortion, detection of the synchronization sequences is
more difficult as the synchronization sequences might be
distorted or attenuated during their transmission to the

35 receiver.

Any manner by which to provide a high wargin

synchronization sequence to a receiver to permit the

e
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comuni cation systemis installed throughout a geographical area, a
subscriber to the cellul ar systen1|s general ly able to communicate

tel ephonically in the system Enahy | ocation in the
geogr aphi cal area enconpassed ﬁ%fﬂ§§8%ﬁ|| ~conventi ona

terrestrial - ceMAATHPS%% onmruni catll een i nst al | BRETURYASHAout
significant portions of the world, some areas are w thout such networks. In
areas of |ow population density, for instance, a terrestrial-cellular
comruni cati on network might not be commercialky viable. Al so, existing,
terrestrial- cellular networks have al so been constructed pursuant to
various different stetedaedSto become synchronized with a transmitter while

requiring a 1lesser number of processing steps to be

performed would be advantageous.
It is in light of this background information related
5 to synchronization of a receiver with a transmitter, such
as a user terminal of a cellular communication system,
that the significant improvements of the present invention
have evolved.

10 SUMMARY OF THE INVENTION

The present invention advantageously provides a
synchronization method, and associated circuitry, for
synchronizing a receiver with a transmitter, such as a
user terminal operable in a cellular communication system.

15 Digitally-encoded synchronization sequences are
transmitted by the transmitter to the receiver. The
receiver synchronizes itself to the synchronization
sequences which are transmitted pursuant to a selected
format. The synchronization sequences are of

20 = characteristice which permit their detection by the
receiver through a correlation process of reduced
complexity. Synchronization of the receiver is
effectuated quickly and simply as only a reduced number
of calculations are required to detect the synchronization

25 sequences.

The synchronization sequences are of high-margin
characteristics to facilitate their detection by the
receiver, even when transmitted upon a communication
channel which exhibits high levels of attenuation or

30 multi-path distortion.

The circuitry and its associated synchronization
method of the present invention are advantageously
utilized in a cellular communication system to synchronize
user terminals operable therein to a network station. 1In

35 a terrestrial-cellular communication system, the
synchronizing sequences are transmitted to the user
terminal as portions of a control signal generated at a
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-3- A radiotel ephone, sonetinmes hereinafter referred to also as a "user
termnal", operable in one of the comrunication systens i s sonetines not
operable in others of the cellular comuni catlon systens. Even in an area
in which a cellular comunication +rnstal l ed, a user m ght
-not be abl e t Wa¥MasMi cat e pursua iser atteﬂﬁ?@sﬂwml lize
a user termnal constructed to be anot her one of the

cel lular communi cation networks. & onmruni cati on systens
have been proposed whi ch, when |rrpl enment ed, haII permt a user to

comuni cat e tel ephoni cal I y by way of the satel lite-cellular comrunication

system when posi tiqmed,alr al gRsd aB)faJ:PSﬁlt ion. &y téan§HhEilﬂQeﬂ@e\!ﬁdldlk

signals between a satell.ite-based transc | ver ri.(lj t he user
communication system, e synchronizing sequences form

L THIBEHEET HAS BEEN
operaﬂFEL@@E@ Wi t

portions of a control signal generated at a network
control center and are transmitted to the user terminal
5 by way of a satellite-based transceiver.

In one aspect of the present invention, the
synchronization sequences are formed of a dotting
sequence. The dotting sequence can be considered to be
formed of an odd function divisible into two portions

10 which are concatenated together. The two portions into
which the dotting sequence can be considered to be
divisible may be of dissimilar bit lengths. In another
aspect of the present invention, the synchronization
sequence includes two m-sequences of substantially

15 identical values. The two m-sequences are concatenated
together, each m-sequence forming a portion of the
synchronization sequence. The synchronization sequences
are transmitted during selected time slots spaced apart
amongst groups of frames which together form a multi-

20 frame. By detecting the synchronization sequence and its
location within a multi-frame, the user terminal becomes
synchronized with the network station which transmits the
synchronization signals thereto.

In these and other aspects, therefore, a method, and

25 associated circuitry, synchronizes a receiver with a
transmitter. The receiver and the transmitter are coupled
together by way of a communication channel. A control
signal is transmitted from the transmitter upon the
communication channel. The control signal is formatted

30 pursuant to a selected format and includes synchronization
sequences, each synchronization sequence formed of a first
synchronization portion and a second synchronization
portion concatenated thereto and substahtially identical
therewith. The control signal is detected at the

35 receiver, and portions of the control signal detected at
the receiver are correlated. The portions of the control
signal exhibiting increased levels of correlation are
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termnal and up-link signals between the user termnal and the _
satellite-based transceiver, telephonic comunication shall be possible
bet ween the user termnal and t ellite-based traﬂsceive{i_sy b. 4
ef fectuati ng additional comuni %#%ﬁe the satellite-base
transceivergandwﬁ9y¥§ﬁhd statio E the gser term ndCTRATHSS6
able to communi cate tel ephoni cal tyby way of the ground
station and the satellite-based transceiver. Because ofthe inherent

effici enci es ofdigital comunication techniqueg, nmany al ready-installed
cel lul ar comuni cation networks have been converted, and many

newl y- proposed cel | Wedeceadnuai £6dm théi)@trﬁmi&hoﬁﬁ.ﬂabﬁd)ﬂﬂgsé@.ﬁét_ rgit@,ftotzﬁlatted
utilize digital co ni lLon. t iques. e 0 ni Lon syste
similarly Uil ze, or a?g{%l.}rﬂfgﬁ'%?% b‘?_cé‘%\‘?er' %ﬁt’?g’?orsg%f)‘agpi |‘¥1%eelfer% gPal
conmuni cati on technﬁmmgpponlze the receiver with the transmitter and the

control signal transmitted therefrom.

5 A more complete appreciation of the present invention
and the scope thereof can be obtained from the
accompanying drawings which are briefly summarized below,
the following detailed descriptién of the presently-
preferred embodiments of the invention, and the appended

10 claims. |

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 illustrates a functional block diagram of
a satellite-cellular communication system which embodies

15 the circuitry and method of an embodiment of the present
invention.

FIGURE 2 illustrates a dotting sequence used to form
a synchronization sequence in an embodiment of the present
invention.

20 FIGURE 3 illustrates a set of m-sequences which form
the synchronization sequence of another embodiment of the
present invention.

FIGURE 4 illustrates the format of a control signal
which includes synchronization seguences.

25 FIGURE 5 illustrates a functional block diagram of
network control circuitry which generates the control
signal formatted pursuant to the structure illustrated in

FIGURE 4.
FIGURE 6 illustrates a functional block diagram of
30 a user terminal of an embodiment of the present invention.

FIGURE 7 illustrates another functional block diagram
of a user terminal of an embodiment of the present
invention.

FIGURE 8 illustrates a functional block diagram of

35 a dotting sequence correlator which forms a portion of the
user terminals shown in FIGURES 6 and 7 according to an
embodiment of the present invention.
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To function properly, particularly when the comruni cation systemutilizes
di gi tal communi cation techniques, the user term nal nust be synchronized
with a network station of the cel lglat _comminication, network,
Conventional ly, synchronization s{qmg@pgﬁg gl tted by the network
station to thwowges9Terninal to slnchrongggzgggéggg t er-m naPCTVIR03562
network station. O her comruni cat iter—systeps—stmtarly utilize
conventional, synchroni zation sequences for simlar purposes.

Synchroni zation of the user terminal with a_ransnitter which transmts the
synchroni zi ng sequences thereto typically requires a significant nunber of -

processing steps to be myurRer 5eh14htGALES! BE+OIL 0¥ b¥PEERIdvnPehl ssT@da

bet ween signal s recei ved . .
9 éﬁrlng operation of an embodiment of the present

invention plotted as a function of time.

FIGURE 10 illustrates a logical flow diagram of the
5 method of operation of an embodiment of the present
invention.

FIGURE 11 illustrates a functional block diagram of
circuitry of an embodiment of the present invention for
resolving frequency error during synchronization of a user

10 terminal with a synchronization sequence formed of a
dotting sequence transmitted thereto.

FIGURE 12 illustrates a functional block diagram,
similar to that shown in FIGURE 11, but of circuitry of
an embodiment of the present invention for resolving

15 frequency error during synchronization of a user terminal
with a synchronization sequence formed of a set of m-
sequences.

DETAILED DESCRIPTION
20
Referring first to FIGURE 1, a satellite-cellular
communication system, shown generally at 10, includes the
circuitry, and carries out the methodology, of an
embodiment of the present invention. While the
25 communication system 10 of the illustrated embodiment
forms a satellite-cellular communication system, it should
be understood at the outset that the circuitry and
methodology of the present invention can analogously be
embodied in other types of communication systems,
30 including, for instance, a terrestrial-cellular
communication system or other type of radiotelephonic
communication system,
The communication system 10 includes a land earth
station 12 coupled to a wireline telephonic network. Such
35 coupling is represented in the figure by the lines 14
extending from the land earth station 12.

—— e ——

ect Has Been RTlaced

" i



-4- by the receiver and a stored synchroni zation word. When a sequence of
symbol bits of the received signal exhibits E’DLLL,-orrelation with the
stored synchroni zati on word, a determ ng wer de thaé suchhrecelved
synbol bits formthe synchronl zat ifpF ; ansmtte to the receiver.
Synchr oni zat i orWOPI4S® recei ver wil T _/,’,,- on is t FETOE)H0SS6
ansmitted to the receiver is
known. That is to say, when the sy roni zati on sequence is transmtted to
the receiver according to a known format, |ocagions of other signal
conponents of signals transmtted to the receiver can be determ ned once
the location of the synchmeni zahdoresetnientasione fet andlngds transceiver

circuitry for transceiving communication signals, inter

alia, with a satellite-based transceiver 16. The
satellite-based transceiver is operable to transceive
5 communication signals not only with the land earth station
12 but also with other land-based devices, such as the
transceiver circuitry of a network control center 18. The
transceiver 16 is here operable primarily as a relay
station for relaying signals generated at the land earth
10 station 12 to the network control center 18 and vice-
versa. The transceiver 16 preferably further includes
control circuitry permitting the frequency channels upon
which the signals transmitted to the transceiver 16 to be
relayed therefrom to be altered to wutilize most
15 efficiently thereby the frequency channels allocated for
communicatiocn in the communication system 10.
Transceiver circuitry of the network control center
18, in turn, is able to transceive communication signals
with other satellite-based transceivers, such as the
20 transceiver 22. The transceiver 22, similar to the
transceivér 16 transceives communication signals with
land-based transceivers including, for example, a user
terminal 24. Again, the transceiver 22 is primarily
operable to relay communication signals transmitted
25 thereto and again preferably includes control circuitry
for selecting the frequency channels upon which signals
transmitted thereto are relayed to other communication
stations.
Communication pursuant to the communication system
30 10 permits a user of a user terminal, such as the user
terminal 24, to communicate telephonically when positioned .
at any location throughout large areas of the world. As
long as the user of the user terminal 24 is positioned to
permit transmission and reception of communication signals
35 with a satellite-based transceiver, the user is able to
communicate telephonically with a user of another user
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Conventional ly, groups of received synbol bits are each correlated with the
stored synchroni zati on word. Cbnventlonally to determne the correlation
of the received synbol bits with thg=stor tion word requires a
first-order nunmber, N, of calculati :n’EHISc&SHEéTWS‘BEm upon each group of
synbal  bits. Wmesmossber of processifig st IpfsPUAHiD red tio per f BERUSI7T/05563
correl ati ons upon each group of sym y the receiver

qui ckly beconmes a very significant nunber, requiring a significant anount

of processing to determ ne the reception of _Lge synchroni zati on sequences.
When the signals transmitted to the receiver-are subjected to high |levels
of attenuation or tp,di.start t €3S on
sequences i s nore gyﬁ'l cﬁ?t Bgs tt%hce)é[ séén){:%rﬁlgt?%%qignceég%bgﬁmﬁéi'

di storted or attenYﬁh’E RRIMGTroTk-

To operate properly, the user terminal 24 must be

synchronized with the cellular network. Once properly

5 synchronized, voice, or other, communications can be

effectuated between the user terminal and the cellular
network.

As mentioned previously, an existing manner by which

to effectuate synchronization between a receiver, such as

10 the user terminal 24, and a transmitting station, such as
the cellular network, has been to transmit synchronization
sequences according to a known format to the receiver,
again, such as the user terminal 24. By detecting the
transmission thereto of the synchronization sequences,

15 synchronization can be effectuated. However, detection
of the synchronization sequences vrequires significant
numbers of processing steps to correlate the received data
with a stored synchronization word. Such a required
number of processing steps is processor-intensive.

20 Also, when the synchronization sequences must be
transmitted upon a communication channel which exhibits
significant 1levels of attenuation or multi-path
distortion, the synchronization sequences transmitted upon
such a communication channel might be significantly

25 distorted or attenuated. When operating in such an
environment, the synchronization sequence must be of a

high margin to ensure adequate transmission to a receiver.

A satellite communication system, of which the

30 communication system 10 is exemplary, is a communication
system in which significant power restraints limit the

power levels of signals transmitted between the network

of the communication system and the user terminal 24.
Therefore, a signal to noise power ratio, C/N, is

35 typically of a relatively low value. If an antenna at the
user terminal is not oriented to detect best signals

transmitted thereto, the signal to noise ratio of signals

This Sheet Has Been Re

T



their transm ssion to the receiver. Any manner by which to provide a high
mar gi n synchroni zati on sequence to a receiver to permt the receiver to
become synchronized with a transmitter while requiring a |esser nunber of

processi ng steps ' to be perforned HSQS‘QEE@%xéi@E@gle us. It is_in ht of
[0 5y
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transmtter, such as a user termilhal _of-a-eelbt-ar—dormmuni cation system
that the significant inprovenents of the present invention have evol ved.
SUMVARY OF THE | NVENTI ON -11-

10

15

20

25

30

35

actually received by the user terminal are even further
reduced. In at least one proposed, satellite-cellular
communication system, paging signals are required to be
transmitted at a margin of thirty decibels over average
white gaussian noise (AWGN). Such a requirement
corresponds, generally, in a user terminal of sensitivity
to detect a paging signal having a C/N ratio of about
minus ten decibels. As a user terminal must be
synchronized with the cellular network to receive properly
the paging signal, the communication system requires a
high margin synchronization capability.

An embodiment of the present invention provides high
power synchronization (HPS) bursts which are transmitted
to a user terminal to permit the user terminal to become
synchronized with the network. 1In one embodiment of the
present invention, synchronization is a two-step process.
Coarse synchronization is first effectuated; thereafter,
fine synchronization is effectuated. During coarse
synchronization, HPS bursts permit synchronization of the
user terminal to a first level of synchronization. And,
during fine synchronization, acquisition to within a
single symbol bit is possible; also, wmore precise
frequency offset is provided.

When the user terminal is turned on, the terminal
begins a coarse synchronization procedure. The coarse
synchronization process reduces the time (and frequency)
uncertainty to a selected level to permit thereafter the
number of operations required to perform fine
synchronization to be reduced. In one embodiment, the
user terxminal searches all possible primary carriers when
the user terminal is turned on. A primary carrier is the
carrier which multiplexes the control channels. In
another embodiment, the user terminal is assumed to have
pre-registered in a region using the nominal control
channels prior to'receiving paging signals.

In either embodiment, system synchronization is
effectuated by utilizing high power bursts which include
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The present invention advant ageousl yprovi des a synchroni zati on net hod, and
associated circuitry, for synchronizing a receiver with a transmtter, such
as a user termnal operable in a cellular comuni i on system
Digitall y-encoded synchroni zati on_seghuence smtted by the
transmtter twotseeseecei ver. The {t 688 es |1 sel FCT/USITNE563
synchroni zati on sequences which a suant to a sel ected
format. The synchroni zati on sequeitees ¥ 0f characteristics which per mit
their detection by the receiver through a cqgrelation process of reduced
conpl exity. Synchronization ofthe receiver 1 2ef f ect uat ed qui ckly and
sinply as only a fgﬁ&ﬁ&%ﬁuggar &l &l tho2hi 0 AR LRIYLE 8n! QefflLELs I N
synchroni zati on seguences. e gync roni zatl oh, sequences are, o I gh-mar gi n
characteristics tolkgcibyyshse are time-multiplexed with other control
channels and traffic channels. The synchronization

sequences are ©of characteristics which both permit
5 simplified correlation operations to be performed to form
correlation values of the received signals and
additionally to permit the received signals to be added
coherently to increase the processing gain thereof prior
to application of the receive signal to a power detector.
10 FIGURE 2 illustrates a dotting sequence, shown
generally at 26, which forms the synchronization sequence
of one embodiment of the present invention. The dotting
segquence 26 can be considered to form an odd function
having a first portion 28 and a second portion 32
15 concatenated thereto. The first and second portions 28
and 32 are substantially identical to one another.
The dotting sequence Is described by the equation:

(dp?,
Wherein:
1 i is odd
d, = . .
-1 1 1is even
20 In one embodiment, the dotting sequence is

transmitted during four synchronization bursts in a time

division multiple access (TDMA) multi-frame wherein each

burst is of a length N and wherein N is of a value up to

- 156. The value of 156 is utilized when the dotting

25 sequence is transmitted pursuant to a Group Special Mobile

(GSM) communication scheme. In other embodiments, the

bursts are of other lengths, that is to say, N is of other
values.

FIGURE 3 illustrates the format of a set of m-

30 sequences, shown generally at 36, of an alternate

embodiment of the present invention. = The set of m-
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their detection by the receiver, even when transmtted upon a conmuni cation
channel which exhibits high I evels of attenuation or nulti-path distortion.
The circuitry and its associ ated synchroni zati on nmethod of the present

i nvention are advantageously utilized in a cellular _conmunication systemto
synchroni ze uséWOPB#¥hal s oper abl(leThRessisr h8s aEeRt Jor k st at it
terrestrial- cellular communicatign sysgep &l syncfironi zi ng sequences are
transmtted to the user ternmnal a trol signal generated
at & cellular base station. In a satellite- cel{ul ar conmuni cation system

t he synchroni zi ng sequences formportions of a control signal generated at
a network control c ended Foem! ERESEhEIREbiGAiOnUsebuefEsE NGthidly, Wierof
a satellitebased traNSeq]uelea dh YUAP L rmdhal NCpBERPED!  LAVENAn e

synchroni zati on sequénces
synchronization of the user terminal. The set 36 includes

two identical m-sequence portions 38 and 42, here, each

5 of sixty-three bit lengths. The portion 42 is
concatenated to portion 38. Each of the m-sequences 38
and 42 each further include eight bit extensions 44 and
46, respectively. The m-sequences 38 and 42 are identical
with one another and can be considered to be formed of

10 first and second portions 48 and 52 wherein the portions
48 and 52 are identical with one another. The extensions
44 and 46, not necessarily of identical values, are used
for fine synchronization procedures. The m-sequence 38
and the extension 44 together form a portion 48 and the

15 m-sequence 42 and the extension 52 together form a portion
52 of the set 36 and concatenated together.

FIGURE 4 illustrates a formatting scheme of a control
signal of which the synchronization sequences, such as the
dotting sequence 26 or the set of m-sequences 36 shown in

20 FIGURES 2 and 3, respectively, form portions. The
synchronization sequences are transmitted during selected
time slots to form portions of the control signal
transmitted to the user terminal 24. The formatting
scheme illustrated in FIGURE 4 is exemplary, and other

25 manners by which to format a control signal transmitted
to a user terminal can alternately be formed.

' The control signal is formed of digitally-encoded
symbgl bits which are modulated and transmitted
sequentially. Adjacent groups of symbol bits define slots

30 of data. Adjacent slots of data define frames of data.
Adjacent groups of frames define multi-frames. In FIGURE
3, portions of two multi-frames 56 are illustrated. Each
multi-frame 56 is formed of fifty-one frames of which four
frames 58 are illustrated in the figure, namely, the

35 first, eleventh, twenty-second, and thirty-first frames
of the multi-frames 56 are illustrated in the figure. 1In
one embodiment of the present invention, the
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formed of a dotting sequence. The dotting sequence can be considered to be
formed of an odd function divisible into two portions which are

concat enat ed together. The two portions into which the dotting sequence can
be considered to be divisible my be of 'rﬁ@'srﬂFl ths. In another
aspect of the Woe¥487 i nvention, the syfchronkea] c PCTSPUWES} t wo
m sequences of substantially identical F equences are
~concat enat ed together, each msequence formng a portion of the

synchroni zati on sequence. The synchroni zation sequences are transmtted
during selected tinme slots spaced apart anongst groups of franmes which

together form synchronization sequences are transmitted during the first

time slot of such four frames 58 of each multi-frame 56.
Each frame 58 is divided into eight time slots (not
separately shown in the figure).

5 For reasons which shall be described more fully
below, each multi-frame 56 is also divided into sub-multi-
frames 62; each sub-multi-frame 62 is of a substantially
similar length. The sub-multi-frames 62 are of lengths,
and the frames 58 containing synchronization sequences are

10 spaced-apart from one another by separation distances such
that no more than one frame 58 containing a
synchronization sequence is positioned within a sub-multi-
frame 62. Also, the frames 58 containing synchronization
sequences are spaced-apart from one another by dissimilar

15 separation distances which, shall be noted below,
facilitate the determination of the location of the
.synchronization sequence within the multi-frame 56
subsequent to detection of the synchronization seguence.

FIGURE 5 illustrates the network control center 18,

20 shown previously in FIGURE 1, in greater detail. The

network control center is operable, inter alia, to

generate the control signal formatted, for example, in the

manner of the formatting scheme illustrated in FIGURE 4.

Pursuant to such operation, the network control center

25 generates and inserts synchronization sequences into the

control signal. The control signal generated by the

network control center is transmitted to a user terminal,

such as the user terminal 24 shown in FIGURE 1, by way of

a satellite-based transceiver, such as the transceiver 22.

30 The network control center 18 includes a controller 72

which controls operation of the control center 18. The

controller 72 controls operation of a control signal

formatter 74 which, while shown functionally, in one

embodiment, is formed of algorithms executable by

35 processing circuitry, such as the processing circuitry of
the controller 72.
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-6- a multi-frame. By detecting the synchronization sequence and its

| ocation within a nmulti-frane, the user term
the network station which transnits
t hese and ot her aspects, therefore,

\-s synchroni zed with
pn signals thereto. In
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ghd ass

synchroni zes a WO92W¥8F with a tra “The—+eceiver and tTfe/US
transmtter are coupled together by way of a communication channel. A
control signal is transmtted fromthe transmtter upon the conmmuni cation

channel . The control

signal is formatted pursuggt to a selected fornmat and

i ncl udes synchroni zati on sequences, each synchronization sequence formed of
a first synchronization pohéi orcaBdodléecond syBrchrithald orediPllddon to  a

concat enat ed theretOsgﬂgh§ggf££!§dﬁﬂgf§naqethgratégmgéﬂ%ﬂféh is operable to

10

15

20

25

30

35

generate synchronization signals, such as those
illustrated in FIGURES 2 and 3. In one embodiment of the
present invention, the synchronization signal generator
76 is also formed of algorithms executable by processing
circuitry, such as the processing circuitry of the
controller 72. The control signal formatter is operable
to format the control signal which is generated by the
network control center 18 and which includes the
synchronization signals generated by the synchronization
signal generator 76. . The control signal formatted by the
formatter 74 is applied to transmitter circuitry 78, here
by way of a multiplexer 82. The transmitter circuitry is
operable, responsive to control commands generated by the
controller 72 to transmit the control signal formatted by
the control signal formatter 74. The multiplexer 82 is
further coupled to a voice/data signal source 84 to
alternately transmit voice or data signals.

When operable to generate the control signal
formatted according to, for example, the format set forth
in FIGURE 4, frames of control data are transmitted, and
selected ones of the frames include synchronization
sequences generated by the synchronization signal
generator 76.

FIGURE 6 illustrates the user terminal 24, shown
previously in FIGURE 1, which is operable to receive
control signals transmitted thereto, such as the control
signals generated by the network control center 18 shown
in FIGURE 5. The user terminal 24 includes receiver
circuitry 82 tunable to receive signals transmitted to the
user terminal. Signals representative of the receive
signals are applied to a correlator 84 which correlates
portions of the signals applied thereto. Operation of the
correlator 84 in the various embodiments of the present
invention shall be described more fully below. Values of
selected correlations performed by the correlator 84 are
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The control signal is detected at the receiver, and portions of the control
signal detected at the receiver are correlated. The portions of the control
signal exhibiting increased levels of correlation are selected to formthe
synchroni zati on sequences formatted af ch the control signal,
t hereby to syre0eussye t he receiver ?§‘ br - and RATAISITPRS6D
signal transmtted therefrom A nor 2 ition of the present

i nvention and the scope thereof can be obt ai ned from t he acconpanyi ng
drawi ngs which are briefly summarized bel ow, .the foll owi ng detail ed
description of the presently- preferred enbodrﬁents of the invention, and

the appended ol al ey oBEA B, DFSERIUEH Oheiiinl e DRANLNGSF.CURF sk idelisirial o3

a functional block dra anrof safel | |te cel I'u] ar
to s ect portlons of the signal applied to the correlator

84 having values of correlation which indicate the
correlated portions to form synchronization sequences such
5 as the synchronization sequences illustrated in FIGURES
2 and 3., Responsive to such selection, synchronization
of the user terminal 24 with a network device which
transmits signals thereto is effectuated.
The user terminal 24 is further shown to include a
10 power detector 92 and a decoder 94, operable in
conventional manner.
FIGURE 7 illustrates portions of the user terminal
24, shown in FIGURE 6, in greater detail, namely, portions
of the receiver circuitry 82, the correlator 84, and the
15 power detector 92 are again illustrated. A receive
signal, r(t), received at the user terminal is split into
I and Q components by way of mixers 96 and 98, in
conventional manner. The I and Q components are applied
to low pass filters 102 and 104, respectively. The
20 filtered signals generated by the filters 102 and 104 are
sampled by signal samplers 106 and 108, respectively, and
the sampled signals R, are applied to correlator portions
112 and 114. Once correlated, the sawpled signal portions
are applied to the power detector 92, here shown to be
25 formed of energy squares 116 and 118 and a combiner 122.

In an embodiment in which the synchronization
sequence is formed of a dotting sequence 26, shown
previously in FIGURE 2, the dotting segquence is inserted

30 into selected frames of the control signal transmitted to
the user terminal. By way of example, the format scheme
illustrated in FIGURE 4 shall be used to explain operation
of an embodiment of the present invention by which the
user terminal 24 is synchronized with a network station

35 which transmits control signals including the dotting
sequence to the user terminal. The user terminal 24
locates each of the four dotting sequence bursts to within

e —————
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conmmuni cation system whi ch enbodies the circuitry and nethod of an
enbodi nent of the present invention. FIGURE 2 illustrates a dotting
sequence used to form a synchronj Ean enbodi ment of the

— 7
-..--—-—-----—s-.—----- s m w—

present invention. FIGJRE 3 il |l uH equences which formthe

: tTHIE SHBETIHAS BEEM:
synchr oni zat i onWeEGi¥Ee of anot fler enBBRLAGER of tlhe present PRI/EA1085343
FIGURE 4 illustrates the formt ‘

== ontrot - srgnal which includes
synchroni zati on sequences.

-17-

a time period of +/- T,/2 of error, where T, is a slot
duration of each of the time slots during which the

dotting sequence is transmitted. As indicated by the
circuitry illustrated in FIGURE 7, the filtered baseband
5 receive signal is sampled by the samplers 106 and 108 to

form an observation vector of link N and is correlated
with the dotting sequence. Because the dotting sequence
forms the synchronization sequences, correlation can be
performed very simply by utilizing the characteristics of
10 the dotting sequence.
R,, at times n and n+l can be represented by:

R, = (I, yar Toyar s Lpge T,)
R = (Lppipe Tpnesr 0 Tor Ton)d

Wherein:
r, is the sample of the filtered, received signal at
15 time nT, and
T is the bit interval.
By further defining D to be the dotting sequence, the
correlation C, of the observation vector at time n and the

dotting sequence can be represented by:

20
Wherein:
C = RD”
n n
= n-N+2ji-} L n-Nt21i
l = J =
T denotes a transpose, and
N is assumed to be even.
Sheet Has Been Replaced
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-7- FIGURE 5 illustrates a functional block diagramof network control
circuitry which generates the contr nal formatted pursuant to the

structure illustrated in FI GURE 4. ﬁ%ﬁf éggm E a fpnctlonal bl ock

di agram of a user term nal of an e ent invention.
FIGURE 7 il u30W487anot her functi ca f-a uBEFUPYYOHP6dal of
an enbodi nent of the present invention. FIGURE 8 illustrates a functional

bl ock di agram of a dotting sequence correlator which forms a portion of the
user termnals shown in FIGURES 6 and 7 accofging to an enbodi nent of the
present invention.

The correlation of the observation vector R, at time
n+l and the dotting vector at the same time is represented

by:
- g
C .= R, D
= LeTpnezi T Lu Tpopazia
i=1 i=1
== (cn-rn—Nﬂ)—rn'l
= rn-N*l B (C""'I‘ml)
Therefore, the correlation at time n+l can be
5 calculated from the correlation, C,, in two steps or

operations. Also, when the obsexrvation vector comprises
the dotting sequence, i.e., when R, = D, C, = N. Thereby,
a processing gain of N is available. .
FIGURE 8 illustrates the correlator 84, here a
10 dotting seguence correlator, operable to perform the
calculations of the correlation noted above. The
correlator 84 receives a sampled signal on line 123 which
is coupled to a summing device 124 to which an output of
a memory 126 is also coupled. The summer 124 generates
15 an output signal on the line 128 which is applied to an
input of a second summer 132.

Line 123 is also coupled to a shift register 134
having an output which is coupled to a second input of the
second summer 132. An output signal generated on line 138

20 is coupled to an input of the memory 126. As signail
samples are applied to the correlator, values of the
correlation are sequentially determined by the correlator
84. When a synchronization sequence formed of a dotting
sequence is applied to the correlator 84, the value of the

25 correlation determined by the correlator 84 increases.

Synchronization of the user terminal 24 with a
network station when the synchronization sequences are
formed of sets of m-sequences, such as the set 36 shown
in FIGURE 3 is also effectuated by correlating receive

30 signal portions, here with a stored synchronization word,

formed of an m-sequence. When the user terminal is turned

Chis Sheet Has Been ||eﬂlaced !
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FIGURE 9 illustrates levels of correlation calculated during operation of
an enbodi nent of the present invention plotted as a function of tine.

FIGURE 10 illustrates a logical flow d| agram of the nmethod of operation of
an enbodi ment of the present mvenj = 2. =gstrates a functi onal

bl ock di agram oWOSTMSITtry of an enbaEISTBHEEDHABIRERD: dsent i nVEREPEIE?
resol ving frequency error during sylhchr orRERANO&Dof a'user termnal with a
synchroni zation sequence formed of &=dotting sequence transnmitted thereto.
FIGURE 12 illustrates a functional block diagrggm simlar to that shown in
FIGURE 11, but of circuitry of an enbodiment of the present invention for
resol ving frequency @ty owiddowsgosyaghboli 2ditisoroDf détalSeret BuFE8AEd Wihh aa

synchroni zation memory device. When, for example, the m-sequence portions

38 and 42 are of sixty-three bit lengths, the window is
of a length of sixty-three symbol bits. The correlator

5 84 calculates all sixty-three correlations with each
cyclic-shift of the stored, m-sequence. When the m-
sequence portions are of other bit lengths, the number of
calculations performed by the correlator 84
correspondingly changes. Once all of the correlations

10 have been calculated, the window slides sixty-three:
samples, and a new window of symbol bits is buffered and
correlated. Again, when the m-sequence portions are of
other bit lengths the window slides a correspondingly
changed number of samples.

15 As each synchronization burst is formed of two m-
sequence portions, portions 38 and 42, a sliding window
of data eventually buffers a full m-sequence formed, if
not of a single one of the m-sequence portions, of parts
of the set of m-sequences 36, together to form a single

20 m-sequence portion. A correlation of such a window of
symbol bits with the stored m-sequence exhibits a high
level of correlation. While correlating such a received
sequence in which an m-sequence is of a sixty-three bit
length in conventional manner requires sixty-three minus

25 one additions and approximately 63? (actually, 63 x
62)operations, a utilization of a Fast Hadamard
Transformer (FHT), the required number of operations to
perform a correlation is decreased significantly. Through

use of the FHT, only 63log,(63) operations are required in

30 order to obtain 63 correlations. That is to say, each
correlation of each window of buffered symbol bits
réquires only log, (63) calculations. An exemplary
Hadamard sequence correlation operation follows. The

exemplary operation pertains to an m-sequence of a length
35 of 7 for purposes of simplicity. Analogous such
operations can, of course, be similarly shown for m-
sequences of other lengths, e.g., sixty-three. The m-

Tl



sequence forned of a set of m sequences. DETAI LED DESCRI PTI ON Referring
first to FIGURE 1, a satellite-cellular comunication system shown
generally at 10, includes the circuitry, e met hodol ogy,
of an enbodi nent of the present inventiof.tiMickberthasoermufi cati on system
10 of  the il| w708 enbodi ment fornms all sat elgamigcar) | ul an| EERVSIVEHSI on
system it should be understood at the o t-t-hat-—the—cireui try and

met hodol ogy of the present invention - 8-

-20-

sequence of the following example is formed of (1, -1,
-1, -1, 1, 1,-1). A matrix formed of seven cyclic shifts
of such sequence is as follows:

-1 -1 -1 1 1 -1 1
-1 -1 1 1-1 1 -1

1 1-1 1-1-1 -1

| -1 1 -1 -1 -1 1 1

5 wherein each row of the matrix is a cyclic shift of the
m-segquence. By designating a sample within a sliding
window to be R, = (r.', . . . r/), MR, produces seven
correlations.

By adding an additional all-one row and an all-one

10 column to the matrix M, a new matrix M is designated as
follows:
1 1 1 1 1 1 1 1
i 1 -1 -1-1 1 1 -1
1 -1 -1 -1 1 1 -1 1
- 1 -1 -1 1 -1 1 -1
M =
1 -1 1 -1 1 -1 -1
1 1 -1 1 -1 -1 -1
1 1 -1 1 -1 -1 -1
1 -1 1 -1-1-1 1 1
= [&,c,Cc.C.C.C,C, ]

By re-ordering the columns of M, a new matrix M is
defined as follows:

-
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can anal ogously be enbodied in other types of communication systemns,

I ncl udi ng, for instance, a terrest |-celdt-ar—commni cati on system or
ot her type of radiotel ephonic co AiFg@EHERT sstaaBN The conmuni cati on
system 10 includes a land earth stiati on g2icafilied tq a mﬁreliégix%ﬁ%gﬁbonic
networ k. Such WOEpHSAY i s represen =e—figare py the i

extending fromthe land earth station 12. The land earth station 12

i ncl udes transceiver circuitry for transceiving comuni cation signals,

inter alia, with a satellite-based transceivgy;.16. The satellite- based
transceiver is operable to transceive comuni cation signals not only with
the land earth station 12 but also with other |and-based devices, such as
the transceiver circuitry of a nd ior kSp&hyt £pIC e EptGr £165,1The transcei ver
16 is here operable primarily 11 1 1 1 1 1 1

1 1 1 1-1-1-1-1
1-1 1-1 1-1 1-1
1-1-11-1 1 1-1
1-1 1-1-1 1-1 1
1 1-1-1-1-1 1 1
1 1-1-1 1 1-1-1
1-1-1 1 1 -1-1 1]

M is a matrix formed of eight Hadamard sequences.
Correlations with the eight cyclic shifts of such m-
sequences can be calculated by:

1. reorder R, to get R,=(0,r), r2, r], rf, rl,xr’. r}).

5 2. calculate MR, by fast Hadamard transform.

Thereby sixty-three correlations are obtained by
(63+1) log, (63+1) operations. A reduction in the
required number of operations to cobtain the sixty-three
correlations is reduced by a factor 63/log,(63+1).

10 As multiple numbers of correlations are performed to
synchrbnize the user terminal 24 with a network station
which transmits control signals to the user terminal a
manner by which to reduce the numbers of correlation
values stored during operation of the synchronization

15 process facilitates the synchronization process. During
coarse synchronization, each multi-frame 56 includes four
synchronization sequence bursts. In the formatting scheme
illustrated in FIGURE 4, the synchronization sequences
form portions of the first, eleventh, twenty-second, and

20 thirty-first frames. As also mentioned previously with
respect to FIGURE 4, the multi-frames 56 are subdivided
into sub-multi-frames 62 wherein each sub-multi-frame
includes no more than one burst of a synchronization
sequence. By such an arrangement, when the user terminal

25 is turned on, the user terminal calculates the correlation
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as arelay station for relaying signals generated at the |land earth station
12 to the network control center 18 .and. vice-versa The transceiver 16

preferably further includes control |[cig@udfes ;Q@%@i_:_gﬁi Eg the frequency
£

channel s upon which the signals tra sm_ttgg_[;:{;_;gc- e tramnsceiver 16 to be

rel ayed ther eWpomess7 be altered to effieiont | y PCEVOBISSH6he
frequency channels allocated for communication in the communi cati on system
10. Transceiver circuitry of the network control center 18, in turn, is
able to transceive conmunication signals with other satellite-based
transcei vers, such as the transceiver 22. The transceiver 22, simlar to

the transceiver 16 IARBCEAMSEirsP FIWBI SAd | Hbrelsd AL S1¥ddbt &NdoPaSPSk ion
transceivers including, for g ar.rgle a_ user.term.nal .2§. A%aln, tILe b
transceiver 22 is ‘ﬁﬂ'%é"r AR ﬁsi bFRTTERA L ni-8affFeR t° each sudb-
: multi-frame in a memory device, such as the memory element

86 shown in FIGURE 6. A sorting algorithm is utilized in

5 an embodiment of the present invention to more efficiently

utilize the available memory of the memory device.

In an embodiment in which the synchronization
sequence is formed of a dotting sequence, such as the
dotting sequence 26, C, is approximately equal to C,,; when

10 N is a large value. Thus, when a correlation value C, due
to noise is greater than the correlation C, due to the
presence of a dotting sequence burst, it is at least
somewhat likely that the correlation C,., and C,, are both
greater than C,. As a result, when the value of K is

15 small, meaning that only a few memory locations are used
per sub-multi-frame, it is possible that all of the K
largest correlations in a sub-multi-frame are all due to
noise correlations positioned closely to one another in
time. To exclude such values of correlation due to noise,

20 only the largest correlation within a window of &; is
stored within the memory element. The value of 3; is
optimized to facilitate correlation and, hence,
synchronization, procedures.

FIGURE 9 illustrates correlations of exemplary

25 signals received by the user terminal 24. In the
exemplary illustration, levels of correlation determined
at the user terminal are plotted as a function of time.
Two areas, areas 152 and 154 exhibit increased levels of
correlation, but such increased levels of correlation are

30 due to noise introduced upon a signal received at the user
terminal. A fourth area, area 156 is of an increased
level of correlation due to the reception at the user
terminal of the synchronization seguence, here a dotting
sequence burst. If the size of the 3; is small, and only

35 K memory locations are utilized to store values of
correlation, correlation values due to noise and not to
reception of a synchronization sequence might be stored.
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signals transmtted thereto and again preferably includes control circuitry
for selecting the frequency channel : : transmtted thereto
are relayed to other conmunication tQHEQB$ ciGemsgEsal i on pursuant to the
comuni cati on system 10 permts a usgler of ﬁﬁ;‘ﬂ&emterm al, such 3R }(gg?user
term nal 24, teHMIRTi cate tel ephont oned at gﬂ@’?é i on
t hroughout | arge areas of the world. As long as the user of the user
termnal 24 is positioned to permt transm ssion and reception of

comtuni cation signals with a satellite-based_tgansceiver, the user is able
to

FIGURE 9 illustrates &; of three sizes, &,, 5;, 8..
When &, is of a size of &, correlation values
corresponding to the values of correlation at times g,h,
i, and j are stored when K equals four. The time indices
5 g, h, 1, and j and their corresponding correlation values
are both stored. When &; = §&,, correlation values
corresponding to the value of correlation at times g, i,
e, and c¢. And, when 8; = 3,;, correlation values of the
values of correlation at times g, v, t, and m and such
10 time indices are stored. Hence, when the measurement
window is increased, correlation levels due to noise are
less likely to prevent storage of a correlation wvalue due
to reception of a synchronization sequence.
When the synchronization sequence is formed of a set
15 36 of m-sequences as shown in FIGURE 3, the largest
correlation value and its corresponding coordinate within
each sliding window is detected. If the current,
greatest correlation value is greater than the smallest
correlation value stored in the memory element, the
20 smallest correlation value and its coordinate are replaced
by the newly-determined level of correlation and its
coordinate.
Once the values of correlation and their respective
time indices have been determined and stored, the boundary
25 of the multi-frames 56 are determined responsive to the
stored values of correlation and their corresponding
coordinates. After determining the largest K correlation
values, as described, and their corresponding time index
coordinates for each of the six sub-multi-frames 62 each
30 of the stored coordinate time indexes is hypothesized to
be the trailing edge of the k-th synchronization sequence
bursts of a multi-frame 56. That is to say, each of the
stored coordinates is analyzed to determine whether the
stored coordinate corresponds to the first, eleventh,
35 twenty-second, or thirty-first £rame. The stored
coordinate time indexes are hypothesized to be the

trailing edges of such frames because the largest
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-9- communicate tel ephonically with a user of anot her user termnal or to a
t el ephoni ¢ devi ce of a conventional, k—T0 oOperate properly,
the user term nal 24 nust be synchroni aesstibet hasesehuliar net work. Once
properly synchronized, voice, or otherll commgmiggipons can be effectuated
bet ween t he ug@w7k@s nal and the cell Fe—As=ENnt | BIIUs97/05563
previously, an existing manner by which to effectuate synchronization
between a receiver, such as the user termnal 24, and a transmtting
station, such as the cellular network, has been to transmt synchronization
sequences according to a known format to thé“r ecei ver, again, such as the
user term nal 24. %&ré¥ ctln e trans SSIO% tqiret of the

.18 o talne he entire coa
SynChronlzatlon sequences S nC ronlzat carse

synchronlzatlon burst has entered the correlator 84. As

the spacings between the frames in which the coarse
synchronization sequences are known, each hypothesis is

5 analyzed to determine whether the neighborhood of
subsequent time coordinate indices are stored at expected
locations. Details of the analysis shall be described
more fully below with respect to the equation defining a
decision statistic in terms of an indicator function. If

10 such coordinate time indices are stored, their correlation
values are accumulated. The hypothesis having the largest
accumulation value is chosen to form the maximum
likelihood hypothesis. Responsive thereto, all down-link
control channels are located, thereby effectuating

15 synchronization of the user terminal.

As mentioned above with respect to the description
of operation of the various embodiments of the present
invention to determine and store the largest values of
correlation, the largest values of correlation and their

20 corresponding coordinate time indices are stored in a
memory element, such as the memory element 86 shown in
FIGURE 6. M' and M’ represent the memory locations of the
memory element. Both M' and M° are formed of six rows and
K columns and store the largest correlation values and the

25 corresponding coordinate time indices, respectively. The
contents of the i-th row and the j-th column of a memory
location k is denoted as M, ;*, where k = 1 or 2. M is
referred to as the “metrics” table and M’ is referred to as
the “coordinates” table.

30 With reference again to the formatting scheme
illustrated in FIGURE 4, exemplary operation of an
embodiment of the present invention, including storage of
correlation values and their corresponding coordinate time
indices, shall be described. For purposes of example, the

35 user terminal is turned on as the fifteenth frame of the
multi-frame 56 is received at the user terminal. Hence,

one coarse synchronization sequence burst shall be noted

‘hls Sheet Has Been Replaced 1
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can be effectuated. However, detection of the synchronization sequences

requi res significant nunbers of process
data with a stored synchroni zation
processing steps is processor- intg

ed nunber of
he synchroni zati on

Hind channel whPERUSYMASE3t S

significant levels of attenuation or nultl-path distortion, the
synchroni zati on sequences transmtted upon such a comuni cation channel

m ght be significantly distorted or attenuated,_ Wien operating in such an
environment, the synchronization sequence mnust be of a high margin to

ensure adequate tramﬁmtaél Fir® FLRIYeLfrimeabe| | ithe &RFBHAI GabLAG1ti-

system of which th%r |%ﬂn

10

15

20

25

30

35

féﬁsﬁﬁ> ugtl frame 62, and the sixth sub-
molti-frame 62. And, no synchronization sequences shall
be noted in the third and fourth sub-multi-frames 62.

During the coarse synchronization procedure, the user
terminal calculates the coarse synchronization sequence
correlation for each bit position of an entire multi-frame
56. However, sorting is effectuated over only the same
sub-multi-frame 62. The metrics table M' and the
coordinates table M are updated sequentially according to
a memory updating algorithm, which shall be described
below.

FIGURE 10 illustrates the method of an embodiment of
the present invention by which to synchronize a user
terminal by transmitting a control signal thereto which
includes synchronization sequences formed of sets of m-
sequences, such as the set 36 shown in FIGURE 3. After
entry into the method, as indicated by the block 162,
initialization occurs, as indicated by the block 164. Set
M' . =0Vi,j and k. Furthermore, reset the bit counter
(BC), region counter (RC), and error counter (EC).

Then, and as indicated by the block 166, a new sample
of r, is obtained, a new observation vector R,, and a new
correlation value C, is calculated. Then, and as
indicated by the decision block 168, a determination is
made as to whether the bit counter is of a value of 21,250
which corresponds to the total number of bits in a sub-
multi-frame. If not, the no branch is taken to block 172
and the rows of M' and M’ are updated according to the
following rules:

1. If C,>M', and ln—M2

3, Ml =C, and M? =
2. If c>M1 and [n le >

M= M‘,‘1 and.M? =M,
3. If M ,<cC, < ijl and - ME LS

j=2-,K).

567 for some window size

7’ Mll.l = Cor M12,1 =n and
for k=2-,K.

2 &,, no updating (for

\
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exenplary, is a communi cation systemin which significant power restraints
limt the power |levels of signals transmtted between the network ofthe
comuni cati on system and the user termnal 24. Therefore, a signal to noise

power ratio, C/N, is typically of a relati ’ Tow n ant enna at
t he user ternwoah/49997not oriented to detec tSH éﬁéi?sﬁ $97/98563
thereto, the signal to noise ratio of signgls acf‘ Tece d by the user
terminal are even further reduced. In at |e€ast one proposed
satellite-cellular comrunication system pa%ﬁng signals are required to be
transmtted at a margin of thirty decibels €r average white gaussian

noi se (AWGN). Suchya r | fpement Gogkesp gngr , In a user termnal
of sensitivity toh%jet e%féje{ﬁhlglg sil!’ghél (ilﬁ ST?AACY

=n (for j =2, K).

1 3= Gnt 1,3
5. If Mll‘j C, M‘J L’ M12;1 &, ,and
n-M} ~5,, M! . =C, Mf’. n and
5 M! =Ml’“, -M;“, for k=3j ~2,-, K.
6. If C, < N@K, no updating.
m-seguence method:
1. Find max{C,}, which is the largest correlation within
10 the sliding window.
2. I1f maxC, » M} |, M| | = maxC,, M} = argmaxC,, and
M =M, , for k=2- ,K.
3. if M1 ; < maxcC, < Mll,j-l'Ml],j = maxC_, Mf'J = argmaxC_, and
Mll, = Mllk 1’ 12.)( = M‘zi.-k—l' for k = j-2-, K.
15 4. If maxC_ < Mik, no updating.

Then, the bit counter is incremented as indicated by the
bloqk 174. In an embodiment in which the synchronization
sequence is formed of the dotting seguence, the bit
20 counter is incremented by one bit. In an embodiment in
which the synchronization sequence is formed of m-
sequences, the bit counter is incremented by the length

of the m-sequence, here sixty-three bits.
The operations of block 166 are repeated for all six
25 sub-multi-frames 62. 1In each repetition, different rows
of memory are utilized. If the yes branch is taken from
the decision block 168, the region counter is incremented
and the bit counter is reset, as indicated by the block
176. Thereafter, a determination is made, as indicated
30 by the decision block 178 as to whether the region counter
' is of a value of six. If not, the no branch is taken back
to block 172, thereby to effectuate the six repetitions

of the calculations of the block 166.

If the yes branch is taken from the decision block
35 178, processing of the metrics and coordinate tables is
effectuated. Such processing.is effectuated by the above-
mentioned hypothesis process. Namely, each element of M,

—_—
— .
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-10- a C Nratio of about mnus ten decibels. As a user term nal nust be
synchroni zed with the cellular network to receive properly the paging
signal, the conmunication systemrequires a high margin_s nchronl zation

capabi. | | ty. An enbodi nent ofthe pr esentl ower
synchroni zat i orWORP49bur st s which are T2Y§%%QP€RE%ERP er t FAPS563
permit the user termnal to becone syndhronized-w etwork. In one

enbodi ment of the present invention, synchronization is a two-step process.

Coar'se synchronization is first effectuated; thereafter, fine

synchroni zation is effectuated. During coarse synchronization, HPS bursts

permt synchronizat |Mh pofwille besBypbehas ivdd tax aHel ltshlllengle@ée of the k-

synchroni zati on. Th synchronization sequence burst and a decision
statistics ij will be calculated based on this
hypothesis. Let s;,; be the spacing, in terms of the

5 number of bits, between the i-th coarse synch sequence
burst of a multi-frame and the j-th subsequent coarse

synch sequence burst. Then

25000 52500 75000
s = 27500 50000 102500
1ed 22500 75000 100000
52500 77500 105000

The decision statistics Hfi can be calculated by

10
X 1 3 6 K- . 2 .
Hi; =M, + >, D I ki T Skm T M 2 00
ml n=1 1l=1

where I(X) is the indicator function, which is 1 when X

is true and 0 when X is false. The argument of I(:) in

the above equation indicates whether M’ , is in the

neighborhood of expected coarse synch sequence burst
15 locations. If it is true, the correlation value M is

added.

If H:j is the largest decision statistics, the
location of the first coarse synchronization sequence
burst, e.g., the dotting sequence or the m-sequence shown

20 in FIGURES 2 and 3, is estimated as Mo+ I(k*l)s, . .

Thereafter, and as indicated by the block 186, the
m-sequence burst is located, and the fine synchronization
samples are captured as indicated by the block 188.

Thereafter, fine synchronization is performed, as

25 indicated by the block 192. In one embodiment,
utilization of a split m-sequence procedure is preferred
over utilization of a dotting sequence procedure for
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ER ARG




And, during fine synchronization, acquisition to within a single synbol bit
I s possible; also, nore precise frequency offset is provided. Wen the user
terminal is turned on, the term nal ' a _coarse synchroni zation
procedure. The coarse synchroni zat iffon~Rr £6e ¥ the tinme (and
frequency) unwearadsaty to a sel ect gd Ievg}:z;j)pl her eaf PEFUSHOSHanber
of operations required to perforn1—‘Hexs#ﬁghﬁamcggti, to be reduced. In
one enbodi nent, the user term nal searches all possibl e primary carriers
when the user termnal is turned on. A primegy carrier is the carrier which
mul ti pl exes the control channels. |In another®enbodi nent, the user term nal

is assumed to havepRr&sde0io#t 8LRE dyhchroRLQP:ids i tHE ARENBEbnE0RE T Sha
channels prior to

ceLvin agi n i gnals. it her enbodi nent, syste
synchroni zati on is4§f?thﬁgt%ﬁgﬁygd§q iy i 3"ereaee”a Sequends ot

full burst length having good autocorrelation properties

to facilitate the fine synchronization process.

S Subsequent to the fine synchronization process, a next
High Power Broadcasting Message is decoded, as indicated
by the block 194, a CRC check is performed as indicated
by the decision block 196. If the CRC check passes, the
“pass” branch is taken and synchronization is completed,

10 as indicated by the block 1898, Othexrwise, the "fail"
branch is taken to the block 202, the error counter is
incremented, and a determination is made at the decision
block 204 whether the error counter has reached a selected
value, here a value of five. If not, the no branch is

15 taken back to block 194; otherwise, the yes branch is
taken back to block 164.

The coarse synchronization procedure requires that
the receive signal be c¢oherently added. Therefore,
frequency error has to be resolved to a certain degree to

20 yield an appropriate coarse synchronization performance.
If a local oscillator of the user terminal has +/- 2.5 ppm
offset, the possible frequency error at 1.6 GHz is 14 kHz.
Therefore, we can divide +4 kHz into L frequency bins,
each of 8000/L Hz width, and have L parallel operations

25 as described in the previous subsection.

Such a parallel operation is shown in FIGURE 11 for
a dotting sequence embodiment. In FIGURE 11, to
compensate for the frequency offset, the received sample,
r, is first de-rotated before it is fed into the

30 correlator. In addition, to reduce the amount of memory
required for dotting sequence method, instead of storing
the de-rotated sampled values, the plain sample value, r,,
is stored. However, to get C,, from C, the derotated r, .,
has to be subtracted from C,. Therefore, a total of 2L

35  complex multipliers are required to provide L dotting
sequence correlators for L frequency bins.
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power bursts which include predeterm ned patterns form ng synchronization
sequences. The bursts are tinme-nmultiplexed with other control channels and
traffic channels. The synchronization sequences are of characteristics
which both permt sinplified correlatlon o-- ars—t0_pe \perforned to form

t hereof prior to application of the rec-<~ﬁ;g»gﬁEF:F:’a pomer detector.
FIGURE 2 illustrates a dotting sequence, showjggenerally at 26, which forns
t he synchroni zati on sequence of one enbodi nment of the present invention.

The dotting sequence 26 @an IELWHHYSHEEY efh t @IEORD an ,00skibBBICt bOBs hayi RGea

first portion applied to a shift register 268 and to a plurality, here
L, of different mixers 272. The mixers 272 correspond to
the mixing elements 96 and 98 shown previously in FIGURE
5 7. Outputs of the shift register 268 are applied to a
corresponding plurality of mixers 274. Second inputs to
each of the mixers 272 and 274 are signals of different
frequencies f, and f,. Mixed signals generated by each of
the mixers 272 and 274 are applied to correlators 284,
10 which here are formed of the circuitry of the correlator
84 and power detector 92 shown previously in FIGURE 7.
The correlators 284 are each further coupled to memory
devices 286.
Each of the correlators perform correlations, the
15 calculations of which are described above with respect to
FIGURE 7. The memory devices store values of C,, used to
perform such calculations. Because of the different
frequency signals applied to the mixers 272 and 274,
correlations performed by one of the correlators shall
20 exhibit increased levels of correlation relative to others
of the correlators, thereby to compensate best for the
frequency offset.
FIGURE 12 illustrates an embodiment of the present
invention by which to correct for frequency error when the
25 synchronization sequences are formed of m-sequences, such
as the set 36 shown in FIGURE 3 above. Here, the symbol
bits r, are applied to inputs of a plurality, here L, of
mixers 372. The mixers 372 correspond to the mixing
elements 96 and 98 shown previously in FIGURE 7. Second
30 inputs to each of the mixers 372 are signals of different
frequencies £, through £, Mixed signals generated by
each of the mixers 372 are applied to correlators 384
which here are formed of the circuitry of the correlator
84 and power detector 92 shown previously in FIGURE 7.
35 Each of the correlators is here shown to include a
shift register 386 into which, here, sixty-three samples
are shifted. Once the samples are shifted into the shift
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28 and a second portion 32 concatenated thereto. The first and second
portions 28 and 32 are substantially identical to one another. The dotting

sequence |Is described by the equation: geherrd - err in: 11i is odd
dferr] = -11i is even In one enbodi nent mSHEETHN%Bs‘?&% nce is
transmtted deoisngosdbour : REPLACE | PCTNUS97/05563

-30-

register, sixty-three m-sequence correlation calculations
are performed, as indicated by the block 388. Once the
sixty~-three correlations have been calculated, as
indicated by the block 392, the 1largest value of
5 correlation and its associated time index are determined.
Because of the different frequency signals applied to the
correlators 384, correlations performed by one of the
correlators shall exhibit increased levels of correlation
relative to others of the correlators, thereby to
10 compensate best for the frequency offset.

Because the synchronization sequences are detected
by a user terminal by a correlation process of reduced
numbers of computations, synchronization of the wuser
terminal is effectuated quickly. Synchronization

15 sequences are also of high margin to facilitate their
detection by a receiver even when the sequences are
transmitted upon a communication channel subjected to high
levels of attenuation or wmulti-path distortion.
Accordingly, utilization of the synchronization method -and

20 apparatus is particularly advantageous in a cellular
communication system, either a terrestrial-cellular
communication system or a satellite-cellular communication
system.

The previous descriptions are of preferred examples

25 for implementing the invention, and the scope of the
invention should not necessarily be 1limited by this
description. The scope of the present invention is
defined by the following claims.

—_—
—_—
—
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synchroni zation bursts in a time division nultiple access (TDVA)

mul ti-franme wherein each burst is of a length N and wherein Nis of a value
up to 156. The value of 156 is utiIizeF when tﬁf dott] eque?pe IS ]
transmtted pursuant to a G oup Specia LGBM ee ni cati on schene.

| n ot her enbgdiVH%ﬁl@S!"t he bursts are 01{ ﬁ%eé%,aﬂg s, that i POTHISIHIES6 | s
of other values. FIGURE 3 illustrates f of m sequences,
shown generally at 36, of an alternate enbodlnent ofthe present invention.
The 'set of msequences formthe synchronizatigq_sequences which, when
transmtted to a user termnal, permts effectuation of synchronlzatlon of
the user term nal. ihgmsq@ &QAEngbuﬂgs two identical n}sequence portions 38

and 42, here, each of SI -thr engths
concat enated to portlon Egcﬁgggpﬁefn}se %58n18%n%n8 E?cgéXﬁerFFHeP
i ncl ude transmitter, the receiver and the transmitter coupled

together by way of a communication channel, said method
5 comprising the steps of:
transmitting, from the transmitter, a control
signal upon the communication channel, the control signal
formatted pursuant to a selected format and including
synchronization sequences, each synchronization sequence
10 formed of a first synchronization portion and a second
synchronization portion concatenated thereto and
substantially identical therewith;
detecting, at the receiver, the control signal
transmitted during said step of transmitting;
15 correlating portions of the control signal
detected at the receiver; and
selecting, at the receiver, portions of the
control signal exhibiting, during said step of
correlating, increased levels of correlation, the portions
20 of the control signal exhibiting the increased levels of
correlation being the synchronization sequehces formatted
to form portions of the control signal, thereby to
synchronize the receiver with the transmitter and the
control signal transmitted therefrom.
25
2. The method of claim 1 wherein the control signal
transmitted during said step of transmitting comprises
frames of symbol bits, each frame divided into slots of
fixed time-lengths, and groups of frames defining multi-
30 frames.

3. The method of claim 2 wherein the synchronizing
sequences forming portions of the control signal are
transmitted as portions of selected ones of the frames,

35 the selected ones of the frames of which the synchronizing
sequences form portions being offset from one another by

_—

—_——
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ei ght bit extensions 44 and 46, respectively. The m sequences 38 and 42 are
I dentical wth one another and can be considered to be fornmed of first and
second portions 48 and 52 wherein the porti are identical with
one anot her. The extensions 44 and 46 i denti cal val ues,
are used for WORIM48Sechr oni zation pro nc e PGHUSHWSIR e
extensi on 44 together forma portion sequence 42 and the
extension 52 together forma portion 52 of the set 36 and concat enat ed

t oget her. -12- _32-

dissimilar numbers of frames according to the selected

format pursuant to which the control signal is formatted.

4. The method of claim 3 wherein said step of

5 selecting further comprises determining frame locations

of the synchronization sequences formed of the portions

of the control signal exhibiting the increased levels of
correlation.

10 5. The method of claim 4 wherein said step of
correlating further comprises storing correlation values,
and positional coordinates of selected portions of the

control signal.

15 6. The method of claim 5 wherein the correlation
values of the correlations of the selected portions stored
during said step of storing comprise correlations which

are of greatest values within selected time periods.

20 7. The method of claim 6 wherein the selected time
periods define time windows and wherein no more than one
of the correlation values and the positional coordinates
stored during said step of storing are within any one time
window.

25

8. The method of claim 6 wherein said selected time
periocds correspond to fractiomal, sub-multi-framal
portions of the multi-frames, the sub-multi-framal
portions of frame-lengths and the dissimilar numbers of

30 frames separating the synchronizing sequences such that
no more than one synchronizing sequence is transmitted
during each sub-multi-framal portion.

9. The method of claim 8 wherein a first number of
35 synchronizing sequences are transmitted during each multi-
frame and each multi-frame is formed of a second number

T



FIGURE 4 illustrates a formatting schenme of a control S|gnal of which the
synchroni zati on sequences, such as the dotting S or the set of

m sequences 36 shown in FI GURES 2 and 3 _port:o?s.tghe
synchroni zati on sequences are transmtt ¢ ime slots

f)c/)rm portions oW@¥¥O¥gntrol signal tra : t ePET/HER7/05563
The formatting schene illustrated in FI GO IS exenplary and ot her
manners by which to format a control signal transmitted to a user ternmina
can alternately be formed. The control signal _§s_forned of
digitally-encoded synbol bits mhich are nodul ated and transmtted
sequential ly. Adjaceaf gﬁbu@ﬁlt& portd oief, | ReeSlsetsnafl ndaber 4déacaent

slots of data defingﬂ& rli_@gjtracent groups of frames define
multi-frames. In Fl %?3 portlons wo nulti-franes 56 are illustrated.
10. The method of claim 1 wherein the
5 synchronization sequences forming portions of the control

signal transmitted during said step of transmitting

comprise dotting sequences, and wherein the first

synchronization portion and the second synchronization

portion comprise substantially identical bit-length,
10 dotting sequence portions.

11. The method of claim 10 wherein said step of
correlating comprises correlating overlapping portions of
the control signal detected during said step of detecting.

15

12. The method of claim 10 wherein said step of
correlating comprises determining differences of signal
values of successive bit symbols and previously-determined
correlation values.

20

13. The method of claim 1 wherein the
synchronization sequences forming portions of the control
signal transmitted during said step of transmitting each
comprise a set. of two m-sequences, and wherein the first

25 synchronization portion and the second synchronization
portion each comprise one of the two m-sequences.

14. The method of claim 13 wherein said step of

correlating comprises correlating nonoverlapping portions

30 of the control signal detected during said step of
detecting.

15. The method of claim 13 wherein said step of
correlating comprises the steps of: buffering selected

35 sequential portions of the control signal detected during
said step of detecting, storing a receiver-stored sequence

of values corresponding to an m-sequence of the set of m-
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Each multi-frame 56 is fornmed of fifty-one franes of which four frames 58
are illustrated in the figure, nanely, the first, eleventh, twenty-second,
and thirty-first frames of the multi - fifFerres=—56—ge—ustrated in the
figure. In one enbodi nent of the presgnTHISTHHERT BAS BERN Synchroni zation
sequences arewoarm®sd?t t ed during the fjirst PBERBASEBt of [Such POIAISIINSE6RS 58
of each nmulti-frame 56. Each frane 58 Ts divided tTntoerght tinme slots (not
separately shown in the figure). For reasons which shall be described nore
fully below, each nulti-frane 56 is also diviged into sub-nulti-frames 62;
each sub-nmulti-frane 62 is of a substanti al I'ﬁ simlar length. The

sub-mul ti-rames 62c3@nBksl Cnghs, cBRfeibEsdd ATERe SGOUUAI Mequent ial

synchroni zati on sequences afe s%ace -apart from one another by separatlon
di stances such t haPoR51RBFePYRE %@W%%SBS%EHF& AF g BE &8AReh MBrY &on

sequence is receiver-stored sequence.

="

5 16. The method of claim 15 wherein said step of
correlating further comprises storing correlation values,
and positional coordinates thereof, of correlations of a
selected number of greatest values.

10 17. The method of claim 16 wherein said step of
correlating comprises the further step of replacing a
correlation value of the correlation values stored during
said step of storing the correlation values when a
selected sequential portion buffered during said step of

15 buffering exhibits a greater value of correlation than at
least one of the selected number of correlation values of
the greatest values stored during said step of
correlating.

20 18. In a communication system having a first
communication station and a second communication station,
the first and second communication stations, respectively,

~coupled together by way of a communication channel, a
combination with the first and second communication

25 stations of circuitry for synchronizing the second
communication station with the first communication
station, said circuitry comprising:

a control signal generator positioned at the
first communication station, said control signal generator

30 for generating and transmitting a control signal upon the
communication channel, the control signal formatted
pursuant to a selected format and including
synchronization sequences, each synchronization sequence
formed of a first synchronization portion and a second

35 synchronization portion concatenated thereto and
substantially identical therewith;

i



positioned within a sub-nmulti-frame 62. Also, the frames 58 contai ning
synchroni zation sequences are spaced-apart fromone another by dissimlar
separation di stances which, shall be noted below. fagcilittate the
determination of the location of the @@gﬁhg@mgme uence_wi thin the
nul ti-frame S6wausrdgessaent to detecti ¥§ FEMBEDY oni zAt i on BeyhRniEs

FI GURE 5

Fl GURE 1,
alia,

10

15

20

25

30

35

illustrates the network cont ﬁ““*"" E8—=Hewn previously in
in greater detail. The netmork control center is operable, inter
to generate the control signal formatteg5 for exanple, in the manner
of the formatting

a control signal detector positioned at the
second communication station, said control signal detector
for detecting the control signal generated and transmitted
by said control signal generator;

a correlator coupled to said control signal
detector, said correlator for correlating portions of the
control signal detected by said control signal detector;
and

a selector coupled to said correlator, said
selector for selecting portions of the control signal
exhibiting increased levels of correlation, the portions
of the control signal exhibiting the increased levels of
correlation being the synchronization sequences formatted
to form portions of the control signal, thereby for
synchronizing the second communication station with the
first communication station.

19. A receiver synchronizable with a transmitter,
said receiver comprising:
~a control signal detector for detecting
transmission of a control signal thereto, the control
signal transmitted by the transmitter, the control signal
formatted pursuant to a selected format and including
synchronization sequences, each synchronization seguence
formed of a first synchronization portion and a second
synchronization portion concatenated thereto and
substantially identical therewith;

a correlator coupled to said control signal
detector, said correlator for correlating portions of the
control signal detected by said control signal detector;
and

a selector coupled to said correlator, said
selector for selecting portions of the control signal
exhibiting increased levels of correlation, the portions
of the control signal exhibiting the increased levels of
correlation being the synchronization sequences formatted

‘his Sheet Has Been Replaced
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-13 - schene illustrated in FIGURE 4. Pursuant to such operation, the
network control center generates and inserts synchronization sequences into
the control signal. The control sign eTl £ net wor k control
center is transmtted to a user term 1#,'S§}§% X%e uger term nal 24
shown in Fl GURlodraeddy way of a satel lilte-b ransceiver, BOUNSHO5SMe
transcei ver 22. The network control center 18 includes a controller 72

whi ch controls operation of the control center 18. The controller 72
control s operation of a control signal for rratter 74 which, while shown
functionally, in one enmbodinment, is formed of 364 gorithms executabl e by

processing circuitry §B¥$ a:ﬁ]rttq%n@ro fs ng &H 1t rgl@?i hetﬁgpgf)?l Ifeor

72. The control ler 72 0 a sy n roni |on Si
generator 76 synchronizing the recelver statlon with the transmltter

20. In a transmitter having transmitter circuitry
5 transmitting communication signals upon a communication
channel to a receiver, an improvement of synchronization
circuitry, said synchronization circuitry comprising:
a control signal generator for generating a
control gignal, the control signal formatted pursuant to
10 a selected format and including synchronization sequences,
each synchronization sequence formed of a first
synchronization portion and a second synchronization
portion concatenated thereto and substantially identical
therewith.
15

—_—
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which is operable to generate synchronization signals, such as those
illustrated in FIGURES 2 and 3. In one enbodi nent of the present invention,
t he synchroni zation signal generator 76 is also formed of algorithns
execut abl e by processiqp circuitry, such as the processing circuitry of the
control ler 72. ™MRIU¥MT ol signal formatter is operable to for REI/HSAHO5563
control signal which is generated by the network control center 18 and
whi ch i ncludes the synchronization signals ggpgiated by the synchroni zation
signal generator 76. The control signal formdtted by the formatter 74 is
applied to transmtter circuitry 78, here by way of a nultiplexer 82. The
transmtter circuitry is operable, responsive to control conmands generated
by the controller 72 to transmt the control signal formatted by the
control signal formatter 74. The nmultiplexer 82 is further coupled to a

voi ce/ data signal source 84 to alternately transmt voice or data

&
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signals. Wien operable to generate the control signal formatted according
to, for exanple, the format set forth in FIGURE 4, franes of control data
are transmtted, and sel ected ones of the franes include synchronization
sequences generated by the synchronization signal generator 76. FI GURE 6
illustrates theVQ8¥#5¥%r i nal 24, shown previously in Fl GURE BCTHHRIPESSES
operable to receive control signals transmtted thereto, such as the
control signals generated by the network control center 18 shown in FI GURE
5. The user termnal 24 includes receiver@ i 9cuitry 82 tunable to receive
signals transmtted to the
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-14- user termnal. Signals representative of the receive signals are
applied to a correlator 84 which correlates portions of the signals applied
thereto. Operation of the correlator 84 in the various enbodi nents of the
present invention shall be described nore fully bel ow. Values of selected
correl ati ons peWP8/A¥BA? by the correlator 84 are stored in a nePEHYSIBOESRNt
86. A selector 88 is operable to select portions of the signal applied to
the correlator 84 having val ues of correl Uog whi ch indicate the
correlated portions to form synchroni zati s€quences such as the
synchroni zati on sequences illustrated in FIGJRES 2 and 3. Responsive to
such sel ection, synchronization of the user termnal 24 with a network

device which transmts signals thkreg)'ls efTedqt uaysede
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The user termnal 24 is further shown to include a power detector 92 and a
decoder 94, operable in conventional manner. FIGURE 7 illustrates portions
of the user termnal 24, shown in FIGURE 6, in greater detail, nanely,
portions of the receiver circuitry 82, the correlator 84, and _the power
detector 92 ar avaepa#0$97i | | ustrated. A receive signal, r(t); re@gF@ﬁgmﬁﬁﬁthe
user termnal is split into |l and Q conponents by way of m xers 96 and 98,
i n conventional manner. The | and Q conpon&g*zhare applied to | ow pass
filters 102 and 104, respectively. The fil signals generated by the
filters 102 and 104 are sanpled by signal sanplers 106 and 108,
respectively, and the sanpled signals err] are applied to correl ator
portions 112 and 114. Once correlated,Ftﬁgséii ed signal portions are
applied to the power detector 92, figre sh 1% be fornmed of energy squares

116 and
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118 and a conbiner 122. In an enbodi ment in which the synchronization
sequence is fornmed of a dotting sequence 26, shown previously in Fl GURE 2,
the dotting sequence is inserted into selected franes of the control signal
transmtted to the user termnal. By way of exanple, the format schene
illustrated i n"MOIMO74 shall be used to explain operation of PEHUSHWSSBnent
of the present invention by which the user termnal 24 is synchronized with
a network station which transmts control signals including the dotting
sequence to the user terminal. The user t8rAi%al 24 |ocates each of the
four dotting sequence bursts to within a tine period of +/- T[err]/2 of
error, where T[err] is a slot duration of each of the tine slots during

whi ch the dotting sequence is transnmtted.

FIG.7
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-15- As indicated by the circuitry illustrated in FIGURE 7, the filtered
baseband receive signal is sanpled by the sanplers 106 and 108 to form an

observati on ‘vect or

Because t he dottin%

correl ati on caWod&

of

link Nand is correlated with the dotting sequence.

sequence forns the synchronization sequences,
987 f ormed very sinply by ‘utilizing the chaPFEWP¥0863 cs

of the dotting sequence. Rerr], at tinmes n and n+l can be represented by:
rferr] , rlerr], r[err]) Werein:

Rlerr] = (rf[err],

FIG.9

lrera—

83

TTTTTTTTTTTTT

mlkjihgfedcba

—

Correlation due to noise

154
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Correlation due to a
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156
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wvuts

using §;:g.h.i.f are chosen
using $5: g.i.e.c are chosen
using 83:9.v.p.m are chosen

If k=4,

Correlation



rierr]
the bit

Is the sanple of the filtered,
I nterval .

received signal at time nT, and T is
By further defining Dto be the dotting sequence, the

correlation CJerr]

of the observation vector at time n and the dotting

sequence can be represented by: Werein:
rlerr]-[err] rMWQ?40897denot es a transpose,
correlation of the observation vector R err]
vector at the same tine is represented b}/:/ 9

derr]
and N is assumed t ECBAUSEHOSHF3 The

=Rlerr]Derr] =[err]

at tinme ntl and the dotting
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-16- Cerr] =Rerr]Derr] =[err] r[err]-[err] r[err]
=-(err]-r[err])-r[err] =r[err]-(err]+r[err]) Therefore, the correl ation
at tinme n+l can be calculated fromthe correlation, Cferr], in two steps or
operations. Also, when the observation vector conprises the dotti ng
sequence, i.e.woumees9R err] = D, Clerr] = N. Thereby, a proceSH¥Ry"456%h of
Nis

8/9
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available. FIGURE 8 illustrates the correlator 84, here a dotting sequence
correlator, operable to performthe cal cul ations of the correlation noted
above. The correlator 84 receives a sanpled signal on line 123 which is
coupled to a summ ng device 124 to which an output of a nenory 126 is al so
coupl'ed. The suW@P/4857 gener ates an out put signal on the 1inePdDBSeP6h i s
applied to an input of a second summer 132. Line 123 is al so coupled -
shift register 134 havi ng an out put which Hilf upl ed t—a CORM AR
t he second sumrer 132. An out put signal d on | , ﬁﬁﬁdﬁﬂﬂﬂ edito
an input of the nmenory 126. As signal sanples are appl | 1

correlator, values of the correlation are sequentlally oeternlned by the
correlator 84. When a synchroni zation seq d of a dottlng seqguence
is applied to the ?FG 12‘3
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CO”%S%B&:EH&‘E%& laedl ug of the correlation determined by the correlator 84

|ncre zatlon of the user termnal 24 with a network station
when tlon sequences are fornmed of sets of n}sequences“,such
asth in FIGQURE 3 is al so effectuated ~v --------------------- ve

si gnal portlons, here with a stored synchroni zation delS SHﬁETElrﬂASoBEEm
. msequence. \Wen the user terminal is turned on, wi nfows 0$5%5¢ﬁmm b|t~ of
data are buffered in a nenory device. Wienq4for exanple
portions 38 and 42 are of sixty-three bit lengths, the windowis of a
| engt h of sixty-threSYaghysnigatsonTheofor theat owse8d créwuimals withsiaty-
three correl ati Ranghdift teachuit | Cratidic ftﬁ@es%eh%emg%ﬁgq%g%%m en

the m sequence portions are of other bit 1engths e nu
cal cul ati ons pngﬁFﬁéﬁ b&ypﬁga ly requires a 51gn1f1cant number of

processing steps to be performed. A correlation 1is
5 typically performed between signals received by the
receiver and a stored synchronization word. When a

sequence of symbol bits of the received signal exhibits
a high correlation with the'stored synchrpnization word,
a determination is made that such received symbol bits
10 form the synchronization sequence transmitted to the
receiver. Synchronization of the receiver with the
network station is théreby effectuated when the format of
the signal transmitted to the receiver is known. That is
to say, when the synchronization sequence is transmitted
15 to the receiver according to a known format, locations of
other signal components of signals transmitted to the
receiver can be determined once the location of the

synchronization sequences are determined.

Bottiglieri, et al., United States Patent No.
20 5,335,228, discloses one example of a synchronization
process. In Bottiglieri, et al., each frame in an

incoming data stream includes a service time slot that
includes a synchronizing pattern for synchronizing a
remote unit with the timing of the data stream. Another

25 synchronization scheme is disclosed by M. Nakamura, et
al., IEEE Transactions on Nuclear Science, vol. 35, no.

1, Feb. 1, 1988, pages 197-204. Nakamura, et al. disclose

a *serial data format for transmitting data over fiber

optic cables. The beginning of each row of data includes

30 two redundant words having a selected bit pattern for
' synchronlzlng data transmitted over a fiber optic cable.
Conventionally, groups of received symbol bits are

each correlated with the stored synchronization word.
Conventionally, to determine the correlation of the

35 received symbol bits with Ehe stored synchronization word
requires a first-order number, N, of calculations to be

performed upon each group of symbol bits. The number of

AMENDED SHEET



-17- correlator 84 correspondingly changes. Once all of the correl ations
have bssmmdakeuma& dxdthq w ndow sl i des sixty-three sanples, and a new

Wi ndo is buffered and correlated. Ag +he
msequ are of other bit lengths the wn AHIS SgeET HAQ’BE"‘N
correspon |ng y c ged nunber of sanples. As each syhchr ofE748FER burs

.formed oftwo m sequence portions, portions 38 and 42, a SITding w ndow of
data eventually buffers a full msequence fgrned, if not of a single one of
the m sequence portions, of parts of the set of msequences 36, together to

forma single mgestessengosteps. Mfded atd 0BePFosHC P13 upon
each group of symbol bits received by the receiver quickly

i's

T ——

becomes a very significant number, requiring a significant
amount of processing to determine the reception of the
5 synchronization sequences.

When the signals transmitted to the receiver are
subjected to high levels of attenuation or multi-path
distortion, detection of the synchronizatign sequences is
more difficult as the synchronization sequences might be

10 distorted or éttenuated during their transmission to the
receiver.

Any manner by which to provide a high margin
synchronization sequence to a receiver to permit the
receiver to become synchronized with a transmitter while

15 requiring a lesser number of processing steps to be
performed would be advantageous.

It is in light of this background information related
to synchronization of a receiver with a transmitter, such
as a user terminal of a cellular communication system,

20 that the significant improvements of the present invention

have evolved.

SUMMARY OF THE INVENTION
_ The present invention advantageously provides a
25 synchronization method, and associated circuitry, for
synchronizing a receiver with a transmitter, such as a
user terminal operable in a cellular communication system.
Digitally-encoded synchronization sequences are
transmitted by the transmitter to the receiver.  The
30 receiver synchronizes itself to the synchronization
sequences which are transmitted pursuant to a selected
format. The synchronization  sequences are of
characteristics which permit their detection by the
receiver through a correlation process of reduced
35 complexity. Synchronization of the receiver is
effectuated quickly and simply as only a reduced number

AMENDED SHEET



s&nboI_ETTE_ﬁTTﬁ“Tﬁe Sf_TEﬂ m sequence exhibits a high | evel of
correl étusShaetHWBeg,eR gting such a received sequence in which an:

n%seque ty three bit length in conventlonal naﬁﬁé?‘reﬁufnes
si xty- t addi ti ons and approximately § b3

62) operat | on

.required nunber of operations to performa correl agl

|zat|on of a Fast Hadamard Tr§

significantly. Through use of the FHT, only663Iog[err](63) operatlons are
required in order to obtain 63 correlations. That is to say, each
correlation of esfhcaladow iefnshulrberegusyadoto Mdtede e @neRk¥nization
| og[err] (63) cal cul ations. An exenpl ary Hadamard sequence correl ation
operation f ol | ovBSIHHEC %§Enplary operation pertains to an msequence of a
l ength of 7 for purpdiee afyrsihmunicationAnabqgensesudrepeifathiddls- Gafginf

course, be simlafly, shoMsf 0bs ™MIFALERGET 9t Ot ORL1 L EMENS %19 by the

5

10

15

20

25

30

35

receiver, even when transmitted upon a communication
channel which exhibits high levels of attenuation or
multi-path distortion.

The circuitry and its associated synchronization
method of the present invention are advantageously
utilized in a cellular communication system to synchronize
user terminals operable therein to a network station. In
a terrestrial-cellular communication system, the
synchronizing sequences are transmitted to the user
terminal as portions of a control signal generated at a
cellular base station. In a satellite-cellular
communication system, the synchronizing sequences form
portions of a control signal generated at a network
control center and are transmitted to the user terminal
by way of a'satellite-based transceiver. ‘

In one aspect of the present invention, the
synchronization sequences are formed of a dotting
sequence. The dotting sequence can be considered to be
formed of an odd function divisible into two portions
which are concatenated together. The two portions into
which the dotting sequence can be considered to be
divisible may be of dissimilar bit lengths. 1In another
aspect of the presenﬁ invention, the synchronization
sequence includes two m-sequences of substantially
identical values. The two m-sequences are concatenated
together, each m-sequence forming a portion of the
synchronization sequence. The synchronization sequences
are transmitted during selected time slots spaced apart
amongst groups of frames Which together form a multi-
frame. By calculating the correlation of a preselected
synchronization sequence with a received synchronization
sequence and by determining the location of the received

synchronization sequence within a multi-frame, the user

AMEI -hJLn
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§ixty three. The msequence of the follow ng exanple is formed of (1, -1,
-1, 1hlss'heeti=1as§e)=nRéiylaﬁmrl'D( formed of seven cyclic shifts of such sequence

|€ as - 1 1-1-1-1 -1 1 1-1 . -ﬂ -1t 11
- 1-1-11 1-1 1_ N -1 1 - 1 -1
- EET H
X =D

1 1

terminal becomes synchronized with the network station
which transmits the synchronization signals thereto.
In these and other aspects, therefore, a method, and
associated circuitry, synchronizes a receiver with a
5 transmitter. The receiver and the transmitter are coupled
together by way of a communication channel. A control
signal 1is transmitted from the transmitter upon the
communication channel. The control signal is formatted
pursuant to a selected format and includes synchronization
10 sequences, each synchronization sequence formed of a first
synchronization portion and a second synchronization
portion concatenated thereto and substantially identical
thefewith. The control signal 'is detected at the
receiver, and a calculation is made of the correlation
15 between a preselected synchronization sequence and
portions of the control signal detected at the receiver.
The portions of the control signal exhibiting increased
levels of correlation are selected to form the
synchronization sequences formatted to form portions of
20 the control signal, thereby to synchronize the receiver
with the transmitter and the control signal transmitted
therefrom. ' |
A more complete appreciation of the present invention
and the scope thereof can = be obtained from the
25 accompanying drawings which are briefly summarized below,
the following detailed description of the presently-
preferred embodiments of the invention, and the appended

claims.

30 BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 illustrates a functional block diagram of
'a satellite-cellular communication system which embodies
the circuitry and method of an embodiment of the present
invention. | '
35 FIGURE 2 illustrates a dotting sequence used to form
a synchronization sequenée in an embodiment of the present

invention.
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Mis de5|gnated as follows: 1 1 -1 -1 -1 1 31 -1RERLACEDL -1
: :

1-1

il

1

10

15

' L each row of the matrix is a cyclic shift of the msequence

@ within a slidi ng w ndow to be R[err]
MR[ err] produces seven correla

row and an all-one colum to tHe T8 BHEEVHAS BN

1 1-1 1-1 -11 1 1-1 Y= F—=1—=1t—=%
-7a-

FIGURE 3 illustrates a set of m-sequences which form
the synchroniiation sequence of another embodiment of the
present invention.

FIGURE 4 illustrates the format of a control 31gnal
Wthh includes synchronlzatlon sequences.

FIGURE 5 illustrates a functional block diagram of
network control circuitry which génerates the control
signal formatted pursuant to the structuresillustrated in
FIGURE 4.

FIGURE 6 illustrates a functional block diagram of

a user terminal of an embodiment of the present invention.
FIGURE 7 illustrates another functional block diagram
of a user terminal of an embodiment of the present
invention.
FIGURE 8 illustrates a functional block diagram of
a dotting sequence correlator which forms a pqrtion of the
user terminals shown in FIGURES 6 and 7 according to an

embodiment of the present invention.
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col umk
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A

1 -1 -r—11-1 1-1 -1 -1 1 1 By re- orderlng t he
mt%memil tI’LDX Mis defined as follows: M=
| 1

,Cerr],(err],(err],(err],
-1-11-1 1-1 1-1 1-1

1 1-1-1-1-1 1 11 1-11

31-
WHAT IS CLAIMED IS:
1. A method for synchronizing a receiver (24) with
a transmitter (18), the receiver and the transmitter

coupled together by' way of a communication channel,
including the steps of: |
transmitting,:from the transmitter, a control
signal upon the communication channel, the control signal
formatted pursuant to a selected formata and including
synchronization sequences (26, 36), each Synchronization
sequence formed of a first synchronization portion (28,
48) and a second synchronization portion (32, 52)
concatenated thereto and substantially identical

- therewith;

detecting, at the receiver, the control signal
transmitted during said step of transmitting, wherein said
method is characterized by the steps of:

calculating a level of correlation between a
preselected synchronization sequence and each of a
plurality of portions of the control signal detected at

the receiver; and

selecting, at the receiver, portions of the
control signal exhibiting,® during said step of
calculating, increased levels of correlation, the portions
of the control signal exhibiting the increased levels of
correlation being the synchroniiation sequences formatted
to_fdrm portions of the control signal, said selection for
synchronizing the receiver with the transmitter and the

cdntrol signal transmitted therefrom.

2. The method of claim 1 wherein the control signal
tranémitted during said'step of transmitting comprises
frames (58) of symbol bits, each frame divided into slots
of fixed time-lengths, and groups of frames defining

multi-frames (56).

3. The method of claim 2 wherein the

___synchronization sequences forming portions of the control



s

1-1-I—%t%F—=%t—=%—%1Mis a mtrix forned of eight Hadamard sequences.

Correl ati ﬁhF ei ght cyclic shifts of such m sequences. can be: :
cal cul ﬂﬁ T eplaced, o at e M Rlerr] by fast Hadamard.trahsform Uo-19-
Ther eby ﬂﬂl“ rrelati ons are obtai ned by
oper at'i n in the required number off GPSEHEES S %@bt‘ai n the

. sixty-three correlations is reduced by a factor $3/| oBYHCEHD i

-32-

signal are transmitted as portions of selected ones of the
frames, the selected ones of the frames of which the
synchronization sequences form portions being offset from

_ one another by dissimilar numbers of frames according to

5 the selected format pursuant to which the control signal

is formatted.

4. The method of claim 3 whereiy said step of

selecting further comprises determining frame locations

10 of the synchronization sequences formed of the portions
of the control signal exhibiting the increased levels of

correlation.
5. The method of claim 4 further comprising the
15 step of storing correlation values and positional

coordinates of selected portions of the control signal.

6. The method of claim 5 wherein the correlation
values of the selected portions stored during said step
20 of storing comprise correlations which are of greatest

values within selected time periods.

7. The method of claim 6 wherein the selected time
’ periods define time windows and wherein no more than one
25 of the correlation values and the positional coordinates

stored during said step of'storing are within any one time

window.
8. The method of claim 6 wherein said selected time
30 periods correspond to fractional, sub-multi-framal

portions (62) of the multi-frames, the sub-multi-framal
portions of frame-lengths and the dissimilar numbers of
frames separating the synchronizing sequences such that
no more than one synchronizing sequence is transmitted

35 during each sub-multi-framal portion.

A
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As multiple nunbers of correlations are perfornmed to synchroni ze the user
tern1naIuQ$mM&ﬁh&§nﬁgﬁ k gtation which transmts control signals to the

user ter ich to reduce the nunH&rs . n i wal ues
stored d I'ﬂ;!m%ﬂm of the synchronization pri@g(%é%q 'gé@?eésﬁti e
synchroni zatl During coarse synchroni zfilion. €3 y ame 56

i ncl udes four synchronization sequence bursts. In the fornattlng schene
illustrated in FIGURE 4, the synchronizati gs-sequences form portions of the
first, eleventh, twenty-second, and thirty-first frames. As al so nmentioned
previously with respect tdaHe @eREod, ofhelaiiht § -dhewmian 56 farests vhaibdxded

into sub-nmul ti-f r HQ [ e 0 e than
one burst of a 9 qﬁ?ﬁ%ﬁzgﬁgoﬁég%quence QHg&g 1§§g§rggﬁkéﬁe%§c dﬂ@h
user terninal i namen b reaehanykel - feame na$ Earmadapésai s comdr emathean at
each sanpling tigre almulti-framal portions, the second number greater

5 than the first number.

10. The method of claim 1 wherein the
synchronization sequences forming portionsaof the control
signal transmitted during said step of transmitting

10 comprise dotting sequences (26), and wherein the first
synchronization portion and the second synchronization
portion comprise substantially identical bit-length,
dotting sequence portions (28, 32).

15 11. The method of claim 10 wherein said step of
calculating comprises correlating overlapping portions of
the control signal detected during said step of detecting.

12. The method of claim 10 wherein said step of
20 calculating comprises determining differences of signal
values of successive bit symbols and previously-determined

correlation values.

13. The method of claim 1 ' wherein the

25 synchronization sequences forming portions of the control
signal transmitted during_said step of transmitting each

~ comprise a set (36) of two m-sequencés (38, 42), and
wherein the first synchronization portibn'and the second
synchronization portion each comprise one of the two m-

30 sequences.

14. The method of claim 13 wherein said step of

calculating comprises correlating nonoverlapping portions

_ of the control signal detected during said step of
35 detecting. |

* C L M S *
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stores.the |largest K correlation values and their corresponding tine
i ndexe ¢ anedl t iFiframe in a nmenory device, such as:the menory
el emen | GURE 6. A sorting al gorithm LSt = siw-ie
enbodi sent invention to nore efficilERiigy/SUEET HAS BEEY
avai | abl e nenory of the nmenory device. In an enbody ment REPLAGEEh t hell
.synchroni zati on sequence is forned of a dotting segse sociT as the
dotting sequence 26, Clerr] is approximatelys-equal to CJerr] when Nis a

| arge val ue. Thus, when a correlation value (Jerr] due to noise is greater
than the correl ation 1 .er rlhelusethotihefprebeime1f whedaiin nga s@qdeage of

b t, It i t ! ' t | [

Gerr] are both Gt T bt i7ed 8" SR L7 BNeRE-Thl Fegf it
smal |, meani ng tSesestliplappeiiaeaoey thw adrdirelasdarsdd dedrected during
sub-mul ti-franegsdily istep0ossi Qbeetthtg AldcHfirdha Kekaigeslscorss! Aded N

sub-nul ti - .
5 of values corresponding to an m-sequence of the set of m-

TorE—mam

sequences, and correlating the selected sequential
portions buffered during said step of buffering with the
receiver-stored sequence. a

10 16. The method of claim 15 further comprising the
step of storing a selected number of greatest values of
correlation values, and positional coordinates thereof,
of the selected sequential portions buffered during said
step of buffering.

15 _

17. The method of claim 16 comprising the further
step of replacing a correlation value of the correlation
values stored during said step of storing the correlation

- values when a selected sequential ﬁortion buffered during

20 said step of buffering exhibits a greater wvalue of
correlation than at least one of the selected number of
correlation values of the greatest values stored during
said step of storing the correlation values. '

25 18. A circuitry for synchronizing 'a first
communication station (18) and a second communication
station (24) in a communication system, the first and
sécond communication stations, respectively, coupled
together by way of a communication channel, said circuitry

30 having:

a control signal generator (72; 74, 76, 78)
positioned at the first communication station, said
control signal generator for generating and transmitting
a control signal upon the communication channel, the

35 control signal formatted pursuant to a selected format and
including synchronization sequencés (26, 36), each.

synchronization sequence formed of a first synchronization

L]
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frane are aII due to noi Sé correl ations positioned closely to one anot her .

I n t| R&md h@aph.ﬂalues of correlation due to noise,:..only the., .
Iarges Mﬂ thln a wi ndow of [err] is stipredithin: the nenory .
el enen [err] is optimzed to famhtﬁ!ﬂlswgﬁ_, . aind,
hence, synchronlz on procedur es. -20- FIGUR

.correlations of exenplary signal s recei ved by t he TSeFtorm n the
exenplary illustration, levels of correl ati3 determ ned at the user
termnal are plotted as a function of time. Two areas, areas 152 and 154
exhi bi t portion (28, 48) and a second synchronization portion (32,

52) concatenated thereto and substantially identical
therewith; _
a control signal detector (82) positiohed at the
5 second communication station, said control signal detector
for detecting the control signal generated and transhitted
by said control signal generator, said circuitry
characterized by:' a
a correlator (84) coupled to said control signal
10 detector, said correlator for calculating a level of
correlation between a preselected synchronization sequence
and each of a plurality of portions of the control signal
detected by said control signal detector; and
a selector (88) coupled to said cofrelator, said
15 selector for selecting portions of the control signal
exhibiting increased levels of correlation, the portions
of the control signal exhibiting the increased levels of
correlation being the synchronization sequences formatted
to form portions of the control signal, said selector'for'
20 synchronizing the second communication station with the

first communication station.

19. A receiver  (24) synchronizable with a

transmitter (18), having a control sighal detector (82)

25 for detecting transmission of a control signal thereto,

the control signal transmitted by the transmitter, the

control signal formatted pursuant to a selected format and

including synchronization sequences (26, 36), each

synchronization sequence formed of a first synchronization

30 portion (28, 48) and a second synchronization portion (32,

52) concatenated thereto and substantially identical
therewith, said receiver characterized by: _

a correlator (84) coupled to said control signal

detector, said correlator for calculating a level of

35 correlation between a preselected synchronization sequence

and each of a plurality of portions of the control signal

__detected by said control signal detector; and

HIIIIII AL 0
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i ncr eased rnnesmétsﬂagmee@némaeé@t ign, but such increased |l evels of correlation

are due to ed upon a signal received at the.user .term.nal.. A~
fourth are of an increased | evel of cor [fEFaton—duetosthe
reception a m nal of the synchronization s%&@htEETngE@\; '

dotting sequence burst If the size of the [err] is s
_nmenory locations are utilized to store values of corré
val ues due to noise and not to reception of36a synchroni zat i on sequence .
m ght be stored. FIGURE 9 illustrates [err] of three sizes, [err],

[err],[err]. Wen [err] i% sklacspre(®8) [equnlashitceraifofiorreiREor, said

cor respondi ng t%e]{e%t\éﬂ.l UférOfseqwétfi'n@t'wr@ioﬁs meg gama bonaﬂalr Alghal
stored when K equa

s four. etlrremdlcesP% an thelr
correspondi ng c&XNEPALLOT JRCFESseCe L5yl S r&?rr\ﬁl}éﬁl["é'lr'r] [Reyions
correl ation val ugs t¢Rr Iesitardl RQon@ 1t kechiadiwe nof ther rielcatdaoredatl dvieriess of i,
e, and c. And, %Qgge g%&kn bL$£§]théK§§é%ﬁ¥éﬁ¥}£€¥lﬁa sequences formatted

to form portions of the control signal, said selector for

synchronizing the receiver station with the transmitter.
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of the values of correlation at tines g, v, t, and mand such tinme indices
~are stored. Hence, when the neasurenment. window i s increased, correlation
l‘evel s due to noise are less likely to prevent storage of a correlatlon
val ue due to reception of a synchronization sequence. \Wen the
synchroni zati on sequence is formed of a set 36 of m sequences as shown in
. FIGURE 3, the largest correlation val ue an(%i § correspondi ng coordi nate
wi thin each sliding wi ndow is detected. Ke current, greatest
correlation value is greater than the smallest correlation value stored in
the menory el enment, the smallest correlation value and its coordinate are
repl aced by -t he nemﬁy determ ned | evel jflqgi é] |on and its coordinate.
Once the values of correlation and their respé e tinme indices have been
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det ernined and stored, the boundary ofthe multi-frames 56 are determ ned
responsive to the stored values of correlation and their correspondi-ng
coordi nates. After determ ning the largest K correl ation val ues, as:
descri bed, and their corresponding tine index coordi nates for each of the
six sub-nulti-frames 62 each of the stored coordinate time indexes is
. hypothesized to be the trailing edge of ths ngh -21- synchroni zation
sequence bursts of a nulti-frame 56. That s t0 say, each of the stored
coordinates is analyzed to determ ne whether the stored coordinate

corresponds to the
FIG.12
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first, eleventh, twenty-second, ar thirty-first frame. The stored
coordi nate tine indexes are hypothesized to he 'rhfa trail innﬂedg.es_oi._s.u-c.h_.‘
franmes because the |argest correlation val ug is w%mg—?

coarse synchroni zation burst has entered the corre af\ he sp%? ngs
between the franmes in which the coarse 1synchygeséiption: lsange. ces pdged b
each hypothesis is analyzed to determ ne whefhad..b, {% eﬁa% agho pé?fed%%...
subsequent tine coordinate indices are storefd_at t ocat ons.
Details ofthe analysis shall be described no a%w‘i‘g be?’@ﬁ? Th%f‘sgﬁécr "t
the equation defining a decision statistic i estnast of mefﬂ

function. If such coordinate tinme indices are
val ues are accunul ated. The hypothesis having the Iargest accurml atlon
val ue is chosen to formthe maxi num likelihood hypothesis. Responsive
thereto, all down-link control channels are |ocated, thereby effectuating

SYNCHRONIZATION METHOD, AND ASSOCIATED CIRCUITRY,
FOR SYNCHRONIZING A RECEIVER WITH A TRANSMITTER

a4

pcgq pﬁged .......

The present invention relates generally to synchronization metﬁods and
apparatus for synchronizing a receiver, such as a radiotelephone operable in a cellular
communication system, with a transmitter which transmits signals to the receiver.
More particularly, the present invention relates to a synchronization method, and
associated circuifry, in which digitally-encoded synchronization sequences are’
transmitted to the receiver and used by the receiver to synchronize the receiver with
the transmitter. _

The synchronization sequences are of characteristics which permit their
detection by the receiver through a correlation process of reduced complexity.
Synchronization of the receiver is effectuated quickly as only a reduced number of
calculations is required to detect the synchronization sequences.

The synchronization sequences are of high margin to facilitate their detection
by the receiver even when the sequences are transmitted upon-a communication
channel subjected to high levels of attenuation or multi-path distortion. Because the
synchronization sequences are digitally-encoded, sequences can be transmitted in a
time division multiplex (TDM) communication scheme, such as those used in several,

conventional, cellular communication systems. The present invention is, therefore,
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synchroni zati on of the user termnal. As nentioned above with respect to
the description of operation of the various enbodi nents of the present
invention to determ ne and store the | argest. values of correlation, the

| ar gest val ues of correlation and their correspondi ng coordinate tine

i ndices are stored in a nenory el enent, such as the nenory el enent 86 shown
in FIGURE 6. Merr] and Merr] represent thg_nenory |ocations ofthe nmenory
el enent. Both Merr] and Merr] are formed of six rows and K col ums and
store the | arge | E AR | tB&, i me
I ndi ces, respecfa%iv yé&hﬂgegigggggtﬁgagf@mgﬁt&ﬁhﬂﬁr ow ;&2&1 glf‘jﬁq'ité% co]gsﬁnrrénl of
a nmenory | ocati aellilat comnnicatibresystefreorrs satal\llrte{oelhlrlalzcommunlaatldh[muein | When

referred to as the trics" table.an r] is.referred as the
"coor di nat es" témngmq{aeddunngselectedumeﬁot'\s/& onlnportlonso acontroi solgn generated on

control channels by a cellular network station to a radio telephone, the radiotelephone,

responsive to detection of the synchronization sequences, becomes synchronized to the
transmitter, both to receive other portions of the control signal and other signals

generated upon other data or voice channels.

BACKGROUND OF THE INVENTION

A communication system is formed, at a minimum, by transnﬁtter and a
receiver interconnected by a communication channel. Communication signals
transmitted by the transmitter are transmitted upon the communication channel to be
received by the receiver.

A radio communication system is a communication system in which the
communication channel is formed of one or more frequency bands of the
electromagnetic frequency spectrum. Because a fixed or hard-wired connection is not
required to be formed between the transmitter and the receiver, a radio communication
system is adva.ntégeously utilized when the use of such fixed or hard-wired
connections would be inconvenient or impractical.

A cellular communication system is a type of radio communication system.
When the infrastructure, hereinafier referred to as the network, of the cellular
communication system is installed throughout a geographical area, a subscriber to the
cellular system is generally able to communicate teleﬁhonically in the system when
positioned at any location in the geographical area encompassed by the system.

While conventional, terrestrial-cellular communication networks have been
installed throughout significant portions of the world, some areas are without such
networks. In areas of low population density, for instance, a terrestrial-cellular
communication network might not be commercially viable. Also, existing, terrestrial-

cellular networks have also been constructed pursuant to various different standards.
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Wth reference again to the formatting schene illustrated in Fl GURE 4,
exenpl ary operation of an enbodi nent of the present invention, including
storage of correlation values and their correspondi ng coordinate tine

i ndi ces, shall be described. For purposes of exanple, the user terminal is
turned on as the fifteenth frame of the nmulti-frame 56 is received at the
user terminal. Hence, one coarse synchronization sequence burst shall be
noted in the first sub-multi-frame 62, the second sub-nulti- -22 - frane

62, the fifth sub-mul kigkibaiksnbie, sofetihbeherditthibr SEH0 O o S0 453 Fis R fernfiil, NO
operable in one of the communication systems is sometimes not operable in others of
the cellular communication systems. Even in an area in which a cellular
communication network has been installed, a user might not be able to communicate
pursuant thereto if the user attempts to utilize a user terminal constructed to be
operable only with another one of the cellular communication networks.

Satellite-cellular communicatic_)n systems have been proposed which, when
implemented, shall permit a user to communicate telephonicaﬂy by way of the
satellite-cellular communication system when positioned at almost any location. By
transmitting down-link signals between a satellite-based transceiver and the user
terminal and up-link signals between the user terminal and the satellite-based
transceiver, telephonic communication shall be possible between the user terminal and
the satellite-based transceiver. By effectuating additional communication links
between the satellite-based transceiver and a ground station, the user of the user
terminal shall be able to communicate telephonically with another party by way of the
ground station and the satellite-based transceiver.

Because of the inherent efficiencies of digital communication techniques, many
already-installed cellular communication networks have been converted, and many
newly-proposed cellular communication systems are being designed, to utilize digifal
communication techniques. Other communication systems similarly utilize, or are
planned to be converted to or to utilize, digital communication techniques.

To function properly, particularly when the communication system utilizes
digital communication techniques, the user terminal must be synchronized with a
network station of the cellular communication network. Conventionally,
synchronization sequences are transmitted by the network station to the user terminal
to synchronize the user terminal with the network station. Other communication
systems similarly utilize conventional, synchronization sequences for similar purposes.

Synchronization of the user terminal with a transmitter which transmits the
synchronizing sequences thereto typically requires a significant number of processing

steps to be performed. A correlation is typically performed between signals received
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synchroni zati on sequences shall be noted in the third and fourth
sub-multi-frames 62. During the coarse synchroni zati on procedure, the user
term nal cal cul ates the coarse synchronization sequence correlation for -
each bit position of an entire nmulti- frame 56. However, sorting is
effectuated over only the sanme sub-nulti-frame 62. The nmetrics table Merr]
and the coordinates table Merr] are updatgg_sequentially according to a
menory updating al gorithm which shall be described bel ow. FIGURE 10

illustrates the h [ e [ | ch
to synchronize a{’%%%%ﬁgerm%@a ggy ts@ﬁ%o&g%%tﬁbﬁgvog&'cgﬁ{%&s @é%%?ﬁisﬁ%bro\gpio&
whi ch incl udes sffiedtecsivetiaignalexhititsahighofrelationiwith tiataredsynohofiuiooRsrd,

such as the set 36 shown in FIGURE 3. After entry into the nmethod, as,
i ndi cat ed by t hea d¢torminatéon isjmade thet such; repeivrdetimibol bits iforan tha smchrpnization

bl ock 164 Set l\ge&‘lgén]ce t:ralg)srx{l&&{ l.]oithe rec V4. gynchronization of the receiver with the network

station is thereby effectuated when the format of the signal transmitted to the receiver

is known. That is to say, when the synchronfzation sequence is transmitted to the
receiver according to a known format, locations of other signal components of signals
transmitted to the receiver can be determined once the location of the synchronization
sequences are determined.

Conventionally, groups of received symbol bits are each correlated with the
stored synchronization word. Conventionally, to determine the correlation of the
received symbol bits with the stored synchronization word requires a first-order
number, N, of calculations to be performed upon each group of symbol bits. The
number of processing steps required to perform correlations upon each group of
symbol bits received by the receiver qufckly becomes a very significant number,
requiring a significant amount of processing to determine the reception of the
synchronization sequences.

When the signals transmitted to the receiver are subjected to high levels of
attenuation or multi-path distortion, detection of the synchronization sequences is
more difficult as the synchronization sequences might be distorted or attenuated during
their transmission to the receiver.

Any manner by which to provide a high margin synchronization sequence to
a receiver to permit the receiver to become synchronized with a transmitter while
requiring a lesser number of processing steps to be performed would be advantageous.

It is in light of this background information related to synchronization of a
receiver with a transmitter, such as a user terminal of a cellular communication system,

that the significant improvements of the present invention have evolved.

SUMMARY OF THE INVENTION
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Furt her nore,

count er
rierr]

value ([ err]

I f not,

Merr] 2o UPaa e Rkt hOedddR ab ik b BrbliB8: a dmcrohoaddifiibhod, ang

and [err]n-Merr

Merr]

Merr] =n. 2.
= (Jerr],Merr]
.., K

(EC).
i s obtained, anew observation vector R err], and a new correlation

reset the bit counter (BC), region counter (RC), and error
Then, and as indicated by the bl ock 166, anew sanpl e of

is calculated. Then, and as indicated by the decision block
168, a determnation is nade as to whether the bit counter
21, 250 which corresponds to the total

the no branch is taken to block 172 and the rows of Merr] and

one W ndo err err

and

Is of a value of
nunbeg_of bits in a sub- multi-frane.

assddiatedCcuifry, folvbyichionizimgal receiver with a\frarsmiitter, Shady as|a ddeer r |

ol opeaige Mt L o cod e f ) adind = , for k=2
terminal operable M eliitar comamnication system. I =Merr], for

~ Digitally-encoded synchronization sequences are transmitted by the transmitter
to the receiver. The receiver synchronizes itself to the synchronization sequences
which are transmitted pursuant to a selected format. The synchronization sequences
are of characteristics which permit their detection by the receiver through a correlation
process of reduced complexity. Synchronization of the receiver is effectuated quickly
and simply as only a reduced number of calculations are required fo detect the
synchrdnization sequences.

The synchronization sequences are of high-margin characteristics to facilitate
their detection by the receiver, even when transmitted upon a communication channel
which exhibits high levels of attenuation or multi-path distortion.

The circuitry and its associated synchronization method of the present
invention are advantageously utilized in a cellular communication system to
synchronize user terminals operable therein to a network station. In a terrestrial-
cellular communication system, the synchronizing sequences are transmitted to the
user terminal as portions of a control signal generated at a cellular base station. Ina
satellite-cellular communication system, the synchronizing sequences form portions
of a control signal generated at a network control center and are transmitted to the user
terminal by way of a satellite-based transceiver.

In one aspect of the present invention, the synchronization sequences are
formed of a dotting sequence. The dotting sequence can be considered to be formed
of an odd function divisible into two portions which are concatenated together. The
two portions into which the dotting sequence can be considered to be divisible may be
of dissimilar bit lengths. In another aspect of the present invention, the
synchronization sequence includes two m-sequences of substantially identical values.
The two m-sequences are concatenated together, each m-sequence forming a portion
of the synchronization sequence. The synchronization sequences are transmitted

during selected time slots spaced apart amongst groups of frames which together form
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3. If Merr]

LK)

4.

Jerr],

[err]n-Merr]
and Merr]

derr]

|

< C< Merr] and [err]n- Merr] [err], no updating (for |
Merr] < derr] < Merr] [err]n-Merr] [err],Merr] =

Merr]=n (for j =2..., K. 5. If Merr] [err] CJerr] < Mer

> [err], and[err]n Merr]>[err], I\/[err] =
= Merr], Merr] = Merr], for k =) - 2,...K -23-
< Merr],

Cerr], Merr]
6.

no updati ng. -6-

a multi-frame. By detecting the synchronization sequence and its location within a
multi-frame, the user terminal becomes synchronized with the network station which
transmits the synchronization signals thereto.

In these and other aspects, therefore, a method, and associated circuitry,
synchronizes a receiver with a transmitter. The receiver and the transmitter are
coupled together by way of a communication channel. A control signal is transmitted
from the transmitter upon the communication channel. The control signal is formatted
pursuant to a selected format and includes synchronization sequences, each
synchronization sequence formed of a first synchronization portion and a second
synchronization portion concatenated thereto and substantially identical therewith.
The control signal is detected at the receiver, and portions of the control signal
detected at the receiver are correlated. The portions of the control signal exhibiting
increased levels of correlation are selected to form the synchronization sequences
formatted to form portions of the control signal, thereby to synchronize the receiver
with the transmitter and the control signal transmitted therefrom.

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

the invention, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 illustrates a functional block diagram of a satellite-cellular
communication system which embodies the circuitry and method of an embodiment
of the present invention.

FIGURE 2 illustrates a dotting sequence used to form a synchronization
sequence in an embodiment of the present invention.

FIGURE 3 illustrates a set of m-sequences which form the synchronization
sequence of another embodiment of the present invention.

FIGURE 4 illustrates the format of a control signal which includes

synchronization sequences.
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m sequence nethod: 1. Find max {C[err]), which is the |argest

correlation within the sliding w ndow. 2. | f maxClerr] > Merr],
l\/[err] = max( err], Merr] = argnaxCerr], and Merr] = Merr], for k =
, Ko 3. | f I\/[err] < max( err] [err] Merr],Merr] = max(err],
Iv[err] = argmaxClerr], and Merr] = Merr], Merr] = Merr], for k =
j-2...,K. 4. If MaxClerr] < Merr], no updating. Then, the bit counter

is incremented as indicated by the block 174. In an enbodi ment in which the

synchroni zati on sequenGETRISS {IRisFREs thicﬂ@néﬂﬁi&ckﬂihg?ﬁﬂld?ﬂﬁ%oﬂééﬁt@l dirdot tef

Is incremented by one bit. In an enbodi nent in which the synchroni zati
sequence i s f or mhiclogenerates)ihe conttol sugml firmatiedipursuant $o thecstrantune dhistoated ire

| ength of the FIGURE 4.

FIGURE 6 illustrates a functional block diagram of a user terminal of an
embodiment of the present invention.

FIGURE 7 illustrates another functional block diagram of a user terminal of
an embodiment of the present invention.

FIGURE 8 illustrates a functional block diagram of a dotting sequence
correlator which forms a portion of the user terminals shown in FIGURES 6 and 7
according to an embodiment of the present invention.

| FIGURE 9 illustrates levels of correlation calculated during operation of an
embodiment of the present inventidn plotted as a function of time.

FIGURE 10 illustrates a logical flow diagram of the method of operation of an
embodiment of the present invention. |

FIGURE 11 illustrates a functional block diagram of circuitry of an
embodiment of the present invention for resolving frequency error during
synchronization of a user terminal with a synchronization sequence formed of a dotting
sequence' transmitted thereto.

FIGURE 12 illustrates- a functional block diagram, similar to that shown in
FIGURE 11, but of circuitry of an embodiment of the present invention for resolving
frequency error during synchronization of a user terminal with a synchronization

sequence formed of a set of m-sequences.

DETAILED DESCRIPTION

Referring first to FIGURE 1, a satellite-cellular communication system, shown
generally at 10, includes the circuitry, and carries out the methodology, of an
embodiment of the present invention. While the communication system 10 of the
illustrated embodiment forms a satellite-cellular communication system, it should be

understood at the outset that the circuitry and methodology of the present invention
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m sequence, here sixty-three bits. The operations of block 166 are repeated
for all six sub-multi-frames 62. In each repetition, different rows of
menory are utilized. If the yes branch is taken fromthe decision bl ock
168, the region counter is increnented and the bit counter is reset, as

i ndi cated by the block 176. Thereafter, a determ nation is made, as

i ndi cated by the decision block 178 as to wgether the region counter is of
a value Q¥ six. If not, the no branch is taken back to block 172, thereby
to effectuate t ' [t . Of: LéthinfhR: I ; | f
t he yes branch'ih(gant%%altég%&% oﬂrﬁ .lﬂgﬁkfgc}?édiﬁgrn gigk 178, |%lr9(gr‘lcg SsSi n’giag%‘ﬁd%l%gfor
metrics and coorigitandeca tettebteial-tellubdricommumication §stdm gratbersyenf radiotelephonic

ef fectuated by the abqve:-nenti oned hypothesis process. Nanely, each el enent
of Merr], M err§ommpppcatign system.

The communication system 10 includes a land earth station 12 coupled to a

wireline telephonic network.. Such coupling is represented in the figure by the lines
14 extending from the land earth station 12.

The land earth station 12 includes transceiver circuitry for transceiving
communication signals, inter alia, with a satellite-based transceiver 16. The satellite-
based transceiver is operable to transceive communication signals not only with the
land earth station 12 but also with other land-based devices, such as the transceiver
circuitry of a network control center 18. The transceiver 16 is here operable primarily
as a relay station for relaying signals generated at the land earth station 12 to the
network control center 18 and vice-versa. The transceiver 16 preferably further
includes control circuitry permitting the frequency channels upon which the signals
transmitted to the transceiver 16 to be relayed therefrom to be altered to utilize most
efficiently thereby the frequency channels allocated for c_ommunication in the
communication system 10. ' '

Transceiver circuitry of the network control center 18, in turn, is able to
transceive communication signals with other satellite-based transceivers, such as the
transceiver 22. The transceiver 22, similar to the transceiver 16 transceives
communication signals with land-based transceivers including, for example, a user
terminal 24. Again, the transceiver 22 is primarily operable to relay communication
signals transmitted thereto and again preferably includes control circuitry for selecting
the frequency channels upon which signals transmitted thereto are relayed to other
communication stations.

Communication pursuant to the communication system 10 permits a user of
a user terminal, such as the user terminé.l 24, to communicate telephonically when
positioned at any location throughodt large areas of the world. As long as the user of
the. user terminal 24 is positioned to permit transmission and reception of

communication signals with a satellite-based transceiver, the user is able to

LIV

g 3 NOV 1999



hypot hesi zed as the trailing edge of the k-Th synchronization sequence
burst and a decision statistics Herr] wll be cal cul ated based on this

hypot hesi s.

Let s[err] be the spacing, in terns of the nunmber of bits,
between the i-th caarse synch sequence burst of a nmulti-frame and the j-th

subsequent coarse synch sequence burst. Then -24- 25000 52500 75000
27500 50000 102500 S[err] = 22500 75000 10@000

communicate telephonically with a user of another user terminal or to a telephonic
device of a conventional, wireline network.

To operate properly, the user terminal 24 must be synchronized with the
cellular network. Once properly synchronized, voice, or other, communications can
be effectuated between the user terminal and the cellular network.

As mentioned previously, an existing manner by which to effectuate
synchronization between a receiver, such as the user terminal 24, and a transmitting
station, such as the cellular network, has been to transmit synchronization sequences
according to a known format to the receiver, again, such as the user terminal 24. By
detecting the transmission thereto of the synchronization sequences, synchroniZation
can be effectuated. However, detection of the synchronization sequences requires
significant numbers of processing steps to correlate the received data with a stored
synchronization word. Such a required number of processing steps is processor-
intensive.

Also, when the synchronization sequences must be transmitted upon a
communication channel which exhibits significant levels of attenuation or multi-path
distortion, the synchronization sequences transmitted upon such a communication
channel might be significantly distorted or attenuated. When operating in such an
environment, the synchronization sequence must be of a high margin to ensure
adequate transmission to a receiver. _

A satellite communication system, of which the communication system 10 is
exemplary, is a communication system in which significant power restraints limit the
power levels of signals transmitted between the network of the communication system
and the user terminal 24. Therefore, a signal to noise power ratio, C/N, is typically of
arelatively low value. If an antenna at the user terminal is not oriented to detect best
signalé transmitted thereto, the signal to noise ratio of signals actually received by the
user terminal are even further reduced. In at least one proposed, satellite-cellular
communication system, paging signals are required to be transmitted at a-margin of
thirty decibels over average white gaussian noise (AWGN). Such a requirement

corresponds, generally, in a user terminal of sensitivity to detect a paging signal having

uaﬂovw
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52500 77500 105000 The decision statistics Herr] can be cal cul ated by
Herr]=Merr]+[err][err][err] | ([err] Merr]+ s[err] - Merr] [err][err])
Merr] where I(X) is the indicator function, which is 1 when X is true and
0 when X is false. The argunent of I(.) in the above equatieon indicates
whether Merr] is in the nei ghborhood of expected coarse synch sequence
burst locations. If it is true, the-correl_aﬂ]on value Merr] is added. If

Herr] is the largest decision statistics, e |ocation of the first coarse

 sequence. showr ot RGP b hing 18 decthef AR5 b br RS AeYnqrioeg wit
s[err] Ther eaf t ethe céliarartwotlltacbéide popeiipthblpagitis §ighal, the @omMnRRHAGEE Syskuni St
's located, requires a high margin synchronization capability.

An embodiment of the present invention provides high power synchronization
(HPS) bursts which are transmitted to a user terminal to permit the user terminal to
become synchronized with the network. In one embodiment of the present invention,
synchronization is a two-step process. Coarse synchronization is first effectuated;
thereafter, fine synchronizé.tion is effectuated. During coarse synchronization, HPS
bursts permit synchronization of the user terminal to a first level of synchronization.
And, during fine synchronization, acquisition to within a single symbol bit is possible;
also, more precise frequency offset is provided.

When the user terminal is turned on, the terminal begins a coarse
synchronization procedure. The coarse synchronization process reduces the time (and
frequency) uncertainty to a selected level to permit thereafter the number of operations
required to perform fine synchronization to be reduced. In one embodiment, the user
terminal searches all possible primary carriers when the user terminal is turned on. A
primary carrier is the carrier which multiplexes the control channels. In another
embodiment, the user terminal is assumed to have pre-registered in a region using the
nominal control channels prior to receiving paging signals.

In either embodiment, system synchronization is effectuated by utilizing high
power bursts which inclﬁde predetermined patterns forming synchronization
sequences. The bursts are time-multiplexed with other control channels and traffic
channels. The synchronization sequences are of characteristics which both permit
simplified correlation operations to be performed to form correlation values of the
received signals and additionally to permit the received signals to be added coherently
to increase the processing gain thereof prior to application of the receive signal to a
power detector.

FIGURE 2 illustrates a dotting sequence, shown generally at 26, which forms
the synchronization sequence of one embodiment of the present invention. The

dotting sequence 26 can be considered to form an odd function having a first portion
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and the fine synchroni zation sanples are captured as indicated by the bl ock
188. Thereafter, fine synchronization is perfornmed, as indicated by the

bl ock 192. In one enbodinment, utilization of a split m sequence procedure
is preferred over utilization of a dotting sequence procedure for purposes
of fine synchronization as the extensions 44 and 46 of the set 36 shown in
FIGURE 3 create a sequence of full burst |length having good autocorrelation
properties to facilitate the fine synchroni-zati on process. Subsequent to

the fine synchr oissatl SRRRS; j Walsl S
decoded, as i ndiqc?;tﬁgtgs%ntahe bl ggﬁ%%ﬁhtaehl%@hecEkﬁ[?[s&ggg%g@:eggldgg%m

i ndi cat ed byt he 32ere substdntiaitkidéftical tdf ortelapoti®C check passes, the "pass"
branch is taken and synchronization is conpleted, as indicated by the bl ock
198. Otherwi se, the ﬁﬁﬁ‘{g’mﬂ%s&ﬂﬂﬂ“?‘?eéﬁé%tb@tﬁﬁﬁq‘ﬁf%’&k 202, the error

counter is increnented,
N
(d_.,_) i=1

Wherein:

1 i is odd

d, = .
-1 1 i1s even

1

In one embodiment, the dotting sequence is transmitted during four
synchronization bursts in a time division multiple access (TDMA) multi-frame
wherein each burst is of a length N and wherein N is of a value up to 156. The value
of 156 is utilized when the dotting sequence is transmitted pursuant to a Group Special
Mobile (GSM) communication scheme. In other embodiments, the bursts are of other
lengths, that is to say, N is of other values.

FIGURE 3 illustrates the format of a set of m-sequences, shown generally at
36, of an alternate embodiment of the present invention. The set of m-sequences form
the synchronization sequences which, when transmitted to a user terminal, permits
effectuation of synchronization of the user terminal. The set 36 includes two identical
m-sequence portions 38 and 42, here, each of sixty-three bit lengths. The portion 42
is concatenated to portion 38. Each of the m-sequences 38 and 42 each further include
eight bit extensions 44 and 46, respectively. The m-sequences 38 and 42 are identical
with one another and can be considered to be formed of first and second portions 48
and 52 wherein the portions 48 and 52 are identical with one another. The extensions
44 and 46, not necessarily of identical values, are used for fine synchronization
procedures. The m-sequence 38 and the extension 44 together form a portion 48 and
the m-sequence 42 and the extension 52 together form a portion 52 of the set 36 and

concatenated together.
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and a determination is nmade at the decision block 204 whether the error
-25- reached a selected value, here a value of five. If not,
the no branch is taken back to block 194; otherw se, the yes branch is
taken back to bl ock 164. The coarse synchroni zati on procedure requires that
the receive signal be coherently added. Therefore, frequency error has to
be resolved to a certain degree to yield agzappropriate coarse
synchroni zati on performance. If a local oscillator of the user term nal

+/- 2.5 ppm of fset, tHIQGURESS iilhlstrafes ATRMANNE EdtRine U alodhtrGT&ighsl F which the

counter

has

synchronization sequences, such as the dotting sequence 26 or the set of m-sequences

~ 36 shown in FIGURES 2 and 3, respectively, form portions. The synchronization

sequences are transmitted during selected time slots to form portions 6f the control
signal transmitted to the user terminal 24. The formatting scheme illustrated in
FIGURE 4 is exemplary, and other manners by which to format a control signal
transmitted to a user terminal can alternately be formed.

The control signal is formed of digitally-encoded symbol bits which are
modulated and transmitted sequentially. Adjacent groups of symbol bits define slots
of data. Adjacent slots of data define frames of data. Adjacent groups of frames
define multi-frames. In FIGURE 3, portions of two multi-frames 56 are illustrated.
Each multi-frame 56 is formed of fifty-one frames of which four frames 58 are
illustrated in the figure, namely, the first, eleventh, twenty-second, and thirty-first
frames of the multi-frames 56 are illustrated in the figure. In one embodiment of the
present invention, the synchronization sequences are transmitted during the first time
slot of such four frames 58 of each multi-frame 56. Each frame 58 is divided into
eight time slots (not separately shown in the figure).

For reasons which shall be described more fully below, each multi-ﬁ'athe 56
is aisp divided into sub-multi-frames 62; each sub-multi-frame 62 is of a substantially
similar length. The sub-multi-frames 62 are of lengths, and the frames 58 containing
synchronization sequences are spaced-apart from one another by separation distances
such that no more than one frame 58 containing a synchronization sequence is
positioned within a sub-multi-frame 62. Also, the frames 58 containing
synchronizétion sequences are spaced-apart from oné another by dissimilar separation
distances which, shall be noted below, facilitate the determination of the location of
the synchfonization sequence within the multi-frame 56 subsequent to detection of the
synchronization sequence.

FIGURE 5 illustrates the network control center 18, shown previously in
FIGURE 1, in greater detail. The network control center is operable, inter alia, to

generate the control signal formatted, for example, in the manner of the formatting
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kHz. Therefore, we can divide 4 kHz into L frequency bins, each of 8000/L
Hz width, and have L parallel operations as described in the previous
subsection. Such a parallel operation is shown in FIGURE 11 for a dotting
sequence enbodinent. In FIGURE 11, to conpensate for the frequency offset,
the received sanple, r[err] is first de-rotated before it is fed into the
correlator. In addition, to reduce the anougpg_of nmenory required for
dotting sequence nethod, instead of storing the de- rotated sanpl ed val ues,

the plain sanpl e ya eilﬁt['f%imFt A Sﬁ.\r?diﬂ%vﬁfch gg&aaeﬁ, tﬂﬁéﬁdorfcrc@ﬁ?rol

Cerr] the derotate acted fr err Therefore

total of 2L corrpbentengdnbnapdmaadmrtesymhmmzadonseqmemdhaolthajmnmhglgadqlﬂmce
correlators for L fr que cy bin

A5|IIutratd|nFIGURE nbo
rferr] are appli ENHAS rsmraﬁeaey % ?Q?t%‘wgm °a\-\é" r{u f
different mxers g42,s #ieudly t&hniind 24 Qﬂ&ﬁﬁp‘%*féuk% 16y way of a satellite-based
' transceiver, such as the transceiver 22. The network control center 18 includes a

controller 72 which controls operation of the control center 18. The controller 72

controls operation of a control signal formatter 74 which, while shown functionally,

in one embodiment, is formed of algorithms executable by processing circuitry, such ‘

as the processing circuitry of the controller 72.

The controller 72 is further coupled to a synchronization s1gnal generator 76
which is operable to generate synchronization signals, such as those illustrated in
FIGURES 2 and 3. In one embodiment of the present invention, the synchronization
signal generator 76 is also formed of algorithms executable by processing circuitry,
such as the processing circuitry of the controller 72. The control signal formatter is
operable to format the control signal which is generated by the network control center
18 and which includes the synchronization signals generated by the synchronization
signal generator 76. The control signal formatted by the formatter 74 is applied to
transmitter circuitry 78, here by way of a multiplexer 82. The transmitter circuitry is
operable, responsive to control commands generated by the controller 72 to transmit
the control signal formatted by the control signal formatter 74. The multiplexer 82 is
further coupled to a voice/data signal source 84 to alternately transmit voice or data
signals.

When operable to generate the control signal formatted according to, for
example, the format set forth in FIGURE 4, frames of control data are transmitted, and
selected ones of the frames include synchronization sequences generated by the
synchronization signal generator 76.

FIGURE 6 illustrates the user terminal 24, shown previously in FIGURE 1,
which is operable to receive control signals transmitted thereto, such as the control
signals generated by the network control center 18 shown in FIGURE 5. The user

terminal 24 includes receiver circuitry 82 tunable to receive signals transmitted to the
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m xing el ements 96 and 98 shown previously in FIGURE 7. Qutputs of the
shift register 268 are applied to a corresponding plurality of m xers 274.
Second inputs to each of the mi xers 272 and 274 are signals of different
frequencies f[err] and f[err]. M xed signals generated by each of the

m xers 272 and 274 are applied to correlators 284, which here are fornmed of
the circuitry of the correlator 84 and powgr,. detector 92 shown previously
in FIGURE 7. The correlators 284 are each further coupled to nmenory devices
286. Each of t hqseQefmsihat k9 LQNS, . '

whi ch are descri bed abovegivmélta%q%l;elgiect %EP%?%E’%%@?&M%@H eé@%egistor
Store val ues of 8dvdrielcorrelates podtiqneof the nignals Applied theretdi Opearati@esfihscoraddtbe

different frequency,signals .ed to the mxers 272 and 274, correl ations
performed by gngs’ldﬁ{ tl}en‘%ne}ﬁ ?rgﬁg{l@pgts gﬂ@ppresent invention shall be described more fully

below. Values of selected correlations performed by the correlator 84 are stored in a

memory element 86. A selector 88 is operable to select portions of the signal applied
to the correlator 84 having values of correlation which indicate the correlated portions
to form synchronization sequences such as the synchronization sequences illustrated
in FIGURES 2 and 3. Responsive to such selection, synchronization of the user
terminal 24 with a network device which transmits signals thereto is effectuated.

The user terminal 24 is further shown to include a power detector 92 and a
decoder 94, operable in conventional manner.

FIGURE 7 illustrates portions of the user terminal 24, shown in FIGURE 6, in
greater detail, namely, portions of the receiver circuitry 82; the correlator 84, and the
power detector 92 are again illustrated. A receive signal, r(t), received at the user
terminal is split into Iand Q components by way of mixers 96 and 98, in conventional
manner. The I and Q components are applied to low pass filters 102 and 104,
respectively. The filtered signals generated by the filters 102 and 104 are sampled by
signal samplers 106 and 108, respectively, and the sampled signals R, are applied to
correlator portions 112 and 114. Once correlated, the sampled signal portions are
applied to the power detector 92, here shown to be formed of energy squares 116 and
118 and a combiner 122. .

In an embodiment in which the synchronization sequence is formed of a
dotting sequence 26, shown previously in FIGURE 2, the dotting sequence is inserted
into selected frames of the control signal transmitted to the user terminal. By way of
example, the format scheme illustrated in FIGURE 4 shall be used to explain operation
of an embodiment of the present invention by which the user terminal 24 is
synchronized with a network station which transmits control signals including the
dotting sequence to the user terminal. The user terminal 24 locates each of the four
dotting sequence bursts to within a time period of +/- T/2 of error, where T, is a slot

duration of each of the time slots during which the dotting sequence is transmitted.
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-26- exhibit increased |evels of correlation relative to others of the
correlators, thereby to conpensate best for the frequency offset. FIGJRE 12
illustrates an enbodi nent of the present invention by which to correct for
frequency error when the synchronization sequences are fornmed of m
sequences, such as the set 36 shown in FI GURE 3 above. Here, the synbol
bits r[err] are applied to inputs of a plwaity, here L, of mxers 372.
The m xers 372 correspond to the m xing elenents 96 and 98

shownpr evi ousl| yi g5 frlafdRE vy thoerQialy iIREhRd HPFRIURE 7, the filtered baseband receive
signal is sampled by the samplers 106 and 108 to form an observation vector of link
N and is correlated with the dotting sequence. Because the dotting Sequcnce forms the
synchronization sequences, correlation can be performed very simply by utilizing the
characteristics of the dotting sequence. -

R,, at times n and n+1 can be represented by:

Rn = (rn-N+1' Tn-aezr 1 ¥pqe rn)

-y, rn’ X

n+l (rn-N+2' L-Ne3? n+1)

Wherein:

r, is the sample of the filtered, received signa.l at time nT, and

T is the bit interval.

By further defining D to be the dotting sequence, the correlation C, of the

observation vector at time n and the dotting sequence can be represented by:

Wherein:
= T
c,=RpD
. 2 2
= PR DI SN
i3 n-N+2i-1 et n-N+21i
T denotes a transpose, and

N is assumed to be even.

. The correlation of the observation vector R, at time n+1 and the dotting vector

at the same time is represented by:
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of the mixers 372 are signals of different frequencies f[err] through
flerr]. Mxed signhals generated by each of the m xers 372 are applied to
correlators 384 which here are forned of the circuitry of the correlator 84
and power detector 92 shown previously in FIGURE 7. Each of the correlators
I's here shown to include a shift register 386 into which, here, sixty-three
sanpl es are shifted. Once the sanples are shifted into the shift register,
si xty-three m sequence correlation cal cul ations are perforned, as indicated
by the block 388. Once the sixty-three correlations have been cal cul at ed,
as indicated by the block 392, t%gﬁd?rnglé?ft val ue of correlation and its
associated tine index are determ nedyBecause @z the different -frequency
signals applied to the correl ators 384, repntet @uinng.perforned by one of

the correlators shall exhibit incr eaé?{‘% | evel s‘tlif
-N+1) n+l

= rn—N+1 (C rn+1

)

Therefore, the correlation at time n+1 can be calculated from the correlation,
C,» in two steps or operations. Also, when the observation vector comprises the
dotting sequence, i.e., when R, = D, C, = N. Thereby, a processing gain of N is
available.

FIGURE 8 illustrates the correlator 84, here a dotting sequence correlator,
operable to perform the calculations of the correlation noted above. The correlator 84
receives a sampled signal on line 123 which is coupled to a summing device 124 to
which an output of a memory 126 is also coupled. The summer 124 generates an
output signal on the line 128 which is applied to an input of a second summer 132.

Line 123 is also coupled to a shift register 134 having an output which is
coupled to a second input of the second summer 132. An output signal generated on
line 138 is coupled to an input of the memory 126. As signal samples are applied to
the correlator, values of the correlation are sequentially determined by the correlator
84. When a synchronization sequence formed of a dotting sequence is applied to the
correlator 84, the value of the correlation determined by the correlator 84 increases.

Synchronization of the user terminal 24 with a network station when the
synchronization sequences are formed of sets of m-sequences, such as the set 36
shown in FIGURE 3 is also effectuated by correlating receive signal portions, here
with a stored synchronization word, formed of an m-sequence. When the user terminal
is turned on, windows of symbol bits of data are buffered in a memory device. When,
for example, the m-sequence portions 38 and 42 are of sixty-three bit lcngths, the
window is of a length of sixty-three symbol bits. The correlator 84 calculates all sixty-
three correlations with each cyclic-shift of the stored, m-sequence. When the m-

sequence portions are of other bit lengths, the number of calculations performed by the
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correlation relative to others of the correlators, thereby to conpensate
best-for the frequency offset. Because the synchronization sequences are
detected by a user termnal by a correlation process of reduced nunbers of
conmput ati ons, synchroni zation of the user termnal is effectuated quickly.
Synchroni zati on sequences are also of high margin to facilitate their
detection by a receiver even when the sequgnces are transnmtted upon a
comuni cati on channel subjected to high | evels of attenuation or nulti-path

distortion. AccQbfitRidry84 bérrdspédih@y hhnddie é)iﬁﬁg{lw&@tcbﬁglaﬁg{n?ﬂgvcaﬂge[nem

apparatus is particularly advantageous in a ce ar conmuni catl on sy
ei ther a terrestepicalatedcthevindow slidessixtythrécosansples, end oneva windost bf syarboEbitsul ar
communi cation sys {)l%%red and correlated. Again, when the m-sequence portions are of other bit
lengths the window slides a correspondingly changed number of samples.

As each synchronization burst is formed of two m-sequence portions, portions
38 and 42, a sliding window of data eventually buffers a full m-sequence formed, if
not of a single one of the m-sequence portions, of parts of the set of m-sequences 36, |
together to form a single m-sequence portion. A correlation of such a window of
symbol bits with the stored m-sequence exhibits a high level of correlation. While
correlating such a received sequence in which an m-sequence is of a sixty-three bit
length in conventional manner requires sixty-three minus one additions and
approximately 632 (actually, 63 x 62)operations, a utilization of a Fast Hadamard
Transformer (FHT), the required number of operations to perform a correlation is
decreased significantly. Through use of the FHT, only 63log,(63) operations are
required in order to obtain 63 correlations. That is to say, each correlation of each
window of buffered symbol bits requires only log, (63) calculations. An exemplary
Hadamard sequence correlation operation follows. The exemplary operation pertains
to an m-sequence of a length of 7 for purposes of simplicity. Analogous such
operations can, of course, be similarly shown for m-sequences of other lengths, e.g.,
sixty-three. The m-sequence of the following example is formed of (1, -1, -1, -1, 1,

1,-1). A matrix formed of seven cyclic shifts of such sequence is as follows:
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-27- The previous descriptions are of preferred exanples for

t he i nventi on,

limted by this description.

by the foll ow

I mpl enenti ng
and the scope of the invention should not necessarily be
The scope of the present

ng cl ai ns. -28- WHAT IS CLAIMED | S:

-18-

vyherein each row of the matrix is a cyclic shift of the m-sequence. By designatiﬁg a
éample within a sliding window to be R, = (r), . . . 1), MR, produces seven
correlations.

By adding an additional all-one row and an all-one column to the matrix M,

a new matrix M is designated as follows:

1 i 1 1 1 1 1
1 -1 -1 -1 1 1 -1
i-1-1-1 1 1 -1 1
g - 1 -1 -1 1 -1 1 -1
1 -1 1 -1 1 -1 -1
i1 1-1 1 -1 -1 -1
i 1 -1 1 -1 -1 -1 1
1 -1 1-1-1-1 1 1
- [_(_:'1,_(_5'2,%,§4,_QS,§6,_(_3'7,_Q8]

By re-ordering the columns of M, a new matrix # is defined as follows:

¥ - _[gl’gz"gs’—v'gs’g4"gs'g3] ]
1 1 1 1 1 1 1
i 1 1 1-1-1 -1 -1
i-1 1-1 1-1 1 -1
1-1-1 1 -1 -1
B i-1 1 -1 -1 1 -1
1 1 -1 —; -1 -1 1
i 1-1-1 1 1 -1 -1
1 -1 -1 1 1 -1-1 1

¥ is a matrix formed of eight Hadamard sequences. Correlations with the
eight cyclic shifts of such m-sequences can be calculated by:
1.  reorderRitoget R, ,=(0,r;,re, Iy, I, Ii, Te, Te) .

2. calculate M R, by fast Hadamard transform.

i nvention is defined



1. A method for synchronizing a receiver with a transmtter, the
receiver and the transmitter coupl ed together by way of a communication
channel, said nethod conprising the steps of: transmtting, fromthe
transmtter, a control signal upon the conmunication channel, the control
signal formatted pursuant to a selected format and i hcl udi ng

synchroni zation sequences, each synchroni z_q_tgi_on sequence fornmed ofa first
synchroni zation portion and a second synchroni zati on portion concatenat ed

e eto, e Substan ity SOk R BBl it
correl ating portA psctith ih Bf requilted ahmbesTaperdtbmstd 6btaki the sigty-thesticofrelatiousd
is reduced by a factor 63/log,(63+1).

As multiple numbers of correlations are performed to synchronize the user
terminal 24 with a network station which transmits control signals to the user terminal
amanner by which to reduce the numbers of correlation values stored during operation
of the synchronization process facilitates the synchronization process. During coarse
synchronization, each multi-frame 56 includes four synchronization sequence bursts.
In the formatting scheme illustrated in FIGURE 4, thé synchronization sequences form
portions of the first, eleventh, twenty-second, and thirty-first frames. As also
mentioned previously with respect to FIGURE 4, the multi-frames 56 are subdivided
into sub-multi-frames 62 wherein each sub-multi-frame includes no more than one
burst of a synchronization sequence. By such an arrangement, when the user terminal
is turned on, the user terminal calculates the correlation at each sampling time and
stores the largest K correlation values and their corresponding time indexes in each
sub-multi-frame in a memory device, such as the memory element 86 shown in
FIGURE 6. A sorting algorithm is utilized in an embodiment of the present invention
to more efficiently utilize the available memory of the memory device.

In an embodiment in which the synchronization sequence is formed of a
dotting sequerice, such as the dotting sequence 26, C, is approximately equal to C,,,
when N is a large value. Thus, when a correlation value C, due to noise is greater than
the correlation C,, due to the presence of a dotting sequence burst, it is at least
somewhat likely that the correlation C,,, and C, , are both greater than C,,. Asaresult,
when the value of K is small, meaning that only a few memory locations are used per
sub-multi-frame, it is possible that all of the K largest correlations in a sub-multi-
frame are all due to noise correlations positioned closely to one another in time. To
exclude such values of correlation due to noise, only the largest correlation within a
window of 8 is stored within the memory element. The value of 3; is optimized to

facilitate correlation and, hence, synchronization, procedures.
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selecting, at the receiver, portions of the control signal exhibiting,
during said step of correlating, increased |evels of correlation, the
portions of the control signal exhibiting the increased |evels of

correl ation being the synchroni zati on sequences fornmatted to form portions
of the control signal, thereby to synchronize the receiver with the
transmtter and the control signal transmtted therefrom 2. . The nethod
of claim1l wherein the control signal transtted during said step of

transmtting conpris S.,.0f nbol. hits,. each frane . divided, into slots
of 11 xed {1 ve- | angt na IGHE § ilthreS Bompiaions sfaR APy SEmas rerpiyra by tigusér
The method of cl@inhal 200 8K BleRxEMPlaB)NGRFBH AV SRBHBAAER détinh8PatR ddeP NS
ofthe control signal are transmttéd as portions of selected ones ofthe

franes, the sel detnsidaloare plajfedtdsen fungtiers obtimehi Two ateas,sareashkS@rdndi Hegt exhibit

sequences formnportio . . . ]
9 pmcreaseH ?evels of correlation, but such increased levels of correlation are due to noise

introduced upon a signal received at the user terminal. A fourth area, area 156 is of
an increased level of correlation due to the reception at the user terminal of the
synchronization sequence, here adotting sequence burst. If the size of the 8, is small,
and only K memory locations are utilized to store values of correlation, correlation
values due to noise and not to reception of a synchronization sequence might be stored.

FIGURE 9 illl_ust,rates &; of three sizes, d;, 3,, 8;. When d; is of a size of §,
correlation values corresponding to the values of correlation at times g,h, i, and j are
stored when K equals four. The time indices g, h, i, and j and their corresponding
correlation Qalues are both stored. When &, = 3,, correlation values corresponding to
the value of correlation at times g, i, e, and c. And, when 8; = 3, correlation values
of the values of correlation at times g, v, t, and m and such time indices are stored.
Hence, when the measurement window is increased, correlation levels due to noi.se are
less likely to prevent storage of a correlation value due to reception of a
synchronization sequence.

When the synchronization sequence is formed of a set 36 of m-sequences as
shown in FIGURE 3, the largest correlation value and its corresponding coordinate
within each sliding window is detected. If the current, greatest correlation value is
greater than the smallest correlation value stored in the memory element, the smallest
correlation value and its coordinate are replaced by the newly-determined level of
correlation and its coordinate.

Once the values of correlation and their respective time indices have been
determined and stored, the boundary of the multi-ﬁ'ames. 56 are determined responsive
to the stored values of correlation and their corresponding coordinates. After
determining the largest K correlation values, as described, and their corresponding
time index coordinates for each of the six sub-multi-frames 62 each of the stored

coordinate time indexes is hypothesized to be the trailing edge of the k-th
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bei ng of fset from one another by dissimlar nunbers of franes according to
the selected format pursuant to which the control signal is formatted.

-29- 4. The nethod of claim 3 wherein said step of selecting further
conprises determning frame |ocations of the synchronization sequences
formed of the portions of the control signal exhibiting the increased

| evel s of correlation. 5. The net hod of Ia|n14 wherein said step of
correlating further conprises storing corrglatlon val ues, and positional

coordi nates of %%&%rﬁgaﬂ%ﬁ &hﬁﬂée bursts of a multi-frame 56. That is to say, each of the stored

coordinates is analyzed to determine whether the stored coordinate corresponds to the
first, eleventh, twenty-second, or thirty-first frame. The stored coordinate time indexes
are hypothesized to be the trailing edges of such frames because the largest correlation.
value is obtained when the entire coarse synchronization burst has entered the
correlator 84. Asthe spacings. betwéen the frames in which the coarse synchronization
sequences are known, each hypothesis is analyzed to determine whether the
neighborhood of subsequent time coordinate indices are stored at expected locations.
Details of the analysis shall be described more fully below with respect to the equation
defining a decision statistic in terms of an indicator function. If such coordinate time
indices are stored, their correlation values are accumulated. The hypothesis having the
largest accumulation value is chosen to form the maximum likelihood hypothesis.
Responsive thereto, all down-link control channels are located, thereby effectuating
synchronization of the user terminal.

As mentioned above with respect to the descripﬁon of operation of the various
embodiments of the present invention to determine and store the largest values of
correlation, the largest values of correlation and their corresponding coordinate time
indices are stored in a memory element, such as the memory element 86 shown in
FIGURE 6. M' and M? represent the memory locations of the memory element. Both
M' and M? are formed of six rows and K columns and store the largest correlation
values and the corresponding coordinate time indices, respectively. The contents of
the i-th row and the j-th column of 2 memory location k is denoted as M, ;*, where k =
1 or 2. .M' is referred to as the “metrics” table and M? is referred to as the _
“coordinates” table. '

With reference again to the fonnattiné scheme illustrated in FIGURE 4,
exemplary operation of an embodiment of the present invention, including storage of
correlation values and their corresponding coordinate time indices, shall be described.
For purposes of example, the user terminal is turned on as the fifteenth frame of the
multi-frame 56 is received at the user terminal. Hence, one coarse synchronization

sequence burst shall be noted in the first sub-multi-frame 62, the second sub-multi-

03 NOV 1208
“ AMIENDED  SHEET |




of the control signal. 6. The nethod of claim5 wherein the correl ation
val ues of the correlations of the selected portions stored during said step
of storing conprise correlations which are of greatest values within
selected tinme periods. 7. The met hod of claim6 wherein the sel ected
time periods define tinme windows and wherein no nore than one of the

correl ation values and the positional coorgéagtes stored during said step
of storing are within any one tine w ndow. 8: The nethod of claim®6

wherein said sel ected.ti eri,ods,.c on fracti onal ;
sub-mul ti - f r amal %Bﬂ’rengohg"mfb@‘ PP fping ?211%%‘ {08 5l S4B frap 2, And, mo
portions of frangylcanmization beubhcs ShatieTiotedin MeThied sndoufth B fuleBamat 6219

the synchroni zi ng sequences such that no nore than one synchroni zing
sequence i s During the coarse synchronization procedure, the user terminal calculates the

coarse synchronization sequence correlation for each bit position of an entire multi-
frame 56. However, sorting is effectuated over only the same sub-multi-frame 62.
The metrics table M! and the coordinates table M? are updated sequentiélly according
to a memory updating algorithm, which shall be described below.

FIGURE 10 illustrates the metilod of an embodiment of the present invention
by which to synchronize a user terminal by transmitting a control signal thereto which
includes synchronization sequences formed of sets of m-sequences, such as the set 36
shown in FIGURE 3. After entry into the method, as indicated by the block 162,
initialization occurs, as indicated by the block 164. Set M;; = 0 Vi,j and £.

Furthermore, reset the bit counter (BC), region counter (RC), and error counter (EC).

Then, and as indicated by the block 166, a new sample of r, is obtained, a new
observation vector R,, and a new correlation value C, is calculated. Then, and as
indicated by the decision block 168, a determination is made as to whether the bit
counter is of a value of 21,250 which corresponds to the total number of bits in a sub-
multi-frame. If not, the no branch is taken to block 172 and the rows of M' and M?

are updated according to the following rules:

1. Ifc,>M ,and In—Mfl 1l55r for some window size 5., M; , = C, and
M, = n.
2. If c »> Mlll1 and |n - Mf'l >3 0 M11'1 = C,, M12,1 =n and

1
Ml,k

IfMlll < C < Mll’j_l andln - Mf,j_ll < 3,,n0 updating (for j=2--, K).
4. M ;< C, < Mf,j_l,In—Mf,j_J > 5T,and|n - Mf,jl < 3d..M ;= C,
Mf'j n(for j = 2+, K).
5. IfM < C,< M,_llj_l,ln - M
In-Mf'j|>6T, M ;=C, M ;=nand

M., and M2, = M}, for k=2, K.

j

> B ;and

M]:.L,k = Mll,k-l' M12,k = le,k"l’for k = j - 2,_,_, K.
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transmtted duri

_ ng each sub-nmulti-framal portion. 9. The nethod of claim
8 wherein a first nunber of synchronizing sequences are transmtted during

each multi-frame and each nulti-frane is forned of a second nunber of

sub-rmul ti-framal
portions of the

and the second

portions, the second nunber greater than the first nunber.
10. The met hod of claim1l wherein the synchronization sequences form ng
control signal transmtted during said step of transmtting
conpri se dotting sequences, and wherein t hé ¥ r st synchroni zati on portion

6. IfC, < My ., noupdating.

 m-sequence method:

L. Find max {C,}, which is the largest correlation within the sliding window.

2. I f maxC, > Mllll, Mlll1 = maxC,, Mlzl1 = argmaxC_,a n d
M2, =M, fork =2 K.

3. If Mlllj < maxC,_ < Mlllj_l,Mlllj = maxC_, Mlz'j = argmaxC_, and
My = My Mg =My, fork = j-2- K.

4, If maxC, < M, no updating.

Then, the bit counter is incremented as indicated by the block 174. In an embodiment
in which the synchronization sequence is formed of the dotting sequence, the bit
counter is incremented by one bit. In an embodiment in which the synchronization
sequence is formed of m-sequences, the bit counter is incremented by the length of the
m-sequence, here sixty-three bits. .

The operations of block 166 are repeated for all six sub-multi-frames 62. In
each repetition, different rows of memory are utilized. If the yes branch is taken from
the decision block 168, the region counter is incremented and the bit counter is reset,
as indicated by the block 176. Thereafter, a determination is made, as indicated by the
decision block 178 as to whether the region counter is of a value of six. If not, the no
branch is taken back to block 172, thereby to effectuate the six repetitions of the
calculations of the block 166.

If the yes branch is taken from the decision block 178, processing of the
metrics and coordinate tables is effectuated. Such processing is effectuated by the
above-mentioned hypothesis process. Namely, each element of M7, Mf, - will be
hypothesized as the trailing edge of the k-Th synchronization sequence burst and a
decision statistics Hi’f ; will be calculated based on this hypothesis. Let s;; be the
spacing, in terms of the number of bits, between the i-th coarse synch sequence burst

of a multi-frame and the j-th subsequent coarse synch sequence burst. Then
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-30- synchronization portion conprise substantially identical bit-Iength,
dotting sequence portions. 11. The nmet hod of claim 10 wherein said step
of correlating conprises correlating overl apping portions of the control
signal detected during said step of detecting. 12. The met hod of cl aim 10
wherein said step of correlating conprises determning differences of

signal values of successive bit synbols an {geviously- det er m ned

correl ation val ues. 13. The met hod of cl'@™ 1 wherein the synchronization
sequences form ng portions of the control signal transm tted during said
step of transmtting each 25000 52500 75000

27500 50000 102500
i3 |22500 75000 100000
52500 77500 105000

The decision statistics H i’f ; can be calculated by

3 [ K
S | 2 2
ELAEE D 31 31 SIET! Y- RV

m=1 n=1 1=1

where I(X) is the indicator function, which is 1 when X is true and 0 when X is false.
The argument of I(*) in the above equation indicates whether M,f, , 1is in the
neighborhood of expected coarse synch sequence burst locations. If it is true, the
correlation value M;, , is added.

If Hi’f ; is the largest decision statistics, the location of the first coarse
synchronization sequence burst, e.g., the dotting sequence or the m-sequence shown
in FIGURES 2 and 3, is estimated as M7 ; + I (k#1) 5, . ,-

Thereafter, and as indicated by the block 186, the m-sequence burst is located,
and the fine synchronization samples are captured as indicated by the block 188.

Thereafter, fine synchronization is performed, as indicated by the block 192.
In one embodiment, utilization of a split m-sequence procedure is preferred over
utilization of a dotting sequence pro<edure for purposes of fine synchronization as the
extensions 44 and 46 of the set 36 shown in FIGURE 3 create a sequence of full burst
length having good autocorrelation properties to facilitate the fine synchronization
process. Subsequent to the fine synchronization process, a next High Power
Broadcasting Message is decoded, as indicated by the block 194, a CRC check is
performed as indicated by the decision block 196. If the CRC check passes, the “pass”
branch is taken and synchronization is completed, as indicated by the block 198.
Otherwise, the “fail” branch is taken to the block 202, the error counter is incremented,

and a determination is made at the decision block 204 whether the error counter has
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conprise a set of two msequences, and wherein the first synchronization
portion and the second synchroni zation portion each conprise one of the two
m sequences. 14. The nethod of claim 13 wherein said step of correlating
conprises correlating nonoverl appi ng portions of the control signal
detected during said step of detecting. 15. The nethod of claim 13
wherein said step of correlating conpriseqa%?e steps of: buffering selected

sequential portions of the control signal ‘ected during said step of

m sequence of o HECLE B §REHNE Yalier it VBT By clenbP g BRLGTRRAEG WAl
sequenti fi| por t iydeek 194§ Bﬁéﬂﬂsﬂlﬂidﬁ bedticH iStaRéh Wick boblogk 164 W th the
recei ver-stored sequence. 16. he met hod of claim 15 wherein said step of
correl ating further The coarse synchronization procedure requires that the receive signal be
coherently added. Therefore, frequency error has to be resolved to a certain degree to
yield an appropriate coarse synchronization performance. If a local oscillator of the
user terminal has +/- 2.5 ppm offset, the possible frequency error at 1.6 GHz is +4
kHz. Therefore, we can divide +4 kHz into L frequency bins, each of 8000/L Hz
width, and have L parallel operations as described in the previous subsection.-

Such'a parallel operation is shown in FIGURE 11 for a dotting sequence
embodiment. In FIGURE 11, to compensate for the frequency offset, the received
sample, 1, is first de-rotated before it is fed into the correlator. In addition, to reduce

~ the amount of memory required for dotting sequence method, instead of storing the de-
rotated sampled values, the plain sample value, r,, is stored. However, to get C,,, from

C, the derotated r, ,, has to be subtracted from C,. Therefore, a total of 2L complex

multipliers are required to provide L dotting sequence correlators for L frequency bins.

As illustrated in FIGURE 11, symbol bits r, are applied to a shift register 268
and to a plurality, here L, of different mixers 272. The mixers 272 correspond to the
mixing elements.96 and 98 shown previously in FIGURE 7. Outputs of the shift
register 268 are applied to a corresponding plurality of mixers 274. Second inputs to
each of the mixers 272 and 274 are signals of different frequencies f; and f,. Mixed
signals generated by each of the mixers 272 and 274 are applied to correlators 284,
which here are formed of the circuitry of the correlator 84 and power' detector 92
shown previously in FIGURE 7. The correlators 284 are each further coupled to
memory devices 286.

Each of the correlators perform correlations, the calculations of which are
described above with respect to FIGURE 7. The memory devices store values of C,,
used to perform such calculations. Because of the different frequency signals applied

to the mixers 272 and 274, correlations performed by one of the correlators shall
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conprises storing correl ation val ues, and positional coordinates thereof,
of correlations of a selected nunber of greatest val ues. -31- 17.° The
met hod of claim 16 wherein said step of correlating conprises the further
step of replacing a correlation value of the correlation val ues stored
during said step of storing the correlation values when a sel ected
sequential portion buffered during said step of buffering exhibits a
greater value of correlation than at | east “one of the sel ected nunber of

correl ation val UefirQfindrBfed 1631 ST cott@htiSivrefitiE 8 oflbls Pt it 5, thereby to

compensate best for the frequency offset.
FIGURE 12 illﬁstrates an embodiment of the present invention by which to
correct for frequency error when the synchrohization sequences are formed of m-
sequences, such as the set 36 shown in FIGURE 3 above. Here, the symbol bits r, are
applied to inputs of a plurality, here L, of mixers 372. The mixers 372 correspond to
the mixing elements 96 and 98 shown previously in FIGURE 7. Second inputs to each
of the mixers 372 are signals of differenf frequencies f; through f;. Mixed signals
generated by each of the mixers 372 are applied to correlators 384 which here are
formed of the circuitry of the correlator 84 and power detector 92 shown previously
in FIGURE 7. '
Each of the correlators is here shown to include a shift register 386 into which,
here, sixty-three samples are shifted. Once the samples are shifted into the shift
register, sixty-three m-sequence correlation calculations are performed, as indicated
‘by the block 388. Once the sixty-three correlations have been calculated, as indicated
by the block 392, the largest value of correlation and its associated time index are
determined. Because of the different frequency signals applied to the correlators 384,
correlations performed by one of the correlators shall exhibit increased levels of
correlation relatiQe to others of the correlators, thereby to compensate best-for the
frequency offset. |
Because the synchronization sequences are detected by a user terminal by a
. correlation process of reduced numbers of computations, synchronization of the user
terminal is effectuated quickly. Synchronization sequences are also of high margin to
facilitate their detection by a receiver even when the sequences are transmitted upon
a communication channel subjected to high levels of attenuation or multi-path
distortion. Accordingly, utilization of the synchronization method and apparatus is
particularly advantageous in a cellular communication system, either a terrestrial-

cellular communication system or a satellite-cellular communication system.




of correlating. 18. In a comrunication systemhaving a first communi cation
station and a second communication station, the first and second

conmmuni cation stations, respectively, coupled together by way of a

conmmuni cation channel, a conbination with the first and second

conmmuni cation stations of circuitry for synchronizing the second

conmmuni cation station with the first comm_rﬂ'.f:_ati on station, said circuitry
conprising: a control signal generator positioned at the first

communi cati on st at i OnrheSgHe ol Abdcbrionsitelof $IEHa] Bardiles 87 i MuhdMind Mk
transmtting a control si-gnal upon“the co nication annel , e coftrol

si gnal fornatt ednysntionzand the secopsaifdhe énvehtiomeitoulhnioti necessatilyde limited by this

Synchr oni Zat 1 0N & eUeNS e S5 P HAN AL SSHENGS ARt o "
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synchroni zation portion and a second synchroni zati on portion concatenated
t her et o*ﬂmnmuﬂmﬂﬂulﬂmy I dentical therewith; a control signal detector
positio comuni cation station, said control signal
detector *forf detettihg*the control signal generated and transmitted by said
control signal ‘generator; a correlator coupled to said control signal
detector, said correlator for correlating pggtions of the control signal
detected by said control signal detector; and a selector coupled to said
correlator, said selector for selecting portions of the control signal
exhibiting increased | evels of correlation, the portions of the control
si gnal exhi bi ti nWHAE IS RLAINMENIIS:evel s of correl ation being the
synchroni zati on sequepces Ror t‘hed tohl}c orm porti.ons of the control signal,
thereby for synchroni ¥i ng #method for synchronizin areceiver with a transmitter, the receiver
and the transmitter coupled together by way of a communication channel, said method
comprising the steps of: '
iransmitting, from the ftransmitter, a control sighal upon the
communication channel, the control signal formatted pursuant to a selected format and
including synchronization sequences, each synchronization sequence formed of a first
synchronization portion and a second synchronization portion concatenated thereto and
substantially identical therewith;
detecting, at the receiver, the control signal transmitted during said step
of transmitting;
correlating portions of the control signal detected at the receiver; and
selecting, at the receiver, portions of the control signal exhibiting,
during said step of correlating, increased levels of correlation, the portions of the
control signal exhibiting the increased levels of correlation being the synchronization
sequences formatted to form portions of the control signal, thereby to synchronize the

receiver with the transmitter and the control signal transmitted therefrom.

2. . The method of claim 1 wherein the control signal transmitted during
said step of transmitting comprises frames of symbol bits, each frame divided into
slots of fixed time-lengths, and groups of frames defining multi-frames.

3. The method of claim 2 wherein the synchronizing sequences forming |
portions of the control signal are transmitted as portions of selected ones of the frames,
the selected ones of the frames of which the synchronizing sequences form portions
being offset from one another by dissimilar numbers of frames according to the

selected format pursuant to which the control signal is formatted.
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second communi cation station wi-th the first communication station.
_32 19“w|mﬂ|&muﬂm"mnchron| zable with a transmtter, said receiver
conpri s nal detector for detecting transmission of a
control S|gnal t her €to,* the control signal transmtted by the transmtter,
the control signal formatted pursuant to a selected format and i ncl uding

synchroni zati on sequences, each synchroni zajd.on sequence fornmed of a first
synchroni zation portion and a second

4. The method of claim 3 wherein said step of selecting further comprises
determining frame locations of the synchronization sequences formed of the ﬁortions :

of the control signal exhibiting the increased levels of correlation.

5. The method of claim 4 wherein said step of correlating further
comprises storing correlation values, and positional coordinates of selected portions
of the control signal.

6. The method of claim 5 wherein the correlation values of the
correlations of the selected portions stored during said step of storing comprise

correlations which are of greatest values within selected time periods.

7. The method of claim 6 wherein the selected time periods define time
windows and wherein no more than one of the correlation values and the positional

coordinates stored during said step of storing are within any one time window.

8. The method of claim 6 wherein said selected time periods correspond
to fractional, sub-multi-framal portions of the multi-frames, the sub-multi-framal
portions of frame-lengths and the dissimilar numbers of frames separating the
synchronizing sequences such that no more than one synchronizing sequence is

transmitted during each sub-multi-framal portion.

9. The method of claim 8 wherein a first number of synchronizing
sequences are transmitted during each multi-frame and each multi-frame is formed of
a second number of sub-multi-framal portions, the second number greater than the first

number.

10.  Themethod ofclaim 1 wherein the synchronization sequences forming
portions of the control signal transmitted during said step of transmitting comprise

dotting sequences, and wherein the first synchronization portion and the second
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synchrﬂﬁi—faHﬁn—pe%%en—eoncat enated thereto and substantially identical

t herew coupled to said control signal detector, said
correl aagll!ﬂ ﬂ m E.E[II g portions of the control signal detected by said
control and a selector coupled to said correlator, said
selector for selectlng portions of the control signal exhibiting i ncr eased
| evel s of correlation, the portions of thegantrol signal exhibiting the

i ncreased | evel s of .correl ation bei ng the synchroni zati on sequences

formatted to forg p&%ﬁw&m pRktid RdnfRize énﬂistaﬁnm},aﬂdenﬁdammﬁgﬁgaoﬁmg%&{&ﬂe@I ng
the receiver station wth the transmtter. : A met hod for synchronizing

a receiver withpertionansnitter, the receiver and transmtter coupled-
t oget her by way of a conmunications channel, said
11.  The method of claim 10 wherein said step of correlating comprises
correlating overlapping portions of the control signal detected during said step of

‘ detecting.

12.  The method of claim 10 wherein said step of correlating comprises
determining differences of signal values of successive bit symbols and previously-

determined correlation values.

13.  Themethod of claim 1 wherein the synchronization sequences forming
portions of the control signal transmitted during said step of transmitting each
comprise a set of two m-sequences, and wherein the first synchronization portion and

the second synchronization portion each comprise one of the two m-sequences.

14.  The method of claim 13 wherein said step of correlating comprises
correlating nonoverlapping portions of the control signal detected during said step of

detecting.

15.  Themethod of claim 13 wherein said step of correlating comprises the
steps of: buffering selected sequential portions of the control signal detected during
said step of detecting, storing a receiver-stored sequence of values corresponding to
an m-sequence of the set of m—sequ(;nces, and correlating the selected sequential

portions buffered during said step of buffering with the receiver-stored sequence.

16. The method of claim 15 wherein said step of correlating further
comprises storing correlation values, and positional coordinates thereof, of correlations

of a selected number of greatest values.
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nethod—cvrﬁjﬂ'émhe steps of: transmtting, fromthe transmtter, a
control , i Wm“(uﬂuwmmni cations channel, the control signal

i ncl udi bﬂ‘\mm“\m "8 sequences; detecting, at the receiver, the
control 'sigmal *trinshitted during said step of transmitting; correlating
portions of the control signal detected at the receiver; and °~ -33 -

sel ecting, at the receiver, portions of thegontrol signal. exhibiting,
during

17.  Themethod of claim 16 wherein said step of correlating comprises the
further step of replacing a correlation value of the correlation values stored during said
step of storing the correlation values when a selected sequential portion buffered
during said step of buffering exhibits a greater value of correlation than at least one of
the selected number of correlation values of the greatest values stored during said step .

of correlating.

18. Inacommunication system ha;/ing a first communication station and
a second communication station, the first and second communication stations,
respectively, coupled together by way of a communication channel, a combination
with the first and second communication stations of circuitry for synchronizing the
second communication station with the first communication station, said circuitry
éomprising: .

a control signal generator positioned at the first communication station,
said control signal generator for generating and transmitting a control signal upon the
communication channel, the control signal formatted pursuant to a selected format and
including synchronization sequences, each synchronization sequence formed of a first
synchronization portion and a second synchronization portion concatenated thereto and
substantially identical therewith; _

a control signal detector positioned at the second communication
station, said control signal detector for detecting the control signal generated and
transmitted by said control signal generator;

a correlator coupled to said control signal detector, said correlator for
correlating portions of the control signal detected by said control signal detector; and

a selector coupled to said correlator, said selector for sélccting portions
of the control signal exhibiting increased levels of correlation, the portions of the
control signal exhibiting the increased levels of correlation being the synchronization
sequences formatted to form portions of the control signal, thereby for synchronizing

the second communication station with the first communication station.

0 3 NOV 1998
[ AmenpED  SHEET “




—\
f correlating, increased |evels of correlation, the portions of

sai d st

t he conm)ﬂ m&,ﬂ'ﬂu3 "ﬁl ting the increased | evels of correlation being
synchro 4 s within the control signal, thereby to synchronize
the receiver witH te transmtter and the control signal transmitted

t herefrom - 32 -

o

(1)

19.. A receiver synchronizable with a transmitter, said receiver

comprising:

a control signal detector for detecting transmission of a control signal
thereto, the control signal transmitted by the transmitter, the control signal formatted
pursuant to a selected format and including synchronization sequences, each
synchronization sequence formed of a first synchronization portion and a second

synchronization portion concatenated thereto and substantially identical therewith;

a correlator coupled to said control signal detector, said correlator for
correlating portions of the control signal detected by said control signal detector;

and

a selector coupled to said correlator, said selector for selecting portions of
the control signal exhibiting increased levels of correlation, the portions of the
control signal exhibiting the increased levels of correlation being the
synchronization sequences formatted to form portions of the control signal, thereby

for synchronizing the receiver station with the transmitter.

20. A method for synchronizing a receiver with a transmitter, the
receiver and transmitter coupled together by way of a communications channel, said

method comprising the steps of:

transmitting, from the transmitter, a control signal upon the communications

channel, the control signal including synchronization sequences;

detecting, at the receiver, the control signal transmitted during said step of
transmitting;

correlating portions of the control signal detected at the receiver; and

03 NOV 1998
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selecting, at the receiver, portions of the control signal exhibiting, during
said step of correlating, increased levels of correlation, the portions of the control
signal exhibiting the increased levels of correlation being synchronization sequences
within the control signal, thereby to synchronize the receiver with the transmitter
and the control signal transmitted therefrom.
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SYNCHRONIZATION METHOD, AND ASSOCIATED CIRCUITRY,
FOR SYNCHRONIZING A RECEIVER WITH A TRANSMITTER

Abstract

A synchronization method and apparatus for synchronizing a receiver, such as a
radiotelephone operable in a celiular communication system with a transmitter.
Synchronization sequences are transmitted as parts of a control signal to the
receiver. The synchronization sequences are formed of either a dotting sequence or
a set of m-sequences. Such synchronization sequences are of high margins and also
permit synchronization of the user terminal responsive to a reduced number of
calculations.

(Figure 4)
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