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CE11253J1230 FAST SYNCHRONIZATION FOR HALF DUPLEX DIGITAL
COMMUNICATIONS Field of the Invention The present invention generally
relates to the field of wireless communications and 5 more particularly to
transmission synchronization between and/or among wireless tran$égi{hdl1230
Background of the Invention Minimizing the design complexity of wireless
transceivers, such as portable telephones and "walkie-talkies," reduces

FRSISAIRBAPLICARSS WEIRI ANE BOWeEOreRFANRIGM ﬁ@ﬂH@'J&Q‘IOE\JS

cost, weight and power consumption of these devices is advantageous for all
types of devices, particularly for portable communications equipment.
Wireless transceivers sometimes use a half duplex mode of communications
where only one wireless transiedivefrtiansvaiigat a time. When the one
wireless transceiver transmits, one or more other wireless transceivers
receivéeigesighilvaBionzgeparatb asktas tes de gk ofiliveratess ponnitaiications and
protocols that incorporate a pre- defined time frame. In order for these
M@ERicRastie R Y miGniBARSMIRROBr MYOFOIQBIARER cBRRMREMICRIMe wWitRosigcHAdreless
protocol have to synchronize in order to properly communicate. Systems that
UAREHYEtcols with pre-defined time frames include spread spectrum radio
systems that require a tra srrkitter and P,ﬂ‘e r more receivers to synchronize

with each other 20 prior to S‘Sn%"d‘rﬁﬁ%é’ti ge Y mmunications systems

that QQYH%rﬁiﬁﬁ u 'ec%ré£ﬁ\§H_erckc’>ﬁ%b‘iEs<ﬂ[2 %P%j]?ef@sgiq %ﬁg(}eﬁ@?‘ts&ﬁaﬁ‘?@_@&tab|e
standard signal that is available'to other radios, establish synchronization
iR e fadion kiouakthe Hep @t thisstandarasionalchtus sterfarshd power
consumption.  Reducing cost, weight and power consumption of these devices is
advantageous for all types of devices, particularly for portable communications equipment.
Wireless transceivers sometimes use a half duplex mode of communications where only one
wireless transceiver transmits at a time. When the one wireless transceiver transmits, one or
more other wireless transceivers receive this signal.

Many wireless transceivers utilize communications protocols that incorporate a pre-
defined time frame. In order for these devices to communicate, two or more devices
communicating with such a protocol have to synchronize in order to properly communicate.
Systems that use protocols with pre-defined time frames include spread spectrum radio
systems that require a transmitter and one or more receivers to synchronize with each other
prior to communicating data. Communications systems that have a central controller, such as
a base radio station that transmits a standard signal that is available to other radios, establish

synchronization with other radios through the use of this standard signal. This standard

signal, however, requires an allocation of transmission bandwidth and limits the flexibility of
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signal, however, requires an allocation of transmission bandwidth and limits
the flexibility of 1 CE11253J1230 communications between and/or among
remote radio equipment. Wireless transceivers that operate in systems that
do not have a central controller are required to synchronize with eaélFldthal230
at the start of each transmission. This synchronization processing is often
consumes time and power and is therefore ill-suited to half-duplex

cGAMMHAHIAR RGNS R ARG e BRNEBI AENHEIE SHAHRIBSC &R eivers that

frequently alternates among the wireless transceivers used for point-to-point

ofEraEHRIGMIRNMal BErRICHsVa NeadrdsiirtMaVRECRAAEheoiadI W ilit&ch
prior art as discussed above. Summary of the Invention 10 According to an

oteaia gtembbeiohemirahiizsi@resens syvehtuizationireesssitipisoftirecdmasnes
transmitter circuit for establishing a first frequency hopped communications

titirekandt iy ewes et dstthersteriv dli-sTHedfis haléquelex ychioppe gty siatiohese the
link is synchronized to a time frame. The wireless transceiver also has a

trapyRiBIRG WiskleaairaatAd vanfeayerih GHEBHSH B 1eR8 Hinaviralase Hpseeivers used
transmission of the first frequency hopped 15 communications link ceases

fol RYIBLIg AN IBERISALCHE quency hopped communications link between

the lerele s transcejver. and the remote trans%?iver. One,of the wireless.
herefore a nﬁe exis q overcgme the Rro ms_with, the grlgr gr]; as_discussed
transcelver and the rémote transceiver transmits over the second frequency

ahiRRPed communications link and the second frequency hopped
communications link is also synchronized to the time frame. 20 According to

another aspect of the exempl%ﬁﬁmgm@tﬁq@mgmod for

According to an exemplary embodiment of the present invention, a wireless
transceiver has a transmitter circuit for establishing a first frequency hopped communications
link with a remote transceiver. The first frequency hopped communications link is
synchronized to a time frame. The wireless transceiver also has a controller that maintains
time synchronization to the time frame after transmission of the first frequency hopped
communications link ceases and establishes a second frequency hopped communications link
between the wireless transceiver and the remote transceiver. One of the wireless transceiver
and the remote transceiver transmits over the second frequency hopped communications link
and the second frequency hopped communications link is also synchronized to the time
frame.

According to another aspect of the exemplary embodiments, a method for
communicating with a transceiver includes establishing a first frequency hopped
communications link between a wireless transceiver and a remote transceiver. The first

frequency hopped communications link is synchronized to a time frame. The method also
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communicating with a transceiver includes establishing a first frequency
hopped communications link between a wireless transceiver and a remote
transceiver. The first frequency hopped communications link is synchronized
to a time frame. The method also 2 CE11253J1230 includes mainfaiAiz§3J1230
time synchronization to the time frame after transmission of the first

frequency hopped communications link ceases. The method also includes

irfeRIBEI SR i BRI RGN EXBRRB AR CRME MRS A EINR SR thE first

wireless transceiver and the remote transceiver. The second frequency
fraQuRpey AePRBIVEIeRHNSHIdIKIS RIS &XBEhroRézediHadoalbe tidledtaaeRiiahg a
Description of the Drawings FIG. 1 is a physical configuration of users of two
savtnelefssduiamsc gl useaninyn eati exe ikl isteeab atemeint lofsthepredantand the
invention. FIG. 2 is a portion of an RF frequency hopping sequence for an
resxesenipéasgeiidr SThel seenga diequdsoyswpiisy aonamibodiinentiof ibelgregesitronized
invention. FIG. 3 is a block diagram of the electronic circuitry of a wireless
tathpsceafEanss is used by an exemplary embodiment of the present invention.
FIG. 4 is an exemplary processing flow diggram for a first communications

link as is performed by BHERETREIRHPR AIJBAIRIENIBFhe present invention.

L e e o e A B0 8. 9580 vers ueed by an
commuRicatiofd K 4s & p%r ormed by an exerﬁp\f\éry embodimenrtol ey

e)pgl%?g?gg}ggnégi n&?ﬁ%‘?ﬁe@%ﬂ?%&ﬁﬂ%—rhe present invention, according to a

pre odiment, overcomes problems
FIG. 2 is a portion of an RF frequency hopping sequence for an exemplary FH-SS

signal as is used by an embodiment of the present invention.

FIG. 3 is a block diagram of the electronic circuitry of a wireless transceiver as is
used by an exemplary embodiment of the present invention.

FIG. 4 is an exemplary processing flow diagram for a first communications link as is
performed by an exemplary embodiment of the present invention.

FIG. 5 is an exemplary processing flow diagram for a second communications link as
is performed by an exemplary embodiment of the present invention.

Detailed Description

The present invention, according to a preferred embodiment, overcomes problems
with the prior art by providing a half duplex wireless transceiver, such as a voice and data
capable wireless telephone, that maintains RF link synchronization after a transmission by
one of the transceivers and while no transceiver is transmitting. This operation allows a
wireless transceiver to begin transmitting with a transmission link request conveyed in a

regular data packet that is directly transmitted using the time frame of the previously
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with the prior art by providing a half duplex wireless transceiver, such as a
voice and data 20 capable wireless telephone, that maintains RF link
synchronization after a transmission by one of the transceivers and while no
transceiver is transmitting. This operation allows a wireless transcefrei#53J1230
begin transmitting with a transmission link request conveyed in a regular

data packet that is directly transmitted using the time frame of the previously

tepriifatet? PRIA2 3N URAtE O BRNBINESION s RGNV IERSRBINFONSREOM RNt

of the exemplary embodiment retain transmission frequency time frame
réBiNCiraRARERA fleguptiodiplefrine lash dirnsraiRsiOfbin Lre&ide faelitate last

direct, and therefore relatively rapid, transmission of a transmission link
treaguisiopaitketdér Aophagicat atirdiguaadi aheldiorofreiaguelpf il Wirglgaision of a

transceivers used by an exemplary embodiment of the present invention is
trdhssrssiod imbtegudst Phekgthysical configuration 100 includes two users who

each have a wireless transceiver, wireless transceiver A 102 and wireless
transéeiRysipa oepnfigerafienus@ds Asestresd Wie|vdeleparisestalysioused by an
communicate with each other, or with other users (not shown‘ajZ Although two

RTRLGEYs SPRAHDEM A 18 BIESRRSIYETHB v e ISP BN Gnhion! heRysical

erpbodi[men Bd)perfatg: inis to be un ersto%d that the fe ture§ of these .
cQiiguration Includes two Users. WG eag hat\ﬁe rRulireless Transeeiver. ireless
empodiments also opérate in environments wi ultiple tsers. The wireless

trgl%'agﬁ/%w%slﬁﬁtm?deﬁ@?!)@é?%a%@%@%in@qtdﬁﬁ"Z?h}a.a{&vcglfg %(_use these wireless

communications so t nly one wireless communication device, such as

tr4EEARRSs HACLIRRINAE Ao Lt QaUHIRHRP SOl AFCANG B Qo MR IS At HaRo

time. When one 15 wireless transceiver transmits, the other receives or
uSeakeh sl @ thansxainsiobfiapioveelhel vitiassatiansaedvembodiitnts operate

exemplary embodiment, a user begins transmitting a signal from

in is to be understood that the features of these embodiments also operate in environments
with multiple users. The wireless transceivers of this exemplary embodiment utilize half
duplex communications so that only one wireless communication device, such as wireless
transceiver A 102 or wireless transceiver B 104, transmits at a given time. When one
wireless transceiver transmits, the other receives or searches for a transmission from another
wireless transceiver. In the exemplary embodiment, a user begins transmitting a signal from
a wireless transceiver by pressing a “Push-To-Talk” (PTT) button, similar to the PTT button
used on conventional walkie-talkie devices.

When a user of a wireless transceiver wishes to talk to another user, the user of the
wireless transceiver, such as the user of wireless transceiver A 102, presses the PTT button
on the device. Upon pressing the PTT button on wireless transceiver A 102, wireless

transceiver A 102 begins transmitting a first communications link 106, which is received by

wireless transceiver B 104. When the user of wireless transceiver A 102 stops talking, the
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a wireless transceiver by pressing a "Push-To-Talk" (PTT) button, similar to
the PTT button used on conventional walkie-talkie devices. When a user of a
wireless transceiver wishes to talk to another user, the user of the 20

wireless transceiver, such as the user of wireless transceiver A 102CptészdE30
the PTT button on the device. Upon pressing the PTT button on wireless
transceiver A 102, wireless transceiver A 102 begins transmitting a first

USSR TRIRAACHIGRETIRk A0 GBI ISR RNGH R Yo MHRIGERSRNRRENME d HMbwing

When the user of wireless transceiver A 102 stops talking, the 4

tHe Bdek 2P it tHpREdiOle aseshe t(hdnfitenatkenay e asnenthatfiisd talk, the

communications link 106 and allowing the user of wireless transceiver B 104
user tofingraiearichtadkivier @ des iodssessheitParTdoiatn thiet ofelirefeesitedesiver B 104
transceiver B 104 presses the PTT button 314 of wireless transceiver B 104
tastatarsecert ontrovnmatinne itk A8dink 108ddseiipg atesicitip tispnuflaneembodiments,
exemplary embodiments, 5 a wireless receiver being considered or
a JMealesseig Gl YerdIe g 1ePBH derrA Al RiseH et HederFatnidtaTrafTBaRIveAting with a
remote transceiver in this contest is a wireless transcelver with which the

NP TeRUR e r LRI HABTERNEE O T CERAITRE AR GG B BORARAGR 14/t YHach

R TER '”‘ée”Ué’r”ung"rZ?oﬁs%%?a neYsoRhsdphioad Spectium (FH-SS)
S|gna PHEEY S GNAR SPIPa ISR A B pre- Y&tined sequence of RF

f
cpec e R e B P EETIE g
(FERRSSAIONRNSIGE AR AP prelatvey SORILREN AR fiBdGency

Recelvers used to receive FH-SS signals are configured to track the
wite iy eldropmiNg serpenesPftHae drdlta T igiedl 8 kRt thedSignakifiency for a

properly received. The sequence of RF frequencies used for transmission

saeeditoeithe peoiottambmid$i68 signal is then transmitted on another frequency for another
relatively short period of time. Receivers used to receive FH-SS signals are configured to
track the frequency hopping sequence of the FH-SS signal so that the signal is properly
received. The sequence of RF frequencies used for transmission and the time of transmission
on each frequency is generally set for a particular system. The duration of transmissions at
each frequency is typically constant and the sequence of RF transmission frequencies is
generally one of several pseudo-random sequences that are defined within all devices used to
communicate with that system. Different RF transmission frequency sequences, which may
or may not overlap, are sometimes used by FH-SS systems to allow multiple “channels” to be
simultaneously used by wireless transceivers that belong to the same system.

A portion of an RF frequency hopping sequence 200 for an exemplary FH-SS signal

as is used by an embodiment of the present invention is illustrated in FIG. 2. The portion of

the frequency hopping sequence shows a sequence of five transmission frequencies. The
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15 on each frequency is generally set for a particular system. The duration of
transmissions at each frequency is typically constant and the sequence of

RF transmission frequencies is generally one of several pseudo-random
sequences that are defined within all devices used to communicateCrldz1RAE30
system. Different RF transmission frequency sequences, which may or may
not overlap, are sometimes used by FH-SS systems to allow multiple

hoﬁ%ﬁlﬁ?&%alé%Rﬁm@&é@%kﬁlﬁ@ﬁﬁ\‘é%{d{ﬁ@@@ﬁdﬁ'"s%h‘?@ﬁqu%Qt%%‘?éY&&e@@%requency

belong to the same system. A portion of an RF frequency hopping sequence

fROthforeREnIEM RS S Higral sigpalkias iaHsakdonasegmbpdireni chtgh to be

present invention is illustrated in FIG. 2. The portion of the frequency
trgopittgl segugncreshowiv® AcaD2eatdecqiidhey thapsmigsiten tiegudssize of The first

5 CE11253J1230 horizontal scale shows progressing time and the vertical
trgasiasiielicsegnanl 280 caRFeauenag ey Librathiis @xetrapranisFoi- 8% JRystalwA fivsing

transmission segment 226 is shown to be transmitted during time duration A
tijg2dgfatien iy At FSOUARRYT Gatiimifiiion BRIBISON PARnISeIDH Sapsrussion

226 at frequency A 212, a second transmission 228 is shown during 5 time

SRERor B B dHeReY Gortd 6159, tf&ﬁ%?'ﬁ%ﬂ%ﬁﬁgéﬁ)?{‘ﬁ‘ﬁ’{h%%@&c}%e duration C

ission s t 228 at fre uenc G 224 a third transmission 23
AN En, t.mer%%”ra Rl e, B SR e 2ap o

A e T Ot B Lo ey
FABS ARPTASIASRIBEFRUBIANTENTSION SRABRNIEIR ALHRAPRONE a fifth

222, a fifth 10 transmission 234 is shown during time duration E 210 at
triieevsney B3214. soeRKutiansmissiornfieneenty sequriieachen gontinygs RF

in a like manner. FH-SS systems typically use a RF transmission frequency
traegquissior frathienéindeylengthtendohiabhuepeatslikftendiner. FH-SS systems typically
use a RF transmission frequency sequence with a finite length and that repeats after the
sequence is completed.

The RF frequency sequence versus time, such as is illustrated in the exemplary
frequency hopping sequence 200, defines a time frame for the transmit frequency of the FH-
SS system in which the wireless transceiver 102 is used.

The exemplary embodiments transmit several data bits within each transmission
segment. Each time segment is referred to as a slot and each slot in the exemplary
embodiment conveys multiple data bits.  Voice communications between wireless
transceivers of the exemplary embodiment is performed by digitizing the voice signal for
transmission and transmitting the digital data. The use of a single transmission slot to

transmit multiple data bytes facilitates transmission of a transmission request data packet, as

is described below.
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sequence is completed. The RF frequency sequence versus time, such as is
illustrated in the exemplary 15 frequency hopping sequence 200, defines a
time frame for the transmit frequency of the FH- SS system in which the
wireless transceiver 102 is used. The exemplary embodiments tran&faii253J1230
several data bits within each transmission segment. Each time segment is
referred to as a slot and each slot in the exemplary embodiment conveys
multiplg. 4318 it (RICGRBIRMAKLAIRAIANG BRRHASHWERleRS AR TeRSGEY Ritahe
the exemplary embodiment is performed by digitizing the voice signal for

FHasis rissieian drRnsebsingsthe digieldaial tbhe Y§acafanisHIole a transmitter in
transmission slot to transmit multiple data bytes facilitates transmission of a

tHeaasemipkion cedpodisheratapankepressnts idesaitre dthel anstititrl b25Bd 1 A3 1ess
FH-SS systems use various techniques to synchronize one or more receivers

trarismisseor e B S transniiste syv¢henizetiensag eree abthexppguteidgebiés transmission.
synchronized to a transmitter in the exemplary embodiment of the present

Anvertieilte tharRiempdifeReatiretats ransdsise dvilieavarmmiangmission
synchronization s_fi%uence at the beginning of its transmission. 5 As an

SEAARTHIASthE e X  a E PR RN e HERS Fnit' £ th B8 RYFUQLIGAYN sequence

transmission sequence as an initial s r{c}*bronizaﬂon.seglfleﬂ]ce i.e..the
transmhe W %n € recelver Is POt exlgeﬁte 0, 0e_synchronized fo the It:H-SS tlmg {rame.
synchronization sequence” transmitted whenthe receiver is not expected to

R @e%?iﬂ%ﬂgﬁtg%t%ﬁﬁfﬁs% e@?@@erﬁéﬁ%‘%"ﬁé&&‘&ﬁ@%tﬁ%%?g‘tﬁ}f%ﬂﬂ?sﬁ n,

these uencies to detect the start of a transmission, as is performe

adYsCRESHIANBY FidnwepRRIE MS.- SINGR{ENR reesive s of e Rre PR d@mplary

embodiment detect energy at one of the three synchronization frequencies,
el dBBEIYEEMIEBnergy at one of the three synchronization frequencies, the receiver then
begins conventional reception by tuning to the frequencies specified by the FH-SS RF
frequency sequence that is defined for that system and channel. If the receiver does not
continue to receive the synchronization sequence at the subsequent frequencies, the receiver
returns to searching for a synchronization signal. If the receiver does receive a complete
synchronization sequence, which extends over several time slots in the exemplary
embodiment, the wireless transceiver transmits an acknowledgement signal to the
transmitting wireless transceiver and transmitting wireless transceiver begins transmitting
user traffic data. This initial synchronization sequence is relatively long and is not well
suited to applications, such as half duplex communications, where there are relatively short
time spans with no RF transmission by any wireless transceiver and where different wireless
transceivers begin transmission on a fairly frequent basis.

In addition to initial synchronization using the initial synchronization sequence

described above, the processing of the exemplary embodiments of the present invention
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begins conventional reception by tuning to the frequencies specified by the
FH-SS RF frequency sequence that is defined for that system and channel.

If the receiver does not continue to receive the synchronization sequence at
the subsequent frequencies, the receiver returns to searching for aCE11253J1230
synchronization signal. If the receiver does receive a complete 15
synchronization sequence, which extends over several time slots in the

nRIREPIRN: STPRTITEIMh tBe W RIS IRANBSRIY S BN IBMSAR transmission of the

acknowledgement signal to the transmitting wireless transceiver and

FHaSIS B BiEeless transeelvRjueetifstransmiting ruisertiatieclatestdiisg of a
initial synchronization sequence is relatively long and is not well suited to
trapyphicsinaes aolFEsSSdihk bpleiheothenuinatessarshisveheratiitarasate teladiitlyr in
short 20 time spans with no RF transmission by any wireless transceiver and
thehseeidiff drammidssiess welhssdlyersvbelsss transaeiissidraiowas farlyetebegient the
basis. In addition to initial synchronization using the initial synchronization
resapiilie pRasedE3RHRE Mbove, the processing of the exemplary embodiments
of the present invention 7 CE11253J1230 maintain time synchronization to

the F %@‘ﬁﬁ%a(béﬁqg’?gf’%eB%?f&&ea?fé?eﬁhﬁ‘é’ﬁﬁ%%‘iﬁaB?rfh‘é "pilfiee @@W&FWQE'S

ceased., This tech aIIo relat|ve ag) %and ef ICI tsta ofa
during each_frequenc ;ftH ﬁ1me0 |mer% zea %{enc Shift
ransmission ove |nk yel e wireless ranscelvert

K@)ﬁnga% iE?Wﬁ&dUlaﬂ’b% %E‘ﬁxmé‘%gﬁu%g‘k%ﬁk%%éﬁf‘%ﬂcﬂﬁu Yl WIKBlRmes i nsmit

that was the receiver in t 5 recently ceas transm|SS|on

RGPl emRacimednispiites It INYRNUGBHARS TERUBH e %@étaéhfferent

signals during each frequency tlme slot. The exemplary embodiments

nutiibhess dFfeAsamey Smfbdﬁ@ym@o(%ﬂfehmﬁgiumiim@@hﬁme hadeUsegansmission.
conventional techniques to sometimes transmit

For example, a system identification preamble is transmitted using one bit per symbol. A

symbol synchronization signal, a caller ID packet and message acknowledgement

transmissions are transmitted with two bits per symbol. User data, such as digitized voice

data, is transmitted with three bits per symbol.

An electrical block diagram 300 of a wireless transceiver 102 as is used by an
exemplary embodiment of the present invention is illustrated in FIG. 3. The wireless
communications device 102 includes a transmitter circuit 306 and a receiver circuit 308. The
wireless transceiver 102 of the exemplary embodiment utilizes half-duplex communications
wherein the wireless transceiver 102 is only able to either transmit or receive at a given time
and not do both. The wireless transceiver 102 of the exemplary embodiment has an antenna
110 that is used by both the transmit circuit 306 and the receive circuit 308. The wireless

transceiver 102 includes a transmit/receive switch 310 to switch the antenna 110 between the

transmit circuit 306 and the receive circuit 308. Embodiments of the present invention may
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multiple bits on each transmitted symbol. The exemplary embodiment uses
different 10 numbers of transmitted bits per symbol depending upon the
current phase of transmission. For example, a system identification

preamble is transmitted using one bit per symbol. A symbol synchr6hriZaféh230
signal, a caller ID packet and message acknowledgement transmissions are
transmitted with two bits per symbol. User data, such as digitized voice data,

inSIERNPAMRANANBES R RAGSYMORI3dS il SIGEHUGAIBIRAS HAG RS Wuce

of a wireless transceiver 102 as is used by an exemplary embodiment of the
cOHESHIY I pdRRISCHMSITRIGShIN AR -advdfigwite|@Bsiceo NUNIARIEORSIF duplex
device 102 includes a transmitter circuit 306 and a receiver circuit 308. The
covirelessatiansiseive adilg ab thieexenmpamnenbbodenaringtiiz@sdadteilegpfenctions
communications wherein the wireless transceiver 102 is only able to either
winiphgasitlsringedivti ot ia gjageweight 20 aesl. not do both. The wireless
transceiver 102 of the exemplary embodiment has an antenna 110 that is

used B@Fﬁfﬁtﬁﬁfﬂié SHEEHENSR T iReCAPIS IR RREE T seEavVBReiF dDat 28w thepiief|vaice
transceiver 102 includes a transmit/receive switch 310 to switch the antenna

anay By AR R o anitiarediPR8 el g IREMiediRE Jpe Rayaission out of the
Embodtiments of t g)resent inven%ig may. 8 CE11253J1230 Oipcltdde
TSRS CRREE 08 B dF SN TR 1REY 2 SHH M T B, BHPYS ©
ponents In order to

pF&ﬂH&‘?ﬂg"ﬁ%ﬁ i?ilia?ueaﬂﬂ% R G834 Eﬂ%ﬁ&é&r AqP &HXPEEQF&E OV SERORY to the

t
utilize plex communications is the ability to share components

WIS 8 HEBNGER L B BSRMEHAGHIN tﬂ@&@rﬁ%ﬁ&ﬂ}%ﬁﬁbé@%&ﬁmé?éféﬁned by

weight and cost. 5 The transmit circuit 306 accepts audio and/or data input
diiait mboWs s énpyian aieanand{pigdedalidial kate the repdtdatetheRteoibesignals.

transmitted RF for transmission out of the

The wireless transceiver 102 of the exemplary embodiment includes a controller 302.
The controller 302 of the exemplary embodiment is a programmable processor that performs
control functions associated with the processing of the present invention as well as other
control, data processing and signal processing that is required by the wireless transceiver 102,
The transmit circuit 306, receive circuit 308 and the transmit/receive switch 310 are
controlled by the controller 302 in the exemplary embodiment. The wireless transceiver 102
also includes a hop frequency generator 304 that generates the sequence of RF frequency
values that are used by the FH-SS system in which the wireless transceiver 102 is used. The
exemplary embodiment uses Programmable Read Only Memory (PROM), such a FLASH
memory devices, to store the sequence of RF frequency values used by the FH-SS system.
This PROM is then read by the controller 302 of the exemplary embodiment to determine the

RF frequency values to command to the transmit circuit 306 or the receive circuit 308. The

wireless transceiver 102 also includes an internal clock 312 that is used, for example, to
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wireless transceiver. The receive circuit 308 similarly has an audio and/or
data output to provide the received audio and/or data to the user or other
device that is connected to the wireless transceiver. Voice communications
in the exemplary embodiment are performed by 10 digitizing voice S$i§Ati83J1230
and transmitting the digital data that represents those voice signals. The
wireless transceiver 102 of the exemplary embodiment includes a controller
maitfainl YR GRBHRARSRAPL 1153 0ARlAR: GMPAUIMERt d% AR AR ed or
processor that performs control functions associated with the processing of
trfenmERSEMY isvenian as well as other control, data processing and signal
processing that is required by the wireless transceiver 102. 15 The transmit
circuiTRO Gjirdesivaraiceiviér3R aif ththextraplanyitnemeiireesiitclu@bt aesh-To-Talk
controlled by the controller 302 in the exemplary embodiment. The wireless
(RidnNsweivk 8162 ThtsBTimclides H hoptiieceresmdis g embodiore 804 phessefbbye patess of
the sequence of RF frequency values that are used by the FH-SS system in
(e HieFeiese WansredeetrAR3daivEHer 02 ikeaise HHanIHsEx R AopRRyTeiels b e thsBE T
Programmable Read Only Memory ’(: ROM), such a FLASH 20 mema

SRS ) St BT BRERPLTReE: FIGHE ) At e BY TPk s ohich
This PROM h ller 30 h -
cSifierm. This PROMIS e iead by the conaller 202 gl he SxemBlaNg i, i

imen etermine equency values O comman

36’?‘r}8”‘é‘t RUCYLERR OJr”\F%II‘igﬁl( that IfQJZ) gh@ W;%%'i‘ﬁ% AR BT Witch.

also Inc es an interna r examp e, to 9

Flreddray b2 8 ﬁ?‘@@ﬂt@rﬁ%ﬂﬁ&%@@ﬁ*'@ﬂﬂéﬁ’%@oﬁ' e fRAESHRRINTE HamGia

in the absence of a received or transmitted FH-SS signal. The wireless
tHEanseRikeIoh A7 afitRecxeRdptasihenehBdimnesHiNtoides asvisdi-ihpul @kcontroller

(PTT) switch 314. The PTT switch 314 in the exemplary embodiment is

3p2essed by a user of

An exemplary processing flow diagram 400 for establishing a first communications
link as is performed by an exemplary embodiment of the present invention is illustrated in
FIG. 4. The processing in this exemplary RF communications flow beings by monitoring, at
step 402, for reception of a synchronization signal that is transmitted by another wireless
transceiver. This monitoring is performed in the exemplary embodiment by monitoring the
three “synchronization” RF frequencies on which a transmitter will transmit a
synchronization signal. If a signal is received on one of these frequencies, the processing
continues by determining, at step 404, if the remainder of the synchronization transmission
that is transmitted by the transmitter is beginning a transmission. The exemplary
embodiment transmits a synchronization transmission that includes a preamble pattern and a

symbol synchronization patterns. The preamble pattern identifies the transmission as a

synchronization signal and the symbol and frame synchronization pattern is used to facilitate

10



10

15

20

5 the wireless transceiver 102 in order to begin transmission to other

receivers. The PTT switch 314 of the exemplary embodiment provides an

input to the controller 302, which configures the transmit circuits 306, the

transmit/receive switch 310 and the receive circuits 308 to either reeeh&5et1230

transmit depending upon the position of the PTT switch. Functionality of the

PTT switch is included in other embodiments that communicate data via 10
trHASTFAES NSO Rk ta3A6 RS BEIE GRARRAMITER PrevidRea SIMAGHRRLN

to controller 302. An exemplary processing flow diagram 400 for establishing

tranBhssSioM M UiEatieassfink asdsingrfarmetbbysangese el anepmbYdiRBotplent
the present invention is illustrated in FIG. 4. The processing in this

centennglay déteratninguaicadipAsd]dfvtie bpgsatey heorptessad tied RbsktEp-ZaIR, (OTT)
reception of a synchronization signal that is transmitted by another wireless

buttons cdilvéne Tdmerateoniesringf isrpesedrinee T tihettoxe diplatheepnbrsdsing metyns to
monitoring the three "synchronization" RF frequencies on which a transmitter

MR teARs RS8P SPRcHohEY AR YRGHAD IRASEHsEENs received on one of these
frequencies, the processing continues by determining, at step 404, if the

remalhdr YPERERI73HARO HRRTSSIPAN Y s SR BHEHatls IRYRshiRtedas§ YR the

transmitter is. beqginning a transmi sioq Z)'he ex mgla\@éI emb(t) iment .
progessing can mue% ' %?dmgt at_step 407,,.an agkpdv igement transmission. An
ransmis a synchronizationtransmission’'that includes a preamble pattern

2B BreSfRAL ﬁ%ﬂ&ﬂf&éﬂéﬁ%%r%%ﬁéﬂ%gﬁﬁﬁg@%@%@ “ﬁm#gt%wﬁgﬁ‘sm@sion

tfransmission as a synchronization sign e symbol and frame

YR OME AN ARIE his YSRAAGHIRIS bk CERIL RRkEIRy RESTHERA the

data symbol and frame clock synchronization. If the synchronization
pEBRESINISSIOftdE M08, ShACE SRIMhiL &) echitihe Rracassing ofliherexave pJadessing

embodiment

of the exemplary embodiment includes tracking, by conventional means, the FH-SS signal
being received. When the transmitter is ending its transmission, it transmits a stop pattern
and ceases transmission. After the transmitter has ceased transmitting a signal, the receive
processing within this wireless transceiver 102 ceases and the processing of the exemplary
embodiment continues by maintaining, at step 418, synchronization to the time frame of the
previously transmitted signal. The exemplary embodiment maintains synchronization
through the use of an internal clock within the wireless transceiver. The exemplary
embodiment maintains time synchronization for six seconds after the transmission of the FH-
SS signal ceases in order to facilitate the same or the other wireless transceiver beginning
transmission.

If it was determined that the operator had pressed the PTT button 314 of the wireless

transceiver 102, the processing continues by beginning, at step 410, transmission processing.

The transmission processing of the exemplary embodiment follows conventional FH-SS
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continues by determining, at step 406, if the operator has pressed the
Push-To-Talk (PTT) button. If the operator has not pressed the PTT button
314, the processing returns to 5 monitoring, at step 402, for a
synchronization transmission. If a synchronization transmission wag-E11253J1230
determined to have been received, the processing continues by sending, at
step 407, an acknowledgement transmission. An acknowledgement
trHRNFSRISR B CEsHiRR SEHRE AP ORitRE B RsAi & BW 1 FDERFR AR ERE BRSSP Bne
notify the transmitter that a receiver is available. The processing then begins

clientOrprasesshagnat stapvwiich thatimfeifaiined teresiglvRidiRasoISHioRe RF
The receive processing of the exemplary embodiment includes tracking, by

tramsmissitioriicoigaats, thaeftbt-bt&Engi gnatrdvemigsiecasbgedndd/ b Wir kransmsideiver
is ending its transmission, it transmits a stop pattern and ceases

1eangimibsioexemindaryhenrboiminer hasitosaset! stapshiittindoa sigresetien of an
receive processing within this wireless transceiver 102 ceases and the

aprRvleaR Rt 0B FrsThd) rES et BeRfityRint Lot ke ByIsAesRRNRiFignat is not
step 418, synchronization to the time frame of the previously transmitted

reckiuell PRSSSYIRE BT BRSO 21 eRrA02y fh FRASBURMAT thryDgHaRigation

use of an int?]mal clack within the Wirelerss transcei(ye{ The exem IaE}/ )
transmission, an_,acknowle gsemer}t1 Sidnal s recelue henoJoce sm& continues by
embodiment maintains time-=Synchronization for siX seconds after thé
syFRARIMSHIPN 4 Be PSS %'%@!n‘%&?ggss ﬂ&ﬁfz&?i&ﬁc'lktaﬁ%é&ﬁépﬁéﬂaﬁ C\gﬁ'ﬂea
other wirefess transceiver beginning transmission. If it was determine

syR@tr e RS A ARAiORaRSES IR AUFRRBALIIOR WHRGSYnHRDREFYCthe

102, the processing continues by beginning, at step 410, transmission
pRIRESIRGIBEntiTRE ANSTHISHIPG, RICGESSs1ag8E theiexenaplaty ek disteO thannels

follows conventional FH-SS 11 CE11253J1230
via the FH-SS transmission. The processing stops, at step 416, the RF transmission when
user voice or data transmission is complete, as is signaled by release of the PTT button 314 in
the exemplary embodiment. The wireless transceivers of the exemplary embodiment transmit
an End-Of-Transmission indication when the user releases the PTT button 314 and
transmission is about to stop. After signal transmission by the wireless transceiver 102
ceases, or reception of a remotely transmitted RF signal ceases, the processing maintains, at
step 418, time synchronization with the FH-SS time frame of the previously received or
transmitted FH-SS signal. The exemplary embodiments of the present invention maintain
this synchronization through the use of an internal clock 312. The exemplary embodiments
of the present invention tune the RF receive circuit 308 to the frequency specified by the FH-

SS time frame and monitor for reception of a data signal that indicates a request to resume

communications with a second communications link.
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transmission processing techniques. Initial transmission processing includes
determining the current FH-SS "channel” on which to transmit and to perform
initialization of the RF transmission circuits 206. After starting the
transmission sequence, the wireless transceiver 102 of the exemplak}1253J1230
embodiment monitors, at step 411, for a reception of an 5 acknowledgement
signal from a remote receiver. If an acknowledgement signal is not received,

Procegging: Kl I EGRL At &S ralR B RRr IRFIFRARICIS&IAd communications

synchronization "transmission. If an acknowledgement signal is received, the

|| RKOBERSHREFSHHRHNHE Sk ePHNE R @B B ImahSHE Bhé JofesEFANSIBIBRIAMS illustrated in
synchronization is accomplished with a synchronization transmission that is

FEBnikar tartieatviletssbeahsdadwee. AdtensyiheheomiapigythenbOdpreaessinge present
continues by transmitting, at step 414, user voice or data over user traffic

esthlishelentviemai e SBett dn satidbbirtng J¢renstcoessinicaions liak stégy 4a@pteteng
RF transmission when user voice or data transmission is complete, as is

thsigReNRING Jecpasdi & ofh éhp firstaoruRusicatianshiskeRe MpIRIAINEA LY $iaRehtd, time
The wireless transceivers of the exemplary embodiment transmit an

SYRRBIIHZRIAR L 8 ST HRBEH R IKHHOMSIYERERe 4K 3 T A5ttt S 3R0Ve:

nd 15 transmission is ahout to stop. After sjgnal transmi sion% h .
LR G e e e R Al R

reﬁ%?'hﬁ?%@ﬁgé@&ﬁ(fcﬁ?ﬁﬁﬂ%@%@w&mqbdﬂ%‘ﬁf‘ Jingesy %ﬂ&?g@@% had

the FH time frame of the previously received or transmitte

b&dANGhndMRHEAHRI RN L RTINS dileRs PRI Mot VRIERIME A aréHission

synchronization through the use of an internal clock 312. The exemplary

nRikadimenimna@fithropreseatrnvestie aadbe il keepideCiieHEnaRoie If a
the frequency specified by the FH- SS time frame and monitor for reception

trafsmitatacgigpnalvisatdoalicate tha nequessing restinues comesndiogtianstepttbds, an
second communications link. 12

acknowledgment signal. The acknowledgment signal in the exemplary embodiment is a data

packet with a pre-defined content that acknowledges the transmit request and signals that the

wireless transceiver will begin to process data reception.

The wireless transceivers incorporating the exemplary embodiment of the present
invention operate their receiver circuits 308, so as to receive any transmission that is
communicated at the RF frequency specified by the FH-SS time frame of the previously
ceased transmission. Any wireless transceiver that has maintained synchronization to the
time frame of the previously ceased transmission is then able to transmit at the frequency
specified by that FH-SS time frame and other wireless transceivers that are maintaining time
synchronization with the FH-SS time frame and are tuning their receivers to the

corresponding frequency sequence will receive that transmission. These transmissions are

able to be either the transmission request or the acknowledgement message. The exemplary

13
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CE11253J1230 An exemplary processing flow diagram 500 for establishing

a second communications link as is performed by an exemplary embodiment
of the present invention is illustrated in FIG. 5. The wireless transceiver 102

of the exemplary embodiment of the present establishment remain§E11253J1230
prepared to establish a second communications link after completing 5 the
operating the operation of the first communications link by maintaining, at

eﬁﬁlﬁﬂ iRt BR G SYERIRIRRHA S SRS HME RIS Rt4NRMRICAMRRURICAUGRS ¢y

link, as is described above. The processing of the exemplary embodiment

SR HiCIEto RS fRlgSteRyDRbbpihg teansnol inesuasinagifesn rensiviesomréheest,
exemplary embodiment, the wireless transceiver that had been transmitting

whitth &yreguese sssteans cavarsidationsesmsieneiving that transmission 10
maintain time synchronization to the FH-SS time frame of that terminated
transhfisgionsnit sequastgsmivrdgieosingcoreaveibee) theeivedctissinepessitinuaasinues
by sending, at step 516, an acknowledgment signal. The acknowledgment

byiggieiminie akeprdiaty iEMegeRREBeIarelasa BBIRA(R TR ATprecdiBTaRHT button
content that acknowledges the transmit request and signals that the wireless

St R RS SRGIAT (HPrEUENS Hatd 1BREAPRoRS BraSRIIBIRSS PRR e &rdhe

incor oratlng the exe ry embodj{nent o{the resent mgentl n operate
pipcessing. sends, . E eP3 fransmi ues gaﬁ IS rl%ed bove. The
Srree eV Peifed so as to receive any tr &ritsdioft

pfttsci] ﬁéﬁ%‘é@% Bﬁtféﬁa ERRCH %R%%ﬂ%‘év%é@ﬁéﬁﬂs% fﬂ%’mr%fﬂé?ﬁote

prev y cease ansmls ion.’Any wireless tr nsceiver tha

trARGHRIGRE g SHNERHRINFRANEMIR 18 ‘?eém@dfrﬁ{@ﬁr%éél%ﬁr@dﬂﬁhlﬂé’ Wﬂ%ﬁgmttmg at

transmission is then able to transmit at the frequency 20 specified by that

st 539, tigag frame afehathacadieleshiranisseivergibaiaie 102iRRIMOEWRDlary
synchronization with the FH-SS time frame and are tuning their receivers to

ettt dioere spaseding stepdilen oprsatsRocaes\idlHesadiee dhatdrafiamssicow éduesent
transmissions are

IS not received or after the transmission has ceased, the processing continues by maintaining

time synchronization, at step 418.

If it was determined that the user did not press the PTT button 314, the processing
then determines, at step 514, if the extended synchronization period has expired. The
extended synchronization period in the exemplary embodiments is a predetermined time
duration that extends past the time that the transmitter ceases transmission. The extended
synchronization period is a time period that occurs after the transmission of the FH-SS signal
has ceased and during which transceivers of the exemplary embodiment of the present
invention maintain synchronization to the FH-SS time frame. The exemplary embodiment

utilizes an extended synchronization period of six seconds to allow for conventional walkie-

talkie half-duplex communications. If the extended synchronization period was determined
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able to be either the transmission request or the acknowledgement message.
The exemplary 13 CE11253J1230 embodiments of the present invention
transmit a unique data message at the RF frequency specified by the RF
frequency hopping sequence in order to indicate a transmission recuekt253J1230
which is a request to start a communications session. If a transmit request is
not determined to have been received, the processing continues 5 by

tﬁﬁé@@‘ﬂ?%d%%@&%t%m%&?r 9f the Mf&l@&?,éﬁﬁféﬁ&ﬁi&%ﬁ&?ﬁﬁ@&%‘?‘a@ not

the PTT ton 314 to’indicate a start of transmission. If the user

eXIResafthRRIsingusiomsk/miitaRingessiep £89)@emada@Poatatiantransmit

request message as is described above. The processing then determines, at
step Hi0O&df vo\ackesavited geovesting, reeedtvizdafimssitibtyetmntevdransoeiveavirdfless
an acknowledgement is received, the processing continues by transmitting, at
tradetivers 58 dattiaesing ceqvesiudhicatetheTireevinae] dass WisnglsseivansaddZerst nimantain
exemplary embodiment ceases, at step 512, transmission as is described
LB oDENCIT afi ZREIRA oWIBd ] a1 HIUSY NANeR iR §ignaAfteF IMOY RISSHRISSiBif Haesent
_ceased, the processing continues by maint_aini\rll}%ﬁ;[ir_ne synchronization, at

INURIISION 8111178 Bl e AT ARRBIRSR ARE RN S PRe SCHh &V RS H RTINS, 1

the processi 5.then determines, at step 514, if the extended
o e U SR o S Db SR oA el

sJBF SRR %&%ﬂﬁmﬁésaasggﬁﬂ?tﬁ%‘?‘m@_%%ﬂgpég%ﬂé%ﬁ EOM that

past the time t e transmitter Ceases transmission. e extende

cSHRENOBF MBS aathiEA-UESREHIRE Hidd ABEdrRATR e FaRSYRSIRshRhtion

the FH-SS signal has ceased and during which transceivers of the
s&jxenaplany B brgdiipenihefilig Piaasnitie e ifien M aifitaikdusxachr arigatgnhat

to the FH-SS time frame. The exemplary embodiment
are the even numbered time slots in the time frame. The initial receiver is similarly assigned
to a subset of time slots that are the odd number time slots in the time frame. This introduces
a maximum start of transmission delay of one time slot but obviates a need to resolve
collisions between simultaneously transmitted transmission requests.

The above description of the exemplary embodiment focused on voice
communications for ease of understanding. The exemplary embodiment of the present
invention that is described above is also able to communicate data between and/or among
wireless transceivers. These embodiments use data communications techniques that are
commonly used with FH-SS systems to communicate data. The embodiments utilize the
structures and processing that are described above to facilitate rapid switching between

transmitting and receiving roles of the wireless transceivers over the course of data

communications.
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utilizes an extended synchronization period of six seconds to allow for
conventional walkie- talkie half-duplex communications. If the extended
synchronization period was determined 14 CE11253J1230 to have expired,
processing then stops. If the extended synchronization period has rfeft11253J1230
expired, the processing returns to maintaining, at step 418, time
synchronization. In the above described processing, there is a possibility that
WO OF B QIR WIS SRS ARG RIG S BRYATARRTUR ERMREH UG IR HBGuency
that the wireless transceivers maintain 5 time synchronization with a
hepatcysiedrapastifegbsieniab Esnbadimeatsiof HaF-BIRRSNEIMyaIHIeishiliFg does
time slot assignment mechanism wherein each wireless transceiver is
nassiquiee te-syseHvsrizat dmmeftstoba nalibby N deivg e tlean i i e ueidceecéiner
example of such an assignment mechanism is a system that uses two
rallire B tteapissive requedt tianakoibe cxvpliany ambedineat nfrke- S8ssrigneeton
time slot after the end of the synchronization 10 sequence. In this example,
isttanpimAeerAmShsitiere Sluabioh e epealthaiesgdPof hfesimsl e SyAshaaization
even numbered time slots in the time frame. The initial receiver s similarl
AR & M6 BRTRIROME RN AR CRBSHARED A FmBRISTHT Loty ﬁﬁ&s or
tir%gsfr?){[qu T%si tgogruces. a maxim pa?tfhrt of trar}smission delay of one

PRTI085S B TE G s e R TR e P RAUEIRG R s BliGy The
gq of ?inety (90)

eire‘?ﬁlﬁ%m&ﬂ g6a %ﬂ%ﬂ@ﬂa’ ‘?ﬂ%egEﬁar?o% e e%Pr?Y%r%ﬁﬁﬁEi&’t?F%%

f
n
exemplary embodiment focused on voice communications for edse o

iISISSRRTIAKE ENG RerRBnRlay P MRRHIRGE Qhih @ aRal dNyRAtIAMENESions

described above is also able to communicate data between and/or among
tHatEpdes S dsensaeivesesahbessieniediments uskrdsdeor@NMUBIEAtBBSMore rapid

techniques that are commonly used with FH-SS systems to communicate

trdiadiaistioe eoeodsigealtsfutiizedinglary embodiment of the present invention allows for
more natural communications between two or more users since a user is able to begin
speaking more rapidly after pressing the PTT button 314 than if a full FH-SS synchronization
process was required for each start of transmission. The exemplary embodiments of the
present invention also allow operation of the wireless transceivers in the absence of a central
controller, such as a base station transmitter. These embodiments use the initial transmitter to
set the FH-SS time frame to be used for the half duplex communications performed by both
wireless transceivers.

The present invention can be realized in hardware, software, or a combination of
hardware and software. A system according to an exemplary embodiment of the present
invention can be realized in a centralized fashion in one computer system, or in a distributed

fashion where different elements are spread across several interconnected computer systems.

Any kind of computer system - or other apparatus adapted for carrying out the methods
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20 structures and processing that are described above to facilitate rapid
switching between transmitting and receiving roles of the wireless
transceivers over the course of data communications. 15 CE11253J1230

The exemplary embodiments of the present invention advantageou§lylafeii230
frequency hopped spread spectrum devices to communicate with half-duplex
communication that does not require re-synchronization after wireless

dSERABES INEEHCDANGGHANSIISEANDFRSRAVER BP!ISrdNSdraRP AT (QAHESE a

signal of the exemplary embodiment of the present invention 5 is transmitted
géRdRE HiRsH st Eatputef opgeffedi@nse\chraputty sRsffantihe AerhIeINZadkRd and
transmission of the exemplary embodiment consumes twelve transmission
exgagesl odsnomolp eréadsnplitinsy deat dineh tieaun #rodttéestoansm itetibtiselsarioed herein.
frequency hop sequence. The exemplary embodiment uses a time duration
for ealdie tpeasenbittwantien wemejsofnisetiedde) imicroswetaidyeiamproduct, which
synchronization transmission that uses twelve such time durations 10
CeRyréTesal|d8esienierensnaklng Hidier]ATeMasDn)ahibedsebertdetgdhey teeein, and
more raﬁid transmission request signal of the exemplary embodiment of the

WhIER e YRR ATARSH H)1B\ERTBH G h SY At RIS Hh R Qb S eI swH BpPuter

more users since a user is able to begin speaking more rapidly after
e et e

PRSI GeeTE P TR BPS R L CRRSisBtor PEroiagsdn &

. LU oNn’ process
|aﬁ(}&eﬁ%&gg&‘éﬁ%dofﬁh&%&?t@ﬂoée%??Héiﬁ?c!ﬁb‘nsm eﬁ&‘e?mB'?

REMROUMEARIRG an
present invention also allow operation ot the wireless transceivers in

iffRrARRANSR A& RE BARbIRRN P IRFGHFR AaradhRFOrsiation éfﬁ@FrHiFE%ﬂyg&e%er

embodiments use the initial transmitter to set the FH-SS time frame to be

eitsRbfqjothehalé domiengod) duavicatane pResfieimad tisgbaibderdrelRistion; and b)
transceivers.
reproduction in a different material form.

Each computer system may include, inter alia, one or more computers and at least a
computer readable medium allowing a computer to read data, instructions, messages or
message packets, and other computer readable information from the computer readable
medium. The computer readable medium may include non-volatile memory, such as ROM,
Flash memory, Disk drive memory, CD-ROM, and other permanent storage. Additionally, a
computer medium may include, for example, volatile storage such as RAM, buffers, cache
memory, and network circuits. Furthermore, the computer readable medium may comprise
computer readable information in a transitory state medium such as a network link and/or a
network interface, including a wired network or a wireless network, that allow a computer to
read such computer readable information.

Although specific embodiments of the invention have been disclosed, those having

ordinary skill in the art will understand that changes can be made to the specific embodiments
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The present invention can be realized in hardware, software, or a

combination of 20 hardware and software. A system according to an
exemplary embodiment of the present invention can be realized in a
centralized fashion in one computer system, or in a distributed fasHi&AAFEE0
different elements are spread across several interconnected computer
systems. Any kind of computer system - or other apparatus adapted for

Wi e MGG BRe the dBirik BufdEst dedr R IRVAIRRAT PR NBEBIN GF IS WhRSHiON i

typical combination of hardware and software could be a general purpose

n6ORBPbEErSYRIRN) WlRRGOMPHErspEeBiamhibalindne) heing lgamesh@adthat the
executed, controls the computer system such that it carries out the methods

agiendat ethineredverTany pndsdinduchyeptizations, alsditieatonbeodathivodiventpwitiin
program product, which 5 comprises all the features enabling the

therpolme ehtiagipiesentiieventithods described herein, and which - when loaded in
a computer system - is able to carry out these methods. Computer program
meand/t i IBrogram in the present context mean any expression, in
any language, code or notation, of a set of instructions intended to cause a
system having an information processing capability to perform a particular
function either directly or after 10 either or both of the following a) conversion
to another language, code or, notation; and b) reproduction in a different
material form. Each computer system may include, inter alia, one or more
computers and at least a computer readable medium allowing a computer to
read data, instructions, messages or message packets, and other computer
readable information from the computer readable 15 medium. The computer
readable medium may include non-volatile memory, such as ROM, Flash
memory, Disk drive memory, CD-ROM, and other permanent storage.
Additionally, a
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computer medium may include, for example, volatile storage such as RAM,
buffers, cache memory, and network circuits. Furthermore, the computer
readable medium may comprise computer readable information in a

transitory state medium such as a network link and/or a 20 network #edadiks30
including a wired network or a wireless network, that allow a computer to

read such computer readable information. Although specific embodiments of
the invention have been disclosed, thgseA\ayig ordinary skill in the art will
understand that changes can be madé 1o the specific embodiments 17

1 CELIRSRiAaBR r eotriuhrenrgtivienfsaranteeiviiihandtre@pengirikingnvention.
The scope of the invention is not to be restricted, therefore, to the specific

embagtabdisitinganélritt s dquenceobtipati duenrappentited ik beswevianaingland all
such applications, modifications, and embodiments within the scope of the
trpnessavar iAo Wahseeiver] aimaefl igidrBbeIRd 42 58tatRa0of Ot AlsnBeyuency
method for communicating with a transceiver, the method comprising:
hesRath RSRIMY CARON HRkeMsr b BISi S AredHent 40BPRS IR BR@EANS link is
wireless transceiver and a remote transceiver, one of which being an initiator

syictianized frciRR dPEG R BE Qe SR ABRications link, wherein the first

frequenc hQH (%d communica&ion§ Iink{s synchro iEe to. a time f][ame set
b malrtaini B ime §¥nchro ization 10 the time [aIpe sé{ Y The I jator a tgr
y the nitiator,ymaihtaining time synchroniZation to'the time frame séet by the

trkﬂf&ﬁi&ﬁ&i’ﬁﬁr the first frequency hopped communications link ceases; and

establishing a second frequency hopped communications link between the wireless
transceiver and the remote transceiver, wherein the second frequency hopped
communications link is synchronized to the time frame set by the initiator;

wherein establishing a second frequency hopped communications link comprises a

transmission of a transmission request and a reception of an acknowledgement to the

transmission request.

2. The method according to claim 1, wherein the second frequency hopped

communications link comprises the first frequency hopped communications link.

3. The method according to claim 1, wherein the maintaining is performed in the

absence of a base station transmission.

4. The method according to claim 1, wherein the maintaining is performed or a

predetermined time period.
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transmission of the first frequency hopped communications link ceases; and
establishing a second frequency hopped communications link between the
wireless 10 transceiver and the remote transceiver, wherein the second
frequency hopped communications link is synchronized to the time$rA%&3&$30
by the initiator; wherein establishing a second frequency hopped
communications link comprises a transmission of a transmission request and

52 rec?ﬂg%%é%&ﬁmHM@@QWE%ﬁ@réﬂ?th%E\%HI‘iéiﬁM‘aré“e‘&b!ﬁ&?réqge%& he

method according to claim 1, wherein the second frequency hoppe
hESFBITHMARNRS NI BRBATIBASE RN ptelEHaNCK DaRRAS R W RNIGRHANS
link. 3. The method according to claim 1, wherein the maintaining is
rqoeekniomedirst Bubs2 @ falipapraeydfopdaikistatitimefrasmission. 4. The method
according to claim 1, wherein the maintaining is performed or a
predetermined time period. 19 CE11253J1230 5. The method according to
claim 1, wherein the establishing a second frequency hopped
6 comnitipicgiioAfei Hoaerid s thevhrrele s st SRR TERMSIENBliHipRS comprise
transmit request on a first subset of frequency hops within the time frame. 5

Of 4HRY T SHHURP OB aMABW ORI T IRVAE FTHE fFRMir 3P AR BY BPRREE freAkS ey

m{&r}i e agne of even numbered frequency hops within the time frame

hgospsit?ﬁ me frame
"4 i ere&"ﬂe‘quency hops within the time frame. 7. A wireless

transceiver comprising:

7. A wireless transceiver comprising:

a transmitter circuit for establishing a first frequency hopped communications link
with a remote transceiver, one of the wireless transceiver and the remote transceiver being an
initiator of the first frequency hopped communications link, wherein the first frequency
hopped communications link is synchronized to a time frame set by the initiator; and

a controller for:

maintaining time synchronization to the time frame set by the initiator after
transmission of the first frequency hopped communications link ceases; and

establishing a second frequency hopped communications link between
the wireless transceiver and the remote transceiver, wherein one of the wireless
transceiver and the remote transceiver is transmitting over the second frequency
hopped communications link and wherein the second frequency hopped

communications link is synchronized to the time frame set by the initiator, wherein

20



10 a transmitter circuit for establishing a first frequency hopped
communications link with a remote transceiver, one of the wireless
transceiver and the remote transceiver being an initiator of the first frequency
hopped communications link, wherein the first frequency hopped CE11253J1230
communications link is synchronized to a time frame set by the initiator; and a
controller for: 15 maintaining time synchronization to the time frame set by

tHRERIAR ARt e AR RIGRA A Ab FiRALBRMUARRAER FARFUNications

link ceases; and establishing a second frequency hopped communhications

triRthshoieena thadvreiessdianscaiypr rrEbibetteMmeletiGNSEMRKNMN R Bment
one of the wireless transceiver and the remote transceiver is transmitting

toowventheraisionddieepency 20 hopped communications link and wherein the
second frequency hopped communications link is synchronized to the time
frame set by the initiator, wherein 20 CE11253J1230 the controller
establishes the second frequency hopped communications link by a
transmission of a transmission request and in response to a reception of an
acknowledgement to the transmission request. 20a CE11253J1230 8. The
wireless transceiver according to claim 7, wherein the second frequency
hopped communications link comprises the first frequency hopped
communications link. 9. The wireless transceiver according to claim 7,
wherein the controller maintains 5 time synchronization in the absence of a
base station transmission.
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10. The wireless transceiver according to claim 7, wherein the controller
maintains time synchronization to the time frame for a predetermined time
period after transmission of the first frequency hopped communications link
ceases. 10 11. The wireless transceiver according to claim 7, wheréih&3J1230
controller establishes the second frequency hopped communications link by
controlling the transmitter circuit to transmit a transmit request on a subset of

8ITeqUERCY HORS WHNECI0S HEREAENS - claind 2, RS MIRIESR SRINFERINEYY hopped

according to claim 11, wherein the subset of frequency hops comprise one of

cOvaTumbanbey Gl aRRey the BssVH& e HoppetaBmmanttasshatmbered
frequency hops within the time frame. 21 FAST SYNCHRONIZATION FOR

HALF DUPLEX DIGITAL COMMUNICATIONS ABSTRACT OF THE
DISCLOSURE Half duplex, Frequency Hopped-Spread Spectrum wireless
9transddp/evdréls?), rapseeatingosdriding ta claimtrdl vhertesithe enairetén tmaéntains
synchronization with the frequency hopping sequence for a period after

tifpg S¥RsIYSIIRREP R IRANE AOEABSE SR ARE-HAE IHSWREMSs transceiver (102)
operates their receivers (308) according to the RF frequency hopping
sequence and schedule (200). The wireless transceiver (102) is then able to

end_iahshort trartmsmission request to iaqn thﬁt it will start tr?lnsmitti on
10, ewweles's_| ransceiver %ccgrcﬁn BGlaLR i Wherein theI controller, maintarns time
e Frequency Hopping sche ue? of the previously ceased

s;%ﬁ%ﬂﬁmi?aﬁi%‘ t&%i{%%sf?eﬁ%rféf glﬁfl%ﬁéﬂg%}nm W@rﬁer?.ﬂwﬁemaﬂgmigk%n of the

ransmitter or the original receiver Is able to transmit this transmission
first frequency hopped communications link ceases.

11.  The wireless transceiver according to claim 7, wherein the controller establishes the
second frequency hopped communications link by controlling the transmitter circuit to

transmit a transmit request on a subset of frequency hops within the time frame.
12.  The wireless transceiver according to claim 11, wherein the subset of frequency hops

comprise one of even numbered frequency hops within the time frame and odd numbered

frequency hops within the time frame.
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request. A subset of time slots within the hopping schedule (200) can be
optionally assigned to the original transmitter and original receiver to obviate

collisions of the transmit request transmissions from both device at the same
time. CE11253J1230

FAST SYNCHRONIZATION FOR HALF DUPLEX DIGITAL COMMUNICATIONS

ABSTRACT OF THE DISCLOSURE

Half duplex, Frequency Hopped-Spread Spectrum wireless transceivers (102),
operating without a central controller, maintain time synchronization with the frequency
hopping sequence for a period after transmission of a half duplex signal ceases. The wireless
transceiver (102) operates their receivers (308) according to the RF frequency hopping
sequence and schedule (200). The wireless transceiver (102) is then able to send a short
transmission request to signal that it will start transmitting on the Frequency Hopping
schedule (200) of the previously ceased transmission. A wireless transceiver (102) that was
either the original transmitter or the original receiver is able to transmit this transmission
request. A subset of time slots within the hopping schedule (200) can be optionally assigned
to the original transmitter and original receiver to obviate collisions of the transmit request

transmissions from both device at the same time.
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