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- FASHI ON BACKGROUND OF THE | NVENTI ON Fi el d of the Invention The present
invention relates to the field of data communications. Mre specifically,
the preseMOMBAFWAL i on rel ates to synchronization in tinePeFUBENA0O Ul tiple
access systens. Description of Related Art In systens that enploy Tine
Division Multiple Access (TDMA) schenmes for sharing a radi o spectrum

bet ween several sinultaneous comunications, such as d obal Systemfor
Mobi | e Conmuni cations (GSM, synchroni zati on of clocking nmechanisns is
vital to their reliable operation. In FDVA as utilized in GSM a given
frequency bandwi dth carries information in a nunber of separate "slots,

with each slot carrying a single "burst” which is the m nimumtransm ssion
unit. A series of sl SYNGHROMIEATION ANcTDM SXSTEME IN Ahe unit of the

frame that synchroni zation NNGNJRELSCTIMECHASHION GCSM a base station
sub-system (BSS) contacts a multitude of nobile stations using a radio

i nterface, and thereby nmﬁow TaT il H@Mfay to the nobile
stations. Typical exanpl Stat T omns (1 | ude hand- hel d
cel lul ar tel ephones and nobile cellular tel ephones (car phones). Mbile
stations must synchroni ze with t ippldoftisavéntiohi ons after the nobile
stations are powered up such that the nobile station and base station wll
be referring to the sanme franme nunber when comruni cating. However, due to
t he propagation delay inherent in comrunicating the fanme between the M5 and
the BSS, a franme nunb assigped at the B ot corres ond to the
frame nunber generat egﬁ'ﬁ F@%ﬁ'gﬁﬁ&?‘ﬁg% Bwhen a frarre
nunber is deMonbapeaﬁcaﬂlyahapeseotmmomgdwcsa@s}mcbbmmon in tlme-dwnsmn '
multiple access systems.

Description of Related Art
In systems that employ Time Division Multiple Access (TDMA)

schemes for sharing a radio spectrum between several simultaneous communications,
such as Global System for Mobile Communications (GSM), synchronization of -
clocking mechanisms is vital to their reliable operation. In TDMA as utilized in GSM, .
a given frequency bandwidth carries information in a number of separate “slots," with -
each slot carrying a single "burst" which is the minimum transmission unit. A series

of slots composes a frame, and it is with the unit of the frame that synchronization

must be achieved. :

In a GSM, a base station sub-system (BSS) contacts a multitude of
mobile stations using a radio interface, and thereby maintains a communication
pathway to the mobile stations. Typical examples of mobile stations (MS) include
hand-held cellular telephones and mobile cellular telephones (car phones). Mobile
stations must synchronize with their base stations after the mobile stations are
powered up such that the mobile station and base station will be referring to the same
frame number when communicating. However, due to the propagation delay inherent
in commmnicating the frame between the MS and the BSS, a frame number assigned at
the BSS does not correspond to the frame number generated by timing circuits at the
MS. Further, when a frame number is decoded at the MS for use by a controller,
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PCT/ US97/ 12430 -2- which is apart of the nobile station, there nmay be an
additional tinme |lag before the controller can recognize the frame numnber.
One solution to synchroni ze and account for propagation delay is to set
timers in r@p¥} fashion on Digital Signal Processors WCTUSH/RE® NS,
This solution fails if a controller, which nust separately comunicate with
the DSP to obtain the frame nunber, is to be synchronized with the BSS. The
extra tinme lag fromthe DSP to the controller nust be taken into account if
the controller is to handle functions related to nmessage franes
traditionally handl ed instead by the DSP, The controller nust be

synchroni zed wiith the base station if th% controller carries out the timng
(i.e. frame niwhisbdis ypareefshe mopilestation thergmay baan additiona e lagbefome thei on i s
needed t hat cammﬂeimmmﬂz&thoﬁmﬁuﬂnﬂ n a non- real -tine fashl on on the

controller rather than

PCT/ US97/ 12430Q - 3- SUM\/?W I'n % I ON _provi ﬁﬁ?ﬂfgﬁg&{gﬁﬂ@ g appar at us
for synchroni WW‘W%%GM ﬂ&%ﬁ%@%‘f‘%’ﬁaﬂ%@?ﬁ?em and- a
nobi | e st at i ofails wecommbller,avitd ¢t Sepatatelypcumuiicasd with he DSRiteigbtdinthea message

frame nunber i ldigii? count er
of the base smon %ﬁﬁﬂ%%ﬂ;ﬂ% %Itﬁéﬁg a??%%ﬁa%gm%&ﬂ I'le frane
nunber count e o e Fenroliertagst be pkenintg gecoyat ibthe gpntiolierit tohandle functions:  when
first power edrélged ﬁﬁycsﬁkgbﬂ’ﬁﬁe&‘vaiﬁﬁvhﬂlyliaﬁdleﬂ\&ﬁsbad ls;eﬂmaBSBag'beédxﬁmernunber

bace. Z?Stféﬁ"?hﬁﬁﬁiﬁ%n‘%%ﬁwn@ﬁ%ﬁ%%@%% B, bpantl © O 11

conti nuously the¥ Pk essi on of frame nunbers in
real -time. To effect symmhrmmnmmﬁatmbpm chivfizaGeOia amoh- I St

TESS20e 1 2o o o SNl Sk Bl 1 B 0% O 5

ounter




when a first message frane is received fromthe base station sub-system and
decoded by a digital signal processor for the first nessage nunber. The
nobile station |istens again for a second nessage frane and stores the

val ue of the nobile franme nunber counter into a register or menory

| ocation. W98t al signal processor decodes the secondPEBYSY430r ane f or
a second nessage frane nunber. Wen the second nessage frane nunber is
decoded, the second nessage frame nunber is sent to the controller. The
controller calculates tine lag as the difference between the val ue of the
nmobil e frame nunber counter as stored in the register or nmenory | ocation
and the second nessage frane nunber. Theg tinme |l ag represents the delay in
decodi ng and sending the frane nunber to the controller. The anobunt of tine
lag is added to the nobile frane nunber counter of the nobile station so
that the nobile frane nunber counteklhamﬁmﬂihronized wi th the base station
sub-system W98/ 15084

PCT/ US97/ 12430 -4- BRI dhc hvagionprovitids omethice amRappareas fon synehrorizatibnol a

typi cal tcel lj%t cllﬂﬁ‘iB%HF ﬂ&v@éhh?aﬁrsﬁﬁ&gmﬁ%mﬁ'aﬁd‘ifﬁbﬁﬁm Q‘he'ﬁﬁbilldal station
in greater detaj | qur shaws_a tine index of, events In e case

of attenpted WEHWH‘%?‘SMF for & mpssagy, ?wgnl?eﬁ ﬁ?"m” Bn franes
whi ch al | ow sipfeshationi of afiane musbencounter of thewbascestation isuhisyistem. skheapobiei zi ng t he
mobi l e frane mmclmyﬂﬁﬁmmdmwmmm@&mmfwﬁsmmﬂﬁamé ecei ved

fromthe BSS. Figure 6.illustra a_tinme. jnde robl emati c un-
synchroni zed ¥ q’@%@'@'ﬂf ﬁ?ﬁﬂ?é’&aquﬁ”h Xlgoﬁ‘z?‘gw%

accor di ng t o framee numhenreceived frymy thedase starion subrsystexn. The oiesaage frameli agr am of a
circuit embockymits dFthelbase stiti6R Bib-§/stem and mobile frame number counter values are -

continuously incremented to track the progression of frame numbers in real-time. To -

effect synchronization, the mobile station loads a first message frame number into the

mobile frame number counter, regardless of the current value the counter may hold, o
when a first message frame is received from the base station sub-system and decoded . -« :
by a digital signal processor for the first message number. The mobile station listens . -
again for a second message frame and stores the value of the mobile frame number

counter into a register or memory location. The digital signal processor decodes the

second meséage frame for a second message frame number. When the second

message frame number is decoded, the second message frame number is sent to the
controller. The controller calculates time lag as the difference between the value of the
mobile frame number counter as stored in the register or memory location and the

second message frame number. The time lag represents the delay in decoding and

sending the frame number to the controller. The amount of time lag is added to the

mobile frame number counter of the mobile station so that the mobile frame number

counter is synchronized with the base station sub-system.




MO 98/ 15084 PCT/ US97/ 12430
-5- DFTAI LED DESCRI PTI ON OF THE | NVENTI O\I Figure 1 shows a typical cellular
network built around GSM Figure 1 shows a base station sub-system (BSS)
100 which interfaces with one or nore nobile stations such as the two

nmobi | e st WMO98ASM8B410 and 130. BSS 100 communi cates with cBEHUSBMMBR st ation
(M5) through high-frequency radi o waves usually on the order of several
hundred Megahertz. The informati on between BSS 100 and M5 110 or MS 130 is
carried on "bursts"” which are each conposed of a series of nodul ated bits.
Each burst has a finite duration and is carried in tinme and frequency

- windows called "slots." Each slot reprgsents a user "channel" and thus for
transmtting nmessages for M5 110 and 130, two slots or channels, one for
each nobile station, could be utilized. In the Tinme D vision |\/U|t|p|e
Access (I DVA) aspect Ofp{s SSHTS S U ; ‘ t perlod" of about
0.577 mlliseconds. AT S v ssage frame" and it is
with the unit of the MHigm g@hvwammdlg%wmbpafm%%%en each of the

nobi | e stations M5 11@jgirg 2\¥Bows#mobildsthifon id gfeatrigdétaibe achi eved. The nobile
stations M5 1 10 and BB efach have
their own conti nuous| ﬁ‘ﬁ‘g%sﬁyﬁ%“‘?& é{e&?gtﬁ\ﬁﬁl éci%itzlaeree useéé’%g assign

f rame nunbersynchyomigationge franmes so that they can be properly decoded and

sequenced. Al so il ustEig@ired showkine iiférndatiofi withidecatdsikwhfol W ng Sub- system .
(NSS) 120 whi cgygandl es switching of nmessages incomng to the cellular

net wor k ar easyg by the BSS 100. NSS 120 is the interface all ow ng
mobi | e stations to reddgure Sshews 2 mathed forisymbroniziagthe mobile frame ARIbES ks such

as a Public sihierbes ﬁiﬂembmesabbfrmkmﬁtﬁsmlmﬂrmmmm cations between

th bi | t at h
syﬁcﬁolm gatsl gnl O?ﬁea%@%gdﬁ%%‘@guﬁwn&c ?g@%‘gg%ﬁ %al I F| gure 2
shows a nobi $yachrenizedframercagnierilluptrated in Figure3 i syachronized,accordin

invention.

Figure 7 illustrates a schematic diagram of a circuit embodiment of
the invention. ' '



I
| mobil e station (MS) 200 with four conponents--a controller 220, a Digital
-Signal Processor (DSP) 240, a radio interference 260 and a nobile frane
. nunber counter 280. Though nobile frane counter 280 is shown as a separate
~conmponent in Figure 2, it will be understood that the franme counter may
“actual ly pWOSs y reside as part of the controller, ancPQT&sd712430 be
physi cal |y separate WO 98/ 15084
PCT/ US97/ 12430 -6- MS 200 communi cates using radio 260 to a base station
sub-system (BSS) 250 through an antenna or other signaling device (not
shown). BSS 250 is equipped with a transmtter 255 for transmtting franes
of information to M5 200 which receives.the franes through radio

i nterference 260. The probl em of synchr'?)ni zation is as follows: Wien M5 200
is first "powered up” (i e., when the cellular phone is turned on), the
nobi |l e frame nunber r | , (hﬁcb Lauously to

progress frame nunbe Jutﬂm M5 200 is

powered down. At the BEgumshshomswadypicdl cellularaetvork biibiarawd GSM. 253 has
al ready been running fpusdl HYWRABasé SR sublsydtbRBES PI00 WigcPer specti ve of
M5 200. Frane_ nunber..counter 258{@'5 ont | ugs#alﬁrur@%nggﬁri@ht t he
power - up of %ﬁ“h%‘b“{'m%m &F OB HE HH T FERS Wi require
message fr andd0.t BS$ 00 commanmicates avith gachitoohilgstatiom(MS) thronglehigh-ftsguenes si gnrent
nust al ways Bglichaves aétlaRy 84 theorler ofkevdrallfdred Megaticftz! Phdfemhtidned. The

bl f d t .b WLran ter 253
o o e | PEEEBRS 10T e T PO oIS 01 SE R B8 P R BE 9 s and
ar e t her ef or compased of gsedes afinmagutaredibits.cBach\butstias afinitg dygatiemandiisearriethi s
probl em has i e hridofiréubiey RARILWELANRICSBE. "OHadn3t &eprtsiits Aisel Wandepvever, i f

ot e moBHLHPLIF SRR SorREs oM A DAY LT R ien SR ElY ) ues of
mobi | e f r ame onedebeach eanbile stati@Scould berntilizesrdn the Firee Division MultipBRAccaSs e :

~controller 22fpMA)iagdci 6t GEM) cadl slotGesird B ACbasiRAbd" dfabaitio.57y! of the.

" milliseconds.. A group of slots composes a message "frame" and it is with the unit of -
the message frame that synchronization between each of the mobile stations MS 110
and MS 130 with BSS 100 must be achieved. The mobile starions MS 110and MS -
130 and base station sub-system BSS 100 each have their own continuously running -
frame counters which are used to assign frame numbers to message frames so that
they can be properly decoded and sequenced.

Also illustrated in Figure 1 is a Network Switching Sub-system
(NSS) 120 which handles switching of messages incoming to the cellular network
area governed by the BSS 100. NSS 120 is the interface allowing mobile stations to
receive and transmit information to other networks such as a Public Switched
Telephone Network (PSTN). Since communications between the mobile stations and
the BSS 100 are the primary focus of synchronization, the NSS 120 will not be.
discussed in detail.
Figure 2 shows a mobile station in greater detail. Figure 2 shows a

mobile station (MS) 200 with four components--a controller 220, a Digital Signal
Processor (DSP) 240, a radio interference 260 and a mobile frame number counter
280. Though mobile frame counter 280 is shown as a separate component in Figure
2, it will be understood that the frame counter may actually physically reside as part of
the controlier, and need not be physically separate.




sequencing of frame information and so if the controller is to perform
functions ordinarily executed on the DSP, the controller nust have the
proper frame nunmber. Even though the DSP 240 does serve to initially decode
anal og encoded information that it receives fromradi o 260, such as nessage
frame nunQ9%15984r nat i on, and since anal og-to-digital coRGEUSYBIM s not
handl ed on the controller, the frame nunber nust be "transmtted" to the
controller 220 from DSP 240. In transmtting the frame nunber, there nay be
an inherent time lag in transmtting that causes the frame nunber val ue
produced by nobile frame nunber counter 280 to progress (increnent) itself
before the controller 220 receives thedrame number of the nessage as

decoded by DSP 260. /15084,

PCT/ US97/ 12430 - 7- ForMé%ﬁ?'Bm igates ysing racio 2¢() toy3 base ation PR of n9v s
gener at ed at (BSS» 255firciigh am aulerinacn othersigratingvRednotishown). tBRSs250dvr e than a
whol e frane drxfiﬁer greete peSipged by the
controller %ﬂgﬁ:&?ﬁlﬂhgfgﬁj fzggﬂge snf:(uﬂ ng f&lﬁads?gté d by BSS 250
will be " 10"WP‘5}E‘FF€P“’?9&B‘F1&‘“§°;1§'§ g‘b‘@ﬁ E‘}}% Tence gérﬂf ’gﬁﬁs even i f nobile
frame nunber synchrotiestion @ esifellovesset to a val ue of "9" in an attenpt to -
synchroni ze with the %M 906 ¥ aeNvaed b . %hent}ﬁebéiﬁﬂi- Réde i$1 nce

during the tinme of tran tin urrber tothec.nroler t he
frame nunbertuged gR)s h’aﬂ‘ﬁgﬁ ?%%8 is started and gy Ps possi bl e
change in frmesnfrdmnumh&tmfminemmfm}wutmmmmew2@018pbwe©$P 240 and
controller r £5En afbadybebe control |l er
220 a master&rgﬁt ‘?’a@gﬁggg%i hgﬂr& 2 ﬂfb%ﬁé‘oéx?n&gzs?ﬁas |zat|on may
exi st. Thougnping fergaupknovan ) °’§§D°ﬁ‘§“%/ﬁ’ 8‘?@%‘0 ®station, the
control | er 2dfinbenyounter263 1srcbmymahslpamnmgpnemoul‘wqxows§fsp ofMS200 kinegs personal
conputer, Vm\‘.hl::% ntnﬁ%e ﬁ%ﬁ. %‘gﬁx@ﬁ ﬁlig‘ﬂ'l&s{g%tffaﬁiﬁt&&\&aﬁﬁmttéd‘tOSUCh an
gt ro {%lg

i nstance, re t ereg_wr %ﬂyﬁgﬁpg}ﬁgﬁé&gﬁer; sync

andper f orm d
with the basmeshgdsmmrto bé'bm'ned The problem of unsynchromzed timing occurs because

frame number counter 253 and mobile frame number counter 280 have started at -
different values and are therefore always producmg different values at a given time.

 ‘This problem has traditionally been corrected by DSP 240 of MS 200. However, if
synchromzatxon is needed on the com:roller 220 rather than DSP 240 there must be a
mechanism on controller 220 which can synchronize the values of mobsile frame
number counter 280 with frame number counter 280. _

The controller 220, which is digital, can handle most, if not all of the
sequencing of frame information and so if the controller is to perform functions
ordinarily executed on the DSP, the controller must have the propér frame number.
Even though the DSP 240 does serve to initially decode analog encoded information
that it receives from radio 260, such as message frame number information, and since
analog-to-digital conversion is not handled on the controller, the frame number must
be "transmitted"” to the controller 220 from DSP 240. In transmitting the frame
number, there may be an inherent time lag in transmitting that causes the frame
number value produced by mobile frame number counter 280 to progress (increment)
itself before the controller 220 receives the frame number of the message as decoded
by DSP 260. :



probl emis enhanced in such an instance since the DSP which receives and
decodes the franme nunber of the base station is a conponent of one device,
t he conmuni cations device, while the controller is a part of another
device, nanely, the conmputer system This problemis illustrated in the
timng di agv@B¥¥084-i gure 3. Figure 3 shows a tine index ofPCISHIE4IN a
sanpl e case of attenpted synchronization. At tine tl, prior to any
synchroni zation, the BSS sends out a frame nunbered "7" in accordance with
the frame nunber generated by the franme nunber counter of the BSS. Prior to
synchroni zation, the nobile frame nunber counter shows a value of "4" as
the frame nunber. At tine t2, the nobile,frane counter vaI have progressed
to "5" and the frame nunber cqunter of t?le BSS to "8". "t ime t2, the DSP
has received and decoddiPrermple. hamesspgsarithaimne prgberof "IAis gepsrated &t ¢ he
decoded fr ane thelB8S250nd then et to/MB 200, if it eakesaacke ithantawholofidmodirstion o\l so at

time t3, the gl ﬁ%@&%ﬁ&?%e%@&&leﬁ,%n%e%a}ﬁe frame

nunber counter nas g‘bo resse ) )| ecel ves
t he val ue of an@bﬂ@agqsgzna% 3 250 willbe D crathes thay 9" aggeeatbydbgot t o
synchroni ze t Bentfollby. 'Fhué &veftr motile ffame nubE@olme2B0 is reset to a value of "9" in

PCT/ US97/ 1243 - . " ' at the
controller segga‘énmq%g%{ém[l% @L#§Sfraﬁé lJﬁ'ﬁg‘gfraﬁcou iei'r%‘)l)tpévﬁ:/tﬁ);1?'ér@z{mes
behi nd t he bageringthe tige ottrapswiting the framenuphes o the emfroliar, the frame gymben  Thys,
a method and appss aswmdi@uﬁtaeuied»mmmgesse& OThi$ poasiblethangd dn frime

conmuni cati ng, nqgcrfn; %Qan ntroller and thereby, allow the

nobi l e frame nu un er to nchroni zed exactly with the BSS. Figure
4 shows the infor matlonI MSH%Qawéﬂmﬂwmm&mbmegyn@mwmsmorrhe BSS
sends a nul ti attae thefcohtraller220 axtigster of slivedDSP 2400the baudproblemiogure 4, with a

SRS o SR BbABT, SRR o e g, [0
station, the controller 220 may be an integral part of another system, such as person -
-computer, while the DSP resides on the communications device. In such an instance,
where the controller may be required to track frame numbers and perform digital - . :
timing, the counter of the controller must be in sync with the base station. The :.
problem is enhanced in such an instance since the DSP which receives and decodes -
the frame number of the base station is a component of one device, the i
communications device, while the controller is a part of another device, namely, the
computer system.

This problem is illustrated in the timing diagram of Figure 3.

Figure 3 shows a time index of events in a sample case of attempted
synchronization. At time t1, prior to any synchronization, the BSS sends out a frame
numbered "7" in accordance with the frame number generated by the frame number
counter of the BSS. Prior to synchronization, the mobile frame number counter
shows a value of "4" as the frame number. At time t2, the mobile frame counter-will
have progressed to "5" and the frame number counter of the BSS to "8". At time 12,
the DSP has received and decoded the frame number as being "7". At time t3, the
decoded frame number has finally been received by the controller. Also at time t3, the
mobile frame counter has progressed to "6" while the frame number counter of the
BSS has progressed to "9". The controller receives the value of the previously
decoded frame which is "7". An attempt to synchronize the mobile frame number




(i.f not the largest) signal strength of all bursts carried. GSM can send
frames on any of 124 different frequencies. The radio is instructed by the
controller to listen on all frequencies for FCB 402. The DSP receives all
signals fromthe radio and sorts the signals according to their strength
(anpl i tude)WOasthogt cks the signal with a strength resenbl iRQFUSSBIA®?. The
controller is then tuned and can tune the radio to listen for all incom ng
nmessage franes on the sane frequency as the FCB 402. The controller tunes
the radio to listen for an explicit frequency based on signal strength of
received signals and is thus able to determ ne which FCB, of the many that
may be broadcast over the entire spectrug] Is destined for that particular
MS. Once FCB 402 has been detected, the Controller listens for a

Synchr oni zat i 6PRnbE e s vilsxes)'7 Zinaceosdaser,with whatithegoptrallen sess will leaveshe, The SCB
412, which iSnﬁsbﬂemnhﬁwemdwwﬁsﬁxeﬁbe&ndﬁhdmmmbsﬁmﬁaﬁethe frame

nunber i nfor wS éﬁ?xﬂ%t ”59? des the
frame nurrberrr% orrra I on ca?’ffbedtfvm%%ﬁé%ﬂ? an lgnn S Prame n%onber

i nfor mati on t hetivee lagin qogmuaicatingsh and therehy.ialow of t he
SCB 412, synchﬁmsimﬂaaﬁmmhﬁuﬂmbw urzedméﬂ;abmome@ssect for the

time Iag t hat may occurp di Es ﬁln@ ?‘ESE rﬁgglon and
passing it to the contro1 vé?@eé’ %{' aﬂﬂH ea {CB such as frane
411, al so has synehe@Fatonh as SCB 422, sinilar to SCB 412 for the pur pose of
synchrom zation. The F%Jm&h&saﬁﬁlﬂmidfm@fsmﬁx@fmﬁm%ﬂ&hbﬁmih frame.

On the next sygece fr S at slot O,
and thereafte '%3 e‘hgs%@b%c% ?%éeg%wnéﬁm%ﬁéﬁgy%&lﬁgn 8/ 15084
PCT/ US97/ 1243®FCBl Theditie4®2, whishds @mﬂ@tqndmt/alm Q offrame 10z hasp verelargshi | e
frame nunber BuoitRE latpea biiral Wﬁ&mnm&wﬂremmmm%mﬂ from.

‘the radio | 2?%%#@5%%@%%@6%95 e b e BRI e o370 7))
not attenpt t dregpencies iorFCB402. §L’BD§BWWP%4H szmabcfwnb@mdyo aneksorts ﬂlP det ect s
an FCB. |f, an sighlils hécording to their strength (amplitude), and picks the signal with a strength . S
- resembling FCB 402. The controller is then tuned and can tune the radio to listen for -

. all incoming message frames on the same frequency as the FCB 402. The controller
tunes the radio to listen for an explicit frequency based on signal strength of received
signals and is thus able to determine which FCB, of the many that may be broadcast
over the entire spectrum, is destined for that particular MS.

Once FCB 402 has been detected, the controller listens for a

Synchronization Burst (SCB) 412 as shown in frame 410 of Figure 4. The SCB .
412, which is also carried on burst/slot 0 of the frames, encodes the frame number
information and has a distinct signal strength. The DSP decodes the frame number
information carried within SCB 412 and sends frame number information to the
controller. Using the frame number information of the SCB 412, synchronization
may be achieved, but must also correct for the time lag that may occur in decoding the
frame number information and passing it to the controller. Every tenth frame
thereafter, such as frame 411, also has an SCB such as SCB 422, similar to SCB 412
for the purpose of synchronization. The FCB repeats its position at slot 0 every tenth
frame. On the next successive frame, an SCB takes the place of the FCB at slot 0,
and thereafter, like the FCB, repeats every tenth frame.




detected, then, at step 500, the radio and DSP are continuously |istening
to detect an SCB. If an SCB is detected, then according to step 510, theDSP
(Digital Signal Processor) decodes a first nmessage frame nunber (signified
as "FN1") by extracting frame nunber information encoded in the SCB signal.
The nmessad¥OMIMB4 nunber needs to be sent to the control PERUSYREND| s to be
of use, and thus, according to step 515, FNl is sent to the controller. The
controller or other circuitry, according to step 520, sets the nobile frame
nunber counter equal to FN1. Thereafter, the radio is instructed to |isten
for the next SCB signal (step 525). If another SCB is detected, then
according to step 530, the controller rﬁ%ads In the current nobile franme
nunber counter val ue (gesi ted by " ). JAccardi.ng t t he
controller/circuitry 'S‘"?g]%ﬁ sF‘ﬁ‘ilegmgf?r Wﬁ?‘?nggﬁgg?bglf%%’%éﬁ%?y

| ocati on, butdunter exacty with theanessage frime nymberaeceivpd fromiire BSS.According to step
540, the DSP decodes ag; pdt fHoBII® stRiHD SdcofditSto §Rep 40| thy " FN2") ..
Then at step 545, _FNZail:l&?’tqﬁ&g se f@?ﬁat he Cf)n roll e&.. ) e%)l 50, the
controll er/CFWI‘F‘?“‘E&?‘EGPE'rESaEWPS?‘iYé’WEL%’% WP Ehce bet ween
FN2 and TEMPlistdinfor ¢hefSCGB: Gsymuhrdnidation burss) qHElk daferts an FGBy If anfBiist e to a whol e
number, Si NChekbdicy !4 sih SHEME 1510 akf DEPE: cbiftiniisdly Builp b detbiidn and | s
nore typi cal SS an. FN2 before synchronizati hen, «;acgording to
step 555,  h§CBal dﬁmtgﬂ\fé&”a%gﬁ%%@@r{“sﬁﬁ?’éﬁé&‘ eafl.count er.
TI ME_LAG r epPaxessbn) dedodesanfinstmessdgetframs number (signified as HaN1") by exieeting: o decode

and send the i { PThOmbssreTRiiebdber . Thus,
addi ng TI ME- Eﬁﬂéa?lgﬂ?ﬁfel no tf3H BRR0Sd n'SCI il e

Mt er nal  dol 89840 beAEaHG R conepler s PRRS SN s AR R Bolr  ame
number to t hENl1dsitenvioltie controlier: The edngplieroe pthenxtitcyitry, accordingito step 5206 nobi | -
frame nunber (GOWRSIbiE frafb RunBi cbfitdr@fuattd ¥Nf.he frame nunbers of nessage -
frames as the messages are pr geecged Dy Lg, QRIS hShex sco YRR/ &BP84
- 525). If another SCB is detected, then according to step 530, the controller reads in
. the current mobile frame number counter value (designated by "MEN"). Accordingto
step 535, the controller/circuitry stores MFN into a temporary register or memory .
location, buffer or other memory (designated by "TEMP"). According to step 540,
the DSP decodes a second message frame number (designated by "FN2"). Thenat
step 545, FN2 is then sent to the controller.
At step 550, the controiler/circuitry calculates a value TIME_LAG as
the difference between FN2 and TEMP. The expression FN2 minus TEMP will -
always evaluate to a whole number, since the value of TEMP can at best be equivalent
to FN2, and is more typically, less than FN2 before synchronization. Then,
according to step 555, the value TIME_LAG is added to the mobile frame number
counter. TIME_LAG represents the amount of time, in frames, that it takes to decode
and send the message frame numbers from the DSP to the controller. Thus, adding
TIME_LAG to the mobile frame number counter accounts for the internal delay of the
mobile station in decoding and sending the frame number to the controller, and
therefore perfectly synchronizes the mobile frame number counter on the controller
with the frame numbers of message frames as the messages are processed by the
controller.




Figure 6 illustrates a tinme index of how the problematic un- synchronized
frame counter illustrated in Figure 3 is synchronized according to the
invention. At tine tl1 and tine t2, the tinme index behavior is the sane as
Figure 3. At time tl1, when the BSS sends a nmessage frane nunbered "7", the
nobi | e frandVe 9815884 count er hol ds sonme arbitrary val ue ("4'PCrusyini2a3o
exanple). At tine t2, the nobile frame counter has advanced to "5" and the
DSP has finished decoding the frane nunber of the nessage, which is "7".
However, at tinme 2, the BSS has al ready advanced its franme nunber counter
to "8". Accordi-ng to the nethod of Figure 5, at tirre t3 when the controller
can finally "see" (is passed) the frane nber "7", the BSS frame nunber
has al ready progressed Accordin of Figure 5, the

nobi | e frame nunber cour#gﬁ"elds‘nP%@Efé&quet‘H&xﬁgig‘éﬂ'éep th is the
nmessage frane syncimenized fame boumtep dlustrated indFiguredis synchmhxzedmdingrtotlml |y
achieved, but ghikhdond tine lag in decodl ng the. frame nunber and
transmtting it tothe ntrolle& accoynted for,. Thus P’;ﬁe nobi | e
frame number counter is ‘gtt‘fq“f"&[‘ °I°é“°[ﬂ vier is the samg

transmtting "8 Mﬁmm%&ﬂswamlﬁawmum ["Hgthe amnbile Famg equence

of stepsf nust W%{)ﬂftﬁﬁlﬂf%mé%rﬁﬁaiy%alde*@ﬂ“ﬁﬁ&ﬁmﬁﬁﬁ%%eé{tﬁ% her "
message framne, js time w rang n at tinme

the nobile fraﬁ@gﬁlﬁmc@&i‘?ﬁp"é "%ﬁ‘?rsce'ﬂ %6‘?&%@5&9”8 HHE advanced
to frane "8" (ﬁmenmnbeﬂdﬁdmtﬁe%!‘»agb,cwh@mm'l ther,asmheZ,ttMBﬂShﬁﬁ)mad&t time
t4, the controbk@hceddts FARhEMbLRolREdo e current value of the nobile franme

Che mobi | o 11 ame nunbor MRS SYiRmaol T atte . s ies teronedler o

nurber has advesnfiadlly Usee” (spassedpthe fidthe huhbert"7'fghet BSS framee fiunzbee hastalrbady of

e & IR AL L MR PIR S BAl, 107
message, the B &g v %Wﬁ?f*‘a‘ﬁ%" } s
adva_nced to 1ﬁdmt,tfheymhmmmhdraspuaﬂbwchmw bitstildla fifme lagyin dedodingden .t he - .
recei ved messaggm snémﬂé’nlqﬁegoﬂn%ﬁﬁémt%’com@ak& ﬁ'ﬁ&nﬁx nunber

LRI e i N e e e o AR

: E as the frame number. To correct this lag, another sequence of steps must be N
performed. P

At time t4, the BSS has sent out another message frame, this time with

a frame number of "10". Also, at time t4, the mobile frame number counter, which is

constantly running, has advanced to frame "8" (one more than "7" to which it was

reset at time t3). At time t4, the controller is adapted to read the current value of the

mobile frame counter ("8") and stores it into a register or memory location. At time

t5, the mobile frame number counter has advanced to "9" while the BSS frame

number has advanced to a value of "11." At time t5, the frame number of “10" is

decoded by the DSP and sent to the controlier. At time tg, when the controller finally

receives the frame number of "10" corresponding to the message, the BSS has

advanced 12" and the mobile frame counter has advanced to "10". The controller

calculates the difference between the received message frame number ("10") and the

stored mobile frame number counter value ("8"), which is “2". Since "2" is the time

lag, in frames, for the process of decoding and sending the frame number from the

DSP to the controller, "2" is added to the current frame number value "10" at time tg



DSP to-the controller, "2" is added to the current franme nunber val ue "10"
at tinme t6 W98/ 15084

PCT/ US97/ 12430 t hereby yielding a value "12". Thus, at tine t6, both base
station sub-system assi gned nessage frame nunbers and the nobile frane
nunber courWWO®8/15084 perfectly synchronized at "12," and w IBCTRISVi2a30e i n
that state, until the nobile station is powered down and then powered up
again. Figure 7 illustrates a schematic diagramof a circuit enbodi nent of
the invention. Though the invention may be inplenented as a software
nmethod, it may also be inplemented in a digital circuit, disposed on or
near, but coupled to the controller cirﬁgltry I n sone fashlon Figure 7
shows one such i mpl ementation. Wthin t controller or at least coupled to

t he control | etherebyyielding 2 valueH25sThuscatsims 15, bothshasestatipnj snb-Eysiem assignedhy  be
Count er 720 ( Eavapt imE Rintc fod W I AR AL E coeT A peeuty ot ract or
circuit 760 (§Wp?°&iz%%?t?q%rn8“‘g‘ﬁ‘nl\?pﬂﬁ"lueé'ﬂg@trs%PE%‘ qxerygla SR . Count er
720 i s cl ockegowered Howk amdbthen ppwered uplaAghin/53 and upon power-up of the nobile
station on which the CiF&HH?ﬁlfxsd%kélldrs&eﬂxahéaiagﬁﬁroffa%cﬁ%ﬁi&%méﬁoP”ab| ed

and begins to ryn. Countéer 720 may enploy several sub-conponents such as
bit counters WSIRYPEOANt a certain fixed nunber of bits and then reset
their operation, w t h emghda&veMa}@edmbmeﬁMaammmemn a first

nmessage frarrenﬁ nwi]m'a F&‘éﬁi@%@&seﬁ%ﬁ%ﬁ(&ﬂ bQVcoEIBEd gApEroller,
t he controller odsthe value A@ﬁ o,yte zing.a signal
LOAD FN1 751. CERicultEy I sQme E’gf'ﬁ"e gl?ﬁ"ﬁt%‘? s‘&ﬁ ir‘? @E % 5adi ng of
FN1. Thereaft e r, the coWithisrthg@ptrolire et deasticoupledbtosharontrolfen,» diteuit sushde d
val ue FNtl 701as Eﬁ@%n@iﬁu@t‘rﬁtcﬂhlﬁi &1 %H}tb%[) I ' ?P@@ir&htl}ia& fd%k'fﬁ& jor
e ey PRSpeEa OB ot i a7 cansghan  Shise TR ARRpIT sage
gener at es an RAN-HEDDEECern cimit 7605Subivactor) andariiNdit adéer cirenit780t(addednnect to
~frame number QuAtkLT204¢ElockEl By tRREKA signal (CLK) 753 and upon power-up of the - o
' ' ' ‘mobile station on which the circuit of Figure 7 resides, the counter is enabled and - -
begins to run. Counter 720 may employ several sub-components such as bit counters
which count a certain fixed number of bits and then reset their operation, with each
reset marking a new frame number. When a first message frame number (FN1) 701
is detected as received by the controller, the controlier loads the value FN1 into
counter 720 utilizing a signal LOAD_FN1 751. LOAD_FN1 751 is input to the
counter and enables loading of FN1.
Thereafter, the counter 720 operates to increment upon the loaded
value FN1 701. The output of the counter 720 is an N-bit number representing the
frame number of the mobile station. When a second message frame number is
received at radio but not yet decoded, the controller generates an FN2_DECODE
signal 755 which enables the latch to connect to frame number counter 720. The latch
holds the value of the counter until a second message frame number (FN2) 705 is
decoded and sent to the controlier by the DSP.
FN2 705 is a N-bit number representing the second frame number
decoded by the DSP and received by the controller upon the radio finding another
SCB and consequently, another message frame. The controller sends the decoded
frame number value FN2 705 to the subtractor 760 by utilizing the FN2_RECEIVED




hol ds the value of the counter until a second nessage frame nunber (FN2)
705 is decoded and sent to the controller by the DSP. FN2 705 is a N-bit
nunber representing the second frame nunber decoded by the DSP and received
by the controller upon the radio finding another SCB and consequently,

anot her nmesWag®1%84ne. The controll er sends the decoded f rRORAUSIIEM val ue
FN2 705 to the subtractor 760 by utilizing the FN2_RECElI VED W06/ 15084
PCT/ US97/ 12430 -12- signal 757: The output T of latch 740 is subtracted
fromFN2 705 by subtractor 760. Subtractor 760 outputs this difference as a
N-bit value S, which represents the time lag in decoding and sending the
nmessage frame nunber to the controller. Epe value S is input to adder 780

Ut pat 0, uii LTS THE BRpURegt e D LS5 iR oo,
successful ly ISuhnimbrlmﬁompmﬂnslIffé’rEﬁbeashN-mmmues which repgresenesshestiime hr oni zed

wth the frangyy ki e 2 B i ¥lo ko BAIN Orielahe She adder

780 receives pr tine t i s _enabl ed
using the FR2 lmm Yféjfri?ngmﬁl%mew REHEEY the st AERRYy (by vay
“of del ay el empndiducesin ontput @awhitinis anmthh:talmfan&ldaﬂsmnﬁmuﬁﬁﬂﬁﬂs valid. -
Further, to ensure thatghly tcoalgtgrn%urel y | oaded
into the counter 720, azegltlonaﬁf&ﬁ%&ﬂgﬁ%nent ;?3% e I nserted

bet ween t he a&’ﬂw cgﬁﬂ QOuRtEY P Q)‘?asﬁtg'lﬂ“e PRGNl y one
enbodi ment - of tiat theadder 780deceivescvalid ek groperly siyned patvahis, theaddéd i enablednt i on

can al so be e (h?% “fﬂm? t r r dwar e
as is approprlrﬁ% 1o em giﬂzﬁah%z:‘k?rﬁgérwagmgued%t@@&ey&?he
circuitry of &P’ém?'mr?g °f-’?'|' gacord6Q isslid of‘"ﬁle&r'i%?'ismphone or
per sonal di gi Ithdtﬂmmt;mt@lofaddeﬂ!%ﬁsnﬁtbmmmelydbad@lmwthemh&tezo;m cuitry.

Furt hermmore, :ﬁ?& ggﬁéy&é&ﬁ&ﬁ?ﬁ‘m% ﬂ&@&éﬂxﬁ@&l&ﬁ&%ﬁ&%ﬂn&g%th GSM

it can be eas pted taq situatigns 1 nvolving a mx of
anal og and ‘di gi taI corrpgh"eﬁfcg“\%g'rg!!"% %3|W9’§§mbﬂdlﬁﬁmmrﬁ‘§w WQ“’I"’ﬁF'br rrat i on
.from one conpgesforn synchronization. The invention can also be embodied by any combination of - ' :

software, firmware or hardware as is appropriate to the system being synchronized.

For instance, the circuitry of Figure 7 may be embedded in a processor of a smart-

phone or personal digital assistant, rather than residing as separate circuitry. fo
Furthermore, while the invention has been described as operating with GSM, itcanbe -, -
easily adapted to any number of situations involving a mix of analog and digital

components where a time lag in communicating information from one component to

another creates a synchronization problem. o '




anot her creates a synchroni zatiom—problem- -13- CLAIMS What is clained

Is: 1. An apparatus f Lzing between a first device and a
second device, said fi rsﬁ!!t'mm lﬂ@!"ﬂ g a counter |oaded with a first
nmessage frane nunber, sai S rising: a latch coupled to said

counter, S¥P88/1S884ch hol ding a first output of said count &CK % act or
coupled to said latch to receive said first output of said counter, said
subtractor receiving a second nessage frame nunber, said subtractor
produci ng a second output which is the difference of said first output and
sai d second nessage frane nunber, and an adder coupled to said subtractor
and to said counter to receive a curreg@_value of said counter, said adder
addi ng said current value to said second output to produce a conpensated
out put, said conpensated output |oaded into said counter. 2. An apparatus
for synchroni zing according to clai ein said first nessage frame
nunber and second nessage frane nunb tify nmessage frames received by
said first doVhagisclabmedis: apparatus for synchronizing according to claim1
wherein said first device includes a controller. 4. An apparatus for

synchroni zing according to claidnl .l ' . f L hcl udes a
base station sub- gy_st e%p&?pagat@setﬁWwﬁeb%ﬁ%ﬁiﬁ&gﬁgﬁdg%%r

synchr oni zi nglevies said ifinsy devicednalndinga cavateploadedayith 3 firskmessagpifmme nymbelles a

nobi | e st at i QRid@ppafaréfdonprisihg:net wor k. 6. An apparatus for synchroni zi ng

. §ihg:N€L VWOT > :
Second message r AECNGE Al uts S R PG AR T C
access system a subtractor coupled to said latch to receive said first output of said counter,

said subtractor receiving a second message frame number, said subtractor producing a
second output which is the difference of said first output and said second message
~ frame number; and
an adder coupled to said subtractor and to said counter to receive a current
" value of said counter, said adder adding said current value to said second output to -
produce a compensated output, said compensated output loaded into said counter.

2. An apparatus for synchronizing according to claim 1 wherein said first
message frame number and second message frame number identify message frames
received by said first device.

3. An apparatus for synchronizing according to claim 1 wherein said first
device includes a controller.

4. An apparatus for synchronizing according to claim 1 wherein said second
device includes a base station sub-system of a cellular network.

5. An apparatus for synchronizing according to claim 2 wherein said first
device includes a mobile station of a cellular network.

6. An apparatus for synchronizing according to claim 2 wherein said first
message frame number and said second message frame number are carried over a time
division multiple access system.



RPCT/ US97/ 12430 -14- 7 met hod for synchronizing between a first device
and a second devi ce, sm the steps of: setting a counter
on said first device eq nessage' frane nunber received from

sai d second devi ce, sar m "‘ﬁ#@! ame nunber decoded before settr ng

sai d count MOB/5W4i d firdt Mevk con I ating a time | agPFHUSEAZBAg
second nessage franme nunber from said second device to said first devr ce,
wherein calculating a tine lag includes storing a value of said counter
corresponding to a tine when said second nessage franme nunber is received
at said first device prior to decoding said second nessage frame nunber,
and subtracting said stored value from il d second nessage frane nunber;

and adding said tine to said counter on said first device to
synchroni ze said ckuhwsméfP@&?@f@W‘!&be&!ﬁ?ﬂémﬁﬁc%@m@ﬁdﬁ%ai d second

devi ce, mheregammshémmg@ese@sbﬁcl udes a nobile station and said second

device includes a b S S hroni zi ng
del ay according to @éﬁﬁerel n-sal g“q‘}"‘ﬁ“‘%”&ew ce | ng&gées a&gont roller.
9. A net ho&cﬁwdfwmmwl@dﬁ@%ccor ding to claim7 wherein the step of
decoding a first naﬂmgfar@maguwngfmdaﬂrmessugameamdbarwnsaigr a

frequency coryrect b etectlng a synchroni zation burst. 10.
A met hod for %"éfn‘%‘ﬁf s%l[ acco%géﬂ'gn to claim7 wherein the step, of
decodi ng further c 8dding spicktime lag dq saj e N idHstAsYice e syghegnizesgid - 5 -

met hod for sygsutpon sidrsedevize WithG doanted onisaid éecthéd device. sai d di gi tal si gnal:
processor sends said first nmessage frame nunber to a controller, said

controller requir év.'ﬂ“*‘rﬁd"ﬁi‘ &gﬂ aﬁwwﬂé}elﬁ%éjstéﬂd’fst devi ce,.
frame nunbers whi ﬁ col ncr e recelLve ssaig‘? (51
setting a first message frame number includes the step o ecocimg sai t message

- frame number utilizing a digital signal processor before setting said counter on said.
first device.

- 9. A method for synchronizing according to claim 7 wherein the step of
calculating a time lag comprises the steps of:

_ decoding said second message frame number utilizing a digital signal
processor

storing a value of said counter corresponding to a time when said second
message frame number is received at said first device prior to decoding said second
message frame number; and

subtracting said stored value from said second message frame number.

10. A method for synchronizing delay according to claim 7 wherein said first
device includes a controller.

11. A method for synchronizing according to claim 8 wherein the step of
decoding a first message frame number further comprises detecting a frequency
correction burst and then detecting a synchronization burst.
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PCT/ US97/ 12430 12. A Wg% for synchronl zing according to claim?7

wherein said digital si ’mﬂm ds sai d second nessage frane
nunber to a controller, Kmreqw red to generate, using said
counter on said first devi ce, frame Snutbers which coincide with received
message f MM i¥tbers. 13. A nethod for synchronizi ng REEEEHNAMIOt o cl ai m
7 wherein said first device and said device communi cate over a cellul ar
network. 14. In a cellular system an apparatus for synchronizing between
a controller of a nobile station and a base station sub-system said
controller coupled to a counter |oaded with a first nessage franme nunber,

sai d apparatus conpri si ng a latch cou[l)ged to said counter said | atch
hol ding a first ut aid counter:” a_subtractor cqu ed to said latch
to receive said fﬁrg\ E?‘bﬁ’( ﬁ@&%‘ﬁ@ﬁ%ﬂl&w Q vdiegrin ?ecei ving a
second mess adpeodingfuethencotnprises detectingatsynchodnisatign wakstci ng a second out put
which is the difference of said first output and said second nessage frane

nunber; and an adder, co d to said subtracto d to,sai, co nter to
recei ve a current qvéf@%‘“@* OF SyNGh1opiZing acc °'J§%§ [[;?6‘83 current

val ue to saisigmbmomtswqussmdﬁmpmmgﬁeﬁanmmmwmmm,mﬂwmm o .
conpensat ed 1@11'61&3 QicPeirst ﬁmm for =
synchroni zin accor 'uglﬂggllé&ifﬂt&mﬂgrel nrssal f| rst rresss:% rane nunber
and second ER?B%F" PR essage frames received by said
controller.

14. A method for synchronizing according to claim 9 wherein said digital
signal processor sends said second message frame number to a controller, said
“ controller required to generate, using said counter on said first device, frame numbers
~ which coincide with received message frame numbers.

15. A method for synchronizing according to claim 7 wherein said first device
and said device communicate over a cellular network.

16.  In acellular system, an apparatus for synchronizing between a
- controller of a mobile station and a base station sub-system, said controller coupled to

a counter loaded with a first message frame number, said apparatus comprising:

a latch coupled to said counter, said latch holding a first output of said counter;

a subtractor coupled to said latch to receive said first output of said counter,
said subtractor receiving a second message frame numbser, said subtractor producing a
second output which is the difference of said first output and said second message
frame number; and :

an adder coupled to said subtractor and to said counter to receive a current
value of said counter, said adder adding said current value to said second output to
produce a compensated output, said compensated output loaded into said counter.

17. An apparatus for synchronizing according to claim 16 wherein said first
message frame number and second message frame number identify message frames
received by said controller.
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