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5 BField of The Invention This invention’is related to radio frequency

(RF) comuni cati on systens, and nore particularly to a nethod and apparat us
for -providing a synchronous communication 1 0 environnent. Background of

the Invention In.wireless communication systens, effort has been made to 15
increase the use of spectrumto allow forla greater nunber of users of a

gi ven frequency band. One exarrpl e of a techni gue to increase spectrum

efficiency is a frequencynsf SFGR(P@WDING“”' que. In a

of channel & 20 sy“%%@&ﬂiée” “e“ CAONENSRTNVERE, Foin

system can also be a ti me di vi si on dupI ex (TDD) system wherein a given RF
channel is used for both forward and reverse directions of comunication
whi ch are separated in tinme. Qther techniques conprise digital multiple

access 25§ copmmlgﬁtlm Ewentioh One such conventional digital nmultiple -
access technique for increasing efficiency of the use of spectrumis a tinme
division multiple access (TDMA) technique. In a TDVA sy stemF each channel
for the transm ssi ofhisf invemtios issrellai¢dide radio frequency (R
communicatioh systems, and more particularly to a method and
apparatus for providing a synchronous communication
10 environment.

Background of Inventi

In wireless communication systems, effort has been made to
15 increase the use of spectrum to allow for a greater number of
users of a given frequency band. One example of a technique to
_increase spectrum efficiency is a frequency division multiple
access (FDMA) technique. In a conventional FDMA system, a
given frequency band is divided into a number of channels,
20  wherein each channel is occupied by one user. An FDMA system
can also be a time division duplex (TDD) system wherein a given
RF channel is used for both forward and reverse directions of
communication which ‘are separated in time.
Other techniques comprise digital multiple access
25 communication systems. One such conventional digital multiple
access technique for increasing efficiency of the use of spectrum
is a time division multiple access (TDMA) technique. In a TDMA
system, each channel for the transmission of signals is divided
into a plurality of slots. Each time slot may be allocated to a
30 different call. A TDMA system can also employ TDD techniques.
Accordingly, a number of calls can be simultaneously transmitted
on a single channel or frequency.
Finally, increased spectrum efficiency can be achieved by
spread spectrum téchniques, in the form of either a slow '
35 frequency hopper system or a direct-sequence CDMA system. In



into awplurality of slots. Each time slot may be allocated to a 30

di tferent call. A TDVA system can al so enpl oy TDD techni ques. Accordingly,
a nunber of calls can be sinultaneously transnmtted on a single channel or
frequency. Finally, increased spectrumefficiency can be achi eved by spread
spectrumtechniques, in the formof either a slow 35 frequency hopper
systemor a direct-sequence CDVA system-2in -2- a slow frequency hopper
system the carrier frequency of the signal is changed at a predeternined

rate over wi d c n equence
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B to share the same spectrum wherein each user is assigned a
unique psuedonoise code sequence. The signal is spread by the
wide bandwidth pseudo-noise sequence known in advance by the
10 receiver. |
In digital multiple access communicationsystems having
multiple base stations, there must be some coordination among
the base stations to ensure that the base stations are properly
synchronized. Synchronizing the base stations can be
15  accomplished if the base stations are a part of a common system
and are physically connected. However, base stations which are
not physically connected ‘must be synchronized if they are part of
a common system. Further, if the base stations operate
independently on common frequencies, the base stations must
20 communicate to be properly synchronized. Accordingly, there is a
need for a method and apparatus for synchronizing base stations
operating in a digital multiple access communication system.

Brief Description of the Drawi
25 ' _
_ FIG. 1 is a plan view of a wireless communication system
having multiple base stations coupled to the public system
telephone network. |
FIG. 2 is a block diagram' of circuitry for a wireless base
30 station or handset.
FIG. 3 is a flow diagram showing the preferred steps for
determining master and slave designations for base station and
chain building in the. wireless communication system of FIG. 1.



the basé stations to ensure that the base stations are properly

syvichroni zed. Synchroni zi ng the base stations can be 15 acconplished if
the base stations are a part of a commobn system and are physically
connected. However, base stations which are not physically connected nust
be synchronized if they are part of a conmon system Further, if the base
stations operate independently on common3+equencies, the base stations
must 20 comuni cate to be properly synchronized. Accordingly, there is a

need for a method 3fe; aBPR' 3t fow qiagmﬁhf@nggbﬁgngqg_@ tefetreds sipsr fér ng
in a digital nultipl'e access conmuni,

Drawi ngs 25 Fidetermining Bnaﬂvﬁ?éweoﬁngé’lwpﬂ’elsaézég{ynoﬁﬁﬂeﬁﬁrﬁ t§!t 221 g;vit ES
rzru! ;i gl gl ggieéii,tggéhgnsf cg_uPI eqt to ]'Ehe publ i cI system t el ephone network. FIG
handset. FIG 3 ?s ffw évxisdi%;IBFé‘ﬁ?’élﬁéﬂﬁﬂ g{ie%leghé)r eesz'%&iggtsaiéo(r)n o
det er mi ni 5y Maoediranibrs lofv @ veéekapping | base fstatitns dnspawioeleand chain
building in tké%mlvr\gl{neilcgﬁgncow&in%gt lon systemof FIG 1. :
FIG. 6 is a flow chart showing the general steps for the
coordination of base stations during chain reversal as shown in
FIG. 5. ' '
10 FIG. 7 is a first embodiment of an air interface protocol
having multiple sync slots for coordinating base stations.
FIG. 8 is a detailed flow diagram showing the coordination
of base stations having the air interface protocol shown in FIG. 7.
FIG. 9 is a second embodiment of an air interface protocol
15 having a single sync slot and a blank slot for coordinating base
stations and handsets. .
FIG. 10 is a detailed flow diagram showing the coordination
of base stations having the air interface protocol shown in FIG. 9.
FIG. 11 is a flow diagram showing digital phase lock loop

20  operation for a base with a synchronization source.

Description of the Preferred E’mbddiments

In a digital multiple access communication system, each
25 base station operating within range of another base station must
be synchronized to prevent interference. The present invention
provides synchronous communication in a communication
environment wherein multiple base stations are adapted to
operate on the same frequencies. In particular, the base stations
30 such as residential base stations must be coordinated to minimize
interference with other base stations which otherwise operate
independently. According to the present invention, each base
station operating in a system will determine whether another
~ base station operating on the same frequencies is within range.
35 One of the base stations will assume a role as a master and the



-3 FlIG "4 is a flow diagramfor showing the preferred steps for

detzermi ning an available index in a slow frequency hopper system FIG 5 is
a network topol ogi cal diagram show ng the 5 coordi nati on of overl appi ng
base stations in a wireless conmunication systenms. FIG 6 is a flow chart
showi ng the general steps for the coordination of base stations during
chain reversal as shown in FIG 5. 10 -4- FIG 7 is a first enbodi nent
of an air interface protocol having nultiple sync slots for coordinati ng
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digital miti plloez ?sc Cs?l;soswnom:rrul{g C\Sltrlei)eréssgom?rrﬂml%gtclon system has a plurality
of base stations 104, each of which provide RF coverage over an
area 108. Each base station may be coupled to a public system

10  telephone network 106. However, it will be understood that the
circuit and method of the present invention could be
implemented in a wireless communication system having base
stations which are not coupled to a public system felephone
network. The base stations could be coupled together in an

15 independent. network, or could be stand alone units which happen
to operating in the same frequency bands. Each base station is
also adapted to communicate with one or more handsets 110.
Finally, ‘each base station can communicate with another base
station which is within range by way of RF signals.

20 Turning now to FIG. 2, a block diagram shows a base or
handset circuit. In the preferred embodiment, an ASIC
(Application Specific Integrated Circuit) 201, such as a CMOS ASIC
in the MDAOS technology or H4C also available from Motorola,
Inc. and microprocessor 203, such as a 68HC11 microprocessor

25  available from Motorola, Inc., combine to generate the
communication protocol shown in FIGs. 7 and 9. ASIC 201
preferably includes a separate search engine to detect a second.
synchronization source according to the present invention. The
second search engine could be a separate digital phase lock loop

30 (DPLL) or an oversampled cross-correlator. Digital phase lock
loops are well known in the art. An example of a digital phase
lock loop can be found in US Patent 3,983,498 entitled "Digital
Phase Lock Loop" which issued on September 28, 1976 to Malek.
The entire contents of US Patent 3,983,498 is incorporated by

35 reference. An example of an oversampléd cross-correlator can be




25, base station operating within range of another base station nust be
synchroni zed to ‘prevent interference. The present invention provides
synchronous conmuni cation in a comunication environnent wherein nultiple
base stations are adapted to operate on the same frequencies. In
"particular, the base stations 30 such as residential base stations nust
be coordinated to mnimze interference w§th ot her base stations which

ot herwi se operate independently. According to the present invention, each

ctat iﬁaébir”a&?ﬁ%{%ﬂ??&lﬁd&%“? FaiLTr, ERIed e T e
base stations Real TimeuPemodudation ofaa GMEK agnal EBY A &4’-“' ghereftng base
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sync h)r/oni zat | cﬁPf&ﬁ%Sn Ogumisﬁlﬂeﬁhc?’l&?ﬁ@i dh §: %%g?ﬁghgﬁgﬁg%érﬁce'
tF):Jlel dilngas%llmntr:hroni ZFhé Qﬁ?ﬁ}?gh?m“& 2t03r ased RAM s205sEEPRQMi 207, andt to
communi cat | on%@yezﬁﬁg&oyﬁ*iﬁ%f@ §m’ éﬁ%%é a?tez ?gﬁr}isn 11%% mé%fg I%?)l? whi ch
provi de RF covembgdiment, tm execute the. steps necessary to generate the
protocol and to perform other functions for the communication
unit, such as writing to a display 213, accepting information from
10  a keypad 215, and controlling a frequency synthesizer 225. The
ASIC 201 processes audio transformed by the audio circuitry 219
from a microphone 217 and to a speaker 221. Certain message
fields are constructed by the ASIC 201 and populated by the
audio circuitry 219, the microprocessor 203, and others are
15 constructed by the ASIC 201, which generates the message frame
and transfers it to a transmitter 223. Transmitter 223 transmits
through an antenna 229 using carrier frequencies produced by
the frequency synthesizer 225 in the hopping manner chosen for
the system and directed by the microprocessor 203. Information
20 received by the communication unit's antenna 229 -enters the
receiver 227 which demodulates the symbols comprising the
message frame using the carrier frequencies from the frequency
synthesizer 225, in accord with the hopping manner chosen for
the system. The ASIC 203 then parses the received message
25 frame into its constituent parts. If the circuitry of FIG. 2 is
incorporated- in a residential base station, the audio circuitry of
‘the base station may be coupled to a telco network 233.
Turning now to FIG. 3, a flow diagram shows the preferred
steps for determining whether a particular base station in a
30 wireless communication system having a plurality of base stations
operating within range of one another is a master base station.
The method of the present invention is preferably employed in a
personal cordless base station, such as a residential or office base
station, but could be employed in any system employing wireless
35 Dbase stations. The base station is powered up at a step 302 and



area 108, Each base station may be coupled to a public system 10

t'el-:ephone network 106. However, it will be understood that the circuit and
nmet hod of the present i nvention could be i npl emented in a wireless

comuni cati on system having base stations which are not coupled to a
public systemtel ephone network. The base stations could be coupled
together in an 15 I ndependent network,-&®+ coul d be stand al one units ,
whi ch happen to operating in the sanme frequency bands. Each base station is
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10  source, such as a handset or base. If no beacon is detected at step
310, the base station assumes a role as a master b_ase station at a
step 312 -and assumes normal operation at a step 314. As a
master base station, the base station will hop between the various
frequencies, while the other base stations will maintain

15  synchronization with the master base station (i.e. follow the same
frequency hopping pattern, but out of phase with the master, on a.
different hop index).

However, if a beacon is detected by the base station at step
310, the base assumes a slave role at a step 316 and implements

20  a digital phase lock loop (DPLL). The base station assumes normal
operation at a step 318, and determines whether it has lost.
synchronization with a master station at a step 320. If the base
station has lost synchronization, it then determines whether it is
in a call at a step 322. If the base station is not in a call, it locks

25 on a frequency fQ at step 304. However, if the base station is in a
call, it listens for a possible master base station at a step 324. If
the base station detects another master at a step 326, the base
station assumes a slave role at step 316. The preferred methods
for detecting a base station will be described in detail in reference

30 to FIGs. 7-10. If no master is detected, the base station assumes a
master role at step 312.

Turning now to FIG. 4, the preferred steps for following the
hop sequence in block 308 of FIG. 3 is shown. At a step 402, the
index (i.e. an offset into a predetermined sequence of channels

35  starting with a first channel) is set equal to zero. At a step 404,



| ock 1Q0p can be found in US Patent 3,983,498 entitled "D gital Phase Lock
Loop” which issued on Septenber 28, 1976 to Malek. The entire contents of
US Patent 3,983,498 is incorporated by 35 reference. An exanple of an
over sanpl ed cross-correlator can be -5- found in US Patent 5,117,441
entitled "Method and Apparatus For Real Tinme Denodul ati on of a GVBK Si gnal
By A Non-Coherent Receiver" issued on Mxy/-26, 1992 to Wigand. The entire
contents of US Patent 5,117,441 is also incorporated by reference. 5
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generates t heSteps498e flf ke RSSI of all channels is not less than a thres old ‘at
step 406, the base station indicates the number of occupied
channels at a step 410.
10 At a step 412, the base station determines whether three
indices are available having no occupied channels. If three
indices are available, the base station selects the first index at a
step 414 and assumes normal operation at a step 416. However,
if three indices are not available, the base station determines
15  whether all indices have been scanned at a step 418. If all
indices have not been scanned, the base station scans the next
~index at step 404. If all indices have been scanned, the base
station uses the best available index depending on the least
number of occupied channels having an RSSI value greater than a
20  predetermined threshold. The three indices are used to form a
next best list. If the index is corrupted during a call, a request
could be sent to change the index. The next best list may be
periodically updated depending upon radio resources and other
limitations. While the RSSI determination is described above,
25  evaluation of channel quality by RSSI is merely given by way of
example. Any other method for determining signal quality could
be used within the scope of the present invention.
- Turning to now to FIG. 5, a timing diagram shows the
synchronization of base stations which are within range of one
30 another according to the present invention. Original masters Al
and B1, which are out of range of one another, are shown at time
T1. Other base stations (A2 through AS) come within range of the
original master Al and synchronize to form a synchronization
chain according to the steps  described in FIG. 6. Similarly, base




and transfers it to a transmtter 223. Transmtter 223 transmts through
an,antenna 229 using carrier frequencies produced by the frequency

synt hesi zer 225 in the hoppi ng manner chosen for the system and directed by
the m croprocessor 203. Infornation 20 recei ved by the conmuni cation
unit's antenna 229 enters the receiver 227 which denodul ates the synmbol s
conprising the message franme using the ca8+fier frequencies fromthe
frequency synthesi zer 225, in accord with the hoppi ng nanner chosen for the
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another base to form a chain (FIGs. 9 and 10). While the general
10  concept of chain building described in FIG. 6 applies to either
method for forming a synchronous chain, the general
implementation for each configuration will be described
separately below for ease of understanding..
In particular, the development of a synchronization chain
15 between base stations is started at a step 602 wherein one base
station becomes synchronized upon power up to an existing base
station according to the steps described in FIG. 3. A base station
may also be within range of and detect two sync sources. A base
station determines whether a second beacon message from an
20 unsynchronized base station is detected at step 604. If no such
beacon message is detected, the base station continues
synchronizing on the existing master at a step 606. However, if a
secon.dl beacon message from a base station is detected, the base
station synchronizes to the detected unsynchronized base station
25 at a step 608. The base station migrates slowly towards the other
base station to avoid any interruption in communication. The
base station then determines whether the synchronization is
completed at a step 610. If the synchronization is not completed,
the base station continues to migrate slowly towards the other
30 base station at step 608. If synchronization is completed, the
base station will assume normal operation at a step 612. The
base station will then determine whether the same sync
distribution is received at a step 614. If the same sync
distribution is received, the base station will assume normal
35 operation at step 612. Otherwise, the base station will check for a



-6- locks on a frequency fo at a step 304. At a step 306, the base station
det:ef m nes whet her synchroni zati on and cyclic redundancy check (CRC)
signals are detected at a step 306. If the signals are detected, the base
station follows a hop sequence at a 5 step 308. Frequency hopping
systens are well known in the art and will not be described in detail in
this application. The base station then ¢2term nes whether a beacon is
heard at a step 310. This signal could be a beacon nessage generated by

anot her sour cesecBhdCBehcoesigARINGY GRin-Syndhicf fiandsenawaffae 4ty sespotéy. 10
source, such a(§ a ggaqrﬁﬂé t or basfe .nlf no )gcfa%g)g LS det ec{aido at. step 310,
the base statioR®a %Prali"eg ging [owp Q%t%ﬁsfoﬁ fon, 1§ ep 312 and
assumes nor maldeseeibeti below i sefgrefide. toAFIG. mhbt er base station, the base
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10  which are powered up sync to the chain. In summary, when a
base station is added to either end of the chain (i.e. is being
powered up and looking for a master), the base station will sync
to the chain. | .
At a time t2, the two synchronization chains may meet and
15  will form a single chain of synchronized base stations C1-C9. The
new base station which bridges the two chains of base stations
(designated as base station C4 at time t2) will detect a first base
station and sync to that base station. While C4 is within range of
and could detect either C3 or C5, any collision avoidance
20  technique could be employed to determine which base station to
which C3 will sync. As will be described in detail below, the base
station could sync by default to one of the two base stations. The
method for default will depend upon the sychronization protocol.
Assuming for example that C4 first syncs to C5, C3 (which is
25 synced to C2) will then detect the second base station (C4) which
is now out of sync and will sync to that base station. C2 (which is
synced to C1) will then detect a second sync source which is out of
sync (C3), and C2 will sync to C3. Finally, C1 will be out of sync
with C2 and will then sync to C2 to complete the synchronization
30 chain reversal. C1 thus relinquishes master. Accordingly, the
method of the present invention will enable synchronization
chains to be formed, and particularly for enabling single
synchronization chains to be formed when two synchronization

chains collide.



station has | ost synchronization, it then determ nes whether it is in a
cald at a step 322. If the base stationis not in a call, it |ocks 25 on
a frequency fo at step 304. However, if the base station is in a call, it
listens for a possible nmaster base station at a step 324. |If the base
station detects another nmaster at a step 326, the base station assunes a
slave role at step 316. The preferred nmetlibds for detecting a base station
will be described in detail in reference 30 to FIGs. 7-10. If no naster
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is detected at step 604. If neither a beacon signal nor non-synced
handset traffic is detected, the base station remains in the loop at

10 a step 606. However, if a beacon signal or non-synced handset
traffic is detected, the base station synchronizes to the detected
base station at a step 608. The base station migrates slowly
towards the detected base station to avoid any interruption in
communication. The base station then  determines whether the

15  synchronization is completed at a step 610. If the
synchronization is not completed, the base station continues to
migrate slowly towards the other synchronization source at step
608. If synchronization is completed, the base station will assume
normal operation at a step 612. The base station will then

20 determine whether the same sync distribution is received at a
step 614. If the same sync distribution is received, the base
station will assume normal operation at step 612. Otherwise, the
base station will check for a second beacon signal or non-synched
handset traffic at step 604.

25 Using the A1-A5 chain again as an example, Al is a base
station exists as an original master. A base station A2 is powered
up, detects a beacon signal from Al and syncs to Al. Another
base station A3 is then powered up. According to the operation of
the present invention, if base station A2 is in a call, A3 detects

30 the A2 handset traffic and syncs to A2. A3 transmits a beacon. .
Base station A4 is then powered up and synchronizes with base
station A3. If another base station (AS) is powered up, it will
sync to handset traffic of base station A4. In summary, the base
stations detect either a beacon signal or handset traffic and



step 408. If the RSSI of all channels is not |less than a threshold at step
4086, : the base station indicates the nunber of occupied channels at a step
410. 10 . At a step 412, the base station determ nes whether three

i ndi ces are avail abl e having no occupi ed channels. If three indices are
avail abl e, the base station selects the first index at a step 414 and
assunes nornal operation at a step 416.-Hbwever, if three indices are not
avai | abl e, the base station determ nes 15 whet her all indices have been

scanned at a $yREhfbrize!fo 3hé $d\iceest e bBato asignsk arnhdndsdie thadfie
station scans F next i.ndex at step 404. If all indices have been scanned,

the base st at it®nfQr#sCh3BShest avail abl e i ndex dependi ng on the | east
~ nunber of occupied A;h&nmhs mvmag two R$fichronlization echains t may mexd and

redet d.t hal d. f
ot T e MHLIOMS fosipalk shalf n%&@f‘f’f"% WBYbes 1960, & T bales
change thé i ndeatiom mzhmi)(tbr[ﬂgﬁs the ttwemchadng de ékﬂﬂtaéﬁd yisu&fat%dtlmﬂoé%l ng
upon radi o respyy %gﬁc%do ENerF thd O'Wﬁbi?fb%s Wehite thseRStatiofeCay i nation is

descri bed above, eva uatlon anne uallty by RSSI is.nerely given
by way of exaitbin xangeqfeandetonld B‘iecéleetl@ﬁ*lﬁ #F" é éaﬂélnyqﬁau}ﬁ‘Wcoul d be
used within t%o‘i&m QEchfi ueremm beve loyedTw rdetermineowhich dse 5, a

timng d agraTtgtE]c?n to w?ugﬁmé llzsiay,;[n'con 9 ssuefﬁﬁlgyfgf e?c'l?nlyf@' fifpeare wthin

range of one
10  handset C4 first syncs to C5, C3 will then detect either a beacon

signal or handset traffic of C4 which is out of sync and will sync to
C4. C2 will then detect a second source which is out of sync (C3),
and C2 will sync to C3. Finally, C1 will be out of sync with C2 and
will then sync to C2 to complete the synchronization chain

15 reversal. C1 thus relinquishes mastership.

Considering now the protocol for synchronizing
communication devices, the preferred methods for synchronizing
the communication devices in a chain will be described in detail
in reference to FIGs. 7-10. Turning first to FIG. 7, an air interface

20  protocol for synchronizing base stations is shown. Preferably,
both primary and redundant frames 702 and 704 are transmitted
between the base stations as shown in FIG. 7. A method and
apparatus for maintaining frequency and bit synchronization
having primary and redundant frames is described in Pickert et

25 al.,, US Patent 5,212,715 entitled "Digital Communication Signalling
System" which issued on May 18, 1993. Referring to the specific
slots, frame 702 includes a slot 706 for synthesizer lock time. The
following four slots are for forward primary and forward
redundant data fields and reverse primary and reverse

30 redundant data fields. In particular, slot 708 is for a forward
(base-to-handset) primary data slot. Slot 710 is a forward
redundant data field. Slot 712 is a reverse (handset-to-base)
primary data field, while slot 714 is a reverse redundant data
field. Slot 716 is a synthesizer time slot. The following two slots

35  are beacon slots, designated as beacon slot A 718 (slot A) and




30 another according to the present invention. Oiginal masters A and
Bl,s whi ch are out of range of one another, are shown at tinme Tl. O her base
stations (A2 through A5) come within range of the original master Al and
synchronize to forma synchroni zati on chain according to the steps
described in FIG 6. Simlarly, base . -8- stations B2 and B3 cone within
range of the original naster B 1.to forml 2not her synchronization chain. As
shown in FIG 6, the nethod synchronizing individual chains of base

stations |s S'Bg&{:‘orges’f&g g 1790 g&lﬁt B PMThO hedadBnOslot GEAedC 88 thehsthit Ner
bet ween base stations (i.e.” each_base station syncs off _anot her, base
stati on basedbaponsynchsgninations Jigld which is7 used 9)synghranizs; éhﬁflﬁ%’rﬁ c
chain vv![ tg ba?ﬁdtﬁ;ﬁ% ihoAs g@ﬁé@?tﬂn]@gsa%é)ﬁb@%ﬂﬂ E(@gf‘[ﬂ% Qr lj[ngm%% t of rl_@éa‘domh
associ ated wi anot her base, to form a chai . an : e the
general 10 étﬁf@gﬁt.trﬁ?s@ﬁéﬁq1 %itﬁﬁrhﬁa%’sér‘?tbedfﬁﬁ én&tméx pP%éAI}o

ei t her nmeshod sfatr Af @andi bgacors \sioth Borwils behdiescribédt igedetail in nygferemceata on

for each conf |Fq¢r%t ion will be described separately bel ow for ease of
under st andi ng.” "I'n "particul ar, the devel opnent of a synchronization chain
As shown in FIG. 7, the forward primary time slot 708 of

primary frame 702 is also transmitted in forward redundant slot
726 of the redundant frame 704. That is, the redundant slot

10 contains information matching the prior frames primary slot.
Similarly, the reverse primary slot 712 of primary frame 702 is
transmitted in the reverse redundant slot 730 of redundant time
frame 704. The operation of transmission of primary and
redundant data fields is well known in the art and will not be

15  described in further detail. However, it will be understood that a
system transmitting a redundant slot need not be employed
according to the present invention, and a single frame could be
transmitted.

FIG. 7 also shows the preferred slot structure for a data slot

20 either the forward or reverse direction, or a primary slot or a

' redundant slot in either direction. The. preferred fields for a
digital control channel (DCCH) field 750 is shown. Each DCCH data
slot comprises a ramp/guard (R/G) field 754, a preamble field
756, a sync field 758, a data field 760, a cyclic redundancy check

25 (CRC) field 762 and a R/G field 764. A digital traffic field 752 is
also shown. The preamble field represents a marker signal for
identifying the base station. In the reverse channel, the marker
signal would identify the handset. The digital traffic channel data
slot comprises a R/G field 766, a sync field 768, a slow associated

30 control channel (SACCH) 770, a CRC field 772, a vocoder payload
field 774, and a R/G field 776. While the pi'eferred data field
protocol is described in FIG. 7, additional or fewer fields may be
transmitted within the scope of the present invention.

Referring now to FIG. 8, the preferred steps for
35 synchronizing base stations employing the air protocol of FIG. 7 is



15 between base stations is started at a step 602 wherein one base

stiati on becones synchroni zed upon power up to an existing base station
according to the steps described in FIG 3. A base station may al so be

wi thin range of and detect two sync sources. A base station determ nes

whet her a second beacon nessage from an 20 unsynchroni zed base station is
detected at step 604. If no such beacorh®ssage is detected, the base
station continues synchronizing on the existing master at a step 606.

However, if adém.bequ{:m$agean‘ mostep 1804 theatiase statidat ected, the
0
arof

base station nchr.oni ze t he, det ect h ls ' 5
ot 5 step GosdbieRmiBEs VBeleroR REGra JBesiRR JF  BRIIEEE oESEeeesloY &
station to avef GlenB.i rif eno theiaton isnacquirathionaeitber siteAbasslet B,i &€ t hen

det er mi nes whet her th@?“ii’ﬁgpé‘%héaﬁkge%*&‘ﬁg{@%‘ie%‘&t shbi@indhfts hf the

synchroni zat i A5 8 ase s on_continues to rate
sl owl y t ofiar dbeadan gnessageoon $)gt cAseti@i s€PaB06: eplBDPase 1 SLAURABRNIGH zati on’

i s conpl et ed, S tati _MF. S ti otrc®nanta atédep 612.
The base st at P%)(%ﬁ\t/ﬁl ?(t)ﬁ & | Ot-bf-phasé %Mh% Pyt N p P

received at a898ep K180 eP;]“d tepeéaaﬁ?gesﬁaﬁ}qq}e‘éﬂtigﬁu?&ﬁeis sn?%eglgg%%b telhgnb:a:e
“station will pgseingtationNebnitues operdetermimg whethef12. béadwn vinessagehdsbase
station will %Qc?&i‘f'e(fi %n %lot A or slot B at step 804. If an out-of-phase
10  synchronization source is detected at step 808, the base station
syncs on the other base station as a slave at step 810. The base
station then determines if the same sync distribution continues to
be received at a step 812 (i.e. the same, previously-detected
. synchronization source is the only synchronization source which is
15 detected). If the same syné distribution continues to be received,
the base station syncs on the other base station as a slave at step
- 810. .
Hdwever, if a new sync distribution is received at step 812,
the base station determines whether a sync is acquired on slot A
20 or slot B at step 804. If a sync is acquired on slot A, but not on
slot B at a step 814, the base station syncs on slot A as a slave,
and retransmits a beacon message on slot B at a step 816. If the
original sync distribution continues to be received at a step 818,
the base station continues to sync on slot A as a slave and
25 retransmit. on slot B. However, if the sync distribution does not
continue, the base station monitors for an out-of-phase sync
source at step 808. '
If the base station detects a beacon on slot B, but not on slot
A, at a step 820, the base station syncs on slot B as a slave and
30 retransmits a beacon on slot A at a step 822.. If the original sync
distribution continues to be received at a step 824, the base
station continues to sync on slot B as a slave and retransmit on
slot A. However, if the original sync distribution is not received,
the base station monitors for out-of-phase synchronization source
35 at step 808. '



-9- second beacon signal or non-synched handset traffic at step 604. One
met-hod for mgrating toward anot her base station is described belowin
reference to FIG 11. Using the Al -A5 chain as an exanple, at a tine Tl, a
base 5 station Al exists as an original master base station. A second
base station A2 is then powered up, detects Al and syncs to Al. Athird
base station A3 is then powered up. Acceddi-ng to FIG 3 of the present
invention, A3 detects a sync source (A2) and syncs to the sync source. The

chain continues to Ptlﬂhilg 3 ab§§ﬁc 1§tz%d1ﬂf€ii both oMhistdt Ar andosiet Bl atpstepnc
to the chal n I n sum‘rg a base statlo?&hs alggsgde]éo EIthS{) end of the
chain (i. $29%i the G%Verséﬁil% SYRES | Y 1aNnEqOF e 8 ase station
Vrre Ielt ngclg 0 té%anﬁﬂ the Abas tsfamnth %oulmesymotmwdefmlt zsiot de. g;hsilonsAbray
wi | a e c s e tat L.an -

The new base @taft® Bngaﬁ: ch&bﬁ% é’é’sglpﬁg 38%8 gﬁgﬂhgaéﬁ g%}s?@ﬁg %ttlsokg >

(desi gnat & agebeivedsantstep 828,athe ibaset tptiainl continues te Syngtomadet shat.i on
and sync to t%gt aP8f6eS! BDiHwil! hﬁ} %Sésﬁt\ghb &h A8 for and outugfd det ect

either C3 or any coII|S|on avo nique could be enpl oyed
to deternine \phask sagehmrazamntéomecmcﬁte\n 180 8sync As will be

described in detai ljpb@hfnaty©bRsS Sstation monitors two beacon slots to

detect an unsynchronized source. If no beacon signal is detected

10 in either beacon slot, the base station functions as a master base
station. If the base station detects a beacon signal on one of the
beacon slots, the base stations synchronizes to that base station,
and retransmits a beacon signal on the other beacon slot to enable
another base station to synchronize to it. If a certain base station

15  detects a beacon on both slot A and slot B simultaneously (i.e. a
beacon from two base stations), the base station will synchronize
to one of the base stations. The other of the two base stations will
then detect that the certain base station is out of sync and will
sync to that base station. Accordingly, all of the base stations of

20  separate chains will be synchronized.

Turning now to FIG. 9, an alternate embodiment of an air
interface protocol for synchronizing base stations in a chain is
shown. As shown in FIG. 9, frame 902 includes a slot 906 for
synthesizer lock time. The following four slots are for forward

25 primary and forward redundant data fields, and reverse primary
and reverse redundant data fields. In particular, slot 908 is for a
forward (base-to-handset) primary data slot. Slot 910 is a
forward redundant data field. Slot 912 is a reverse (handset-to-
base) primary data field, while slot 914 is a reverse redundant

30 data field. At least one blank slot 916 is also included to allow for
detecting handset traffic in the alternate embodiment. Slot 918 is
a synthesizer lock time slot, followed by a single slot, designated
as beacon slot 918. The function of the beacon slot will be
described in detail in reference to FIG. 10. While both primary

35 and redundant frames 902 and 904 are preferably transmitted



statiancould sync by default to one of the two base stations. The nethod
fqr. default will depend upon the sychronization protocol. Assum ng for
exanple that &4 first syncs to C5, C3 (which is 25 synced to C2) wll
then detect the second base station (C4) which is now out of sync and will
sync to that base station. C2 (which is synced to Cl) will then detect a
second sync source which is out of sync-¢83), and C2 will sync to C3.
Finally, C1L will be out of sync with C2 and will then sync to C2 to

complete the s¥ig f:ﬂ 2400 stfitiont A BnoWICIRFIG, 9 4 Nvin I&'ﬁdgﬂ;fglﬁigﬁs
: u&cgdaméramnu@edorﬁdsp, Hﬁdﬁééﬁ emigﬁ?f fdgta F‘F%lgﬁl ng single

synchroni zat i @

synchr oni zati %seﬂsbasld FIee TOESER \Wies BevengplogBdoiti 2héi aiterzfane ns

col l'i de. Simlarl y, t he devel opment of a synchroni zation chai n
based upon deteéB Prddmsfts beacon signals and handset traffic i.s al so
described § n ref er cnemiag hbdws to SFEGA 10, iMe Ipreferbed estepsitfoonthe |alternates ni t

Fyotar T o BB o, P B N, bR
base station iprotocad oBIFIG.A9 thaxingt at least one blank slot and a single
beacon slot is described. At a step 1004, if no beacon is detected
on the beacon slot and no non-synched handset traffic is detected
10 -on the blank slot, the base station becomes a synchronization
master and transmits a beacon message on the beacon slot at a
step 1006. The base station then monitors for an out-of-phase
synchronization source on the blank slot at a step 1008. If no
out-of-phase synchronization source is detected, the base station
15 continues to determine whether a beacon message is acquired on
the beacon slot or non-synced handset traffic is detected on the
blank slot at step 1004. If an out of phase handset is detected at
step 1008, the base station migrates slowly toward the other
source and syncs on the handset as a slave at step 1010. The
20  base station then determines if the same sync distribution
continues to be received at a step 1012. -‘If-the same sync
distribution continues to be received, the base station continues to
sync on the other handset as a slave at step 1010.
However, if a new sync distribution is received at step
25 1012, the base station determines whether a beacon message is
acquired on the beacon slot or handset traffic is detected on the
blank slot at step 1004. If a beacon message is detected on the
beacon slot and no non-synched handset traffic is detected on the
blank slot at a step 1014, the base station syncs on the beacon
30 slot as a slave at'a step 1016. If the original sync distribution
continues to be received at a step 1018, the base station continues
to sync on the beacon slot as a slave. However, if the sync
distribution does not continue, the base station monitors for an
out-of-phase sync source at step 1008.



det er mi.nes whet her a beacon signal or non-synced handset traffic is
det.ected at step 604. If neither a beacon signal nor non-synced handset
traffic is detected, the base station remains in the |loop at 10 a step
606. However, if a beacon signal or non-synced handset traffic is detected,
the base station synchronizes to the detected base station at a step 608.
The base station mgrates slowy towardslte detected base station to avoid
any interruption in comunication. The base station then determ nes

‘é\’hﬁéﬂrer thet 15 SYI}C{EﬁémbE 's‘iﬁ‘tlb;ﬁhﬂ@{)&k§tl%’n-%5'n@h§d eRarfeddet hfafflbeont

y oni zation is.nQ e base fon c |nues ate
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" synchroni th |20dhel ba@b@fmé@éﬁcb yricseohathe dlak slotwiak| aadawmtnarsmp dp22at i on
at a step 61 T ase. station t
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is receivesl, tlr(é241ai;lm shasel stationl continues toosyw¢ @pdhat blailkals Qit éﬁ) 3512
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base station Agy{-gf éeg ﬂ@hrdiﬂk@ﬁbﬁ folifes oat %ItqmaloosomAl and syncs to
Al . Anot her base st I|

A puoLer baSE SR, S, ookt SSABL AP gl U b OubhRgge |
: 10 and 1nterfer1ng handset traffic is detected on the blank slot at
step 1025, the base station syncs on the beacon slot as a slave at a
step 1026. If the original sync distribution continues to be
received at step 1028, the base station continues to sync on the
beacon slot as a slave. Otherwise, the base station monitors for an
15  out-of-phase synchronization source at step 1008.
In summary, an alternate embodiment discloses base
stations which monitor a beacon signal on a beacon slot or
handset traffic on a blank slot to detect an unsynchronized source.
If no beacon signal is detected on the beacon slot and no handset
20 traffic is detected on the blank slot, the base station functions as a
master base station. If the base station detects a beacon signal on
the beacon slots or handset traffic on the blank slot, the base
stations synchronizes to that base station. If handset traffic was
detected, the base station also retransmits a beacon signal on the
25 Dbeacon slot to enable another base station to synchronize to it. If
a certain base station detects a beacon on the beacon slot and
handset traffic on the blank slot, the base station will synchronize
to one of the base stations, preferably the base station detected
on the beacon slot. The other of the two base stations will then
30  detect that the certain base station is out of sync and will sync to
that base station. Accordingly, all of the base stations of separate
chains will be synchronized.
Turning now to FIG. 11, a preferred method for achieving or
maintaining synchronization by use of a DPLL is disclosed. In
35  particular, a slot is established as a sync source at a step 1104.



30 _t-hé A2 handset traffic and syncs to A2. A3 transmts a beacon. Base
sttation A4 is then powered up and synchroni zes with base station A3. If

anot her base station (A5) is powered up, it will sync to handset traffic of
base station A4. In summary, the base stations detect either a beacon
signal or handset traffic and -1 1- synchronize to the source of the
beacon signal or handset traffic to foramlZhains. At atinme t2, the two
synchroni zati on chai ns may neet and will forma single chain of

synchroni zed c%zﬁ%n Hifl éeten%‘iﬁé Whettrch Bead@esist he two

chai ns (de5|gna e
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synchroni zat i statimiwill transmit a guard band havmg N+1 blts

method of FIG. 11 is one method for maintaining synchronlzatlon,
it will be understood that other methods which are known in the
.10 art could be employed to maintain synchronization.

- In summary, the present invention provides synchronous
communication in a communication environment wherein
multiple base stations are adapted to operate on the same
frequencies. In particular, base stations such as residential base

15 stations must be coordinated to minimize interference with other
base stations which otherwise operate independently. According
to the present invention, each base station operating in a system
will determine whether another base station operating on the
same frequencies is within range. One of the base stations will

' 20 assume a role as a master and the remaining base station will
then synchronize to the master basq' station. Preferred methods
for synchronizing the base stations, including signaling protocols
and collision avoidance techniques, are also disclosed.
While specific embodiments are described by way of

25 example in the above description, modifications and alternate
embodiments fall within the spirit and scope of the present
invention. The present invention should be limited only by the
following claims.

30
We claim:



15 reversal. Cl thus relinquishes nastership. Considering now the
pr.otocol for synchronizing comruni cati on devices, the preferred nethods for
synchroni zing the communi cation devices in a chain will be described in
detail in reference to FIGs. 7-10. Turning first to F , '

I nterface 20 protocol for synchronizing base stati onggy
Preferably, both primary and redundant £q8mes 702 an(,ﬂ ﬁ"ﬂHﬁ Htl ,Hed
bet ween the base stations as showmn'in FIG 7. A nethod an " Tor

mai nt ai ni ng frequency and bit synchr O%Eﬁtﬂ\'f% havi ng' pri mary and redundant
franmes is described in Pickert et 25 al., US Patent 5,212,715 entitled
"Digital Communication Signalling System which i ssued on May 18, 1993.
Referring to the speciddio fiequency rRIE) digitahahultipleaastess 706 for

t h i | i i | f . d
Porvard + edundammgiicatiolf, Hl'RBpLd oo dHictald wifhiin| A pepr! mRry and
redundant 5dat anoth¢iRF digitalr multiple , acgess gommunication sysieam.d the
(base-to- ha“d%) flgimﬂ&ﬂuﬂg}elé ( Egeédss coMimbhtcdtior? dyRtemmr hapsbtagiand data

field. Slot a rever ndset -t o-base) prirmary data field, while
slot 714 is aB¥verse redundant data field. Slot 716 is a synt hesi zer tine
slot. The foll ow ng thdgesk@itfonr3haracerizedcdy:sl ots, designated as beacon

slot A 718 (slot A) and a transmitter for transmitting communication
10 signals, said communication signals comprising a
beacon signal;

a receiver for receiving communication
signals comprising a beacon signal transmitted by
another base station operating within range of said

15 RF digital multiple access communication system;
and
at least one portable device adapted to communicate with

said base station.

20 2. A radio frequency (RF) digital multiple access
communication system having a plurality of independent base
stations adapted to operate within range of one another, each
base station characterized by:

‘ a transmitter for transmitting communication signals,

25 said communication signals comprising a beacon signal; and

a receiver for receiving said communication signals
comprising a beacon signal transmitted by another base station
operating within range of the RF digital multiple access
communication system.

30 |
3. A time division multiple access (TDMA) communication
system adapted to operate within range of another TDMA
communication system operating in the same frequency bands
with the same communications protocol, the TDMA

35 communication system characterized by:



-12- beacon slot B 720 (slot B). The beacon slot Ts used to tran t a base
synchroni zation field which is used to synchroni ze ﬂﬂﬁ“ ! Ls

beacon nessage woul d conprise a plurality of beaco M ted on
t he beacon slot. The function of beacon 5 sl ot A &nd beécon slot B wll
be described in detail in reference to FIG 8. As shown in FIG 7, the
forward primary time slot 708 of primaryl9rame 702 is also transmtted in
forward redundant slot 726 of the redundant frame 704. That is, the

redundant slot 10 %@gg&iﬂs cbfﬂlgggrasé&n s@gﬁgﬁn Bﬂaﬂaﬁﬁerﬁiécprb)f rames primnary

slot. Simlarly, the reverse prinmar prl nmary frane 702 is
transnitted in the reverse r@ddﬁﬂ%ﬁélt&@bt °F3Gf4ﬂ‘ HHRE) LAMMUYRHCAtgRe 704,

The operation of transmssgxmgp Qfald)rwmﬁmlﬁadubﬁdy@ﬁm aﬂhpri&hﬁgchs is well
known in the art .and wi Ll not 15 descr: din further detail.

However, it will be undm?oﬁxn&&“lﬁatwgt &T ansnitting a redundant sl ot
need not Be enpl oyed accor di g receiviee ﬁmlesmnemmgenbnnnunimnli(m single frane
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sl ot
or a redundant slot in baseesyaghresization finld piransmitsed fby| a sse@mnc{l
personal cordless base station operating within

range of the TDMA communication system; and
10 at least one portable device adapted to communicate with
said personal cordless base station.

4. A communication device for transmitting communication

signals characterized by: ‘
15 circuitry for generating a message frame having a slot

structure characterized by:
(i) synthesizer lock time slots;
(ii) plurality of time slots for data transmission; and
(iii) a beacon slot for synchronizing base stations
20 operating in a communication system;
a transmitter for transmitting said message frame; and
a receiver for receiving a message frame.

5. A method for establishing communication in a wireless
25  base station, said wireless base station being adapted to
communicate with at least one remote device, said method
characterized by the steps of:
listening for a beacon signal upon power-up of said
wireless base station; and :
30 establishing said wireless base station as a
synchronization master if a beacon signal is not received.

6. A method for establishing synchronous communication in
a first personal cordless base station, said first personal
35 cordless base station being adapted to communicate with at



di.gi-tal- ‘control channel (DCCH) field 750 is shown. Each DCCH data sl ot
conprises a ranp/guard (RIG field 754, a preanble field 756, a sync—+eld
758, a data field 760, a cyclic redundancy check 25 and a
RIGfield 764. A digital traffic field 752 is also sdm'“m,ﬂﬂm
field represents a marker signal for identifying thée baseé statrons

reverse channel, the marker signal woul d20dentify the handset. The digi taI
traffic channel data slot conprises a RRGfield 766, a sync field 768, a

sl ow associ at c %ﬁﬁ el Aﬂﬁgm d "Eharactdrizdd Yy thé2, a
vocoder payl og§a§% ar§ g%w%n EE?/ ? I e %6 V?hl ce t he pr}gferred dat a
field protocolsteps d’efi;crl bed in FIG 7, additional or fewer fields may be
transmtted withinjidién FfSr 04 $iRchbAsARion Mignil @ponRgfoawer-ug obw to

FIG 8, the pref&erred st ? s nchroni zing base stations enpl oyi ng
the air protoddtd oPCHSPRR 7"91'9 ess | *bed. In particular, at a step
804, the IBase st at iegtablidhingi slad \ftrst rpnrsanaiemdlelsesba@e statlanqas red on
either slot A Qr f o] A or slot
B, the base stsgﬂcﬁk&%lg‘?&?k‘ si syn ((r}lr(l;nli‘ézca erIg yglrjllénﬁlgﬁgrenht s ab

beacon messageigmalsigenerated hysaepesusl mfeon@ls@osd@soha%e&tatlon
establishing said first personal cordless base station as a

synchronization master if a synchronization signal is not
10 received from a second personal cordless base station; and
transmitting a synchronization signal from said first
personal cordless base station.

7. A method for establishing synchronous communication in
15 a system adapted to operate with a plurality of base stations
within range of one another, said method characterized by the
steps of: :
tfansmitting a beacon signal from each said base station;
listening for a beacon signal from each said base station;
20 establishing a first base station of said plurality of base
stations as a master base station if a beacon signal is not '
received; and
establishing a second base station of said plurahty of base
stations as a slave base station upon reception of the beacon
25 signal from said master base station.

8. A method for providing synchronous communication in a
communication system having a plurality of base stations
~ adapted to operate within range of one another, said method
30 characterized by the steps of: _

detecting a beacon signal from a first base station and a
second base station at a third base station;

‘synchronizing said third base station to said first base
station;



rmnltors for an out-of-phase synchronization source at a step 808. If no
out:- bf - phase synchroni zati on source i s detected, thE—bHS‘e—st‘ah‘crrr—cvn‘rl nues

to determ ne whet her a beacon nessage is acqui red o
step 804. If an out-of-phase 10 synchroni zation s m lm Im |i ﬂ
step 808, the base station syncs on the other base staticonLaska sl ave a

step 810. The base station then determ n&l4f the same sync distribution
continues to be received at a step 812 (i.e. the same, previously-detected

synchroni zati on SOUH&t’echﬁ thﬂ gg\jdy sé?é&ﬁél”l%ﬁez%tdt%h squpegcorisinals 15
detected). |If _the sane hc distri utl(gn continues to be recerved, the

base station sfres %)nthﬂWe hasgeptatiols 3RGtion as a slave at step 810.

However, if a new Sm&lﬁbﬁiilhguha@ seBondCbaseditationt &p sAl@, third besee
station determn ther a sync is acquired on slot A 20 or slot B at

step 804. If a _ hQIn'IS acquired on slot A but not on slot B at a step 814,
t he base sf§ation syncs on slot A as a slave, and retransmts a beacon

nessage on slo i o]
Cont | mues o be rect JagtiR ToF; pldvilife tstdthody NodlihiditatibhOfh 8
on slot A as ac@nmvenmaaoas sysmm&m aoplyralitys of Hbase estationst he sync
di stribution dggsnedal t608pérate withinD ﬁﬁgestoﬁ ORB HROiHER! Ssai@" m¥thod

out - of - phase sy sour,ce ‘at step 808. the base station detects a beacon
on slot B, butCh¥actrized,by ¢’ steps of:
10 detecting a beacon signal from each of a first base station

and a second base station at a third base station;

synchronizing said third base station to said first base
station;

generating a beacon signal at said third base station;

15 detecting, at said second base station, said beacon signal

generated at said third base station; and

synchronizing said second base station to said third base
station.

20 10. A method for providing synchronous communication in a
communication system having a plurality of base stations
adapted to operate within range of one another, said method
characterized by the steps of:

detecting a beacon signal from each of a first base station
25 and a second base station at a third base station;
synchronizing said third base station to said first base
station;
detecting at said second base station handset traffic from
a handset adapted to communicate with said third base station;
30 and
synchronizing said second base station to said third base
. station based upon said handset traffic.

35



A,- at -a step 820, the base station syncs on slot B as a slave and 30
ret.ransmts a beacon on slot A at a step 822. If the original sync

di stribution continues to be received at af? p 824, the base station
continues to sync on slot B as a sl ave ah/re&ransrrit on slot A However,
if the original sync distribution is not received, the base station

nmoni tors for out-of-phase synchroni zati on source 35 at step 808. - 14-
Finally, if a sync is acquired both on slot A and slot B at step 825, the
base station syncs on one of the slots. By way of exanple, the base station
could sync to a default slot (e.g. slot A) at step 826. |If the original
sync distribution continues to be 5 received at step 828, the base
station continues to sync on slot A as a slave. O herw se, the base station
nonitors for an out-of-. phase synchronization source at step 808. In
sumrary, base station nonitors two beacon ors to defest_an unsynchroni zed

source. |If no beacon signal is detected 40 in either beadtqn slot, the
base station functions as a master bag€ station. If the base™station
detects a beacon signal % Nat i ons

synchroni zes to that base station

108
102

FIG.1




and retransmits a beacon signal on the other beacon slot to enabl e another
base station to synchronize toit. |If a certain base station 15 detects
a beacon on both slot A and slot B sigﬁbyaﬂsously (i.e. a beacon fromtwo
base stations), the base station w l|&syn oni ze to one of the base
stations. The other of the two base stations wll then detect that the
certain base station is out of sync and will sync to that base station
Accordingly, all of the base stations of 20 separate chains will be
synchroni zed. Turning nowto FIG 9, an alternate enbodi nent of an air
interface protocol. for synchronizing base stations in a chain is shown. As
showmn in FIG 9, frane 902 inclpgde agg%ot 6 for synthesizer |ock tine.
The followi ng four slots are f fjn ° primary and forward redundant
data fields, and reverse primary and reverse redundant data fields. In
particular, slot 908 is for a forward (base-to-handset) primary data sl ot.
Slot 910 is a forward redundant data field,_ Slot 912 is a reverse
(handset-to- base) primary data field. W 233 slot 914 is a reverse
redundant 30 data field. At |leaqdtTELO® Bl ank slot 916 is also included to
all ow for detecting handset traffi e alternate enbodi nent. Slot 918
is a synthesizer lock time slot, folljowed by a single slot, designated as
beacon sl ot 918.2fFRe function 819« he eacon sl ot28I4| be described in
detail in refereng i and r edundant

frames 902 and 904 229\,\¢/

SYNTHESIZER

| RECEIVER I—
227




bet ween the base stations as shown in FIG 7, a single tinme frame could be
transmitted. Al so, the DCCH and DTC data fields described in FIG 7 could
al so be enployed in the alternate enbggi il%)5 Turning now to FIG
10, the preferred steps for the alter VZE odi nent for synchronizi ng base
stations enploying the air protocol of FIG 9 having at |east one bl ank
slot and a single beacon slot is described. At a step 1004, if no beacon is
detected on the beacon slot and no non-synched handset traffic is detected
10 on the blank slot, the base statlon becones a synchroni zati on nmaster
and transnmts a beacon nessage on iﬁbt at a step 1006. The base
station then nonitors for an out- -p sYh oni zati on source on the

bl ank slot at a step 1008. If no out-of - phase synchrogbéﬁtlon source is
detected, the base station 15 conti nues : et her a beacon
message i s acquired on the beacon slot or QWERnUEd andset traffic is
detected on the blank slot at step 1004. | > phase handset is

det ect ed it step 1003, the base statron n1grat-. slomﬁy Joyvard the ot her

source and syncs on the handset as a sl g he 20 base
station then determnes if the same syng

N |
BASE IS SLAVE,
IMPLEMENT DPLL

J18

NORMAL
OPERATION

,/508

FOLLOW HOP
SEQUENCE

BEACON
DETE?TED

L‘ YES

o

NO /fJH?

BASE IS
MASTER

LISTEN FOR

POSSIBLE MASTER NORMAL

OPERATION

14

OTHER
MA%JER




continues to be r
continues to be r
handset as a sl av
received at step

nessage i s acquir
the bl ank sl ot at
sl ot and nqo-nhan-

step 1014,
step 1016.
step 1018,
sl ave. . However,
station noni

STAR D NEXTs tINDEX
| f the=00i gi nal

eceived at a step 1012. If the same sync di stribution

ecei ved, the base station continues to sync on the other
e at step 1010. Fbmeéfr 1&& a new sync distribution is
25 1012, the base A{i det er mi nes whet her a beacon

ed on the beacon slot or handset traffic is detected on
step 100492 I f a beacon nessage is detected on the beacon
andset traffic is detected on the blank slot at a
syncs on the beacon 30 slot as a slave at a
sync distribution continues to be received at a
continues to sync on the beacon slot as a
goglstrloutlon does not _continue, tne pase
f-phase sync source at step 1008. - 16-

f

fe syn

an qu | f

the base stafi §QANENEXT s Jhon-synched handset traffic on the blank slot, Rut
no beacon on|thejRgpeon g ot at a step 1020, the base station syncs on the
bl ank slot ap a Slave at fla step 1022. If the original sync distribution

continues to™s
sync on the bl ank

gat a step 5

y 1024, the base station continues Ho
5l ot as a

,f408
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sl.ave .and retransnmits on the beacon slot. However, if the original sync
di.stribution is not received, the base station nonitors for out-of-phase
synchroni zati on source at step 1008. g’]n Irié i f a beacon nessage is
detected on the beacon slot 10 and jg T€ring han I EEEC S
detected on the blank slot at step 1025, the base g és on the
beacon slot as a slave at a step 1026. If the orQina c distribution
continues to be rexg'ﬁ(id at step 1028, the ba tinues to sync
nmonitors for an

on the beacon sl oM av O herwi se, t
15 out - of - phase syncfrBhNzat ™n source ayay & In summary, an
al ternate enmbodi nent d{s@l g bdsg st at;

_ ' yi.cl nonitor a beacon signal
on a beacon sl ot or handseét ?rAh on{ debNank/ sl ot to detect an
unsynchroni zed solIMe.thf N_Hea€o) si is detecte MrAsﬁ eacon sl ot
and no handset 20 traffic is\detected on the bla h E base station
functions as a naster base station. |f the base At ect s a beacon
signal on t hQRELENQUISHEDOt s or handset traffic slot, the base

g8\
stations synchrigA$TERs t ot hatwbase stati on. affic was
detected, the base sta = (etransnit g'cg\bemcqn_£i gnal on the 25
s @2 Nas stat' ghronize toit. |If a
* @ béacon sl ot and handset

beacon sl ot to enabl e
3 A W | sy}cvnigto one of the
i on detdfte o

certain base station deted
traffic on the bl BIME st2ot d
base stations, preferably the.h

602
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on the-beacon slot. The other of the two base stations will then 30

det-ett that the certain base station is out-of sync and will sync to that
base station. Accordingly, all of the base stations, of separate chains wll
be synchronized. Tyrning nowto FIGE 11, a prefdrédf Gethod for achieving
or mai ntai ning symsRroni zati on by of a DPLL is disclosed. In 35

particular, a slo ce at a step 1104. -17-
The base station Will then det I he whet her a peacon is received at a step
1106. 1f a beacon|is Fegfed, basE-g® ionfwi || then detern ne whet her
t he beacon is recki ved—gﬁy aj a ptepl . | f§the beacon is received
early, the basgssfati | Sf otlfansmidd fr havi a guard band which
has N- 1 bits gNp st¥ALL0. JOLpwevE e befcon i s&Mwt received early,
t he base station Wil transnmtfa gpard band havlng N+1 bets. Wile the
method of FIG 11f1s one nethof fof malntal ni nggsynchr@grization, it will be
under stood that of her nethods -phich are known i the 1 art could be
enpl oyed to mainthin REMronifatipn. HSTmarf, the pgssent i nventi on
provi des synchronpus tpRimi cafionjin k5 &lmuni gation environnent wherein
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mi tiple base stations are adapted to operate on the sanme frequencies. In
particul ar, base stations such as residential base 15 stations nust be
coordinated to mnimze interference with ofher base stations which

ot her wi se oper% i ndependently. Accor g f@the present invention, each
base station op€rating in a systemw || determ ne whet her anot her base
station operati ny on the same frequencies is within range. One of the base

stations wl| assunme a role as a master and the renmining base station
wi Il then synchronize to the master base station _Preferred nethods for
synchr oni zi ng e bfseSTaT ORI TTT
col l'i sion avoiglance|techni qued, are al so | scl osed. il e speC|f|cg
enbodi nents ar esAri bed by jay of 25 A 2 A above descr
nodi fications and Al \ernate erfbodi nents f i t hi pirit and/s§ope of
t he present i nygeng The pr4gsent i
foll owi ng cl ai&s claim CLAS
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conmunicati on system adapted to operate within range of 5
RF digital multiple

disgital nultiple access conmuni cation system
access comuni cation system characterized by:

by: a transmtter ¢or transmtting ommunicationg
i gnal s conpri si

sai d comuni cat i onSy
recei vi ng conmuni
anot her base st at
digital nmultiple
devi ce adapted to

one anot her, ea®h
transmtting comr
conprising a beac
signals conprisin

® -
PN

on operati nggw t
pcceSs=Zomung cat
conMpald cat e
frequency (RF) dipitaBmipl
plurality of i QaendE’th'hs_e
base station

ni n range of

g onsvagr ed
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t he
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operatsi*'ng within range of the RF digital nultiple access comunication
systéem 30 3. Atime division nmultiple access (TDMA) conmuni cati on system
adapted to operate within range of another TDMA comruni cation system
operating in the sane frequency bands wi@hA f€ sane conmmuni cati ons Q
protocol, the TDVA 35 comuni cati on syst’em characterized by: -19- A
personal cordl ess base station characterized by: a transmtter for T~
transmtting communigation signals, said conmunication signals conprising &
base synchroni zatiop field; 5 [

T o a rec#iver for rec.iV|nEJ>
comuni cation signals, said cdmmunicati of®§i gnal s con®li si ng a bas®
synchroni zation figl\d transmtjted by a se¢fqd personal
station operating A §in rangq of the TDYA §onmuni catyo
at |l east one p& tAbl e\devi ce ddapt ed o \"i cale h
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4. A*comuni cation device for transmtting comunication signals
characterized by: 15 . circuitry for generating a nessage frane
having a slot structure characteri ze é»ﬁ Zk? synt hesi zer | ock tine slots;
(ii) plurality of time slots for dat éﬂl ssion; and (iii) a beacon sl ot

for synchroni zi ng base stations 20 operating in a comuni cation
. system a transmitter for transmtting said nessage franme; and a receiver
for receiving a nmessage franme. 5. A nmet hod for establishing comrunication

in awreless 25 base station, said w reless base station bei ng adapted

to comuni cate with at | east one renote device, said nethod characterized

by the steps of: listening for a beacon signal upon power-up of said

W rel ess base station; and 1102 establishin sald W rel ess base

station as a synchronl za |SEI'MHst pr’ i f a beacon SF not lel ved. 6.
e

A nmet hod for establishi ng™=s ghous connunlcatl rsona
cordl ess base station, said ff ' ase—pt ati on being
adapted to communi cate_with

ESTABLISH ONE SLOT | 1104
AS SYNC SOURCE [~

BEACON
RECEQIVED

maz

BEACON
RECEIVED
EAELY

NEXT GUARD TIME
NAS N+l BITS

NEXT CUARD TINE 1710

NAS N-1 BITS




-20- heast one renote device, said nmethod characterized by the steps of:

lisstening for a synchroni zation signal upon power-up gfsare—personal
cordl ess base station; 5° establishing said fi fsTHlﬁeﬁf%&ﬁTdﬂA EFENe
base station as a synchronization slave upon receiving sai dREQRAGEBNi zat on
signal generated by a second personal cordl ess base station; establishing
said first personal cordless base station as a synchroni zation master if a

synchroni zation signal is not 10 recei ved from a second personal

cordl ess base station; and trgEyHabOD AN APPERATUS FORON signal from said
first personal cordles t I shi ng
synchrgnous comruni catlmSﬁDE%§%%QN®§MbM@% wth a
plurality of base stations within range of one another, said nethod
characterized by the steps of: transmitting a beacon si gnal from each said
base station; listening for a beacon signal fromeach said base station; 20

establishBng a first base statAbstraét <fi thelDiselosureof base stations as a
mast er base station if a beacon signal is not received; and

T

An apparatus and method provides synchronous
communication in a communication environment (102) wherein
multiple base stations are adapted to operate on the same

10 frequencies. In particular, the base stations which operate within
range of one another must be coordinated to minimize
interference with other base stations which may otherwise
operate independently. Each base station operating in a system
will determine whether another base station operating on the

15 same frequencies is within range (310). One of the base stations
will assume a role as a master and the remaining base station will
then synchronize to the master base station (312). The preferred
methods for synchronizing the base stations includes signaling
protocols (702, 902) and collision avoidance techniques for digital

20  multiple access communication systems.
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estabJ i shing a second base station of said plurality of base stations as a
sl ave base stat.ion upon reception of 42 béacon 25 signal from said _
mast er base station. 8. A met hod for providing synchronous comruni cation

in-a communi cation system METHOPR AND APPARATUSH@Rst ati ons adapted to
operate w thin range_aof L+ terized by the
steps of: detecting E&%‘zm%ﬁ%@&ﬁ mcéﬁi{)ﬁgn and a second
base station at a third base station; synchronizing said thi rd base station
to said first base station; - -21- detectlng, at ‘saifd me—hase st atijon, -
a beacon signal froma third base station; and synchr
base stStion to said third bsbsirantaofothe Disclosure met

synchronous comuni cation in a comrunication syst em havl hu- a=proralsctaeif

base statlons adapted to operate within range of one anothers-said nethod
An apparatus and method provides synchronous

communication in a communication environment (FIG. 1) wherein
multiple base stations are adapted to operate on the same |
10 frequencies. In particular, the base stations which operate within
range of one another must be coordinated to minimize
interference with other base stations which may otherwise
operate independently. Each base station operating in a system
will determine whether another. base station operating on the
15 same frequencies is ‘within range (FIG. 3).  One of the base
stations will assume a role as a master and the remaining base
station will then synchronlze to the master base station. The
preferred methods for synchronizing the base stations. includes
- signaling protocols (FIG. 7) and collision avoidance techniques for
- 20  digital multiple access communication systems.
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characterized by the steps of: 10 detecting a beacon signal from
eaech of a first base station and a second base station a third base

station; synchronizing said third base station to said Eg(,_ﬁ \tion;
generating a beacon signal at said third base station; SHEETHASB

detecting, at said second base station, said beacon si ﬁ?LAng aEtEN
said third base station; and synchroni.zigng sai d second base s
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station 25 and a second base station at a third base station;

synchroni zgng said third base HApdtrdt bP thel Dikeclosurdase station; detecting
at said second base station handset traffic froma handset adapted to

communi cate with said third base station; 30 and synchroni zi ng said
second base stati onAio. appatatus rahdametlsadit provides esyngmonosisd handset

traffic. communication in a communication environment (FIG. 1) wherein

multiple base stations are adapted to operate on the same

10 frequencies. In particular, the base stations which operate within
range of one another must be coordinated to minimize
interference with other base stations which may otherwise
operate independently. Each base station operating in a system
will determine whether another base station operating on the

15 same frequencies is within range (FIG. 3). One of the base
stations will assume a role as a master and the remaining base
station will then synchronize to the master base station. The
preferred methods for synchronizing the base stations includes
signaling protocols (FIG. 7) and collision avoidance techniques for

20  digital multiple access communication systems.
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METHOD AND APPARATUS FOR PROVIDING
A SYNCHRONOUS COMMUNICATION ENVIRONMENT

Abstract of the Disclosure

An apparatus and method provides synchronous
communication in a communication environment (FIG. 1) wherein
multiple base stations are adapted to operate on the same
frequencies. In particular, the base stations which operate within
range of one another must be coordinated to minimize
interference with other base stations which may otherwise
operate independently. Each base station operating in a system
will determine whether another base station operating on the
same frequencies is within range (FIG. 3). One of the base
stations will assume a role’ as a master and the remaining base
station will then synchronize to the master base station. The
preferred methods for synchronizing the base stations includes
signaling protocols (FIG. 7) and collision avoidance techniques for
digital multiple access communication systems.

Figure 3
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