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5 Field of The Invention

This invention is related to radio frequency (RF)
communication systems, and more particularly to a method and
apparatus for increasing efficient use of spectrum.

10

Background of the Invention

In wireless communication systems, effort has been made to
increase the use of spectrum to allow for a greater number of
15 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,
wherein each channel is occupied by one user. An FDMA system
20 can also be a time division duplex (TDD) system wherein a given
" RF channel is used for transmitting frames in both the 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 efficient use of spectrum is a time
division multiple access (TDMA) technique. In a TDMA system,
each channel is divided into a plurality of slots for the
transmission of signals. Each time s‘lot may be allocated to a
30  different call. A TDMA system can also employ TDD techniques.
Accordingly, a number of calls can be S1mu1taneously transmitted
on a single channel or frequency.
Finally, increased spectrum efficiency can be achieved by
~ spread spectrum techniques, in the form of either a slow
35 frequency hopper system or a direct-sequence CDMA system. In



O her -trechni ques conprise digital nultiple access 25 communi cati on
systens. One such conventional digital multiple access technique for

i ncreasing efficient use of spectrumis a tine division nmultiple access
(TDVA) technique. I1n a TDVA system each channel is divided into a :
plurality of slots for the transm ssion of signals. Each time slot may be
allocated to a 30 different call. A TD\VA_system can al so enpl oy TDD

t echni ques. Accordingly, a nunmber of calls can be sinultaneously
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General |y, spreagducetiie Wht@zhbothetntentional or unintentional interference.
Direct sequence CDMA systems allow multiple users to share the
same spectrum wherein each user is assigned a unique
pseudonoise code sequence. The signal is spread by the wide
bandwidth pseudo-noise sequence known in advance by the
10 receiver.

In a conventional multiple access communication system, a
base station periodically transmits a beacon or synchronization
signal to maintain synchronization with an associated handset.
For example, in a time division duplex multiple access system, a

15 slot in a time frame must be occupied even if the base station is
not in a call. Depending upon the communication system,
available resources for providing communication between devices
are used to maintain synchronization between devices which are
not in communication. Accordingly, there is a need for a method

20 in apparatus for increasing spectrum efficiency to allow a greater
number of users to occupy a given frequency band.

Brief Description of the Drawings

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 conventional
wireless base station or handset.

30 FIG. 3 is a flow diagram for showing the preferred steps for
determining an available index in a slow frequency hopper
system.

FIG. 4 is a frame diagram of an air interface protocol for
synchronizing the handset to a base station.



S . reduce the effects both intentional or unintentional interference.

D rect sequence CDVA systens allow nultiple users to share the sane
spectrum wherei n each user is assigned a uni que pseudonoi se code sequence.
The signal is spread by the w de bandw dt h pseudo- noi se sequence known in
advance by the 10 receiver. In a conventional nultiple access

communi cati on system a base station perLg@icaIIy transmts a beacon or
synchroni zation signal to maintain synchronization wi th an associ at ed

handset. For exanple, jn_a ti divisio ex nuliiple a .system a
15 slot in a ti rre%ldanﬁ {Tﬁ‘a h M”ﬁ%ﬁ P}e‘flﬂ‘g @55@%2€§stlﬁ%n i's not
inacall. Dep%pdc&ﬁnup@cmdpmcyomumdmgl m ﬁ;est[ﬂnsem/anlvamlenr esources for

provi di ng comuni ca;[ggﬂ 6 \/\%g@o‘&hw&%ﬁ gdn{eﬁ“;&utﬁ}%eewmg a

synchroni zati on bet |n conmmuni cat
Accordi ngly, tHandline gemerated ogalh momdmgzao the, Bﬁﬂ@ﬁnbtlﬂé’eﬂﬁpnr ncreasi ng

spect rum efg i ci ency ey ay| Qadrighif tafjijuﬁmhowﬁngsmsmsﬁﬁmu &f gi ven

frequency band. Bri ef scription FIG 1is a
pl an vi ew of a%ﬂ@ﬁeb%tmm%&wbrﬁ & éﬁq gﬂpﬁﬁamt%l @ pase stations
coupl ed to the gyminivhicasdeystem according to the present invention.

FIG. 8 is a flow chart showing an alternate use of handsets
operating in a wireless communication system according to the
10 present invention.
FIG. 9 is a flow chart showing the steps for synchronizing
handsets according to the present invention.

Description of the Preferred Embodiments
15 '

In a wireless communication system, spectrum is scarce and
must be used efficiently to enable the greatest number of users to
communicate in a given frequency band. The method and
apparatus of the present invention provides for increased

20  spectrum efficiency by eliminating the requirement for base
stations to maintain synchronization with handsets. In particular,
a base station would not continuously transmit a synchronization
signal, but only transmit a page and handset code signal when a
call is received by the base station. In the event of a handset

25  generated call, the handset will effectively function as a base
station (i.e a master device) and ring its associated base station.
The handset will then revert to conventional handset operation -
(i.e. a slave device). In a conventional slow frequency hopper
system having 83 channels for example, a maximum of 83 base

30 stations could operate on the system at one time. However, the
apparatus of the present invention could support 83 calls in
progress at a single time. Accordingly, the number of base
stations positioned within range of one another can be
considerably increased assuming that, on the average, not all base

' 35  stations will be in use at all times.



tel ephene network. FIG 2 is a block diagramof circuitry for a

coriventi onal wirel ess base station or handset. 30 FIG 3 is a flow
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in a slow frequency hopper system FIG 4 is a frame diagramof an air

I nterface protocol for synchronizing the handset to a base station. - 3-

FIG 5 is a flowchart showing a nethod fqr increasing spectrum occupancy

accordi-ng to the present invention. FI G % is a flow chart show ng a net hod

for receiving a langline gererate accordi t he.present invention.
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' which provide RF coverage over an area 108. Each base station
5 may be coupled to a public system 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 telephone network. The base stations
10  could be coupled together in an 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
15  within range by way of RF signals. Preferably, control signals,
including synchronized signals can be transmltted by RF between
the base stations.
Turning now to FIG. 2, a block diagram shows a
conventional base or handset circuit. In the preferred
20 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 available from Motorola, Inc., combine to
'generate the communication protocol shown in FIG. 4. ASIC 201
25  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
(DPLL) or an oversampled cross-correlator. Digital phase lock
loops are well known in the art. An example of a digital phase
30 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
reference. An example of an oversampled cross-correlator can be
found in US Patent 5,117,441 entitled "Method and Apparatus For
35 Real Time Demodulation of a GMSK Signal By A Non-Coherent



operati-ng in a wreless comunication systemaccording to the 10 pr esent
i nvention. FIG 9 is a flow chart showi ng the steps for synchroni zi ng
handsets ‘according to the present invention. Description of the Preferred
Enbodi ments 15 In a w rel ess conmuni cati on system spectrumis scarce and
must be used efficiently to enable the greatest nunber of users to

comuni cate in a given frequency band. The nethod and apparatus of the
present invention provides for increased 20 spectrum efficiency by
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unit, such as writing to a display 213, accepting information from
a keypad 215, and controlling a frequency synthesizer 225. The
ASIC 201 processes audio transformed by the audio circuitry 219
10  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
constructed by the ASIC 201, which generates the message frame
and transfers it to a transmitter 223. Transmitter 223 transmits
15 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
received by the communication unit's antenna 229 enters the
receiver 227 which demodulates the symbols comprising the
20 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
frame into its constituent parts. If the circuitry of FIG. 2 is
incorporated in a residential base station, the audio circuitry of
25 the base station may be coupled to a telco network 233.
Turning now to FIG. 3, the preferred steps for following the
hop sequence in a conventional frequency hopping system are
shown. At a step 302, the index (i.e. an offset into a
predetermined sequence of channels starting with a first channel)
30 is set equal to zero. At a step 304, the base station scans the next
index (same sequence of channels starting with the second
channel in the sequence) and determines if the receiver signal
strength indicator (RSSI) of all channels is less than '
predetermined threshold at a step 306. If the RSSI of all channels

35 is less than a predetermined threshold, the base station stores an



30 stations coul d operate on the systemat one tinme. However, the
apparatus of the present invention could support 83 calls in progress at a
single time. Accordingly, the nunber of base stations positioned within
range of one another can be considerably increased assunm ng that, on the
average, not all base 35 stations will be in use at all tines. -4-
Turning first to FIG 1, a conventional wg4eless comrunication system 102
is shown. The wirel ess commruni cation systemhas a plurality of base

stations 104 each of which provide RF coverage over .an area 108. E base
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The base stati aogp 1810. coul d be coupl ed together in an independent network,
or coul d beS At a step 312, the base station determines whether three

indices are available having no occupied channmels. If three

indices are available, the base station selects the first index at a

step 314 and assumes normal operation at a step 316. However,

if three indices are not available, the base station determines

10  whether all indices have been scanned at a step 318. If all
indices have not been scanned, the base station scans the next
index at step 304. 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

15 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,

20 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 first to FIG. 4, an air interface protocol for
synchronizing base stations is shown. Preferably, both primary

25 and redundant frames 402 and 404 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 al., US Patent
5,212,715 entitled "Digital Communication Signaling System"

30  which issued on May 18, 1993. Referring to the specific slots,
frame 402 includes a slot 406 for synthesizer lock time. The
following four slots are for forward primary and forward
redundant data fields and reverse primary and reverse
redundant data fields. In particular, slot 408 is for a forward

35 (base-to-handset) primary data slot. Slot 410 is a forward



stand al one units which happen to operating in the same frequency bands.
Each base station is al so adapted to communi cate with one or nore handsets
110. Finally, each base station can comunicate with another base station
which is 15 wthin range by way of RF signals. Preferably, contro
signals, including synchronized signals can be transmtted by RF between
the base stations. Turning now to FIG 2, 4a bl ock di agram shows a

conventi onal base or handset circuit. In'the preferred 20 enbodi nent, an
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Patent 3, 983, 498 phifalityc6f "Bdagbhakignals transmitted on the beacon slot. The
blank slot can be used to detect handset traffic of another base
station to synchronize to that base station. Alternatively, the

10  beacon slot could be used to detect a beacon signal to synchronize
to another base station.

As shown in FIG. 4 the forward primary time slot 408 of

primary frame 402 is also transmitted in forward redundant slot
426 of the redundant frame 404. That is, the redundant slot

15 contains information matching the prior frames primary slot.
Similarly, the reverse primary slot 412 of primary frame 402 is
transmitted in the reverse redundant slot 430 of redundant time
frame 404. The operation of transmission of primary and
redundant data fields is well known in the art and will not be

20  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. 4 also shows the preferred slot structure for a data slot

25  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 450 is shown. Each DCCH data
slot comprises a ramp/guard (R/G) field 454, a preamble field
456, a sync field 458, a data field 460, a cyclic redundancy check

30 (CRC) field 462 and a R/G field 464. A digital traffic field 452 is
also shown. The preamble field represents a marker signal for
identifying the base station. The handset could synchronize to the
base station based upon the preamble transmitted on the digital
control channel. In the reverse channel, the marker signal would

35 identify the handset. The digital traffic channel data slot
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Turning now to FIG. 5, a flow chart shows a method for
increasing spectrum occupancy according to the present
invention. The conventional assignment of synchronization
master is a base and synchronization slave is a handset. This

10 conventional assignment is reversed according to the present
invention to maintain a quiet spectrum in a slow frequency
hopper system. As will be described in more detail in reference to
FIG. 8, the role reversal will also permit handset-to-handset
intercom in a mobile communications environment having a

15 personal base station (i.e. office or residential base station)
adapted to communicate with multiple handsets.

Referring to FIG. 5, both the base and the handset of a
base/handset pair are not in a call, and therefore do not transmit

_ any signals at a step 504. When the handset initiates a call, the

20 - handset syncs to any other base station by detecting a beacon
signal on a beacon slot or detecting handset traffic on a blank slot
at a step 506. The handset than assumes a master role at a step
508. As a master, the handset rings the base station at a step
510. The ring can be transmitted in data block 460 in a reverse

25  (handset-to-base) digital control channel (DCCH) block 450. At a
step 512, the handset reverts to normal handset operation as a
slave. Similarly, the base reverts to normal base operation as a
master at a step 514. If a wake-up response from the base is
received at step 516, normal operation of the base/handset pair is

30 assumed at step 518. If no response is received, the handset
attempts to sync to other handset traffic at step 506.

Turning now to FIG. 6, the method for receiving a call is
shown according to the present invention is shown. The base
station and handset remain silent at a step 604. In order to

35 receive a call, the handset must detect a page from the base



audio circuitry 219, the mcroprocessor 203, and others are constructed by
the ASI C 201, which generates the nessage franme and transfers it to a
transmtter 223. Transmitter 223 transmits 15 through an antenna 229
using carrier frequencies produced by the frequency synthesizer 225 in the
hoppi ng manner chosen for the system and directed by the m croprocessor
203. Information received by the conmmunigation unit's antenna 229 enters
the receiver 227 which denodul ates the synbols conprising the 20 nmessage
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wth the secongye page and handset code are received, the handset transmits an
acknowledge to the base station at a step 610. If the base station
10 receives an acknowledge at a step 612, the base station goes off
hook, begins call processing and normal operation at a step 614.
If no acknowledge is received by the base, the base again
transmits a page and handset code at step 608.
Turning now to Fig. 7, a call flow diagram shows the
15 operation of the synchronization master and a synchronization
slave, and particularly the configuration of the handset as a
synchronization master and either a handset or a base station
as a synchronization slave. The usual role of a base station is
that of synchronization master, while the usual role of a
20 handset is that of synchronization slave. Conventionally, in a
slow frequency hopper system, a beacon in the DCCH slot
format is transmitted by the synchronization master at least
once per hopping revolution to provide handset
synchronization and also to indicate that no ring or page has
25 occurred.

As shown in Fig. 7, the synchronization master always
transmits in a fixed phase(®;). The slave then adjusts its single
frame pointer to the transmitted ®; + the phase delay ®q of the
channel. Then, the synchronization slave transmits in

30 alignment with its received phase, plus a delay ®offset, in a TDD
system. The synchronization master then adjusts its second
frame pointer to the traffic received from the synchronization
slave, receiving a phase of @1 + 2®y +®Poffset . This
synchronization protocol prevents the transmitted phase of the

35 synchronization master from advancing with every



channel.in the sequence) and determnes if the receiver signal strength

i ndi cator (RSSI) of all channels is |less than predeterm ned threshold at a
step 306. If the RSSI of all channels 35 is less than a predeterm ned

t hreshol d, the base station stores an -6- indication that index N has
zero occupied channels at a step 308. If the RSSI of all channels is not
less than a threshold at step 306, the bagg station indicates the number of
occupi ed channels at a step 310. 5 At a step 312, the base station

I threo ) ndi clrensmussioRi [aibito wald Haboth;eniisk SefduEd FRaT rs: “Tnder a
a 3}ggs32fea2ggﬁggggﬁgg?gbﬁ?hﬂgggrati?ntat a step 316. However, if- three
| ndi ces have been STURIE 2% 10, BI05 5. ofraffiBie EC of handiRE) ahed!
scanned, the bapensth irememednsolehef naxhands¢txinaa spgynoication systephdisces
have been gcanggdyyt N3PaGersing the role of a handset to function as a base, a
pair of handsets could communicate independently of the base.
At a step 804, an intercom mode is selected. The intercom mode
could be selected at the base or by a handset. One of the handsets
is then established as a synchronization master at a step 808. The
10 second handset remains a synchronization slave at a step 810.
The two handsets then communicate similar to a normal base
handset pair at a step 812. If the communication is completed at
a step 814, the first handset reverts to a synchronization slave at
a step 816. This alternate use of handsets provide greater
15 - functionality to a wireless communication system adapted to
operate with multiple handsets.

Turning now to FIG. 9, a preferred method for achieving or
maintaining synchronization between master and slave entities
by use of DPLL 231 is disclosed (i.e. synchronizing a handset to.a

20 base station or a handset to a handset). In particular, one slot is
established as a sync source at a step 904. The base station will
then determine whether a valid marker signal is received at a
step 906. If a valid marker signal is received, the base station
will then determine whether the marker is received early at a

25 step 908. If the beacon is received early, the base station will
adjust the frame counter early at a step 910. If however the
beacon is not received early, the base station will adjust the
frame counter later at a step 912. However, it will be understood
that other methods which are known in the art could be

30 - employed to maintain synchronization. >

In summary, the present invention describes a method
and apparatus for increasing spectrum efficiency in a wireless
communication system having base stations which may be _
positioned to operate within range of one another. 'The method

35 an apparatus eliminates the requirement for a base station to



station“uses the best -avail abl e i ndex dependi ng on the | east nunber of
occlpi ed channel s having an RSSI val ue greater than a 15 pr edet er m ned
threshold. The three indices are used to forma next best list. If the
index is corrupted during a call, a request could be sent to change the

i ndex. The next best list nay be periodically updated dependi ng upon radio
resources and other limtations. Wile they RSSI determ nation is described
above, 20 eval uation of channel quality by RSSI is nerely given by way of
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synt hesi zer | ockquirementhéhdtolthewbase fstationl oepeatedly ctrafsmitaral sighakry and
forward to maintain sync with a handset significantly increases the
available spectrum allocation for providing communication.
10  Reversing the role of a handset also enables handset to handset
communication independent of the base station.
While specific embodiments are described above,
variations and modifications of Applicants' will fall within the
spirit and scope of the invention. Applicants' invention shall be
15  limited only the appended claims.

We claim:



redundant data fields and reverse primary and reverse redundant data
fields. In particular, slot 408 is for a forward 35 (base-t o- handset)
primary data slot. Slot 410 is a forward -7- redundant data field.

Slot 412 is a reverse (handset-to-base) pri mary data field, while sTot 414

Is a reverse redundant data field. Slot 416 is a synlﬂm The
following two slots are beacon slot 418 apl. a bl ank I'ﬂmmﬂﬂmt ﬁcon

slot is used 5

to transnt a base synchronization fi*el 8§ which iss ssed to

synchroni ze the base stations. A beacongggsgnge woul d conprise a plurality

of beacon signals transmtted on the be

used to detect

detect a beaco

( The bl ank sl ot can be
handset traffic of another base station to synchroni ze to

that base stat | on. o ?}ét@ﬁaafdr Eéé’reagl %Bectrﬁ’ﬁna cien® ﬁpbd Qilgﬁap%ﬁdltiple

'si gn O syncnroni ze 0™ ano ase tion. As ShO&Vﬂal n

FIG 4 the formcelsqorwmle,sswmmmmtcan@a systgm r&a\ynsra asgystadon ap

transmtteq-,ln
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35

portatie ddeeiien@adnpted b communicate with said wireless base station,
said method characterized by the steps of:

maintaining radio frequency (RF) silence at said base station;

establishing said portable device as a synchronization master upon
originating a call from said portable device; and

establishing a communication link between said portable device
and said base station.

2. The method for increasing spectrum efficiency according to claim 1
further characterized by a step of establishing the base station as a '
synchronization slave.

3.  The method for increasing spectrum efficiency according to Claim 2
further characterized by a step of re-establishing the base station as a
synchronization master after said communication link has been
established. '

4, The method for increasing spectrum efficiency according to claim 1
further characterized by a step of re-establishing the handset as
synchronization slave.

5. The method for increasing spectrum efficiency according to claim 1
further characterized by a step of periodically monitoring, at said
portable device, for a page signal transmitted by said base station.

6. The method for increasing spectrum efficiency according to claim 1
wherein said step of establishing a communication link between portable
device and a base station is characterized by establishing a
communication link between a portable device and a personal cordless
base station.



426 of-.the redundant frame 404. That is, the redundant slot15——contai ns
I nformati on matching the prior frames primary slot. Simlarl E‘wﬂmreverse

primary slot 412 of primary frane 402 is transm’ttam m m
redundant slot 430 of redundant time frane 404. Th
transmi ssion of primary and redundant data fields i$ wel 1" known in the art

and will not be 20 described in furtheqadetail. However, it will be
understood that a system transnmtting a redundant slot need not be

enpl oyed accordi ng t he present.invention nd_a si.ngle fr | g be,:
transnitted. FlG 4*5?5@%%5&{%&“%%?18& éiaeéir'b'?‘ §?¢‘ﬁ%ﬂe‘fye a?g(‘lfngﬂga&a cg?lc?fl 1
250I S' t her | t hwhkeginasdidrstepvef sstablishingoa, communicatieny ligikotis oeharacterized
redundant slot,in_eit . di yon... The.pre fa I &

cont.rol. channePy( ﬁi‘_f’gl éf‘gi%&so :bsn :sghgq\}\lngl © Egﬁ?wgg?lgf gco%sgo%?ﬁs%% a
ranp/ guard (R Gmimengaton sygieannbl e field 456, a sync field 458, a data
field 460, ga cyclic redundancy check 30 (CRC) field 462 and a RRG field

464. A digital traffic field 452 iis also shown. The qpreanble fiel.d . .
represents a n8r ker Thegmethed, forgingreaging, Spﬁg%%éfﬁféﬁchn lacc‘;ﬂ@mgn&%eqlalm 7

coul d synchrongaeréian sBRl Rege oft atansmitisg signals dheapTimebDivisiomsMultiple
on the digital Access (TDMA) communication system further is characterized by
transmitting signals on a Time-Division Duplex (TDD) communication
10 system.

9. The method for increasing spectrum efficiency according to Claim

wherein said step of establishing a communication link is characterized

by transmitting signals on a Time Division Multiple Access (TDMA) slow
15 frequency hopper communication system.

10. A method for increasing spectrum efficiency in a time division
multiple access (TDMA) slow frequency hopper communication system
having a base station and a portable device adapted to communicate
20 with said wireless base station, said method characterized by the steps
of: _
maintaining radio frequency (RF) silence at said base station and
said portable device; _
. periodically monitoring, at said portable device, for a page signal
25 transmitted by said base station;
establishing said portable device as a synchronization master upon
originating a call from said portable device;
transmitting a signal from said portable device to said base station
to establish a communication link; |
30 establishing the base station as a synchronization slave upon
receiving said signal from said portable device;
establishing a communication link between said portable device
and said base station;
transmitting an acknowledge signal from said base station to said
35 portable device;



control» channel. In the reverse channel, the marker _signal would 35
"identify the handset. The digital traffic channel data slo

conprises a RRG field 466, a sync field 468, a slow
channel (SACCH) 470, a CRC field 472, a vocoder payl ajmm’@ﬁmﬁ@@:u%
RIGfield 476. Wiile the preferred data field protocol*i g deschi

4, additional or fewer fields my be 5 (1;4ransmtted within the scope of

the present invention. Turning now to FI 5, a flow chart shows a mnet hod

for increasing spectrum panc accordl n o the present ipventiaon. The
conventional assi gn?ﬁ;ﬁﬂag‘ilsg ﬁl?n g‘h%t%ﬁ $HNCATRRYALIQR master;

synchroni zation sl aﬁ@ekﬁbﬁshﬁfgjsﬁld ﬁbr&blé) deviesvapt spnchronisatiomestaves and
reversed according to the esent |nvent| on to maintain a quiet spectrumin
a sl ow frequency hopPRH V&eﬁ?% M98 described in nore detail in
reference to FIG 8, the role reversal wll also permt handset-to-handset
intercomin a nobile comruni cati ons environnent having a '



15 personal base station (i.e. office or residential base station)
adapted to communicate with multiple handsets. Referring to FIG 5, both

the base and the handset of a base/handset pair are not in a call, and
therefore do not transmt any signals at,e/ézpp 504. Wen the handset
initiates a call, the 20 handset syncs t/0 any ot her base station by

detecting a beacon signal on a beacon slot or detecting. handset traffic on
a blank slot at a step 506. The handset than assunes a nmaster role at a
step 508. As a master, the handset rings the base station at a step 510.
The ring can be transmtted in data bl ock 460 in a reverse 25
(handset -t o- base) digital control channel (DCCH) block 450. At a step 512,
t he handset reverts to normal handset operation as a slave. Simlarly, the
base reverts to normal base operation as a master at a step 514. If a
wake-up response fromthe base is received at v nor mal operation of
t he base/ handset pair is 30 assuned at ep 518. If no ™esponse is

recei ved, the handset attenpts to sync #0 ot.her handset trafN.c at step
506. Turning nowto FIG 6, the nethog for receiving a call,is\shown

according to the present invention ig shown. The baseéi!g;!é? and handset
remain silent at a step 604. Iég ordér to

10

108
102

FIG.T1




35 receive a call, the handset nust detect a page fromthe base -9-
station. If the handset is in the battery saving node, the handset wakes
periodically and listens for the base Zzai”éfleu a step 606. Upon ring
detection, for exanple a call froma | Q(; e network, the base transmts
page and handset code in repetition at a step 5 608. The base station
preferably transmts the page and handset code for an extended period to
overcone the handset sleep duty cycle and the time based disparity

accunul ated while asleep. If the page and handset code are received, the
handset transmts an acknowl edge to the base station at a step 610. If the
base station 10 recei ves an iﬁaoje@g ary?a step 612, the base station
goes off hook, begins call pro sidg . mal operation at a step 614.
I f no acknow edge is received by the base, the base again transmts a page
and handset code at step 608. Turning nowto Fig. 7, a call flow diagram
shows the 15 operation of the synchronization master and a
synchroni zati on
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sl ave, ..and particularly the configuration of the handset as a

synchroni zati on
synchroni zati on
synchroni zati on
synchroni zati on
a beacon in the
mast er at | east

master and either  a handset or a base station as a

sl ave. The usual role Eg eiase station is that of
master, while the usua /%I of a 20 handset is that of
slave. Conventionally, in a slow frequency hopper system

DCCH sl ot 392nat Is transmtted by the synchroni zation
once Der[ﬁopping revol ution to provi de handset

synchroni zg
occurred.
in a fixed &

to the transmtted |

t he synchroni

ST

TaREXR! BNDEXDy | ndi cate that no ring or page has 25
owy i Fi

Fig. &, the synchronization master always transmts
e slave then adjusts its single frame .pointer
tt—t—tire-—phase—detay—terr—dof—tte Ttmammet——Them,
avey t§0snmits in 30 alignment with its received
r]. set, in a TDD system The synchroni zation

sgcond franme pointer to the traffic received fron

phase, plus a ﬂ
mast er then adj
the synchronifzatizt avef receiving a phase of [err] + [err] [err]offset

Thi s synchro i )col prevents the transmtted phase of the 35
.synchroni zation masfer from advancing with every
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-10- transmssion, as it would if both.entities behaved as a

synchroni zation slave. Turning nowto FIG 8, an alternate use of handsets
based upon the reversed role of a handset in a comruni cation systemis 5
shown. By reversinghe role of a hagdset to funcf ofi §s a base, a pair of
handsets coul d comm#Ri cate i ndependewdy y of the base. At a step 804, an

I ntercomnode is S€ , nt e d be selected at the base
or by a handset. Opie of the hanjsetp is then estgblished as a
synchroni zation magter Taf_a step 80B. The %0 sgcond handset renmains a
synchroni zati on sl gve &t 2Zwst ep§810] The- hanfisets then comuni cate
sinilar to a norgal baSehihdse] galr a5 Gep p12. 1 Lpe comunication
. m . .
is conpleted at . $tepBRAL t heff(pt h¥MEREY referts toNa synchronization
slave at a step 81f. This alter v el use of handshts provi de greater 15
functionality to a ni adapt&to operate with
mul tipl e handsets.
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Turning now to FIG 9, a preferred nethod for achieving or maintaining
syrichroni zati on between nmaster and sl ave entities by use of DPLL 231 is

di scl osed (i.e. synchroni zing a handse 52& base station -or a handset
to a handset). In particular, one slot tablished as a sync source at a
step 904. The base station will then determ ne mhetgér a valid marker

signal is received at a step 906. If a valid marlker ZQnaI is received, the
base station will then determ ne whet her the-pmrker is received early at a
25 step 908. If the beacon is received eamAﬁTt e base station will

adjust the frane counter early at a step S omgggi t he beacon is not
received early, the base station w Il adjust a ounter later at a
step 912. However, it will be understoog met hods whi ch are known
in the art could be 30 enpl oyed to ne TB'ASE/'HAHDSEW oni zation. In summary,

spectrumefficiency in a wirel ess commuigg em havi ng base stations
one_anot her. The net hod
[ or a base statijon to

506
HANDSET SYNCS
T0 ANY OTHER
TRAFFIC

35 an apparatus elimnates the requirenent

508

HANDSET
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510

FIG.S5 | s
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periodireally transmt signals to maintain synchronization with an

associ ated handset. According to the present invention, the handset
effectively assunes the role of a baseéyr'gon when making a call. The base
station will synchronize with other 5 set traffic or another base
station which is within range. The handset will then ring the base station.
Elimnating the requirenent that the base station repeatedly transmt a

signal to nmaintain sync vvithahanftﬁi@fi tly increases the '
avai | abl e spectrum al l ocation for oV ni cation. 10 Rever si ng
the role of a handset also enabl es handset to handset communication

I ndependent of the base station. Wil e _spe |602nbod|nents are descri bed

s' will fall within the
i nvention shall be 15

604

above, variations and nodifications (¢

spirit and scope of the invention. Ap et

limted only the appended clains. W clai

BASE/HANDSET
ARE SILENT

606

IF IN BATTERY SAVING MODE,
HANDSET PERIODICALLY WAKES UP
AND LISTENS FOR BASE

UPON RING DETECT, BASE 6%

TRANSMITS PAGE AND HANDSET
CODE IN REPETITION, FOR
A PERIOD TO OVERCOME
HANDSETS SLEEP DUTY CYCLE

610

IF RECEIVED, HANDSET WAKES,
TRANSMITS ACK TO BASE

BASE
RECEIVES
AgK

614

- GO OFF HOOK;
BEGIN TO CALL PROCESSING
NORMAL OPERATION



CLAIMS:2. A nethod for i

ncreasing spectrumefficiency in a digital multiple

access w rel ess comuni cati on system having a base station and a 5

portabl e devi ce adapted
sai d nmethod characteriy

silence at said base SFSQPI on;

est abl lshipg sai
synchroni zati on r upon ori gi naﬁ]glg él I
IO,

and 10

characterized by a step
synchroni zati on master

est abl i shed.pad. The

toclaim 1 Mr’ﬂﬂfg(ﬁHMﬂﬂi

as +OFFSET
TRANSNIT ¢1
ROV, +20unnEL
+OOFFSET

t o. comruni cat eym)lbr:ai d wirel ess base station, -
Rby t he stepsfof. I nt ai ni ng radisuﬁr equency (RF)
d_portabl e device as a

?om sai d portabl e device;

i®shi ng a conmuni cati on I *nk between sai portabl e
devi ce and said base st qti Oom The net hod for increasing]spectrum
efficiency according tojclaim 1 fur sgwlmwgﬂterized by a ¢$tep of
establishing the base s§yation as a 1 synchr ot lLon sl av R(;? +¢q‘gﬁm.

2 rt

met hod for increasing spectrumefficiency according to

of re-establishing the b

fter said commNpSELAQiBASE | i nk has beefd $3ERCHANNEL

thod f easi ng spectrumefficie ordi ng
erized by a step of re-establi shi gyoffsgfhandset
~BASE TO HANDSET
RCV4, +ooyamueL
TRANSNIT
HANDSET T0 BASE b (HCANEL
¥ OFFSET
806

ESTABLISH ONE HANDSET AS [ 508
A SYNCHRONIZATION MASTER

ESTABLISH SECOND HANDSET § 810
AS A SYNCHRONIZATION
' SLAVE

ESTABLISH COMMUNICATION J 872

BETWEEN HANDSETS

COMMUNICATION
COHP&ETED

YES

816

ESTABLISH FIRST HANDSET
AS A SYNCHRONIZATION SLAVE




synchreni zati on slave. 25 5. The nethod for increasing spectrum

ef ftciency according to claim 1 further characterized by a step of
periodically nonitoring, at said portaig %&VICG, for a page signa
transmtted by said base station. // The met hod for increasing
spectrum efficiency according to claim 1 wherein said step of establishing
a communi cation |ink between portable device and a base station is
characteri zed by establishing a conmunication |ink between a portable

devi ce and a personal cordless base station. 35 -13- 7. The net hod for
i ncreasing spectrumefficiency according to claim 1 wherein said step of
establishing a communication link is characterized by transnitting signals
on a Time Division Miultiple Access (TDMA) comuni cati on system 5
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8. The nethod for L,ncreasi'ng spmm efficiency according to claim?7
whérein said step O]IJ ¢ep Replaveggnal s on a Tinme Division
if |

Access (TDMA) communi further is charact erized=h
signals on a Tinme-Di TDD) communi cation 1
The met hod for increasing spectrumefficiency according
said step of establishing a conmmunication link is .chara
transnmitting signals on a Tine Division Multiple Access (TDMA) sl ow 15
frequency hopper conmunication system 10. A nethod=for increasing spectrum
efficiency in a tine divisi oMETHOD ANRARRARATIMAFOR ow f requency hopper

conmmuni cati on system havi N §m§?&oﬁwgﬁw? devi ce adapted to

communi cate 20 with said wWTeless _ met hod characteri zed
by the steps of: maintaining radio frequency (RF) silence at said base
station and said portable device; periodically nonitoring, at said portable

ot abl | shing sai o por tabl e deviARSECt,OFyther LURFIASEFEn mast er upon
originating a call fromsaid portabl e device; -
A method and apparatus increases spectrum efficiency in
a wireless communication system having base stations which
may be positioned to operate within range of one another. The
10 method and apparatus eliminates the requirement for a base
station to periodically transmit to maintain synchronization .
with an associated handset (504). The handset effectively
assumes the role of a base station when making a call (508).
The handset will synchronize with other handset traffic or
15 another base station which is within range (506). The handset
will then page the base station (510). Eliminating the )
requirement that the base station repeatedly' transmit a signal
to maintain sync- with a handset significantly increases the
available spectrum allocation for providing communication.
20 Reversing the role of a handset also enables handset-to-
handset communication independent of the base station (808).



transmtting a signal fromsaid portable device to said base station to

est’'abl i sh a conmunication link; 30.. «  ‘establishing th
a synchroni zati on sl ave upon receiving said signal froms
devi cer establishing a conmunication |ink between said po
said base station; transmtting an acknow edge signal fro
station to said 35 portabl e device; = " re-establishing
as synchroni zation master; re-establishing said portable

synchroni zation sl ave; and WWMMWFOR
- ~ INCREASING SPECTRUM EFFICIENCY

5 ' Abstract of the Disclosure

REPL A EHENTSHEET
t bl e devi ce an
m fai2d2 MAR1996

hg base statio
levi ce as

A method and apparatus increases spectrum efficiency in
a wireless communication system having base stations which
may be positioned to operate within range of one another. The
10 method and apparatus eliminates the requirement for a base
station to periodically transmit to maintain synchronization
with an associated handset (504). The handset effectively
assumes the role of a base station when making a call (508).
The handset will synchronize with other handset traffic or

15 another base station which is_withi_n range (506).

The handset

will then page the base station (510). Eliminating the

requirement that the base station repeatedly transmit a signal

to maintain sync with a handset significantly increases the

available spectrum allocation for providing communication.
20  Reversing the role of a handset also enables handset-to-

- handset communication independetit of the base station (808).

Figure 5




